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DESCRIPTION

[0001] The present invention relates to after treatment of exhaust gas from an internal
combustion engine in terms of removal or reduction of harmful compounds. More particularly,
the invention focus on removal of particulate matter and reduction of nitrogen oxides in engine
exhaust from lean burn internal combustion engines, and in particular diesel engines.

[0002] Lean burn engines are known to be energy efficient, but have the disadvantage of
forming particulate matter and nitrogen oxides, which must be removed or at least reduced in
the engine exhaust.

[0003] To prevent environmental pollution and to fulfii several governmental requirements,
modern diesel engines are provided with an exhaust gas cleaning system comprising in series
an oxidation catalyst for the removal of volatile organic compounds, a particulate filter for the
removal of particulate matter and a catalyst being active in the selective reduction of nitrogen
oxides (NOx).

[0004] Itis also known to integrate the SCR catalyst into the particulate filter.

[0005] Selective catalytic reduction of NOx in exhaust gas is usually accomplished by reaction
with ammonia introduced as such or as a precursor thereof, which is injected into the exhaust
gas upstream of the SCR catalyst for the selective reduction of nitrogen oxides, mainly nitrogen
dioxide and nitrogen monoxide (NOXx), to nitrogen.

[0006] For this purpose numerous catalyst compositions are disclosed in the literature.

[0007] Lately, zeolites promoted with copper or iron, have found great interest, particularly for
use in automotive application, e.g. as disclosed in WO 2008/132452 A. Copper containing
zeolite catalysts for NH3-SCR applications have shown high activity at low temperature.
However, in certain applications the catalyst can be exposed to high temperature excursions in
exhaust gases. Furthermore the exhaust gas contains high concentrations of water vapour
from the combustion engine, which can deteriorate the zeolite catalyst performance. The
hydrothermal stability is often an issue for Cu-based zeolites catalysts as one possible catalyst
deactivation mechanism is the degradation of the zeolite framework due to its instability
towards hydrothermal conditions, which is furthermore enhanced by the presence of copper.

[0008] Deactivation of copper containing zeolite catalysts in NH3-SCR applications is typically
caused by degradation of the zeolite framework due to its instability towards hydrothermal
conditions, which is furthermore enhanced by the presence of copper. However the stability is
especially important for automotive applications in which the catalyst will experience high
temperature excursions in an exhaust stream containing water.

[0009] Deactivation of the catalyst is in particular a problem in exhaust gas cleaning systems
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provided with a particulate filter, which must periodically be actively regenerated in order to
prevent build up of pressure over the soot laden filter.

[0010] Active regeneration is performed by burning of captured soot. The regeneration can be
initiated by injection of fuel into the exhaust gas upstream the oxidation catalyst or by electrical
heating of the particulate filter.

[0011] During the active regeneration exhaust gas temperature at outlet of the filter can reach
more than 850°C and a content of water vapour more than 15% and up to 100% for periods of
time between 10 and 15 minutes depending on the amount of soot captured in the filter.

[0012] It is the general object of the invention to provide a method for the removal of harmful
compounds lean burn internal combustion engines, such as particulate matter by means of a
particulate filter and nitrogen oxides by selective catalytic reduction of nitrogen oxides in
contact with catalyst being hydrothermally stable when exposed to high temperatures and
water vapour concentration during active regeneration of the particulate filter.

[0013] We have found that the object of the invention can be achieved by using a zeolite or
zeotype having hydrothermally stable AEI type framework, in which the structure is preserved
under hydrothermal aging conditions even when copper is present in the zeolite or zeotype.

[0014] Pursuant to the above finding, this invention provides a method for the purification of
exhaust gas from an internal combustion engine, comprising

reducing the content of soot in the exhaust gas by passing the gas through a particulate filter;
subsequently reducing the content of nitrogen oxides in presence of ammonia or a precursor
thereof by contact with a catalyst being active in NH3-SCR;

periodically regenerating the filter by burning of soot captured in the filter and thereby
increasing temperature of the exhaust gas up to 850°C and water vapour content up to 100%
by volume; and

passing the exhaust gas from the filter through the catalyst during the regeneration of the filter,
wherein the catalyst comprises a hydrothermally stable zeolite and/or zeotype having an AEI
type framework and copper incorporated in the framework.

[0015] "Hydrothermally stable” means that the zeolite and zeotype catalyst have the ability to
retain at least 80 to 90% of initial surface area and 80 to 90% microporous volume after
exposure to temperatures of at least 600°C and a water vapour content up to 100 volume %
for 13 hours, and at least 30 to 40% of initial surface area and micropore volume after
exposure to temperatures of at least 750°C and a water vapour content up to 100 volume %
for 13 hours.

[0016] Preferably, the hydrothermally stable zeolite or zeotype with an AEIl type framework
has an atomic ratio of silicon to aluminium between 5 and 50 for the zeolite or between 0.02
and 0.5 for the zeotype.
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[0017] The most preferred zeolite or zeotype catalysts for use in the invention are zeolite
SSZ-39 and zeotype SAPO-18 both having the "AEI" framework structures, in which copper is
introduced by impregnation, liquid ion exchange or solid ion exchange.

