I*I Innovation, Sciences et Innovation, Science and CA 2870745 C 2019/07/09
Développement economique Canada Economic Development Canada
Office de la Propriété Intellectuelle du Canada Canadian Intellectual Property Office (11)(21) 2 870 745
(12 BREVET CANADIEN
CANADIAN PATENT
13) C
(86) Date de depot PCT/PCT Filing Date: 2012/04/27 (51 Clint./Int.Cl. FOIN 3/20(2006.01),

BO1D 53/94 (2006.01), BO1J 29/00 (2006.01),
FOTN 3/035 (2006.01)

(72) Inventeurs/Inventors:

(87) Date publication PCT/PCT Publication Date: 2013/10/31
(45) Date de délivrance/lssue Date: 2019/0/7/09

(85) Entree phase nationale/National Entry: 2014/10/16 MARIN, MANUEL MOLINER, ES:

86) N° demande PCT/PCT Application No.: EP 2012/057795 MARTI, CRISTINA FRANCH, ES; B
L o GIMENO ANTONIO E Z)UARDO PALOI\/IARES =S

(87) N° publication PCT/PCT Publication No.: 2013/159825 CANOS. AVELINO CORMA, ES:

V_NN_STROI\/I PETER N. R, :)K
KUSTOV, A?K/—\DY DK;

THOGE ?SEN, JOAKIM REIMER, DK;
GRILL, MARIE, DK

(73) Proprietaire/Owner:

(54) Titre : PROCEDE ET SYSTEME POUR LA PURIFICATION D'UN GAZ D'ECHAPPEMENT PROVENANT D'UN
MOTEUR A COMBUSTION INTERNE

54) Title: METHOD AND SYSTEM FOR THE PURIFICATION OF EXHAUST GAS FROM AN INTERNAL COMBUSTION
ENGINE

Cu-55Z39 7502C

5
; u-$5239 6002C
o
= Cu-$5239 calc A
JJ b AN LA AN A A il
5 15 25 35
Angle (20)
Cu-CHA_7502C
L) Cu-CHA_600°C
£
c
= Cu-CHA calc
= oA B
l L ) i i 1 e 1% 3 . h —
5 15 25 35

Angle (26)

(57) Abréegée/Abstract:
The invention provides a method and system for the purification of exhaust gas from an internal combustion engine, comprising a
filter and a SCR catalyst. The filter Is periodically regenerated increasing the temperature of the exhaust gas up to 850°C and the

50 rue Victoria e Place du Portage1l e Gatineau, (Québec) K1AOC9 e www.opic.ic.gc.ca I*I
50 Victoria Street e Place du Portage 1 ¢ Gatineau, Quebec K1AO0C9 e www.cipo.ic.gc.ca al I a



CA 2870745 C 2019/07/09

anen 2 870 745
13) C

(73) Proprietaires(suite)/Owners(continued): UMICORE AG & CO. KG, DE
(74) Agent: BORDEN LADNER GERVAIS LLP

(57) Abrege(suite)/Abstract(continued):
water vapour content up to 100% by volume. The SCR catalyst comprises a hydrothermally microporous stable zeolite and/or

zeotype having the AEI type framework and being promoted with copper.




CA 02870745 2014-10-16

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

(19) World Intellectual Property
Organization
International Burecau

(43) International Publication Date
31 October 2013 (31.10.2013)

WIPOIPCT

(10) International Publication Number

WO 2013/159825 Al

(51) International Patent Classification:

C/ Daniel Balaciart, 46-6, E-46020 Valencia (ES). VEN-

woO 2013/159825 A1 | JH10H J LR A0 A AFA 0 A AR AR LA

(21)

(22)

(25)

(26)
(71)

(72)
(73)

FOIN 3/20 (2006.01) B01J 29/00 (2006.01)
FOIN 3/035 (2006.01) BOID 53/94 (2006.01)

International Application Number:
PCT/EP2012/057795

International Filing Date:
27 April 2012 (27.04.2012)

English
English

Applicants (for all designated States except US):
HALDOR TOPSOE A/S [DK/DK]; Nymglleve] 55, DK-
2800 Kgs. Lyngby (DK). GRILL, Marie [SE/DK];
Biillowsvej 46, 2., DK-1870 Frederiksberg C (DK).

