
(19) United States 
US 20090196812A1 

(12) Patent Application Publication (10) Pub. No.: US 2009/0196812 A1 
Bull et al. (43) Pub. Date: Aug. 6, 2009 

(54) 

(75) 

(73) 

(21) 

(22) 

CATALYSTS, SYSTEMS AND METHODS 
UTILIZING NON-ZEOLITIC 
METAL-CONTAINING MOLECULAR SEVES 
HAVING THE CHA CRYSTAL STRUCTURE 

Inventors: Ivor Bull, Ludwigshafen (DE); 
Gerald S. Koermer, Basking 
Ridge, NJ (US); Ahmad Moini, 
Princeton, NJ (US); Signe 
Unverricht, Jersey City, NJ (US) 

Correspondence Address: 
BASF CATALYSTS LLC 
1OO CAMPUS DRIVE 
FLORHAMPARK, NJ 07932 (US) 

Assignee: 

Appl. No.: 

Filed: 

ENGINE 

BASF Catalysts LLC, Flohran 
Park, NJ (US) 

12/361,980 

Jan. 29, 2009 

19 

25 

Related U.S. Application Data 
(60) Provisional application No. 61/024.946, filed on Jan. 

31, 2008. 
Publication Classification 

(51) Int. Cl. 
BOID 53/56 (2006.01) 
BOI. 23/72 (2006.01) 
BOI. 23/242 (2006.01) 
BOIJ 29/072 (2006.01) 
BOI 27/82 (2006.01) 
BOID 53/34 (2006.01) 

(52) U.S. Cl. ...................... 423/239.1: 502/244: 502/242: 
502/245; 502/64: 502/214; 422/168 

(57) ABSTRACT 

Catalysts comprising metal-loaded non-Zeolitic molecular 
sieves having the CHA crystal structure, including 
Cu-SAPO-34, methods for preparing Such catalysts, and sys 
tems and methods for treating exhaust gas incorporating Such 
catalysts are disclosed. The catalysts can be used to remove 
nitrogen oxides from a gaseous medium across a broad tem 
perature range and exhibit hydrothermal stability at high reac 
tion temperatures. 
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CATALYSTS, SYSTEMS AND METHODS 
UTILIZING NON-ZEOLITIC 

METAL-CONTAINING MOLECULAR SEVES 
HAVING THE CHA CRYSTAL STRUCTURE 

TECHNICAL FIELD 

0001 Embodiments of the invention relate to catalysts 
comprising non-Zeolitic metal containing molecular sieves 
that have the CHA framework or crystal structure, methods 
for their manufacture and use, and exhaust gas treatment 
systems containing such catalysts. 

BACKGROUND ART 

0002. Several technologies are available for the reduction 
of nitrogen oxides (NOx) from the exhaust of automobile 
engines. Three Way Catalysts (TWC) are designed to remove 
NOX from the exhaust of vehicles equipped with a gasoline 
engine. On the three-way catalyst, the nitrogen oxides react 
with the unburned hydrocarbons or CO in such a way that the 
oxygen of NOx is consumed for the oxidation of the unburned 
hydrocarbons or CO yielding nitrogen, carbon dioxide and 
water. Three-way catalysts cannot be used for the treatment of 
exhaust from lean burn and diesel engines because of the low 
NOX conversion in the presence of oxygen. 
0003 For diesel engines, there are two types of technolo 
gies for the reduction of NOX. The first is NOx storage and 
reduction, which requires alternating lean and rich operating 
periods of the engine. During the lean period, the nitrogen 
oxides will be adsorbed in the form of nitrates. During a rich 
period of operation, the nitrates are reduced to nitrogen by 
reaction with the hydrocarbons contained in the exhaust. 
0004. A second type of technology for the reduction of 
NOX in diesel engines involves Selective Catalytic Reduction 
(SCR) of NOX. A first type of SCR involves hydrocarbon SCR 
(HC SCR), which involves the use of a hydrocarbon such as 
diesel fuel as a reducing agent to reduce NOx in the diesel 
engine exhaust gas stream. However, the applicability of HC 
SCR for diesel engines does not appear to be viable because 
most of catalysts suitable for HC-SCR show a very narrow 
temperature window where a useful NOx reduction can be 
obtained. See, for example, Ishihara et. al., Ind. Eng. Chem. 
Res., Vol. 36, No. 1, 1997, in which conversion of NOx using 
Cu-SAPO-34 and hydrocarbons was observed to be less than 
70% at about 400° C. and less than about 20% at 200° C. 
0005. A second type of SCR involves ammonia SCR. 
Selective Catalytic Reduction, using ammonia or ammonia 
precursor as reducing agent is believed to be the most viable 
technique for the removal of nitrogen oxides from the exhaust 
of diesel vehicles. In typical exhaust, the nitrogen oxides are 
mainly composed of NO (>90%), so the SCR catalyst favors 
the conversion of NO and NH into nitrogen and water. Two 
major challenges in developing catalysts for the automotive 
application of the ammonia SCR process are to provide a 
wide operating window for SCR activity, including low tem 
peratures of from 200° C. and higher and improvement of the 
catalyst’s hydrothermal stability for temperatures above 500 
C. As used herein hydrothermal stability refers to retention of 
a material's capability to catalyze the SCR of NOx, with a 
preference for the retention to beat least 85% of the material's 
NOx conversion ability prior to hydrothermal aging. 
0006. The emissions from vehicles are measured using 
standardized engine or vehicle test cycles, in which speed and 
load are varied to simulate actual driving conditions. The 
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ECE test cycle, which is also referred to as UDC, represents 
urban driving under low speed and load, and the Extra Urban 
Driving Cycle (EUDC) involves higher speeds. Most test 
cycles include a cold-start portion. For example, the Euro 3 
test cycle includes the ECE+EUDC cycles, and includes 
evaluation of emissions when the catalyst at temperatures as 
low as 150° C. for a significant portion of the drive cycle. 
Thus, low temperature NOx conversion is of great interest. 
0007 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, typically range from about 3 to 10 Ang 
stroms in diameter. Both synthetic and natural Zeolites and 
their use in promoting certain reactions, including the selec 
tive reduction of nitrogen oxides with ammonia in the pres 
ence of oxygen, are well known in the art. 
0008 Metal-promoted zeolite catalysts including, among 
others, iron-promoted and copper-promoted Zeolite catalysts, 
where, for instance, the metal is introduced via ion-exchange, 
for the selective catalytic reduction of nitrogen oxides with 
ammonia are known. Iron-promoted Zeolite beta has been an 
effective catalyst for the selective reduction of nitrogen 
oxides with ammonia. Unfortunately, it has been found that 
under harsh hydrothermal conditions, such as reduction of 
NOX from gas exhaust attemperatures exceeding 500°C., the 
activity of many metal-promoted Zeolites, such as Cu and Fe 
versions of ZSM-5 and Beta, begins to decline. This decline in 
activity is believed to be due to destabilization of the Zeolite 
such as by dealumination and consequent loss of metal-con 
taining catalytic sites within the Zeolite. 
0009. To maintain the overall activity of NOx reduction, 
increased levels of the washcoat loading of the iron-promoted 
Zeolite catalyst must be provided. As the levels of the Zeolite 
catalyst are increased to provide adequate NOx removal, 
there is an obvious reduction in the cost efficiency of the 
process for NOx removal as the costs of the catalyst rise. 
0010. Due to the considerations discussed above, there is a 
desire to prepare materials which offer improved low tem 
perature SCR activity and/or improved hydrothermal dura 
bility over existing Zeolitic materials, for example, catalyst 
materials which are stable attemperatures up to at least about 
650° C. and higher, for example in the range of about 700° C. 
to about 800° C. and up to about 900° C. Moreover, since 
diesel engines operate under transient conditions, there is a 
desire to provide materials that exhibit high performance over 
a wide temperature range, from as low as 200°C. up to about 
450° C. See Klingstedt et al., “Improved Catalytic Low 
Temperature NOx Removal.” ACCOUNTS OF CHEMICAL 
RESEARCH/VOL. 39, NO. 4, 2006. Thus, while existing 
technologies provide high temperature performance, there is 
a need for materials can offer low temperature performance in 
predominantly NO feeds combined with hydrothermal stabil 
ity. Low temperature performance is important for cold start 
and low engine load conditions. 

