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

(19) World Intellectual Property
Organization

International Bureau
(10) International Publication Number

(43) International Publication Date WO 2013/082560 Al
6 June 2013 (06.06.2013) P O P C T

(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
COIB 39/02 (2006.01) C01B 37/08 (2006.01) kind of national protection available): AE, AG, AL, AM,
C01B 39/46 (2006.01) COIB 39/54 (2006.01) AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,

BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
(21) International Application Number: DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,

PCT/US20 12/067485 HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
(22) International Filing Date: KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,

30 November 2012 (30.1 1.2012) ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,

(25) Filing Language: English RW, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ,

(26) Publication Language: English TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
ZM, ZW.

(30) Priority Data:
61/566,106 2 December 201 1 (02. 12.201 1) US (84) Designated States (unless otherwise indicated, for every

kind of regional protection available): ARIPO (BW, GH,
(71) Applicant: PQ CORPORATION [US/US]; P.O Box 840, GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,

Valley Forge, Pennsylvania 19482.0840 (US). UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,(72) Inventors: LI, Hong-Xin; 1048 Charter Oaks Drive, Lans-
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, ΓΓ , LT, LU, LV,dale, Pennsylvania 19446 (US). CORMIER, William E.;
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,

930 Masters Way, Harleysville, Pennsylvania 19438 (US).
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,MODEN, Bjorn; 232 S. Azalea C , Glen Mills,
ML, MR, NE, SN, TD, TG).

Pennsylvania 19342 (US).
Declarations under Rule 4.17 :(74) Agent: TROILO, Louis M.; O'Brien Jones PLLC, 1951

Kidwell Drive, Suite 740, Tysons Corner, Virginia 22182 — as to applicant's entitlement to apply for and be granted a
(US). patent (Rule 4.1 7(H))

— as to the applicant's entitlement to claim the priority of the
earlier application (Rule 4.1 7(in))

[Continued on nextpage]

(54) Title: STABILIZED MICROPOROUS CRYSTALLINE MATERIAL, THE METHOD OF MAKING THE SAME, AND THE
USE FOR SELECTIVE CATALYTIC REDUCTION OF NOX

(57) Abstract: There is disclosed a micropor-
ous crystalline material having pore opening
ranging from 3 to 5 Angstroms, where the

120 material comprises a first metal chosen from
alkali earth group, rare earth group, alkali

100 group, or mixtures thereof, and a second met
al chosen from iron, copper or mixtures there
of; and has a molar silica to alumina ratio

80 (SAR) from 3 to 10. The microporous crystal
line material disclosed herein may comprise a

60 crystal structure having building units of
double-6-rings (d6r) and pore opening of 8-
rings as exemplified with framework types

40 defined by the Structure Commission of the
International Zeolite Association having

Fe + Ca structural codes of CHA, LEV, AEI, AFT,
20 AFX, EAB, ERI, KFI, SAT, TSC, and SAV.

Fe There is also disclosed a method of selective

o catalytic reduction of nitrogen oxides in ex

100 200 300 400 500 600 haust gas, comprising at least partially con

Temperature (C) tacting the exhaust gases with an article com
prising the disclosed microporous crystalline

00© material.
Figure 1

o

o



WO 2013/082560 Al llll I I I I 11 III III

— of inventorship (Rule 4.17(iv)) before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of

Published: amendments (Rule 48.2(h))



STABILIZED MICROPOROUS CRYSTALLINE MATERIAL, THE METHOD OF
MAKING THE SAME, AND

THE USE FOR SELECTIVE CATALYTIC REDUCTION OF NOx

[001] This application claims priority to U.S. Provisional Application No.

61/566,106, filed on December 2 , 201 , which is incorporated herein by reference in

its entirety.

[002] The present disclosure generally provides a microporous crystalline

material having pore opening ranging from 3 to 5 Angstroms, where the material

comprises a first metal chosen from alkali-earth group, rare-earth group, alkali group,

or mixtures thereof, and a second metal chosen from iron and/or copper. The

present disclosure also relates to methods of making and using such microporous

crystalline material, including for selective catalytic reduction (SCR) of nitrogen

oxides (NOx) in exhaust gases.

[003] Nitric oxides (NOx) have long been known to be polluting gases,

principally by reason of their corrosive action. In fact, they are the primary reason for

the cause of acid rain. A major contributor of pollution by NOx is their emission in

the exhaust gases of diesel automobiles and stationary sources such as coal-fired

power plants and turbines. To avoid these harmful emissions, SCR is employed and

involves the use of zeolitic catalysts in converting NOx to nitrogen and water.