[0018] The atomic copper to aluminium ratio is preferred to be between about 0.01 and about
1 for the zeolite. For the zeotype the preferred atomic copper to silicon ratio is correspondingly
between 0.01 and about 1.

[0019] By means of the above catalysts employed in the invention, 80% of the initial NOx
reduction is maintained at 250°C after aging at 750°C as compared to 20% for a Cu-CHA
catalyst.

[0020] Thus, in an embodiment of the invention, 80% of the initial reduction of nitrogen oxides
at 250°C is maintained after the catalyst has been exposed to a temperature of 750°C and a
water vapour content of 100% in the exhaust gas for 13 hours.

[0021] The invention provides in addition an exhaust gas cleaning system, comprising an
active regenerable particulate filter and an SCR catalyst comprising a hydrothermally
microporous stable zeolite and/or zeotype having the AEI type framework and being promoted
with copper.

[0022] In an embodiment of the exhaust gas cleaning system according to the invention, the
SCR catalyst is integrated into the particulate filter.

[0023] In further an embodiment, the atomic copper to aluminium ratio is between about 0.01
and about 1 for the zeolite and the atomic copper to silicon ratio is between 0.01 and about 1
for the zeotype.

[0024] In still an embodiment, the atomic ratio of silicon to aluminium in the SCR catalyst is
between 5 and 50 for the zeolite and between 0.02 and 0.5 for the zeotype.

[0025] In a further embodiment, the SCR catalyst retains 80% of the initial reduction of
nitrogen oxides at 250°C after the catalyst has been exposed to a temperature of 750°C and a
water vapour content of 100 % in the exhaust gas for 13 hours.

[0026] In a further embodiment, the SCR catalyst retains 80 to 90% of the initial microporosity
after aging at 600°C, and 30 to 40% of the initial microporosity after aging at 750°C.

[0027] In still an embodiment, the SCR catalyst is an aluminosilicate zeolite SSZ-39 and/or
silicoaluminum phosphate SAPO-18.

[0028] In the above embodiments, the SCR catalyst can be deposited on a monolithic support
structure.
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[0029] The Cu-SSZ-39 catalyst system has shown an improved performance compared to the
typical "state-of-the-art" Cu-SSZ-13 when similar Si/Al ratios are compared.

Example 1: Cu-SSZ-39 Catalyst preparation

[0030] The zeolite SSZ-39 with the framework type code AEI was synthesized in a similar way
as given in US Patent 5.958.370 using 1,1,3,5-tetramethylpiperidinium as the organic template.
A gel with the following composition: 30 Si: 1.0 Al : 0.51 NaOH : 5.1 OSDA : 600 H50, was

autoclaved at 135 °C for 7 days, the product filtered, washed with water, dried and calcined in
air. The final SSZ-39 had a Si/Al = 9.1 measured by ICP-AES.

[0031] To obtain the Cu-SSZ-39 the calcined zeolite was ion exchanged with Cu(CH3COOQO), to

obtain the final catalyst with a Cu/Al = 0.52 after calcination.

[0032] The powder X-ray diffraction (PXRD) pattern of Cu-SSZ-39 after calcination is shown in
Fig. 1.

Example 2: Catalytic testing

[0033] The activity of the samples for the selective catalytic reduction of NO, was tested in a

fixed bed reactor to simulate an engine exhaust stream using a total flow rate of 300 mL/min
consisting of 500 ppm NO, 533 ppm NH3, 7% O, 5% H20 in N2 in which 40 mg catalyst was

tested.

[0034] The NOy present in the outlet gases from the reactor were analyzed continuously and

the conversion is shown in Fig. 2.

Example 3: Test of hydrothermal durability

[0035] In order to test the hydrothermal stability of the zeolites, steaming treatments were
done to the samples. They were exposed to a water feed (2.2 mL/min) at 600 or 750°C during
13 hours in a conventional oven and afterwards tested similarly to Example 2.

[0036] The catalytic results can also be seen in Fig. 2. The samples that underwent a
hydrothermal treatment have been marked with 600 or 700°C, depending on the temperature
used during the hydrothermal treatment.

[0037] Additional characterization has also been performed to all treated samples. PXRD
patterns after hydrothermal treatments are shown in Fig. 1, and BET surface areas, micropore
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areas, and micropore volumes of treated samples are summarized in Table 1 below.

Example 4: Comparative example with Cu-CHA (Cu-SSZ-13)

[0038] A Cu-CHA zeolite was prepared from a gel with the molar composition: SiO5 : 0.033
AlbO3 : 0.50 OSDA : 0.50 HF : 3 H0, where the OSDA is N,N,N-trimethyl-1-adamantamonium
hydroxide.

[0039] The gel was autoclaved at 150°C for 3 days under tumbling to give a final zeolite
product with a Si/Al = 12.7 after washing, drying and calcination.