Filing Language:

Publication Language:

Inventors; and

Inventors/Applicants (for US only): MARIN, Manuel
Moliner [ES/ES]; C/ Rio Bidasoa, 2-14, E-46019 Valencia
(ES). MARTI, Cristina Franch [ES/ES]; C/ Isaac Peral,
15A-1-4, E-12593 Moncofa (ES). GIMENQO, Antonio,
Eduardo Palomares [ES/ES]; C/ Micer Masco, 12-5, E-
46010 Valencia (ES). CANOS, Avelino Corma [ES/ES];

(74)

(81)

(84)

NESSTROM, Peter N. R. [DK/DK]; Snorresgade 8, 5.tv.,
DK-2300 Copenhagen S (DK). KUSTOV, Arkady
[RU/DK]; Biilowsve) 46, 2, DK-1870 Frederiksberg C
(DK). THOGERSEN, Joakim Reimer [DK/DK];
Flinteve) 12, DK-2980 Kokkedal (DK).

Common Representative: HALDOR TOPSOE A/S;
Nymglleve] 55, DK-2800 Kgs. Lyngby (DK).

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, QA, RO, RS, RU, RW, 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,

[Continued on next page]

(534) Title: METHOD AND SYSTEM FOR THE PURIFICATION OF EXHAUST GAS FROM AN INTERNAL COMBUSTION
ENGINE

Vi "Old

dl "Old

Cu-$5Z39 7502C

u-$5239_600°C

Intensity (a.u.)

Cu-55239 calc
L /A _J\ _.ALL o

35

M,

5 15 25
Angle (26)

AL AV

Cu-CHA_7502C

Cu-CHA_600°C

Cu-CHA calc
sl Mo

Intensity {(a.u.}

1%

25
Angle (26)

35

(57) Abstract: The invention provides a method and system
for the purification of exhaust gas from an internal combus-
tion engine, comprising a filter and a SCR catalyst. The fil-
ter 1s periodically regenerated increasing the temperature of
the exhaust gas up to 850°C and the water vapour content up
to 100% by volume. The SCR catalyst comprises a hydro-
thermally microporous stable zeolite and/or zeotype having
the AEI type framework and being promoted with copper.




CA 02870745 2014-10-16

wO 2013/159825 A1 IO PY 0 AT A

GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SL 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))



10

15

20

25

METHOD AND SYSTEM FOR THE PURIFICATION OF EXHAUST GAS FROM
AN INTERNAL COMBUSTION ENGINE

FIELD OF THE INVENTION

P

The present i1nvention relates to after treatment of exhaust

gr—
—

gas from an internal combustion engine 1n terms of removal

or reduction of harmful compounds. More particularly, the

invention focus on removal of particulate matter and
reduction of nitrogen oxides 1n engine exhaust from lean

burn internal combustion engines, and 1n particular diesel

englnes.

INVENTION

(L)

BACKGROUND OF TH:

Lean burn engines are known to be energy efficient, but have

the disadvantage of forming particulate matter and nitrogen

oxldes, which must be removed or at least reduced in the

engine exhaust.

To prevent environmental pollution and to fulfil several

governmental requirements, modern diesel englines are
provided with an exhaust gas cleaning system comprising in

series an oxidation catalyst for the removal of wvolatile

|

organic compounds, a particulate filter for the removal of

particulate matter and a catalyst being active in the

”

selective reduction of nitrogen oxides (NOx).

It 1s also known to integrate the SCR catalyst 1nto the

particulate filter.

CA 2870745 2018-09-19
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Selectlve catalytic reduction of NOx in exhaust gas 1s
usually accomplished by reaction with ammonia introduced as
such or as a precursor thereof, which 1s i1injected 1nto the
exhaust gas upstream of the SCR catalyst for the selective
reduction of nitrogen oxides, mainly nitrogen dioxide and

nitrogen monoxide (NOx), to nitrogen.

For this purpose numerous catalyst compositions are

disclosed 1n the literature.

Lately, zeolites promoted with copper or iron, have found

great interest, particularly for use 1n automotive

application.