[004] Thus, there is a continuing need for improved microporous crystalline

material that has enhanced performance and hydrothermal stability properties to

allow for the selective catalytic reduction of NO in exhaust gases.

SUMMARY

[005] To address this need, the Inventors have discovered a material that

comprises a first metal chosen from alkali earth group, rare-earth group, alkali group
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or mixtures thereof, and a second metal chosen from iron, copper or mixtures

thereof; has pore opening ranging from 3 to 5 Angstroms; and has a molar silica to

alumina ratio (SAR) from 3 to 10. In one embodiment, the material is synthesized by

a process free of organic structure directing agent (OSDA). In one embodiment, the

material comprises CHA structure as defined by the Structure Commission of the

International Zeolite Association. In one embodiment, the material may comprise a

crystal structure having building units of double-6-rings (d6r) and pore opening of 8-

rings as exemplified with framework types defined by the Structure Commission of

the International Zeolite Association having structural codes of LEV, AEI, AFT, AFX,

EAB, ERI, KFI, SAT, TSC, and SAV.

[006] The material described herein exhibits excellent hydrothermai stability

properties. For example, the disclosed material typically retains at least 70% of its

surface area and micropore volume after exposure to temperatures of 700-900 °C in

the presence of up to 0 volume percent water vapor for 1-16 hours.

[007] There is also disclosed a method of selective catalytic reduction of

nitrogen oxides in exhaust gas using the disclosed microcrystalline material. In one

embodiment, the method comprises:

at least partially contacting the exhaust gases with an article

comprising a microporous crystalline material having pore opening ranging

from 3-5 Angstroms, where the material comprises a first metal chosen from

alkali earth group, rare-earth group, alkali group or mixtures thereof and a

second metal chosen from iron, copper or mixtures thereof.

[008] It is appreciated that the material described herein may be used in

article, such as one in the form of a channeled or honeycombed-shaped body; a

packed bed, such as baits, pebbles, pellets, tablets, extrudates, other particles, or
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combinations thereof; microspheres; or structural pieces, such as in the form of

plates or tubes.

[009] As one skilled in the art would appreciate, the channeled or

honeycombed-shaped body or structural piece is formed by wash-coating said

crystalline material onto a preformed honeycombed-shaped body or by extruding a

mixture comprising the said crystalline material.

[001 0] Aside from the subject matter discussed above, the present

disclosure includes a number of other exemplary features such as those explained

hereinafter. It is to be understood that both the foregoing description and the

following description are exemplary only.

BRIEF DESCRIPTION OF THE DRAWINGS

[001 1] The accompanying figures are incorporated in, and constitute a part

of this specification. All N 3-SCR data were collected under the following conditions:

500 ppm NO; NH3/NO=1 .0; 5 vol% 0 ; balance N2; space velocity=50,000 h .

[001 2] Figure 1 compares SCR data over Fe-chabazite with and without Ca

after steaming at 700°C for 16 h in 0 percent water/air.

[00 3] Figure 2 compares SCR data over Cu-chabazite with and without Ca

after steaming at 700°C for 16 h in 10 percent water/air.

[0014] Figure 3 compares SCR data for Cu-SAPO-34 with and without Ca

after steaming at 900°C for 1 h in 10 percent water/air.
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DETAILED DESCRIPTION OF THE INVENTION

Definitions

[001 5] "Hydrothermally stable" means having the ability to retain a certain

percentage of initial surface area and/or microporous volume after exposure to

elevated temperature and/or humidity conditions (compared to room temperature)

for a certain period of time. For example, in one embodiment, it is intended to mean

retaining at least 70%, such as at least 80%, at least 90%, or even at least 95%, of

its surface area and micropore volume after exposure to conditions simulating those

present in an automobile exhaust, such as temperatures up to 900 °C, including

temperatures ranging from 700 to 900 °C in the presence of up to 10 volume percent

(vol%) water vapor for times ranging from up to 1 hour, or even up to 16 hours, such

as for a time ranging from 1 to 16 hours.

[00 ] "Initial Surface Area" means the surface area of the freshly made

crystalline material before exposing it to any aging conditions.

[001 7] "Initial Micropore Volume" means the micropore volume of the freshly

made crystalline material before exposing it to any aging conditions.

[0018] "Direct synthesis" (or any version thereof) refers to a method that

does not require a metal-doping process after the zeolite has been formed, such as

a subsequent ion-exchange or impregnation method.