SUMMARY 

0011 Aspects of the invention are directed to a metal 
loaded non-zeolitic molecular sieve having the CHA struc 
ture and effective to selectively reduce nitrogen oxides with 
ammonia in the presence of oxygen, methods for the manu 
facture of Such catalysts, catalyst composites comprising 
Such molecular sieves, and exhaust gas treatment systems and 
methods incorporating Such catalysts. The catalyst may be 
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part of an exhaust gas treatment system used to treat exhaust 
gas streams, especially those emanating from gasoline or 
diesel engines. 
0012. One embodiment of the present invention pertains to 
metal-loaded non-zeolitic molecular sieves having the CHA 
structure and their application in exhaust gas systems such as 
those designed to reduce nitrogen oxides. In specific embodi 
ments, novel metal-loaded non-Zeolitic molecular sieve cata 
lysts having the CHA structure are provided which exhibit 
improved NH SCR of NOX. The non-zeolitic molecular 
sieve catalysts made in accordance with one or more embodi 
ments of the present invention provide a catalyst material 
which exhibits excellent hydrothermal stability and high 
catalytic ability over a wide temperature range. When com 
pared with other Zeolitic catalysts that find application in this 
field, such as Fe Beta Zeolites, non-zeolitic molecular sieve 
catalysts materials according to embodiments of the present 
invention offer improved low temperature activity and hydro 
thermal stability. 
0013. According to a first embodiment, a comprises a 
Cu-loaded non-zeolitic molecular sieve having the CHA 
crystal structure having a Cu loading so that the catalyst is 
effective to selectively reduce nitrogen oxides with ammonia 
in the presence of oxygen in an exhaust gas stream at 200° C. 
when the catalyst has been deposited on a honeycomb Sub 
strate having a cell density of 400 cpsi at a loading between 2 
and 2.5 g/in and tested at a space velocity of 80,000 hr' 
where the feed stream comprises a mixture of 10% O, 5% 
HO,500 ppm NO and 500 ppm NH to provide at least 80% 
NOX conversion. To be clear, the first embodiment is directed 
to a catalyst exhibiting excellent NOx conversion at 200° C. 
and it is not limited by a particular loading. The recitation of 
“when the catalyst has been deposited on a honeycomb sub 
strate having a cell density of 400 cpsi at a loading between 2 
and 2.5 g/in and tested at a space velocity of 80,000 hr' 
where the feed stream comprises a mixture of 10% O2, 5% 
HO, 500 ppm NO and 500 ppm NH” in the claims is 
provided as testing parameters to provide clarity when a 
non-Zeolitic molecular sieve having the CHA crystal struc 
ture has a copper loading that results in at least 80% conver 
sion at 200° C. In a second embodiment, the non-zeolitic 
molecular sieve comprises Cu-SAPO-34 and the catalyst is 
effective to provide at least about 85% NOx conversion in the 
exhaust gas stream at 200° C. In a third embodiment, the 
catalyst is effective to provide at least about 90% NOx con 
version in the exhaust gas stream at 200° C. 
0014. In a fourth embodiment, the Cu-SAPO-34 material, 
upon hydrothermal aging in 10% steam at 850° C. and 6 
hours, retains at least 85% on a percentage basis of the NOx 
conversion at 200°C. In a fifth embodiment, the Cu-SAPO 
34 material, upon hydrothermal aging in 10% steam at 900 
C. and 1 hour, retains at least 90% of the NOx conversion on 
a percentage basis at 200° C. In a sixth embodiment, the 
Cu-SAPO-34 material, upon hydrothermal aging in 10% 
steam at 900° C. and 1 hour, retains at least 95% of the NOx 
conversion on a percentage basis at 200° C. 
0015. In a seventh embodiment, the catalyst is effective to 
reduce NOx so that that ratio of NOx to NO in the gas stream 
after passing through the catalyst is greater than 2.5. In an 
eighth embodiment, the catalyst is effective to reduce NOx so 
that that ratio of NOx to NO in the gas stream after passing 
through the catalyst is greater than 5. 
0016. In a ninth embodiment, the catalyst is effective to 
make less than 10 ppm NO over the temperature range of 
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200° C. to 450° C. In a tenth embodiment, the catalyst is 
effective to make less than 5 ppm NO over the temperature 
range of 200° C. to 450° C. 
0017. In any of the embodiments 1-10 described above, 
one or more of the following features may further limit any of 
the embodiments above: the catalyst contains a secondary 
metal; b) the secondary metal comprises Zirconium; the cata 
lyst contains in the range of about 2 weight percent and 4 
weight percent Cu. 
0018. Another aspect of the invention pertains to a process 
for manufacturing Cu-SAPO-34. In an eleventh embodiment, 
a process for manufacturing Cu-SAPO-34 comprises mixing 
a neutral, nitrogen-containing organic template, an alumina 
Source, a silica Source and a phosphorous source in a gel 
mixture; heating the gel to less than about 200° C. for at least 
about 12 hours to form crystalline SAPO-34; filtering and 
washing the crystalline SAPO-34; calcining the crystalline 
SAPO-34; and ion exchanging the crystalline SAPO-34 with 
a copper salt to provide Cu-SAPO-34. 
0019. The eleventh embodiment may include one or more 
of the following process variants: the template comprises 
morpholine and the heating temperature is less than about 
185° C. and the heating time is at least about 24 hours; the 
copper salt comprises copper acetate; after ion exchanging 
the crystalline SAPO-34 with a copper salt to provide Cu 
SAPO-34, Cu-SAPO-34 is washed to provide a filtrate having 
a conductivity less than about 600 uScn', or less than about 
400 uScim', or less than about 200 uScim-1; calcining the 
washed Cu-SAPO-34 material at a temperature less than 
about 600° C.; and/or the crystalline material has a crystal 
size having 90% of the crystals less than 20 microns, or less 
than 15 microns 

0020. In a twelfth embodiment a catalyst is provided made 
by the process for manufacturing described in the eleventh 
embodiment and the variants described above. 

0021. Another aspect of the invention pertains to a catalyst 
composite including a catalyst of any of embodiments 1-11 
above. In a thirteenth embodiment, a catalyst composite com 
prises a honeycomb Substrate having a catalyst of any of 
embodiments 1-10 and 12 deposited on a honeycomb sub 
strate as a washcoatata loading in the range of about 0.5 g/in 
and 3.5 g/in. The honeycomb can be a wall flow substrate or 
a flow through substrate. In a fourteenth embodiment, in 
which the honeycomb substrate is a flow through substrate, at 
least a portion of the flow through substrate is coated with a 
washcoat containing Pt and a metal-loaded non-Zeolitic 
molecular sieve to oxidize ammonia in the exhaust gas 
stream. In a sixteenth embodiment, at least a portion of a wall 
flow Substrate is coated with a washcoat containing Pt and a 
metal-loaded non-Zeolitic molecular sieve to oxidize ammo 
nia in the exhaust gas stream. 
0022. Another aspect of the invention pertains to an 
exhaust gas treatment system. In a seventeenth embodiment, 
an exhaust gas treatment system includes a catalyst of 
embodiments 1-10, or 12-16 and a second catalyst Such as an 
oxidation catalyst. 
0023. In an eighteenth embodiment, the catalyst of any of 
claims 1-10 is combined with a metal containing zeolitic SCR 
catalyst. 
0024. Another aspect of the invention pertains to process 
for the reduction of oxides of nitrogen contained in a gas 
stream in the presence of oxygen comprising contacting the 
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gas stream with a Cu-loaded non-Zeolitic molecular sieve as 
described in any of the previously described embodiments 
1-10 or 12-17. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0025 FIGS. 1A, 1B, and 1C are schematic depictions of 
three exemplary embodiments of the emissions treatment 
system of the invention; 
0026 FIG. 2 is a graph depicting nitrogen oxides removal 
efficiency (%), and N2O generated (ppm) as a function of 
reaction temperatures for a Cu-SAPO34 catalyst containing 
3.31 wt % CuO prepared according to the methods of 
Example 1: 
0027 FIG. 3 is a graph depicting nitrogen oxides removal 
efficiency (%), and N2O generated (ppm) as a function of 
reaction temperatures for aged versions of the Cu-SAPO34 
catalyst containing 3.31 wt % CuO prepared according to the 
methods of Example 1: 
0028 FIG. 4 is a graph depicting nitrogen oxides removal 
efficiency (%), ammonia consumption (%) and NO gener 
ated (ppm) as a function of reaction temperature for a Cu 
SAPO34 catalyst containing 3.18 wt %CuO prepared accord 
ing to the methods of Example 2: 
0029 FIG. 5 is a graph depicting nitrogen oxides removal 
efficiency (%) and NO generated (ppm) as a function of 
aging temperature for a CuSAPO-44 catalyst containing 3.78 
wt % CuO prepared according to the methods of Example 3: 
and 
0030 FIG. 6 is a graph depicting nitrogen oxides removal 
efficiency (%) and NO generated (ppm) as a function of 
aging temperature for a Cu-SAPO34 catalyst prepared 
according to the methods of Example 4; 
0031 FIG. 7 is a graph depicting nitrogen oxides removal 
efficiency (%) and N2O generated (ppm) as a function of 
aging temperature for a Cu-SAPO34 catalyst prepared 
according to the methods of Example 11: 
0032 FIG. 8 is a graph depicting nitrogen oxides removal 
efficiency (%) and N2O generated (ppm) as a function of 
aging temperature for a Cu-SAPO34 catalyst prepared 
according to the methods of Example 12; 
0033 FIG. 9 is a graph depicting nitrogen oxides removal 
efficiency (%) and NO generated (ppm) as a function of 
aging temperature for a Cu-SAPO34 catalyst prepared 
according to the methods of Example 13; and 
0034 FIG. 10 is a graph depicting nitrogen oxides 
removal efficiency (%) and N2O generated (ppm) as a func 
tion of aging temperature for a Cu-SAPO34 catalyst prepared 
according to the methods of Example 14. 