Copper containing zeolite catalysts for NH;-SCR applications
have shown high activity at low temperature. However, 1n
certain applications the catalyst can be exposed to high
temperature excursions 1n 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 stabllity 1s

often an issue for Cu-based zeolites catalysts as one

possible catalyst deactivation mechanism 1s the degradation

of the zeolite framework due to 1ts instability towards

hydrothermal conditions, which 1s furthermore enhanced by

the presence ot copper.

Deactivation of copper containing zeolite catalysts 1n NHz-

| — '3

SCR applications 1s typilcally caused by degradation of the

CA 2870745 2018-09-19
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zeollte framework due to i1ts i1nstability towards

hydrothermal conditions, which i1s furthermore enhanced by

the presence of copper. However the stability 1s especially

1mportant for automotive applications in which the catalyst

wlill experience high temperature excursions 1n an exhaust

stream contalning water.

Deactivation of the catalyst 1s 1n particular a problem 1n

exhaust gas cleaning systems provided with a particulate
filter, which must periodically be actively regenerated in

order to prevent build up of pressure over the soot laden

filter.

P

Actilve regeneration 1is 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.

During the active regeneration exhaust gas temperature at
outlet of the filter can reach more than 850°C and a

content of water wvapour more than 15% and up to 100% for

periods of time between 10 and 15 minutes depending on the

F

amount of soot captured 1n the filter.

SUMMARY OF THE INVENTION

—

It is the general object of the invention to provide a

pr——

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

CA 2870745 2018-09-19



selective catalytic reduction of nitrogen oxides 1n contact
with catalyst being hydrothermally stable when exposed to
high temperatures and water vapour concentration during

g

active regeneration of the particulate filter.

We have found that the object of the invention can be

achieved by using a zeolite or zeotype having hydrothermally

stable AEI type framework, 1in which the structure 1is
preserved under hydrothermal aging conditions even when

10 copper 1s present in the zeolite or zeotype.

Pursuant to the above finding, this invention provides a

method for the purification of exhaust gas from an internal
combustion engine, comprlising

15

reducing the content of soot i1n the exhaust gas by passing

the gas through a particulate filter;

subsequently reducing the content of nitrogen oxides 1in

20 presence of ammonia or a precursor thereof by contact with a

catalyst being active 1n NH3-SCR;

L.l

periodically regenerating the filter by burning of soot

i 1]

captured 1n the filter and thereby i1ncreasing temperature o:
25 the exhaust gas up to 850°C and water wvapour content up toO

100% by volume; and

F1lter through the catalyst

L.l

passing the exhaust gas from the

during the regeneration of the filter, wherein the catalyst

CA 2870745 2018-09-19
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comprises a hydrothermally stable zeolite and/or zeotype

L+

having an AEI type framework and copper 1incorporated in the

tramework.

"Hydrothermally stable" means that the zeolite and zeotype

catalyst have the ability to retain at least 80 to 90% of

1nitial 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 1nitial surface area and micropore volume after

exposure to temperatures of at least 750°2C and a water

vapour content up to 100 volume % for 13 hours.

Preferably, the hydrothermally stable zeolite or zeotype

=

with an AEI 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.

The most preferred zeolite or zeotype catalysts for use in
the 1nvention are zeolilite S§85Z2-39 and zeotype SAPO-18 Dboth

having the “AEI” framework structures, in which copper is

introduced by lmpregnation, ligquid 1on exchange or solid ion

exchange.

The atomlic copper to aluminium ratio 1s preferred to be

between about 0.01 and about 1 for the zeolite. For the
zeotype the preferred atomic copper to silicon ratio 1s

correspondingly between 0.01 and about 1.

CA 2870745 2018-09-19
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By means of the above catalysts employed in the invention,
80% of the i1nitial NOx reduction 1s maintained at 250°C after
aging at 750°C as compared to 20% for a Cu-CHA catalyst.

e

Thus, 1n an embodiment of the i1nvention, 80% of the initial

reduction of nitrogen oxides at 250°C 1s maintained after the

catalyst has been exposed to a temperature ot

750°C and a water vapour content of 100% 1n the exhaust gas

for 13 hours.

The invention provides i1n 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.

In an embodiment of the exhaust gas cleaning system
according to the invention, the SCR catalyst 1s 1ntegrated

into the particulate filter.