[0019] "Defined by the Structure Commission of the International Zeolite

Association," is intended to mean those structures included but not limited to, the

structures described in "Atlas of Zeolite Framework Types," ed. Baerlocher et al.,

Sixth Revised Edition (Elsevier 2007), which is herein incorporated by reference in

its entirety.
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[0020] "Double-6-rings (d6r)" is a structural building unit described in "Atlas

of Zeolite Framework Types," ed. Baerlocher et al., Sixth Revised Edition (Elsevier

2007), which is herein incorporated by reference in its entirety.

[0021 ] "Selective Catalytic Reduction" or "SCR' refers to the reduction of

ΝΟχ (typically with ammonia) in the presence of oxygen to form nitrogen and H 0 .

[0022] "Exhaust gas" refers to any waste gas formed in an industrial process

or operation and by internal combustion engines, such as from any form of motor

vehicle.

[0023] The phrases "chosen from" or "selected from" as used herein refers

to selection of individual components or the combination of two (or more)

components. For example, the metal portion of the large crystal, organic-free

chabazite described herein may be chosen from copper and iron, which means the

metal may comprise copper, or iron, or a combination of copper and iron.

[0024] There is disclosed a material that comprises a first metal chosen from

alkali earth group, rare-earth group, alkali group or mixtures thereof, and a second

metal chosen from iron, copper or mixtures thereof. Alkaline earth metals are the 6

elements that are located in Group 2 elements of the Periodic Table. Non-limiting

examples of the alkaline earth metal that can comprise the first metal used herein

include magnesium, calcium, strontium, or barium, or mixtures thereof. Alkali metals

are the 6 elements that are located in Group 1 elements of the Periodic Table,

excluding hydrogen. Non-limiting examples of the alkali metal that can comprise the

first metal used herein include potassium, rubidium, cesium, or mixtures thereof.

[0025] In one embodiment, the material may comprise a crystal structure

having building units of double-6-rings (d6r) and pore opening of 8-rings as

exemplified with framework types defined by the Structure Commission of the
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International Zeolite Association having structural codes of CHA, LEV, AEI, AFT,

AFX, EAB, ERI, KFI, SAT, TSC, and SAV (Ch. Baerlocher, L.B. McCusker and D.H.

Olson, Atlas of Zeolite Framework Types, 6th revised edition, Elsevier, Amsterdam,

2007).

[0026] For example, the microporous crystalline material may comprise a

microporous aluminosilicate zeolite, such as an aluminosilicate chabazite.

[0027] The material described herein typically has molar silica to alumina

ratio (SAR) ranging from 3 to 10, such as from 5 to 7 .

[0028] The material may be synthesized by a process free of organic

structure directing agent (OSDA).

[0029] It is appreciated that the first metal, which includes, for example,

magnesium, calcium, strontium, barium, lanthanum, cerium, praseodymium,

neodymium, mixed rare earth oxides, potassium, rubidium, cesium or mixtures

thereof, and second metals, e.g., copper or iron or mixtures thereof, can be

introduced by liquid-phase or solid ion-exchange, impregnation or incorporated by

direct-synthesis.

[0030] As one skilled in the art would appreciate, the first and second metals

may be introduced into the material by liquid-phase or solid ion-exchange,

impregnation or incorporated by direct-synthesis.

[0031] In one embodiment, the first metal comprises an amount of at least

0.2 weight percent of the total weight of the material, and in one embodiment, in an

amount ranging from 0.2 to 5.0 weight percent. In one embodiment, the first metal

comprises calcium in an amount ranging from 0.2 to 5.0 weight percent of the total

weight of the crystalline material.
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[0032] The atomic ratio of the first metal to aluminum may be between 0.05

and 0.80. In one embodiment, the first metal of the material is calcium, and the

calcium to aluminum atomic ratio is between 0.05 and 0.50.

[0033] As described herein, the second metal, such as copper, may

comprise an amount ranging from 0.5 to 10.0 weight percent of the total weight of

the crystalline material. In one embodiment, the second metal of the material is

copper, and the copper to aluminum atomic ratio is between 0.05 and 0.20.

[0034] The microporous crystalline material may also contain iron in an

amount ranging from 0.5 to 10.0 weight percent of the total weight of the crystalline

material. In one embodiment, the second metal of the material is iron, and the iron

to aluminum atomic ratio is between 0.05 and 0.30.

[0035] The materia! typically comprises crystals having a mean size ranging

from 0.3 to less than 10 microns, such as from 0.3 to 5.0 microns.

[0036] The material described herein exhibits excellent hydrothermal

stability properties. For example, the disclosed material typically retains at least 70%

of its surface area and micropore volume after exposure to temperatures of 700-800

°C in the presence of up to 10 volume percent water vapor for 1- hours.