DETAILED DESCRIPTION 

0035. Before describing several exemplary embodiments 
of the invention, it is to be understood that the invention is not 
limited to the details of construction or process steps set forth 
in the following description. The invention is capable of other 
embodiments and of being practiced or being carried out in 
various ways. 
0036. In one embodiment of the invention, metal-loaded, 
non-zeolitic molecular sieves having the CHA structure are 
provided. As used herein, the terminology “non Zeolitic 
molecular sieve” refers to corner sharing tetrahedral frame 
works where at least a portion of the tetrahedral sites are 
occupied by an element other than silicon or aluminum. As 
used herein, “fresh' refers to an as manufactured catalyst that 
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has not been hydrothermally aged. Any non-aluminosilicate 
composition having the CHA framework structure (as defined 
by the International Zeolite Association) comprising at least 
one T element which is not Si or Al and exhibits improved 
NH SCR or NOx can be utilized according to embodiments 
of the present invention. Non-limiting examples of Such 
molecular sieves include aluminophosphates and metal-alu 
minophosphates, wherein metal could include silicon, cop 
per, Zinc or other Suitable metals. Specific non-limiting 
examples include SAPO-34, SAPO-44, and SAPO-47. Espe 
cially suitable materials are those which couple excellent 
hydrothermal stability indicated by minimal loss of activity 
upon aging with improved catalytic activity compared to 
Fe-beta Zeolite catalyst materials. Materials according to 
embodiments of the invention exhibit high catalytic NOx 
conversion performance and over a wide temperature range 
and low NO make. More specifically, Cu-SAPO-34 materi 
als exhibit high NOx conversion for fresh and aged samples 
under extreme temperature conditions and at high space 
velocities of 80,000 h". It will be appreciated that when 
comparing NOx conversion values between materials, a 
higher space Velocity Subjects the material to a more demand 
ing test for NOx conversion. In other words, samples tested at 
higher space velocities will result in a lower NOx conversion 
value than a sample tested under the same conditions but at a 
lower space Velocity. 
0037. In specific embodiments, the wide temperature 
range includes low temperature, for example, temperatures as 
low as 200°C. In more specific embodiments, Cu-SAPO-34 
materials are provided that exhibit at least about 75%, more 
specifically, at least about 80%, still more specifically at least 
about 85%, and in highly specific embodiments at least about 
90% NOx conversion when fresh and hydrothermally aged in 
10% steam for at least 1 hour, 3 hours and 6 hours attempera 
tures of at least about 800° C., at least about 850° C., and at 
least about 900° C. To avoid any doubt, materials in accor 
dance with embodiments of the invention exhibit the NOX 
conversions noted above when hydrothermally aged in 10% 
steam for up to at least 3 hours and up to 6 hours at each of 
800° C. and 850° C. In one or more embodiments materials 
that have been hydrothermally aged in 10% steam at 900° C. 
for 1 hour exhibit NOx conversions of at least 80%, 85% and 
90%. In other specific embodiments, the fresh and hydrother 
mally aged NOx conversion of Cu-SAPO-34 materials 
exhibit better NOx conversion than Cu CHA zeolitic molecu 
lar sieves (e.g. CuSSZ-13) for both fresh and hydrothermally 
aged materials aged and tested under similar conditions. In 
one or more embodiments, the NOx conversion performance 
of Cu-SAPO-34 materials provided herein exhibit at least 
about 5% (e.g., 85% versus 80%), 10% (e.g. 90% versus 
80%), 15% (e.g.95% versus 80%) or 20% (e.g. 100% versus 
80%) percentage points better conversion than CuCHA 
Zeolitic molecular sieves (e.g. CuSSZ-13) under similar con 
ditions. In one or more embodiments, Cu-SAPO-34 materials 
are provided that exhibit extremely low NO make for fresh 
and hydrothermally aged samples over a temperature range of 
200° C. to 450° C. In specific embodiments, the NO make 
over the temperature range of 200° C. to 450° C. is less than 
about 10 ppm, less than 9 ppm, less than about 8 ppm, less 
than 7 ppm, less than about 5 ppm, less than about 4 ppm, less 
than about 3 ppm, and less than about 2 ppm. 
0038 NOx conversion for Cu-SAPO-34 as defined herein 

is measured under the following procedures and conditions. A 
Cu-SAPO34 slurry is prepared by mixing 90 g of 
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Cu-SAPO34, as described in detail below, with 215 mL of 
deionized water. The mixture is ball-milled for 11 hours to 
obtain a slurry which comprises 90% particles smaller than 
10 um. 15.8 g of Zirconyl acetate in dilute acetic acid (con 
taining 30% ZrO) is added into the slurry with agitation. The 
slurry is coated onto 1" Diameterx3" Long (1" Dx3" L) cel 
lular ceramic cores, having a cell density of 400 cpsi (cells per 
square inch) and a wall thickness of 6.5 mil. The coated cores 
are dried at 110° C. for 3 hours and calcined at 400° C. for 1 
hour. The coating process is repeated at least once to obtain a 
target washcoat loading of 2.4 g/in. This provides a sample 
similar to catalytic articles that are used in automobiles. 
0039 Nitrogen oxides selective catalytic reduction (SCR) 
efficiency and selectivity of a fresh (as made) catalyst core are 
measured by adding a feed gas mixture of 500 ppm of NO. 
500 ppm of NH 10% O, 5% HO, balanced with N to a 
steady state reactor containing a 1"Dx3"L catalyst core. For 
the catalytic test, the washcoated core is shaped into a square 
cross section wrapped with a ceramic insulation mat and 
placed inside an Inconel reactor tube heated by an electrical 
furnace. The gases, O. (from air), N and HO are preheated 
in a preheater furnace before entering the reactor. The reactive 
gases NO and NH are introduced between the preheater 
furnace and the reactor. The catalyst is coated on the afore 
mentioned 400 cpsi (cells per square inch) core to target a 
loading between 2 and 2.5 g/in. The reaction is carried at a 
space velocity of 80,000 hr' across a 150° C. to 460° C. 
temperature range (space Velocity as determined at 32°F). 
Space velocity is defined as the gas flow rate comprising the 
entire reaction mixture divided by the geometric volume of 
the catalyst core. These conditions define the standard test for 
fresh catalysts. 
0040 Hydrothermal stability of the catalyst is measured 
by hydrothermal aging of a fresh catalyst core in the presence 
of 10% HO (remainder air; space velocity at 32°F. h 4000 
h') one of the following conditions, 750° C. for 25 hours, 
800° C. for 50 hours, 850° C. for 6 and 10 hours and 900° C. 
for 1 hour followed by measurement of the nitrogen oxides 
SCR efficiency and selectivity by the same process, as out 
lined above, for the SCR evaluation on a fresh catalyst core. 
0041. In one or more embodiments, Cu-SAPO34 materi 
als are provided herein having a SiO content in the range of 
about 10 to 25 wt.%, more specifically in the range of about 
12 to 20 wt.% and most specifically in the range of about 15 
to 19 wt.%, as measured by X-ray fluorescence (XRF). In one 
or embodiments, the fresh SAPO-34 or Cu-SAPO-34 mate 
rials have a BET surface area in the range of about 300 to 600 
m?g., preferably greater than 350 m?g, in the range of 375 
m/g to 600 m/g. In one or more embodiments, the Cu 
SAPO34 materials, after ion exchange, have a conductivity 
sufficiently low, for example less than 600 uScn", more 
specifically, less than 400 uScn', and less than about 200 
uScn', so that conductivity the solution or filtrate contain 
ing the crystalline material that is Substantially free of non 
exchanged metal. The conductivity of the filtrate can be mea 
sured by a conductivity meter (Newport Electronics, Model 
DP-03, Santa Anna, Ca). In one or more embodiments, the Cu 
content of the Cu-SAPO34 materials on a CuO basis as mea 
sured by Inductively Coupled Plasma (ICP) analysis is in the 
range of about 1% to 5%, more specifically in the range of 
about 2% to about 4%, and even more specifically in the range 
of about 2.5% to about 3.5%. In accordance with another 
aspect of the invention, methods of manufacturing or synthes 
ing Cu-SAPO-34 materials are provided. In one embodiment, 
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a neutral, nitrogen-containing organic template (e.g., mor 
pholine), Suitable alumina, silica and phosphorous source 
materials are mixed together to form a gel mixture. Thereaf 
ter, the gel is heated to temperature of less than about 200°C., 
more specifically, less than about 185°C. and in highly spe 
cific embodiments, less than about 175°C. The heating at a 
suitable temperature, for example about 170° C. is performed 
for at least about 12 hours, at least about 24 hours, or at least 
about 48 hours. The mixture is then cooled, filtered and 
washed. Thereafter, ion exchange is performed sing a Suitable 
copper salt, such as copper Sulfate, copper nitrate or copper 
acetate. After ion exchange crystalline material is washed 
until the conductivity of the filtrate is sufficiently low. There 
after, the material is calcined at a temperature less than about 
650° C., specifically less than 600° C., and more preferably 
less than 550°C. In one or more embodiments, the crystalline 
material made by the method has a crystal size having 90% of 
the crystals less than about 20 microns, and in specific 
embodiments, 90% of the crystals are less than about 15 
microns. More details of the process of synthesizing Cu 
SAPO-34 materials are provided in the Examples. In accor 
dance with one or more embodiments, Cu-SAPO-34 catalysts 
materials are provided that are made by the methods of manu 
facturing described above. 
0042. As used herein according to one or more embodi 
ments, “loaded’ refers to the extra framework occupation of 
metals within the porous network of the molecular sieve. The 
extra framework species resides in the channels, cavities, 
cages and/or the exterior surfaces of the molecular sieves. 
Metals could be in one of several forms, including, but not 
limited to, ions, oxides, and oxycations. In one or more 
embodiments of the invention, the structural integrity of the 
Zeolite or catalyst is enhanced by the presence of the metal in 
the molecular sieve. In one or more embodiments, a second 
metal further improves the catalytic properties of a catalytic 
article including a Cu-SAPO-34 molecular sieve. An example 
of Such a second metal includes Zirconium, which may 
improve washcoat properties Such as adhesion or porosity, 
and may improve the NOx conversion activity of the Cu 
SAPO-34 material and resistance to degradation by hydro 
thermal aging. 
0043. As will be appreciated by the skilled artisan, a wide 
variety of material parameters, including, but not limited to 
silicon content, the particular metal loaded, the metal loading 
quantity, the oxidation state of the metal, crystal size, Surface 
area, overall composition of the non Zeolitic molecular sieve, 
structural defects and others, may be independent or interde 
pendent in their effect on hydrothermal stability and NOx 
conversion performance. Accordingly, in order to obtain an 
SCR catalyst material that exhibits excellent fresh and aged 
NOx conversion performance, it will be appreciated that 
changing one parameter Such as the metal loading, crystal 
size and/or Surface area may improve NOx conversion per 
formance, but may negatively impact other material proper 
ties. Furthermore, a wide variety of processing parameters to 
manufacture the non-Zeolitic molecular sieve material, 
including but not limited to the hydrothermal synthesis con 
ditions such as temperature, time, pH, specific reactants and 
material properties of the specific reactants can have an 
impact on the fresh and/oraged NOx conversion performance 
of the final material. Furthermore, in addition to the numerous 
process conditions that must be considered to obtain a non 
Zeolitic molecular sieve acceptable for use as an SCR catalyst 
for NOx abatement, little detail has been provided in the 
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literature on the specifics of loading the metal (e.g., Cu, Fe, or 
Co) to the molecular sieve material. In this regard, the par 
ticular metal salt, the pH of the loading conditions during ion 
exchange, and direct incorporation of the metal to the 
molecular sieve during hydrothermal synthesis of the 
molecular sieve (e.g., single step synthesis versus multistep 
synthesis) provides yet another set of variables to consider in 
the manufacture of a metal loaded molecular sieve for use as 
an SCR catalyst for the abatement of nitrogen oxides. Obtain 
ing an excellent material for SCR performance is not a 
straightforward endeavor. 
0044) Metal-loaded non-zeolitic molecular sieve catalysts 
having the CHA structure in accordance with one or more 
embodiments of the invention can be utilized in catalytic 
processes which involve oxidizing and/or hydrothermal con 
ditions, for example, in temperatures in excess of about 600° 
C., for example, above about 800° C. and in the presence of up 
to about 10% water vapor. More specifically, it has been 
found that metal-loaded non-Zeolitic molecular sieve cata 
lysts having the CHA structure which have been prepared in 
accordance with embodiments of the invention have 
increased hydrothermal stability compared to Fe Beta Zeo 
lites. Metal-loaded non-zeolitic molecular sieve catalysts 
having the CHA structure prepared in accordance with 
embodiments of the invention yield improved activity in the 
selective catalytic reduction of NOx with ammonia, espe 
cially when operated under high temperatures of at least 
about 600° C., for example, about 800° C. and higher, and 
high water vapor environments of up to about 10% or more. 
0045 Embodiments of this invention also pertain to a pro 
cess for abatement of NOX in an exhaust gas stream generated 
by an internal combustion engine utilizing metal-loaded non 
Zeolitic molecular sieve catalysts having the CHA structure. 
Other embodiments pertain to SCR catalysts comprising 
metal-loaded non-zeolitic molecular sieves having the CHA 
structure, and exhaust gas treatment systems incorporating 
metal-loaded non-zeolitic molecular sieves having the CHA 
structure. Still other embodiments pertain to ammonia oxida 
tion (AMOX) catalysts and exhaust gas treatment systems 
incorporating AMOX catalyst comprising metal-loaded non 
Zeolitic molecular sieve catalysts having the CHA structure. 
According to one or more embodiments, catalysts and sys 
tems utilize metal-loaded non-Zeolitic molecular sieves hav 
ing the CHA structure having ion-exchanged metal which do 
not exhibit significant hydrothermal degradation of the cata 
lysts when aged under high temperatures of at least about 
600° C., for example, about 800° C. and higher, and high 
water vapor environments of about 10% or more. As used 
herein, no significant hydrothermal degradation of the cata 
lyst material is exhibited by retaining at least about 85% of the 
fresh NOx conversion, retaining at least about 90% of the 
fresh NOx conversion and at least about 95% of the fresh NOX 
conversion when hydrothermally aged for temperatures of at 
least about 800° C. and 850° C. for times of 6 and 10 hours 
using the testing conditions described above, and 900° C. for 
1 hour for the testing conditions described above. As used 
herein, “retention of NOx conversion' (or “retains NOx con 
version” or “retaining NOx conversion') on a percentage 
basis after aging means the percentage NOx conversion of an 
aged sample divided by the percentage NOx conversion of a 
fresh sample. The retention of NOx conversion occurs at 
temperatures in the range of 200° C. to 450° C. 
0046 According to one or more embodiments, the metal 
loaded non-zeolitic molecular sieves having the CHA struc 
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ture operate within a low temperature window. Over time, in 
an exhaust gas treatment system having a DOC pre-catalyst 
downstream from the engine followed by an SCR catalyst and 
a CSF, or a DOC pre-catalyst upstream from a CSF and SCR, 
the DOC will tend to activate for both low temperature light 
off and HC fuel burning. In such systems, it is beneficial if the 
SCR catalyst can maintain its ability to operate at low tem 
peratures. Since the oxidation catalysts will lose their ability 
to oxidize NO to NO, it is useful to provide an SCR catalyst 
that can treat NO as effectively as NO. Metal-loaded non 
Zeolitic molecular sieves having the CHA structure produced 
in accordance with embodiments of the invention have the 
ability to reduce NO with NH at low temperatures 
0047 Another feature of the catalysts according to one or 
more embodiments of the present invention, is that they can 
achieve a high conversion of NOX to nitrogen by ammonia 
SCR that is independent of NOx specification, i.e. the 
NO:NO ratio. It is well known in the art that NO is more 
reactive than NO and that the presence ofNO in an ammonia 
SCR catalyst feed stream improves NOx conversion. The 
optimal NO:NO ratio for many catalysts is about 1:1. 
0048 Achieving this ratio in the exhaust feed stream can 
be problematic because NO is the primary NOx species 
formed from high temperature combustion and the NO to 
NO conversion is slow in the absence of a catalyst. As a 
result, the SCR catalyst is often positioned downstream of the 
diesel oxidation catalyst (DOC) which contains elements that 
can convert NO to NO. However the DOC catalyst can 
deactivate with time and, in any case, the ratio of NO:NO 
exiting the DOC catalyst is hard to control and may not be 
optimal. 
0049. Therefore, the catalysts according to one or more 
embodiments of the present invention provide additional 
flexibility for treating the pollutants from a diesel engine 
exhaust stream. 
0050. According to embodiments of the invention, the 
SCR catalyst can be in the form of self supporting catalyst 
particles or as a honeycomb monolith formed of the SCR 
catalyst composition. In one or more embodiments of the 
invention however, the SCR catalyst composition is disposed 
as a washcoat or as a combination of washcoats on a ceramic 
or metallic Substrate, for example, a honeycomb flow through 
substrate. 
0051. In a specific embodiment of an emissions treatment 
system the SCR catalyst is formed from a metal-loaded non 
Zeolitic molecular sieves having the CHA structure. 
0052. When the catalyst according to the present invention 