In further an embodiment, the atomic copper to aluminium

ratio 18 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.

In still an embodiment, the atomic ratio of silicon to

aluminium 1in the SCR catalyst 1s between 5 and 50 for the

zeolite and between 0.02 and 0.5 for the zeotype.

CA 2870745 2018-09-19
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In a further embodiment, the SCR catalyst retains 80% of the

1nitial reduction of nitrogen oxides at 250°C after the

catalyst has been exposed to a temperature of 750°C and a

Q

water vapour content of 100 % in the exhaust gas for 13

hours.

-—

In a further embodiment, the SCR catalyst retains 80 to 90%

of the i1nitial microporosity after aging at 6002C, and 30 to

40% of the i1nitial microporosity after aging at 7509°C.

Tn sti1ll an embodiment, the SCR catalyst 1s an

aluminosilicate zeolite SS8Z-39 and/or silicoalumilinum

phosphate SAPO-18.

In the above embodiments, the SCR catalyst can be deposited

on a monolithic support structure.

tLd

DRAWINGS

BRIEF DESCRIPTION OF TH:

P
pr—

FIG., 1A shows the powder X-ray diffraction (PXRD) pattern of

treated Cu-SS57Z-39 samples.

FIG. 1B shows the powder X-ray diffraction (PXRD) pattern of

treated CHA samples.

FIG. 2 1s a summary of the results of Examples 1-4 with the

Cu-SS7-39 and CHA catalysts.

FIG. 3 shows the results of Example 5 with the Cu-SSzZ-39

catalyst.

CA 2870745 2018-09-19
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DETALL.

D DESCRIPTION

The Cu-8SS7Z-39 catalyst system has shown an improved

performance compared to the typical “state-of-the-art” Cu-

SS7Z-13 when similar Si/Al ratios are compared.

Example 1l: Cu-S8SZ-39 Catalyst preparation

The zeolilte 8S87Z-39 with the framework type code AET

(L

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 0ShA : 600 H0, was autoclaved at 135 ©C

for 7 days, the product filtered, washed with water, dried

and calcined in alr. The final 8S7Z-39 had a Si/A]l = 9.1

measured by ICP-AES.

To obtaln the Cu-SS7Z-39 the calcined zeollite was 10n

exchanged with Cu(CH3C0OO)2 to obtain the final catalyst with

a Cu/Al = 0.52 after calcination.

The powder X-ray diffraction (PXRD) pattern of Cu-SSZ-39

after calcination 1s shown 1n Fig. 1.

Example 2: Catalytic testing

The activity of the samples for the selective catalvtic

g

reduction of NOx was tested 1n a

fixed bed reactor toO

simulate an engiline exhaust stream using a total flow rate of

CA 2870745 2018-09-19
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300 mL/min consisting of 500 ppm NO, 533 ppm NH3, 7% Oz, 5%
H,O 1n N» 1in which 40 mg catalyst was tested.

The NOx present 1n the outlet gases from the reactor were

analyzed continuously and the conversion i1s shown 1n Fig. 2.

Example 3: Test of hydrothermal durability

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 1n a conventional oven and afterwards tested

similarly to Example 2.

The catalytic results can also be seen 1n Fig. 2. The
samples that underwent a hydrothermal treatment have been
marked with 600 or 7002C, depending on the temperature used

during the hydrothermal treatment.

Additional characterization has also been performed to all

treated samples. PXRD patterns after hydrothermal treatments

are shown i1n Fig. 1, and BET surface areas, mlCcropore areas,

and micropore volumes of treated samples are summarized in

Table 1 below.

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

A Cu-CHA zeolite was prepared from a gel with the molar

composition: S102 : 0.033 Al203 : 0.50 0SDA : 0.50 HF : 3 H0,

CA 2870745 2018-09-19
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where the OSDA 1s N,N,N-trimethyl-l-adamantamonium

hydroxide.

The gel was autoclaved at 150°C for 3 days under tumbling to
glve a final zeolite product with a Si/Al = 12.7 after

washing, drying and calcination.

To obtain the Cu-CHA the calcined zeolite was 10on exchanged
with Cu(CH3:C0OO0)2» to obtain the final catalyst with a Cu/Al =
0.54 .