[0037] The material disclosed herein may be synthesized by a method

comprising:

mixing sources of sodium, potassium, alumina, silica, water and

optionally a crystalline seed material to form a gel, wherein said gel has

potassium to silica (K/S1O2) molar ratio of less than 0.5 and hydroxide to silica

(OH/Si0 2) molar ratio less than 0.35;

heating said gel in a vessel at a temperature ranging from 80°C to

200°C to form a crystalline product;
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ammonium-exchanging said product; and

introducing first and second metals into said crystalline material by

liquid-phase or solid ion-exchange, impregnation or incorporated by direct-

synthesis.

[0038] In one embodiment, the alumina and silica sources disclosed

comprise potassium-exchanged, proton-exchanged, ammonium-exchanged zeolite

Y, potassium silicate or mixtures thereof.

[0039] There is also disclosed a method of selective catalytic reduction of

nitrogen oxides in exhaust gas using the disclosed microcrystaltine material. In one

embodiment, the method comprises:

at least partially contacting the exhaust gases with an article

comprising a microporous crystalline material having pore opening ranging

from 3-5 Angstroms,

where the material comprises a first metal chosen from alkali earth

group, rare-earth group, alkali group or mixtures thereof, and a second metal

chosen from iron, copper or mixtures thereof.

[0040] In one embodiment, the contacting step may be performed in the

presence of ammonia, urea or an ammonia generating compound.

[0041] In another embodiment, the contacting step may be performed in the

presence of hydrocarbon compound.

[0042] As mentioned, the material used in the described method may

comprise a crystal structure having building units of double-6-rings (d6r) and pore

opening of 8-rings as exemplified with framework types defined by the Structure

Commission of the International Zeolite Association having structural codes of CHA,

LEV, AEI, AFT, AFX, EAB, ERI, KFI, SAT, TSC, and SAV.
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[0043] In one embodiment, the material used in the disclosed method

comprises a silicoaluminophosphate (SAPO) molecular sieve, such as SAPO-34

having CHA framework type. The crystalline SAPO molecular sieve used in the

disclosed method may comprise S1O2 in an amount ranging from 1 to 20 weight

percent of the total weight of the crystalline material.

[0044] It is appreciated that the first metal, which includes, for example,

magnesium, calcium, strontium, barium, lanthanum, cerium, praseodymium,

neodymium, mixed rare earth oxides, potassium, rubidium, cesium or mixtures

thereof, and second metals, e.g., copper, can be introduced by liquid-phase or solid

ion-exchange, impregnation or incorporated by direct-synthesis.

[0045] In one embodiment, the first metal comprises an amount of at least

0.2 weight percent of the total weight of the crystalline material. When the first metal

comprises calcium, it is typically used in an amount ranging from 0.2 to 5.0 weight

percent of the total weight of the crystalline material.

[0046] When the second metal comprises copper, it is typically used in an

amount ranging from 0.5 to 10.0 weight percent of the total weight of the crystalline

material.

[0047] When the second metal comprises iron, it is also typically used in an

amount ranging from 0.5 to 10.0 weight percent of the total weight of the crystalline

material.

[0048] In one embodiment, the material used in the disclosed method

comprises crystals in size ranging from 0.3 and 5 microns.

[0049] It is appreciated that the material described herein may be used in

article, such as one in the form of a channeled or honeycombed-shaped body; a
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packed bed, such as balls, pebbles, pellets, tablets, extrudates, other particles, or

combinations thereof; microspheres; or structural pieces, such as in the form of

plates or tubes.

[0050] As one skilled in the art would appreciate, the channeled or

honeycombed-shaped body or structural piece is formed by wash-coating said

crystalline material onto a preformed honeycombed-shaped body or by extruding a

mixture comprising the said crystalline material.

EXAMPLES

[0051] The invention will be further clarified by the following non-limiting

examples, which are intended to be purely exemplary of the invention.

Example 1 (large crystal organic-free chabazite synthesis)

[0052] Deionized water, potassium hydroxide solution (45 wt% KOH) and

potassium-exchanged zeolite Y powder were mixed together to form a gel with the

following composition: 5.5 S1O2 '. 1.0 Al20 3: 1.09 K20 : 66 H20 . This gel composition

has an OH/S1O2 ratio of 0.05. The gel was stirred at room temperature for about 30

min before adding .5 wt% of chabazite seeds and stirring for another 30 min. The

gel was then charged to an autoclave. The autoclave was heated to 20 °C and

maintained at the temperature for 60 hours while stirring at 300 rpm. After cooling,

the product was recovered by filtration and washed with deionized water. The

resulting product had the XRD pattern of chabazite, an SAR of 5.5 and contained

16.5 wt% K20 . The product was exchanged with ammonium nitrate four times to

reduce the potassium content to 0.27 wt% K 0 .
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Example 2 (Ca-exchange of ammonium exchanged chabazite)

[0053] The sample from Example 1 was subsequently exchanged with

calcium nitrate at 80 °C for 2 hours. Following the exchange, the material was

filtered, washed with deionized water and then dried.