is deposited on the honeycomb monolith substrates to provide 
a catalyst composite, such SCR catalyst compositions are 
deposited at a concentration of at least about 0.5 g/in, for 
example, about 1.3 g/in, about 2.4 g/in or higher such as 5 
g/into ensure that the desired NOx reduction is achieved and 
to secure adequate durability of the catalyst over extended 
SC. 

0053. The term “SCR” catalyst is used herein in a broader 
sense to mean a selective catalytic reduction in which a cata 
lyzed reaction of nitrogen oxides with a reductant occurs to 
reduce the nitrogen oxides. “Reductant” or “reducing agent” 
is also broadly used herein to mean any chemical or com 
pound tending to reduce NOx at elevated temperatures. In 
specific embodiments, the reducing agent is ammonia, spe 
cifically an ammonia precursor, i.e., urea. 
Substrates 

0054. In one or more embodiments, the catalyst composi 
tions are disposed on a Substrate. The Substrate may be any of 
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those materials typically used for preparing catalysts, and will 
usually comprise a ceramic or metal honeycomb structure. 
Any Suitable Substrate may be employed, such as a mono 
lithic Substrate of the type having fine, parallel gas flow pas 
sages extending therethrough from an inlet oran outlet face of 
the Substrate, such that passages are open to fluid flow there 
through (referred to as honeycomb flow through substrates). 
The passages, which are essentially straight paths from their 
fluid inlet to their fluid outlet, are defined by walls on which 
the catalytic material is disposed as a washcoat so that the 
gases flowing through the passages contact the catalytic mate 
rial. The flow passages of the monolithic substrate are thin 
walled channels, which can be of any suitable cross-sectional 
shape and size Such as trapezoidal, rectangular, square, sinu 
soidal, hexagonal, oval, circular, etc. Such structures may 
contain from about 60 to about 400 or more gas inlet openings 
(i.e., cells) per square inch of cross section. 
0055. The substrate can also be a wall-flow filter substrate, 
where the channels are alternately blocked, allowing a gas 
eous 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). AMOX 
and/or SCR catalyst composition can be coated on the flow 
through or wall-flow filter. If a wall flow substrate is utilized, 
the resulting system will be able to remove particulate matter 
along with gaseous pollutants. The wall-flow filter substrate 
can be made from materials commonly known in the art, Such 
as cordierite, aluminum titanate or silicon carbide. It will be 
understood that the loading of the catalytic composition on a 
wall flow substrate will depend on substrate properties such 
as porosity and wall thickness, and typically will be lower 
than loading on a flow through Substrate. 
0056. The ceramic substrate may be made of any suitable 
refractory material, e.g., cordierite, cordierite-alumina, sili 
con nitride, Zircon mullite, spodumene, alumina-silica mag 
nesia, Zircon silicate, sillimanite, a magnesium silicate, Zir 
con, petalite, alpha-alumina, an aluminosilicate, and the like. 
Suitable substrates are cordierite substrates available from 
Corning, Inc. and aluminum titanate Substrates available from 
NGK 

0057 The substrates useful for the catalysts of embodi 
ments of the present invention may also be metallic in nature 
and be composed of one or more metals or metal alloys. The 
metallic Substrates may be employed in various shapes such 
as corrugated sheet or monolithic form. Suitable metallic 
Supports include the heat resistant metals and metal alloys 
Such as titanium and stainless steel as well as other alloys in 
which iron is a Substantial or major component. Such alloys 
may contain one or more of nickel, chromium and/or alumi 
num, and the total amount of these metals may advanta 
geously comprise at least 15 wt.% of the alloy, e.g., 10-25 wt. 
% of chromium, 3-8 wt.% of aluminum and up to 20 wt.% of 
nickel. The alloys may also contain Small or trace amounts of 
one or more other metals such as manganese, copper, Vana 
dium, titanium, and the like. The surface or the metal sub 
strates may be oxidized at high temperatures, e.g., 1000° C. 
and higher, to improve the resistance to corrosion of the alloys 
by forming an oxide layer on the Surfaces of the Substrates. 
Such high temperature-induced oxidation may enhance the 
adherence of the refractory metal oxide Support and catalyti 
cally promoting metal components to the Substrate. 
0.058. In alternative embodiments, one or both of the 
metal-loaded non-zeolitic molecular sieves having the CHA 
structure compositions may be deposited on an open cell 
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foam substrate. Such substrates are well known in the art, and 
are typically formed of refractory ceramic or metallic mate 
rials. 