[0040] To obtain the Cu-CHA the calcined zeoclite was ion exchanged with Cu(CH3;COO), to
obtain the final catalyst with a Cu/Al = 0.54.

[0041] The powder X-ray diffraction (PXRD) pattern of Cu-CHA after calcination is shown in
Fig. 1.

[0042] This catalyst was also tested according to example 2, and the hydrothermal durability
evaluated similarly to example 3. The catalytic results are summarized in Fig. 2 of the
drawings. PXRD patterns of treated-CHA samples are shown in Fig. 1, and textural properties
(BET surface area, micropore volume, and micropore area) are summarized on Table 1.

Table 1

Sample BET surfzace area Micropgre area | Volume rr;icropore
(m</g) (m“/g) (cm*/g)
SS2-39_Calc 571 568 0.28
SSZ-39 600°C 554 551 0.28
SSZ-39 750°C 565 563 0.28
3%;3(%('3 465 463 0.24
Cu-SSZz- 158 152 0.09
39 750°C
CHA_calc 675 637 0.32
CHA_600°C 687 645 0.32
CHA_750°C 674 623 0.31
Cu-CHA_600°C 633 585 0.29
Cu-CHA_750°C 50 35 0.02

Example 5: Cu-SAPO-18
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[0043] Silicoaluminophosphate SAPO-18 with the framework type code AEl was synthesized
according to [J. Chen, J. M. Thomas, P. A. Wright, R. P. Townsend, Catal. Lett. 28 (1994) [241-
248] and impregnated with 2 wt. % Cu. The final Cu-SAPO-18 catalyst was hydrothermally
treated in 10% H>O and 10% Q2 at 750°C and tested under the same conditions as given in

Example 2. The results are shown in Fig. 2 of the drawings.
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Patentkrav

1.  Fremgangsmade til rensning af udstedningsgas fra en intern forbraen-

dingsmotor, omfattende

reduktion af udstedningsgassens indhold af sod ved at passere gassen gennem

et filter;

efterfelgende reduktion af indholdet af nitrogenoxider i neerveerelse af ammoni-
ak eller et forstadie deraf i kontakt med en katalysator, der er aktivi NH3-SCR;

periodisk regenerering af filteret ved at afbraende sod fanget i filteret og derved
haeve udstadningsgassens temperatur op til 850°C og vandindholdet op til 100

volumen%; 0g

passage af udstadningsgassen fra filteret gennem katalysatoren under filterets

regenerering,

kendetegnetved, at katalysatoren indeholder en med kobber aktiveret,
hydrotermisk mikroporgs, stabil zeolit SSZ-39.

2. Fremgangsméade ifolge krav 1, kendete gnetved, at det atomare for-
hold mellem kobber og aluminium er mellem ca. 0,01 og ca. 1 for zeolit SSZ-39.

3. Fremgangsmade ifolge krav 1 eller 2, kendete gnetved, at 80% af
den indledende reduktion af nitrogenoxider ved 250°C fastholdes, efter at kata-
lysatoren er blevet udsat for en temperatur pa 750°C og et vandindhold pa

100% i udstgdningsgasseni 13 timer.

4. Fremgangsmade ifolge ethvert af kravene 1til3,kendetegnetved,
at mindst 80 - 90% af den oprindelige mikroporgsitet fastholdes efter henstand
ved 600°C, og mindst 30 - 40% fastholdes efter henstand ved 750°C.
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5. Rensningssystem til udstedningsgas omfattende et aktivt, regenererbart

partikelfilter og en SCR katalysator,k endete gnetved, at SCR katalysato-
ren omfatter en med kobber promoveret, hydrotermisk mikroporgs, stabil zeolit
S5SZ-39.

6. Rensningssystemet til udstedningsgas ifolge kravb, kendetegnet

ved, at SCR katalysatoren er integreret i partikelfilteret.

7. Rensningssystemet til udstedningsgas ifolge krav 5 eller6, kendeteg-
n e t ved, at det atomare forhold mellem kobber og aluminium er mellem ca.
0,01 og ca. 1 for zeolit SSZ-39.

8. Rensningssystemet til udstgdningsgas ifglge ethvert af kravene 5 il 7,
kendetegnetved, at SCR katalysatoren beholder 80% af den indledende
reduktion af nitrogenoxider ved 250°C, efter at katalysatoren har veeret udsat for
en temperatur pa 750°C og et vandindhold pa 100% i udstedningsgasseni 13

timer.

9. Rensningssystemet til udstedningsgas ifelge ethvert af kravene 5 til 8,
kendetegnetved, at SCR katalysatoren beholder mindst 80 - 90% af den
oprindelige mikroporgsitet efter henstand ved 600°C og mindst 30 — 40% af den
oprindelige mikroporgsitet efter henstand ved 750°C.

10. Rensningssystemet til udstedningsgas ifelge ethvert af kravene 5 til 9,
kendetegnetved, at SCR katalysatoren er afsat pa en monolitisk baerer-

struktur.
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DRAWINGS
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