Example 3 (Fe-exchange of Ca-chabazite)

[0054] The calcium-exchanged chabazite sample from Example 2 was

exchanged with ferrous sulfate at ambient temperature for 3 hours. After filtering,

washing and drying the sample contained 2.5 wt% CaO and 5.2 wt% Fe20 .

Comparative Example 4 (Fe-exchange of ammonium-exchanged
chabazite)

[0055] The ammonium-exchanged chabazite sample from Example 1 was

exchanged with ferrous sulfate at ambient temperature for 3 hours. After filtering,

washing and drying the sample contained 3.2 wt% Fe 3

Example 5 (Cu-exchange of Ca-chabazite)

[0056] The calcium-exchanged chabazite sample from Example 2 was

exchanged with copper nitrate at 60 °C for 2 hours. After filtering, washing and

drying the sample contained 2.7 wt% CaO and 5.5 wt% CuO.

Comparative Example 6 (Cu-exchange of ammonium-exchanged
chabazite)

[0057] The ammonium-exchanged chabazite sample from Example 1 was

exchanged with copper nitrate at 60 °C for 2 hours. After filtering, washing and

drying the sample contained 5.0 wt% CuO.

Example 7 (large crystal organic-free chabazite synthesis)

[0058] Deionized water, potassium hydroxide solution (45 wt% KOH) and

potassium-exchanged zeolite Y powder were mixed together to form a gel with the

following composition: 5.5 Si0 2: 1.0 Al 0 3: 1.02 K20 : 66 20 . This gel composition
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has an OH/Si0 2 ratio of 0.025. The gel was stirred at room temperature for about 30

min before adding 0.5 wt% of chabazite seeds and stirring for another 30 min. The

gel was then charged to an autoclave. The autoclave was heated to 40 °C and

maintained at the temperature for 36 hours while stirring at 300 rpm. After cooling,

the product was recovered by filtration and washed with deionized water. The

resulting product had the XRD pattern of chabazite, an SAR of 5.6 and contained

16.7 wt% K20 . The product was exchanged with ammonium nitrate twice to reduce

the potassium content to 2.0 wt% K 0 .

Example 8 (Ca-exchange of ammonium exchanged chabazite)

[0059] The sample from Example 7 was subsequently exchanged with

calcium nitrate at 80 °C for 2 hours. Following the exchange, the material was

filtered, washed with deionized water and then dried.

Example 9 (Cu-exchange of Ca-chabazite)

[0060] The calcium-exchanged chabazite sample from Example 8 was

exchanged with copper nitrate at 60 °C for 2 hours. After filtering, washing and

drying the sample contained 2.9 wt% CaO and 5.4 wt% CuO.

Example 10 (Cu-exchange of Ca-chabazite)

[0061] The calcium-exchanged chabazite sample from Example 8 was

exchanged with copper nitrate at 60 °C for 2 hours. After filtering, washing and

drying the sample contained 3.1 wt% CaO and 3.2 wt% CuO.

Example 11 (Incipient wetness impregnation of copper acetate on
calcium exchanged chabazite)

[0062] The calcium-exchanged chabazite sample from Example 8 was

impregnated with copper acetate at ambient temperature. Following the
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impregnation, the material was calcined at 550 °C for 2 h . The sample contained 4.2

wt% CaO and 2.1 wt% CuO.

Example 2 fSr-exchanqe of ammonium exchanged chabazite)

[0063] The sample from Example 1 was subsequently exchanged with

strontium acetate at 80 °C for 2 hours. Following the exchange, the material was

filtered, washed with deionized water and then dried.

Example 13 (Cu-exchange of Sr-chabazite)

[0064] The strontium-exchanged chabazite sample from Example 2 was

exchanged with copper nitrate at 60 °C for 2 hours. After filtering, washing and

drying the sample contained 8.9 wt% SrO and 5.0 wt% CuO.

Example 14 (Incipient wetness impregnation of Lanthanum nitrate on
ammonium exchanged chabazite)

[0065] The sample from Example 7 was impregnated with a lanthanum

nitrate solution at ambient temperature. Following the impregnation, the material

was calcined at 550 °C for 2 h .