Washcoat Preparation 
0059. According to one or more embodiments, washcoats 
of metal-loaded non-Zeolitic molecular sieves having the 
CHA structure can be prepared using a binder. According to 
one or more embodiments, use of a ZrO binder derived from 
a Suitable precursor Such as Zirconyl acetate or any other 
Suitable Zirconium precursor Such as Zirconyl nitrate. In one 
embodiment, Zirconyl acetate binder provides a catalytic 
coating that remains homogeneous and intact after thermal 
aging, for example, when the catalyst is exposed to high 
temperatures of at least about 600° C., for example, about 
800° C. and higher, and high water vapor environments of 
about 10% or more. Keeping the washcoat intact is beneficial 
because loose or free coating could plug the downstream CSF 
causing the backpressure to increase. Other potentially Suit 
able binders include, but are not limited to, alumina and silica. 
Alumina binders include aluminum oxides, aluminum 
hydroxides, and aluminum oxyhydroxides. Aluminum salts 
and colloidal forms of alumina many also be used. Silica 
binders include various forms of SiO, including colloidal 
silica. Furthermore, binder compositions may include any 
combination of Zirconia, alumina, and silica. According to 
one or more embodiments, metal-loaded non-Zeolitic 
molecular sieves having the CHA structure can be used as an 
ammonia oxidation catalyst. Such AMOX catalysts are useful 
in exhaust gas treatment systems including an SCR catalyst. 
As discussed in commonly assigned U.S. Pat. No. 5,516,497. 
the entire content of which is incorporated herein by refer 
ence, a gaseous stream containing oxygen, nitrogen oxides 
and ammonia can be sequentially passed through first and 
second catalysts, the first catalyst favoring reduction of nitro 
gen oxides and the second catalyst favoring the oxidation or 
other decomposition of excess ammonia. As described in U.S. 
Pat. No. 5,516,497, the first catalysts can be a SCR catalyst 
comprising a Zeolite and the second catalyst can be an AMOX 
catalyst comprising a molecular sieve. 
0060. As is known in the art, to reduce the emissions of 
nitrogen oxides from flue and exhaust gases, ammonia is 
added to the gaseous stream containing the nitrogen oxides 
and the gaseous stream is then contacted with a suitable 
catalyst at elevated temperatures in order to catalyze the 
reduction of nitrogen oxides with ammonia. Such gaseous 
streams, for example, the products of combustion of an inter 
nal combustion engine or of a gas-fueled or oil-fueled turbine 
engine, often inherently also contain Substantial amounts of 
oxygen. A typical exhaust gas of a turbine engine contains 
from about 2 to 15 volume percent oxygen and from about 20 
to 500 volume parts per million nitrogen oxides, the latter 
normally comprising a mixture of NO and NO. Usually, 
there is sufficient oxygen present in the gaseous stream to 
oxidize residual ammonia, even when an excess over the 
Stoichiometric amount of ammonia required to reduce all the 
nitrogen oxides present is employed. However, in cases 
where a very large excess over the Stoichiometric amount of 
ammonia is utilized, or wherein the gaseous stream to be 
treated is lacking or low in oxygen content, an oxygen-con 
taining gas, usually air, may be introduced between the first 
catalyst Zone and the second catalyst Zone, in order to insure 
that adequate oxygen is present in the second catalyst Zone for 
the oxidation of residual or excess ammonia. 
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0061 Metal-promoted Zeolites have been used to promote 
the reaction of ammonia with nitrogen oxides to form nitro 
gen and H2O selectively over the competing reaction of oxy 
gen and ammonia. The catalyzed reaction of ammonia and 
nitrogen oxides is therefore sometimes referred to as the 
selective catalytic reduction (“SCR) of nitrogen oxides or, as 
sometimes herein, simply as the “SCR process”. Theoreti 
cally, it would be desirable in the SCR process to provide 
ammonia in excess of the stoichiometric amount required to 
react completely with the nitrogen oxides present, both to 
favor driving the reaction to completion and to help overcome 
inadequate mixing of the ammonia in the gaseous stream. 
However, in practice, significant excess ammonia over Such 
Stoichiometric amount is normally not provided because the 
discharge of unreacted ammonia from the catalyst to the 
atmosphere would itself engender an air pollution problem. 
Such discharge of unreacted ammonia can occur even in cases 
where ammonia is present only in a stoichiometric or Sub 
Stoichiometric amount, as a result of incomplete reaction 
and/or poor mixing of the ammonia in the gaseous stream, 
resulting in the formation therein of channels of high ammo 
nia concentration. Such channeling is of particular concern 
when utilizing catalysts comprising monolithic honeycomb 
type carriers comprising refractory bodies having a plurality 
of fine, parallel gas flow paths extending therethrough 
because, unlike the case of beds of particulate catalyst, there 
is no opportunity for gas mixing between channels. 
0062 According to embodiments of the present invention, 
metal-loaded non-zeolitic molecular sieves having the CHA 
structure can be formulated to favor either (1) the SCR pro 
cess, i.e., the reduction of nitrogen oxides with ammonia to 
form nitrogen and H2O, or (2) the oxidation of ammonia with 
oxygen to form nitrogen and H.O.U.S. Pat. No. 5,516,497. 
teaches iron and copper loading levels on Zeolites other than 
copper silicoaluminophosphate to obtain selectivity for an 
SCR reaction and selectivity of the catalyst for the oxidation 
of ammonia by oxygen at the expense of the SCR process, 
thereby improving ammonia removal. In accordance with 
embodiments of the invention, metal loading can be tailored 
to obtain selectivity for SCR reactions and oxidation of 
ammonia by oxygen and to provide exhaust gas treatment 
systems utilizing both types of catalyst. 
0063. The above principles are utilized by providing a 
staged or two-Zone catalyst in which a first catalyst Zone with 
metal-loaded non-zeolitic molecular sieves having the CHA 
structure, that promotes SCR followed by a second catalyst 
Zone comprising a metal-loaded non-Zeolitic molecular 
sieves having the CHA structure and/or a precious metal 
component that promotes oxidation of ammonia. The result 
ant catalyst composition thus has a first (upstream) Zone 
which favors the reduction of nitrogen oxides with ammonia, 
and a second (downstream) Zone which favors the oxidation 
of ammonia. In this way, when ammonia is present in excess 
of the stoichiometric amount, whether throughout the flow 
cross section of the gaseous stream being treated or in local 
ized channels of high ammonia concentration, the oxidation 
of residual ammonia by oxygen is favored by the downstream 
or second catalyst Zone. The quantity of ammonia in the 
gaseous stream discharged from the catalyst is thereby 
reduced or eliminated. The first Zone and the second Zones 
can be on a single catalyst Substrate or as separate Substrates. 
0064. According to one or more embodiments of the 
invention, metal-loaded non-Zeolitic molecular sieves having 
the CHA structure SCR catalysts can be disposed on a wall 
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flow filter or catalyzed soot filter. Washcoats comprising 
metal-loaded non-zeolitic molecular sieves having the CHA 
structure can be coated on a porous filter to provide for soot 
combustion, SCR and AMOX functions. 
0065. In one or more embodiments of the present inven 
tion, the catalyst comprises a precious metal component, i.e., 
a platinum group metal component. For example, as noted 
above, AMOX catalysts typically include a platinum compo 
nent. Suitable precious metal components include platinum, 
palladium, rhodium and mixtures thereof. The several com 
ponents (for example, metal-loaded non-Zeolitic molecular 
sieves having the CHA structure and precious metal compo 
nent) of the catalyst material may be applied to the refractory 
carrier member, i.e., the Substrate, as a mixture of two or more 
components or as individual components in sequential steps 
in a manner which will be readily apparent to those skilled in 
the art of catalyst manufacture. As described above and in the 
examples, a typical method of manufacturing a catalyst 
according to an embodiment of the present invention is to 
provide the catalyst material as a coating or layer of washcoat 
on the walls of the gas-flow passages of a suitable carrier 
member. This may be accomplished by impregnating a fine 
particulate refractory metal oxide Support material, e.g., 
gamma alumina, with one or more catalytic metal compo 
nents such as a precious metal, i.e., platinum group, com 
pound or other noble metals or base metals, drying and cal 
cining the impregnated Support particles and forming an 
aqueous slurry of these particles. Particles of the bulk metal 
loaded non-zeolitic molecular sieves having the CHA struc 
ture may be included in the slurry. Activated alumina may be 
thermally stabilized before the catalytic components are dis 
persed thereon, as is well known in the art, by impregnating it 
with, e.g., a Solution of a soluble salt of barium, lanthanum, 
zirconium, rare earth metal or other suitable stabilizer precur 
Sor, and thereafter drying (e.g., at 110° C. for one hour) and 
calcining (e.g., at 550° C. for one hour) the impregnated 
activated alumina to form a stabilizing metal oxide dispersed 
onto the alumina. Base metal catalysts may optionally also 
have been impregnated into the activated alumina, for 
example, by impregnating a solution of a base metal nitrate 
into the alumina particles and calcining to provide a base 
metal oxide dispersed in the alumina particles. 
0066. The carrier may then be immersed into the slurry of 
impregnated activated alumina and excess slurry removed to 
provide a thin coating of the slurry on the walls of the gas-flow 
passages of the carrier. The coated carrier is then dried and 
calcined to provide an adherent coating of the catalytic com 
ponent and, optionally, the metal-loaded non-Zeolitic 
molecular sieves having the CHA structure material, to the 
walls of the passages thereof. One or more additional layers 
may be provided on the carrier. After each layer is applied, or 
after a number of desired layers are applied, the carrier is then 
dried and calcined to provide a finished catalyst member in 
accordance with one embodiment of the present invention. 
0067. Alternatively, the alumina or other support particles 
impregnated with the precious metal or base metal compo 
nent may be mixed with bulk or supported particles of the 
metal-loaded non-zeolitic material having the CHA structure 
in an aqueous slurry, and this mixed slurry of catalytic com 
ponent particles and metal-loaded non-Zeolitic molecular 
sieves having the CHA structure material particles may be 
applied as a coating to the walls of the gas-flow passages of 
the carrier. 
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0068. In use, the exhaust gas stream can be contacted with 
a catalyst prepared in accordance with embodiments of the 
present invention. For example, catalysts comprising metal 
loaded non-zeolitic molecular sieves having the CHA struc 
ture made in accordance with embodiments of the present 
invention are well Suited to treat the exhaust of engines, 
including diesel engines. According to one or more embodi 
ments, the metal-loaded non-Zeolitic molecular sieves having 
the CHA structure can be used in combination with other 
metal containing zeolitic SCR catalysts such as Beta Zeolite 
(e.g., Fe Beta), Zeolite Y, and ZSM5. A metal-loaded non 
Zeolitic molecular sieve having the CHA structure can be 
physically mixed with a metal containing Zeolitic SCR cata 
lyst, or alternatively, they can be in separate washcoats. The 
separate washcoats containing different catalysts can be pro 
vided in a layered structure, or alternatively, the different 
catalysts can be arranged in an upstream/downstream rela 
tionship on a Substrate. In another alternative, it may be desir 
able to place one type of catalyst on a first Substrate and 
another type of catalyst on a second Substrate separate from 
the first Substrate. In an exemplary embodiment, a metal 
loaded non-zeolitic molecular sieve combined with FeBeta 
may provide a catalyst in which FeBeta exhibits excellent 
high temperature performance, while the metal-loaded non 
Zeolitic molecular sieve exhibits excellent low temperature 
performance, providing a wide range of operation. 
0069 Exemplary embodiments of emission treatment sys 
tems are shown in FIGS. 1A, 1B and 1C.. One embodiment of 
the inventive emissions treatment system denoted as 1A, is 
schematically depicted in FIG. 1A. The exhaust, containing 
gaseous pollutants (including unburned hydrocarbons, car 
bon monoxide and NOx) and particulate matter, is conveyed 
from the engine 19 to a position downstream in the exhaust 
system where a reductant, i.e., ammonia or an ammonia 
precursor, is added to the exhaust stream. The reductant is 
injected as a spray via a nozzle (not shown) into the exhaust 
stream. Aqueous urea shown on one line 25 can serve as the 
ammonia precursor which can be mixed with air on another 
line 26 in a mixing station 24. Valve 23 can be used to meter 
precise amounts of aqueous urea which are converted in the 
exhaust stream to ammonia. 