The powder X-ray diffraction (PXRD) pattern of Cu-CHA after

calcination 1s shown 1n Fig. 1.

This catalyst was also tested according to example 2, and

the hydrothermal durability evaluated similarly to example

3. The catalytic results are summarilized 1n Fig. 2 of the

drawings. PXRD patterns of treated-CHA samples are shown 1in

Fig. 1, and textural properties (BET surface area, micropore

volume, and mlcropore area) are summarlized on Table 1.

Table 1
BET surface Micropore :Volume
Sample area (m2/g) area (m?/g) mlicropore
(cm’/g)
SS7Z-39 Calc 571 568 0.28
SSZ-39_6002C 554 551 0.28

CA 2870745 2018-09-19
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GG7-39 750¢C

Cu-SS7Z-39_600¢°C

Cu-887Z-39 750¢C

CHA calc

CHA_600¢=C

CHA_750¢2C

Cu-CHA_600°¢°C

Cu-CHA 750¢C

Example 5: Cu-SAPO-18

Silicoaluminophosphate SAPO-18 with the

A. Wright, R. P.

565

465

158

0’75

087

o/74

0633

50

and impregnated with 2 wt. %

catalyst was hydrothermally treated in 10%
750¢C and tested under the same conditions

2

CA 2870745 2018-09-19
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Townsend, Catal.

Cu.

Example 2. The results are shown 1n Fig.

Lett.

563 0.28
463 0.24
152 0.09
637 0.32 o
od5 0.32
023 0.31
58D 0.29
35 0.0Z2

The final

framework type code

AEI was synthesized according to [J. Chen, J. M. Thomas, P.
28

(1994) [241-248]
Cu-SAPO-18
H>O and 10% 0O; at

as given in

of the drawings.
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CLAIMS:

1. A method for purification of exhaust gas from an

internal combustion engine, comprising

reducing a content of soot in the exhaust gas by

passing the gas through a filter;

subsequently reducing a content of nitrogen oxides 1in

presence of ammonia O0r a precursor thereof in contact with a

catalyst being active 1in NH3-SCR;

periodically regenerating the filter by burning of soot

captured 1n 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

catalyvst during the regeneration of the filter, wherein the

g

catalyst consists of a hydrothermally microporous stable

zeolite SSZ-39 promoted with copper.

2 . The method of claim 1, wherein an atomic copper to

aluminium ratio 1s between about 0.01 and about 1 for the

zeolite SS7-39.

3. The method of claim 1 or 2, wherein 80% of an i1nitial
reduction of nitrogen oxides at 250°C 1s maintained after the
catalyst has been exposed to a temperature of 750°C and a

water vapour content of 100% 1n the exhaust gas for 13

hours.

—

4 . The method of any one of claims 1 to 2, wherein at

least 80 to 90% of an 1nitial microporosity 1s maintained

CA 2870745 2018-09-19
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after aging at 600°C, and at least 30 to 40% of the initilial

microporosity 1s maintained after aging at 7502C.

5. An exhaust gas cleaning system, comprising an active

regenerable particulate filter and an SCR catalyst, whereiln

the SCR catalyst comprises a hydrothermally microporous

stable zeolilte SSZ-39 promoted with copper.

6. The exhaust gas cleaning system of claim 5, wherein the
SCR catalyst 1s integrated into the active regenerable

particulate filter.

7. The exhaust gas cleaning system of claim 5 or 6,

wherein the atomic copper to aluminium ratlo 1s between

about 0.01 and about 1 for the zeolite 8S%-39.

8 . The exhaust gas cleaning system of any one of claims 5

to 7, wherein the SCR catalyst retains 80% of an initial

reduction of nitrogen oxides at 250°C atfter the SCR catalyst

e
r—

has been exposed to a temperature of /50°C and a water vapour

content of 100% 1in the exhaust gas for 13 hours.

9. The exhaust gas cleaning system of any one of claims 5

to 8, wherein the SCR catalyst retains at least 80 to 90% of

the 1nitial microporosity after aging at 600°C, and at least

30 to 40% of the i1nitial microporosity after aging at 7502C.

10. The exhaust gas cleaning system of any one of claims 5
to 9, wherein the SCR catalyst 1s deposited on a monolithic

support structure.

CA 2870745 2018-09-19
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