Example 15 fCu-exchange of La-chabazite)

[0066] The lanthanum-chabazite sample from Example 1 was exchanged

with copper nitrate at 60 °C for 2 hours. After filtering, washing and drying the

sample contained 8.7 wt% La20 and 3.0 wt% CuO.

SAMPLE PERFORMANCE EVALUATION

[0067] Samples from Examples 3-6 and 9-15 were steamed at 700, 750

and/or 800 °C in the presence of 0 vol% water vapor for 6 hours to simulate

automotive exhaust aging conditions.

[0068] The surface area of the materials before and after aging was

measured using nitrogen gas adsorption following the BET method. A
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Quantachrome Autosorb unit was used for these measurements, and the data was

collected between relative pressures (P/PO) of 0.01 and 0.05 at liquid nitrogen

temperatures.

[0069] The nitrogen adsorption data collected at the same time as the

surface area measurement were also used to calculate the micropore volume of the

materials using the t-plot method.

[0070] The activities of the hydrothermally aged materials for NO

conversion, using NH3 as reductant, were tested with a flow-through type reactor.

Powder zeolite samples were pressed and sieved to 35/70 mesh and loaded into a

quartz tube reactor. The gas composition for NH3-SCR was 500 ppm NO, 500 ppm

NH3 5 vol% 0 2, 0.6% H20 and balance N . The space velocity was 50,000 h~ .

Reactor temperature was ramped and NO conversion was determined with an MKS

MultiGas 2030 infrared analyzer at each temperature interval.

[0071] Table 1 compares the surface area retention and NO conversion

during NH3-SCR on Fe-chabazite with and without Ca after steaming at 700 C for 16

hours in 10 percent water/air.

Table 1
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Initial micropore volume cc/g 0.24 0.26

Micropore volume after cc/g 0.21 0.1 1
steaming at 700 °C

NO conversion at 300 °C % 90.7 14.9

NO conversion at 500 °C % 93.4 56.6

[0072] Table 1 shows that the surface area retention of the Ca-Fe chabazite

exceeds that of the comparable material without Ca. Surface area and micropore

volume retention of materials of the current invention should be at least 70%, and

preferably at least 80% after this deactivation simulation exposure.

[0073] With reference to the SCR data shown in Fig. , it is clear that NOx

conversion for an Fe-chabazite further containing Ca far exceeds that of an Fe-

chabazite not containing Ca, when tested on a sample subjected to steaming at

700 °C for 6 hours in 10 percent water/air.

[0074] Table 2 compares the surface area retention and NO conversion

during NH3-SCR on Cu-chabazite with and without Ca after steaming at 700°C for 16

hours in 10 percent water/air.

Table 2

14



Surface area retention % 9 1 80

Initial micropore volume cc/g 0.25 0.24

Micropore volume after cc/g 0.22 0.18
steaming at 700 °C

NO conversion at 75 °C % 99.7 86.1

NO conversion at 450 °C % 92.2 87.9

[0075] Table 3 compares the surface area retention and NO conversion

during NH3-SCR on Cu-chabazite with and without Ca, Sr or La after steaming at

750°C for 16 hours in 10 percent water/air.

Table 3

15



NO conversion at 450 % 7.4 9 1 .9 91.0 90.2
C

[0076] Table 4 compares the surface area retention and NO conversion

during NH3-SCR on Cu-chabazite with and without Ca after steaming at 800"C for 16

hours in 10 percent water/air.

Table 4

[0077] Tables 2-4 show that the surface area retention of the Ca-Cu

chabazite exceeds the comparable material without Ca. Surface area and micropore

volume retention of materials of the current invention should be at least 70%, and

preferably at least 80% after these deactivation simulation exposures, for example at

700-800°C for 16 hours in 10 percent water/air.
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[0078] Fig. 2 compares SCR data over Cu-chabazite with and without Ca

after steaming at 700°C for 16 h in 10 percent water/air. The data in Fig. 2 shows

improved NOx activity over a temperature ranging from 200 to above 400 °C.

Example 16 (Synthesis of SAPO-34)

[0079] Pseudoboehmite alumina, phosphoric acid, ammonium-stabilized

silica sol (Nyacol 2040NH4), tetraethylammonium hydroxide (TEAOH) solution,

morpholine, and deionized water were mixed together to form a gel with the following

molar composition:

0.6 Si0 2 : 1.0 Al20 3 : 1.0 P20 : 0.85 Morpholine : 0.4 TEAOH: 32.5 H20

[0080] The gel was stirred at room temperature for about 30 min and SAPO-

34 seeds in the amount of about 1% of total inorganic solids of the gel were added

before charged to an autoclave. The autoclave was heated to 180 °C and

maintained at the temperature for 24 hours. After cooling, the product was

recovered by filtration and washed with deionized water. The product was then dried

and calcined to remove organic. The SAPO-34 product contained about 12% S1O2.