0070 The exhaust stream with the added ammonia is con 
veyed to the SCR catalyst substrate 12 (also referred to herein 
including the claims as “the first Substrate') containing metal 
loaded non-zeolitic molecular sieves having the CHA struc 
ture in accordance with one or more embodiments. On pass 
ing through the first substrate 12, the NOx component of the 
exhaust stream is converted through the selective catalytic 
reduction of NOx with NH to N and H2O. In addition, 
excess NH that emerges from the inlet Zone can be converted 
through oxidation by a downstream ammonia oxidation cata 
lyst (not shown) also containing metal-loaded non-Zeolitic 
molecular sieves having the CHA structure to convert the 
ammonia to N and HO. The first substrate is typically a flow 
through monolith Substrate. 
0071. An alternative embodiment of the emissions treat 
ment system, denoted as 11B is depicted in FIG. 1B which 
contains a second substrate 27 interposed between the NH 
injector and the first substrate 12. In this embodiment, the 
second Substrate is coated with an SCR catalyst composition 
which may be the same composition as is used to coat the first 
Substrate 12 or a different composition. An advantageous 
feature of this embodiment is that the SCR catalyst compo 
sitions that are used to coat the substrate can be selected to 
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optimize NOX conversion for the operating conditions char 
acteristic of that site along the exhaust system. For example, 
the second substrate can be coated with an SCR catalyst 
composition that is better Suited for higher operating tem 
peratures experienced in upstream segments of the exhaust 
system, while another SCR composition can be used to coat 
the first substrate (i.e., the inlet Zone of the first substrate) that 
is better suited to cooler exhaust temperatures which are 
experienced in downstream segments of the exhaust system. 
(0072. In the embodiment depicted in FIG. 1B, the second 
substrate 27 can either be a honeycomb flow through sub 
strate, an open cell foam substrate or a honeycomb wall flow 
substrate. In configurations of this embodiment where the 
second substrate is a wall flow substrate or a high efficiency 
open cell foam filter, the system can remove greater than 80% 
of the particulate matter including the Soot fraction and the 
SOF. An SCR-coated wall flow substrate and its utility in the 
reduction of NOx and particulate matter have been described, 
for instance, in co-pending U.S. Pat. No. 7.229,597, the dis 
closure of which is hereby incorporated by reference. 
0073. In some applications it may be advantageous to 
include an oxidation catalyst upstream of the site of ammo 
nia/ammonia precursor injection. For instance, in the 
embodiment depicted in FIG. 1C an oxidation catalyst is 
disposed on a catalyst Substrate 34. The emissions treatment 
system 11C is provided with the first substrate 12 and option 
ally includes a second substrate 27. In this embodiment, the 
exhaust stream is first conveyed to the catalyst Substrate 34 
where at least some of the gaseous hydrocarbons, CO and 
particulate matter are combusted to innocuous components. 
In addition, a significant fraction of the NO of the NOx 
component of the exhaust is converted to NO. Higher pro 
portions of NO, in the NOx component facilitate the reduc 
tion of NOx to N and HO on the SCR catalyst(s) located 
downstream. It will be appreciated that, in the embodiment 
shown in FIG. 1C, the first substrate 12 could be a catalyzed 
soot filter, and the SCR catalyst could be disposed on the 
catalyzed soot filter. In an alternative embodiment, the second 
substrate 27 comprising an SCR catalyst may be located 
upstream from catalyst substrate 34. 
0074 Testing of catalyst samples to determine the SCR 
performance of catalysts and/or to compare the performance 
to other catalysts can be completed as follows. The catalyst 
samples are slurried and washcoated, as described below onto 
a monolithic core. The size of the core is trimmed to give a 
square of 144 cells (at 400 cpsi) by three inches in length. The 
sample is loaded into a tubular flow reactor and tested for 
catalytic activity. The flow rate is set so that the space velocity 
over the sample is approximately 80,000 h-1, which is 
defined by the geometric volume of the sample with respect to 
the total Volume of gas flow. The testing consists of flowing a 
simulated diesel exhaust gas mixture over the catalyst and 
measuring the NOx and NH conversions, as well as NO 
make. The simulated gas mixture consisted of 10% O2, 5% 
H2O, 500 ppm NO and 500 ppm NH. The testing procedure 
equilibrates the catalyst at several steady state temperature 
points, and measures the resulting conversions. The steady 
state temperature points chosen for testing and comparison 
for the samples herein were 200° C., 250° C., 300° C. and 
450° C. The high temperature stability is measured by treat 
ing the catalysts attemperatures of 850° C. for 6 h with a flow 
of air and steam (10 vol%). According to one or more 
embodiments, samples can be aged above 600° C., more 
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particularly, above 700° C. for times longer than 6 hrs, and 
more particularly, for longer 24 hrs etc. 
0075) A variety of conditions for synthesis of catalysts in 
accordance with one or more embodiments of the present 
invention are described in the examples below. It will be 
understood, of course, that other synthetic routes are possible. 
The literature reports a wide variety ways of synthesizing 
Such materials. For instance, silicoaluminophosphates 
including SAPO-34, 44 and 47 have been reported to be 
synthesized using a wide range of organic templates, silica, 
alumina and phosphorus sources. As used herein, the term 
“template' and the phrase “structure directing agent” are 
intended to be synonymous. Examples of various synthesis 
conditions can be found in U.S. Pat. No. 4,440,871, U.S. Pat. 
No. 6,162,415, U.S. Pat. No. 5,096,684, U.S. Pat. No. 6,914, 
030, U.S. Pat. No. 7,247.287, and United States Patent Appli 
cation Publication No. US 2007/0043249, the content of each 
of these documents incorporated by reference in its entirety. 
For example, U.S. Pat. No. 4,440,871, discusses the synthesis 
of a wide variety of SAPO materials of various framework 
types, including the preparation of SAPO-34 using tetraethy 
lammonium hydroxide (TEAOH), or isopropylamine, or 
mixtures of TEAOH and dipropylamine (DPA) as templates. 
Also disclosed in this patent is a specific example that utilizes 
cyclohexylamine in the preparation of SAPO44. In U.S. Pat. 
No. 6,142,415, relatively pure CHA SAPO-44 was obtained 
using the same template but with control of the ratio oftem 
plate to aluminum source and the ratio of phosphorus Source 
to aluminum source. In EP 0993867, it was reported that the 
use of methylbutylamine resulted in SAPO-47 and the use of 
cyclohexylamine resulted in impure SAPO-44. U.S. Pat. No. 
6,914,030 discloses a method of synthesizing pure phase 
CHA framework type silicoaluminophosphate molecular 
sieves having relatively low silicon content using synthesis 
templates that contain at least one dimethylamino moiety, 
selected from one or more of N,N-dimethylethanolamine, 
N,N-dimethylpropanolamine, N,N-dimethylbutanolamine, 
N,N-dimethylheptanolamine, N,N-dimethylhexanolamine, 
N,N-dimethylethylenediamine, N,N-dimethylbutylenedi 
amine, N,N-dimethylheptylenediamine, N,N-dimethylhexy 
lenediamine 1-dimethylamino-2-propanol, N,N-dimethyl 
ethylamine, N,N-dimethylpropylamine, N,N- 
dimethylpentylamine, N,N-dimethylhexylamine and N.N- 
dimethylheptylamine. 
0076 U.S. Pat. No. 7,247.287 discloses the synthesis of 
silicoaluminophosphate molecular sieves having the CHA 
framework type employing a template having the formula: 
R'R''N-R wherein R' and Rare independently selected 
from the group consisting of alkyl groups having from 1 to 3 
carbon atoms and hydroxyalkyl groups having from 1 to 3 
carbon atoms and R is selected from the group consisting of 
4- to 8-membered cycloalkyl groups, optionally Substituted 
by 1 to 3 alkyl groups having from 1 to 3 carbonatoms; and 4 
to 8-membered heterocyclic groups having from 1 to 3 het 
eroatoms, said heterocyclic groups being optionally Substi 
tuted by 1 to 3 alkyl groups having from 1 to 3 carbon atoms 
and the heteroatoms in said heterocyclic groups being 
selected from the group consisting of O, N, and S. Preferably, 
the template is selected from N,N-dimethyl-cyclohexy 
lamine, N,N-dimethyl-methyl-cyclohexylamine, N,N-dim 
ethyl-cyclopentylamine, N,N-dimethyl-methyl-cyclopenty 
lamine, N,N-dimethyl-cycloheptylamine, N,N-dimethyl 
methylcycloheptylamine, and most preferably is N,N- 
dimethyl-cyclohexylamine. The synthesis can be effected 
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with or without the presence of fluoride ions and can produce 
CHA framework type silicoaluminophosphates with a low 
Si/A1 ratio. Alternative synthesis conditions and routes are of 
course within the scope of the present invention. 
0077. Without intending to limit the invention in any man 
ner, embodiments of the present invention will be more fully 
described by the following examples. 