Comparable Example 17 (Cu-exchange of SAPO-34)

[0081] The SAPO-34 sample from Example was exchanged with copper

nitrate at 60 °C for 3 hours. After filtering, washing and drying the sample contained

3.0 wt% CuO.

Example 8 (Ca-exchange of SAPO-34)

[0082] The SAPO-34 sample from Example 16 was exchanged with calcium

hydroxide at ambient temperature for 2 hours. After filtering, washing and drying the

sample contained 0.9 wt% CaO.

Example 19 (Cu-exchange of Ca-SAPO-34)
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[0083] The Ca-SAPO-34 sample from Example 18 was exchanged with

copper nitrate at ambient temperature for 4 hours. After filtering, washing and drying

the sample contained 1.9 wt% CuO and 0.8 wt% CaO.
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Example 20 (K-exchanqe of SAPO-34)

[0084] The SAPO-34 sample from Example 16 was exchanged with

potassium nitrate at 80 °C for 2 hours. After filtering, washing and drying the sample

contained 1.5 wt% K20 .

Example 21 (Cu-exchange of K-SAPO-341

[0085] The K-SAPO-34 sample from Example 20 was exchanged with

copper nitrate at ambient temperature for 4 hours. After filtering, washing and drying

the sample contained 3.0 wt% CuO and 1.5 wt% K20 .

Example 22 (direct synthesis of Ca-SAPO-34)

[0086] Pseudoboehmite alumina, phosphoric acid, ammonium-stabilized

silica sol (Nyacol 2040NH4), calcium acetate, tetraethylammonium hydroxide

(TEAOH) solution, morpholine, and deionized water were mixed together to form a

gel with the following molar composition:

0.5 Si0 2 : 1.0 AI2O : 1.0 P 0 5 : 0.1 CaO : 0.85 Morpholine : 0.4 TEAOH: 3 1 .5 H20

[0087] The gel was stirred at room temperature for about 30 min and SAPO-

34 seeds in the amount of about 1% of total inorganic solids of the gel were added

before charged to an autoclave. The autoclave was heated to 180 C and

maintained at the temperature for 24 hours. After cooling, the product was

recovered by filtration and washed with deionized water. The product was then dried

and calcined to remove organic. The Ca-SAPO-34 product contained about 11%

Si0 2 and 1.7% CaO.

Example 23 (Cu-exchange of direct-synthesized Ca-SAPO-34)

[0088] The Ca-SAPO-34 sample from Example 22 was exchanged with

copper nitrate at 60 °C for 3 hours. After filtering, washing and drying, the sample

contained 3.0 wt% CuO.
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Example 24 (Ca- and Cu-exchange of SAPO-341

[0089] The Ca-SAPO-34 sample from Example 16 was exchanged with

calcium hydroxide and copper nitrate at 40°C for 3 hours. After filtering, washing and

drying, the sample contained 3.5 wt% CuO and 0.60 wt% CaO.

HOT WATER STABILITY TEST

[0090] Water stability tests were done by slurrying 4 g of material in 12 g of

water. The slurry was put in a 23 mL Parr bomb and the Parr bomb was placed in

an oven at 105 °C for 24 h . Subsequently, the slurry was filtered, washed and dried.

The surface area was analyzed before and after the water treatment.

STEAM STABILITY TEST

[0091] The samples were also steamed at 900 °C in the presence of 1

vol% water vapor for 1 hour to simulate automotive exhaust aging conditions. The

activities of the hydrothermally aged materials for NO conversion, using NH3 as

reductant, were tested with a flow-through type reactor. Powder zeolite samples

were pressed and sieved to 35/70 mesh and loaded into a quartz tube reactor.

Reactor temperature was ramped and NO conversion was determined with an

infrared analyzer at each temperature interval.

[0092] Table 5 compares the surface area retention of various SAPO-34

samples after water treatment at 105 °C for 24 hours.
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Table 5

[0093] Table 5 shows that the addition of Ca or K to SAPO-34, as in

Examples 8 19, 20, 2 1, 23 and 24, stabilizes the material to the hot water

treatment, whereas the materials without Ca or K (SAPO-34 from Example 16 and

Cu-SAPO-34 from Comparative Example 17) are essentially completely destroyed

by the treatment. It is desirable that the SAPO-34 materials of the current invention

retain at least 40% and preferably at least 60% of their surface area and micropore

volume after being subjected to the hot water treatment

[0094] Table 6 compares the NO conversion during NH3-SCR of Examples

17, 23 and 24 after steaming at 900 °C for 1 hour in 1 percent water/air.