Example 1 

0078 A SAPO-34 was prepared from a gel composition of 
1.0 AlO:1.06 POs: 1.08 SiO:2.09 R:66H2O. A reaction 
mixture was formed by combining 1.54 kg of 85 wt.% ortho 
phosphoric acid with a mixture of 920 g of a pseudoboehmite 
alumina (Catapal B) in 1.8 kg of deionized water. Then a 
further 1 kg of deionized water was added. The mixture was 
stirred until homogeneous. To this mixture was added a mix 
ture containing 409 g of fumed silica (Aerosil-200), 1.16 kg 
morpholine (Aldrich, 99%) and 1.5 kg deionized water. The 
silica-containing mixture was added slowly with stirring and 
stirred until homogeneous. A further 2.5 kg of deionized 
water was added and the mixture was stirred until homog 
enous. The resulting gel was transferred to 5 gallon autoclave 
where it was aged at 38°C. for 24 hours. This was then heated 
in the autoclave for 24 hours at 200°C. The crystalline prod 
uct was recovered via filtration and was washed to a conduc 
tivity lowerthan 200 uScim'. Washing the crystalline product 
after ion exchange in this manner so that conductivity is 
sufficiently low, that is below 200 uScn', results in a crys 
talline material that is substantially free of non-exchanged 
metal. The sample was dried before calcining at 540°C. for 4 
hours. The crystalline product had an X-ray powder diffrac 
tion pattern indicating that it was SAPO-34, a non-zeolitic 
molecular sieve with the chabazite topology. 
0079. By XRF chemical analysis, the composition of the 
solids product was established to be 0.19 wt % C, 49.63 wt % 
Al-O, 26.92 wt % P.O.s, and 23.14 wt % SiO, 
0080. An NH-form of SAPO-34 was prepared by 
exchanging 350 g of the calcined SAPO-34 in a solution of 
ammonium nitrate (1750 g 54 wt % ammonium nitrate mixed 
with 1750 g of deionized water). The pH was adjusted to 3 by 
addition of ammonium hydroxide prior to heating the solu 
tion to 80°C. The exchange was carried out by agitating the 
slurry at 80°C. for 1 hour, during which the pH was between 
2.57 and 3. The solid was then filtered on a Buchner filter and 
washed until the filtrate had a conductivity lower than 200 
uScrm'. The powder was then dried for 16 hours before 
carrying out the above ammonium exchange process for a 
total of two exchanges. 
I0081. A Cu-SAPO34 powder catalyst was prepared by 
mixing 350 g of NH"-form SAPO-34, with 1.31 L of a 
copper(II) sulfate Solution of 1.0 M. An ion-exchange reac 
tion between the NH"-form SAPO-34 and the copper ions 
was carried out by agitating the slurry at 70° C. for 1 hour. The 
pH was between 2.9 and 3.2 during the reaction. The resulting 
mixture was then filtered, washed until the filtrate had a 
conductivity lower than 200 uScrm', which indicated that 
substantially no soluble or free copper remained in the 
sample, and the washed sample was dried at 90°C. The above 
process including the ion-exchange, filtering, washing and 
drying was repeated to give a total of 2 exchanges. The pH of 
the second exchange was between 2.9 and 3.1 during the 
reaction. The obtained Cu-SAPO34 catalyst comprised CuO 
at 3.31% by weight, as determined by ICP analysis. The BET 
surface area of this sample as prepared was 417 m/g. The 
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BET surface area of this sample after aging at 800° C. in 10% 
steam for 50 hours was 406 m/g. 
0082. A Cu-SAPO34 slurry was prepared by mixing 90 g 
of Cu-SAPO34, as described above, with 215 mL of deion 
ized water. The mixture was ball-milled for 11 hours to obtain 
a slurry which comprised 90% particles smaller than 10 um. 
15.8 g of Zirconyl acetate in dilute acetic acid (containing 
30% ZrO2) was added into the slurry with agitation. 
I0083. The slurry was coated onto 1"Dx3"L cellular 
ceramic cores, having a cell density of 400 cpsi (cells per 
square inch) and a wall thickness of 6.5 mil. The coated cores 
were dried at 110° C. for 3 hours and calcined at 400° C. for 
1 hour. The coating process was repeated once to obtain a 
target washcoat loading of 2.4 g/in. 
0084. Nitrogen oxides selective catalytic reduction (SCR) 
efficiency and selectivity of a fresh catalyst core was mea 
sured by adding a feed gas mixture of 500 ppm of NO. 500 
ppm of NH 10% O.5% HO, balanced with N to a steady 
state reactor containing a 1"Dx3"L catalyst core. For the 
catalytic test, the washcoated core is shaped into a square 
cross section wrapped with a ceramic insulation mat and 
placed inside an Inconel reactor tube heated by an electrical 
furnace. The gases, O. (from air), N2 and HO are preheated 
in a preheater furnace before entering the reactor. The reactive 
gases NO and NH3 are introduced between the preheater 
furnace and the reactor. The catalyst is coated on the afore 
mentioned 400 cpsi (cells per square inch) core to target a 
loading between 2 and 2.5 g/in. The reaction was carried at 
a space velocity of 80,000 hr' across a 150° C. to 460° C. 
temperature range. Space Velocity is defined as the gas flow 
rate comprising the entire reaction mixture divided by the 
geometric Volume of the catalyst core. These conditions 
define the standard test for fresh catalysts. 
0085 Hydrothermal stability of the catalyst was measured 
by hydrothermal aging of a fresh catalyst core in the presence 
of 10%HO at one of the following conditions, 750° C. for 25 
hours, 800° C. for 50 hours, and 850° C. for 6 hours followed 
by measurement of the nitrogen oxides SCR efficiency and 
selectivity by the same process, as outlined above, for the 
SCR evaluation on a fresh catalyst core. The standard test of 
anaged catalyst evaluates a catalystaged at 800° C. for 50hrs. 
I0086 FIG. 2 is a graph showing the NOx conversion and 
NO make or formation versus temperature for the fresh 
sample and the sample aged at 800° C. In FIG. 2, the fresh 
NOx conversion at 200° C. is about 72%, and the NOx con 
version for the aged sample at 200° C. is 87%. FIG. 3 is a 
graph showing the NOx Conversion and NO formation ver 
Susaging temperatures for the aged samples. As seen in FIG. 
2, the NOx conversion at 200° C. for the sample aged 750° C. 
was 90% and for the sample aged at 850° C. was about 80%. 
The NO make for the fresh sample at 200°C. was 1 ppm, and 
the maximum value over the range of 200°C. to 450° C. was 
3 ppm. For the sample aged at 800° C. the NO make at 200° 
C. was 4 ppm, and the maximum value over the range of 200° 
C. to 450° C. was 5 ppm. 

Example 2 

0087. The NH"-form of SAPO-34 was formed using the 
same hydrothermal synthesis and ammonium exchange con 
ditions detailed in example 1. 
I0088 A Cu-SAPO34 powder catalyst was prepared by 
mixing 320 g of NH"-form SAPO-34 with 1.28 L of a 
copper(II) acetate monohydrate solution of 0.5 M. The pH 
was between 4.0 and 4.3 during the reaction. An ion-ex 
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change reaction between the NH4"-form SAPO-34 and the 
copper ions was carried out by agitating the slurry at 70° C. 
for 1 hour. The resulting mixture was then filtered, washed 
until the filtrate had a conductivity lower than 200 uScim', 
which indicated that substantially no soluble or free copper 
remained in the sample, and the washed sample was dried at 
90°C. The obtained Cu-SAPO34 catalyst comprised CuO at 
3.18% by weight. The BET surface area of this sample as 
prepared was 307 m/g. The BET surface area of this sample 
after aging at 850° C. in 10% steam for 6 hours was 303 m/g. 
I0089. The slurry preparation, coating and SCRNO, evalu 
ation were the same as outlined above for Example 1 with the 
exception that the catalyst was only aged at 800° C. for 50 
hours. FIG. 4 is a graph showing the NOx conversion and 
NO make or formation versus temperature for this sample. 
The NOx conversion for a fresh sample at 200° C. was 79%, 
and for sample aged at 850° C. for 10 hours was about 68%. 
While the NOx conversion of this sample was not as high as 
Examples 1, 11 and 12, similar to Example 4 below, the fresh 
surface area was relatively low at 307 m/g, and the surface 
area when aged at 850° C. was 303 m/g. It is unclear if the 
lower NOx conversion was due to surface area or if other 
factors affected NOx performance. 