Table 6
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[0095] Table 6 shows that inventive Examples 23 and 24 containing Ca are

more active, especially at low temperatures such as 175°C, than Comparative

Example 17 without Ca for H3-SCR after steaming at 900°C for 1 hour.

[0096] Fig. 3 compares SCR data for Comparative Example 7 with

inventive Example 23 after steaming at 900°C for 1 h in 10 percent water/air. The

data show that SAPO-34 samples containing two metals (here calcium), exhibits

improved NOx conversion efficiency compared to a sample not containing Ca.

[0097] Unless otherwise indicated, all numbers expressing quantities of

ingredients, reaction conditions, and so forth used in the specification and claims are

to be understood as being modified in all instances by the term "about." Accordingly,

unless indicated to the contrary, the numerical parameters set forth in the following

specification and attached claims are approximations that may vary depending upon

the desired properties sought to be obtained by the present invention.

[0098] Other embodiments of the invention will be apparent to those skilled

in the art from consideration of the specification and practice of the invention

disclosed herein. It is intended that the specification and examples be considered as

exemplary only, with the true scope of the invention being indicated by the following

claims.
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What Is Claimed Is:

. A microporous crystalline material having pore opening ranging from 3

to 5 Angstroms synthesized by a process free of organic structure directing agent

(OSDA), where said material has molar silica to alumina ratio (SAR) from 3 to 10 and

comprises a first metal chosen from alkali-earth group, rare-earth group, alkali group

or mixtures thereof, and a second metal chosen from copper, iron or mixtures

thereof.

2 . The microporous crystalline material of claim , where said material

comprises a crystal structure having building units of double-6-rings {d6r) and pore

opening of 8-rings.

3 . The microporous crystalline material of claim , wherein said material

comprises CHA structure.

4 . The microporous crystalline material of claim 2 , wherein said crystal

structure comprises structural codes of LEV, AE1, AFT, AFX, EAB, ERI, FI, SAT,

TSC, and SAV.

5 . The microporous crystalline material of claim 1 , where said first metal

comprises magnesium, calcium, strontium, barium, lanthanum, cerium,

praseodymium, neodymium, mixed rare earth oxides, potassium, rubidium, cesium

or mixtures thereof.

6 . The microporous crystalline material of claim , where said first and

second metals are introduced into said material by liquid-phase or solid ion-

exchange, impregnation or incorporated by direct-synthesis.

7 . The microporous crystalline material of claim 1, wherein first metal to

aluminum atomic ratio is between 0.05 and 0.80.
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8 . The microporous crystalline material of claim 1, where said material

comprises calcium with calcium to aluminum atomic ratio between 0.05 and 0.50.

9 . The microporous crystalline material of claim 1, where said material

comprises copper with copper to aluminum atomic ratio between 0.05 and 0.20.

10. The microporous crystalline material of claim 1, where said material

comprises iron with iron to aluminum atomic ratio between 0.05 and 0.30.

11. The microporous crystalline material of claim , where said material

comprises a mean crystal size ranging from 0.3 to 5 microns.

12 . The microporous crystalline material of claim 1, where said material

retains at least 70% of its surface area and micropore volume after exposure to

temperatures of 700-800°C in the presence of up to 0% volume percent water

vapor for 1-16 hours.

3. A method of selective catalytic reduction of nitrogen oxides in exhaust

gas, said method comprising:

at least partially contacting said exhaust gases with an article comprising a

microporous crystalline material of claims 1 to 12.

14. The method of claim 3, where said contacting step is performed in the

presence of ammonia, urea, an ammonia generating compound, or a hydrocarbon

compound.

15. A method of making microporous crystalline material of claims 1-12,

said method comprising:

mixing sources of sodium, potassium, alumina, silica, water and optionally

a crystalline seed material to form a gel, wherein said gel has potassium to silica

(K/Si0 ) molar ratio of less than 0.5 and hydroxide to silica (OH/Si0 2) molar ratio

less than 0.35;
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heating said gel in a vessel at a temperature ranging from 80°C to 200°C

o form a crystalline product;

ammonium-exchanging said product; and

introducing first and second metals into said crystalline material by liquid-

phase or solid ion-exchange, impregnation or incorporated by direct-synthesis.

16. The method of claim 5 , wherein said alumina and silica sources

comprise potassium-exchanged, proton-exchanged, ammonium-exchanged zeolite

Y, potassium silicate or mixtures thereof.
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