Example 3 

0090 ASAPO-44 was prepared from a gel composition of 
1.0 Al-O:1.0 P.O. 1.0 SiO: 1.9 R:63 HO. A reaction mix 
ture was formed by combining 1.54 kg of 85 wt.% ortho 
phosphoric acid with a mixture of 971 g of a pseudoboehmite 
alumina (Catapal B) in 4kg of deionized water. The mixture 
was stirred until homogeneous. To this mixture was added a 
mixture containing 399.6 g of fumed silica (Aerosil-200), 
1.25 kg cyclohexylamine (Aldrich, 99%) and 2.66 kg deion 
ized water. The silica-containing mixture was added slowly 
with stirring and stirred until homogeneous. The resulting gel 
was transferred to 5 gallon autoclave where it was heated in 
the autoclave for 48 hours at 190° C. The crystalline product 
was recovered via filtration and was washed to a conductivity 
lower than 200 uScn'. The sample was dried before calcin 
ing at 600° C. for 4 hours. The crystalline product had an 
X-ray powder diffraction pattern indicating that it was SAPO 
44, a non-zeolitic molecular sieve with the chabazite topol 
Ogy. 
0091. By XRF chemical analysis, the composition of the 
solids product was established to be 42.51 wt % Al-O, 35.93 
wt % P205, and 21.17 wt % SiO, 
0092. An NH-form of SAPO-44 was prepared by 
exchanging 350 g of the calcined SAPO-44 in a solution of 
ammonium nitrate (1750 g 54 wt % ammonium nitrate mixed 
with 1750 g of deionized water). The pH was adjusted to 3 by 
addition of ammonium hydroxide prior to heating the solu 
tion to 80°C. The exchange was carried out by agitating the 
slurry at 80°C. for 1 hour, during which the pH was between 
2.57 and 3. The solid was then filtered on a Buchner filter and 
washed until the filtrate had conductivity lower than 200 
uScn'. The powder was then dried for 16 hours before 
carrying out the above ammonium exchange process for a 
total of two exchanges. 
(0093. A CuSAPO-44 catalyst comprising 3.78% CuO by 
weight was prepared by the same process as that in Example 
1. The pH of both exchanges were between 2.6 and 2.7 
throughout the exchange. Using the procedure in Example 1, 
300 grams of CuSAPO-44 at 3.78% CuO by weight was 
prepared. 
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0094. The slurry preparation, coating and SCR NOx 
evaluation were the same as outlined above for Example 1 
with the exception that the catalyst was aged at 750° C. for 25 
hours and 800° C. for 50 hours. FIG. 5 is a graph showing the 
NOX Conversion and N2O formation versus aging tempera 
tures for this sample. 

Example 4 
0095 ASAPO-34 was prepared from a gel composition of 
1.0 Al-O:1.06 POs: 1.08 SiO:2.09 R:66 HO. A reaction 
mixture was formed by combining 1.54 kg of 85 wt.% ortho 
phosphoric acid with a mixture of 920 g of a pseudoboehmite 
alumina (Catapal B) in 1.8 kg of deionized water. Then a 
further 1 kg of deionized water was added. The mixture was 
stirred until homogeneous. To this mixture was added a mix 
ture containing 1022.5 g of colloidal silica (Ludox AS40), 
1.16 kg morpholine (Aldrich, 99%) and 886.5 g deionized 
water. The silica-containing mixture was added slowly with 
stirring and stirred until homogeneous. A further 2.5 kg of 
deionized water was added and the mixture was stirred until 
homogenous. The resulting gel was transferred to 5 gallon 
autoclave where it was aged at 38°C. for 24 hours. This was 
then heated in the autoclave for 24 hours at 200° C. The 
crystalline product was recovered via filtration and was 
washed to a conductivity lower than 200 uScn'. The sample 
was dried before calcining at about 640° C. for 4 hours. 
0096. An NH-form of SAPO-34 was prepared by 
exchanging 350 g of the calcined SAPO-34 in a solution of 
ammonium nitrate (1750 g 54 wt % ammonium nitrate mixed 
with 1750 g of deionized water). The pH was adjusted to 4 by 
addition of ammonium hydroxide prior to heating the solu 
tion to 80°C. The exchange was carried out by agitating the 
slurry at 80° C. for 1 hour. The solid was then filtered on a 
Buchner filter and washed until the filtrate had a conductivity 
lower than 200 uScim'. The powder was then dried for 16 
hours before carrying out the above ammonium exchange 
process for a total of two exchanges. 
0097. A Cu-SAPO34 powder catalyst was prepared by 
mixing 350 g of NH-form SAPO-34, with 1.31 Lofa copper 
(II) sulfate solution of 1.0 M. An ion-exchange reaction 
between the NH"-form SAPO-34 and the copper ions was 
carried out by agitating the slurry at 70° C. for 1 hour. The 
resulting mixture was then filtered, washed until the filtrate 
had a conductivity of lower than 200 uScn", which indicated 
that substantially no soluble or free copper remained in the 
sample, and the washed sample was dried at 90°C. The above 
process including the ion-exchange, filtering, washing and 
drying was repeated to give a total of 2 exchanges. The pH of 
both exchanges were between 2.8 and 3.2 throughout the 
exchange. 
0098. The obtained Cu-SAPO34 catalyst comprised CuO 
at 3.71% by weight, as determined by ICP analysis. The BET 
surface area of this sample as prepared was 309 m/g. The 
BET surface area of this sample after aging at 800° C. in 10% 
steam for 50 hours was 264 m/g. 
0099. The slurry preparation, coating and SCR NOx 
evaluation were the same as outlined above for Example 1 
with the exception that the catalyst was aged at 750° C. for 25 
hours and 800° C. for 50 hours. FIG. 6 is a graph showing the 
NOX Conversion and NO formation versus aging tempera 
tures for this sample. The NOx conversion at 200° C. for the 
fresh sample was about 49% and for the sample at 800°C. was 
about 22%. While it is not entirely understood why this 
sample exhibited poorer NOx conversion than the others, it is 
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noted that the fresh surface area of this sample was on the low 
end of the samples tested at 309 m/g, and the aged surface 
area at 800° C. was at 264 m/g. 
Cu-SAPO34 

Example 5 

0100 ASAPO-34 is prepared from a gel composition of 
1.0 Al-O:1.06 PO:1.08 SiO:1.05 (TEA). O:66 HO. A 
reaction mixture is formed by combining 1.54 kg of 85 wt.% 
orthophosphoric acid with a mixture of 920 g of a pseudo 
boehmite alumina (Catapal B) in 1.8 kg of deionized water. 
Then a further 1 kg of deionized water is added. The mixture 
is stirred until homogeneous. To this mixture is added a mix 
ture containing 409 g of fumed silica (Aerosil-200), 4.86 kg 
40 wt % tetraethylammonium hydroxide (Aldrich). The 
silica-containing mixture is added slowly with stirring and 
stirred until homogeneous. A further 1085.25 g of deionized 
water is added and the mixture is stirred until homogenous. A 
portion of the resulting gel is transferred to 5 gallon autoclave 
where it is aged at 38°C. for 24 hours. This is then heated in 
the autoclave for 24 hours at 200°C. The crystalline product 
is recovered via filtration and is washed to a conductivity 
lower than 200 uScm'. The sample is dried before calcining 
at 540° C. for 4 hours. 
0101. An NH-form of SAPO-34 is prepared by exchang 
ing 350 g of the calcined SAPO-34 in a solution of ammo 
nium nitrate (1750 g 54 wt % ammonium nitrate mixed with 
1750 g of deionized water). The pH is adjusted to 4 by addi 
tion of ammonium hydroxide prior to heating the Solution to 
80°C. The exchange is carried out by agitating the slurry at 
80° C. for 1 hour. The Solid is then filtered on a Buchner filter 
and washed until the filtrate had a conductivity lower than 200 
uScn'. The powder is then dried for 16 hours before carry 
ing out the above ammonium exchange process for a total of 
two exchanges. 
0102) A Cu-SAPO34 powder catalyst is prepared by mix 
ing 350 g of NH4+-form SAPO-34, with 1.31 L of a copper 
(II) sulfate solution of 1.0 M. An ion-exchange reaction 
between the NH4+-form SAPO-34 and the copper ions is 
carried out by agitating the slurry at 70° C. for 1 hour. The 
resulting mixture is then filtered, washed until the filtrate had 
a conductivity of lower than 200 uScim', which indicated 
that substantially no soluble or free copper remained in the 
sample, and the washed sample is dried at 90°C. The above 
process including the ion-exchange, filtering, washing and 
drying is repeated to give a total of 2 exchanges. 

Example 6 

0103 A SAPO-34 is prepared from a gel composition of 
1.0 AlO:1.06 P2O5:1.08 SiO2:2.09 i-PrNH2:66 H.O. A 
reaction mixture is formed by combining 1.54 kg of 85 wt.% 
orthophosphoric acid with a mixture of 920 g of a pseudo 
boehmite alumina (Catapal B) in 1.8 kg of deionized water. 
Then a further 1 kg of deionized water is added. The mixture 
is stirred until homogeneous. To this mixture is added a mix 
ture containing 409 g of fumed silica (Aerosil-200), 778.7g 
isopropylamine (i-PrNH2, Aldrich, 99%) and 1.5 kg deion 
ized water. The silica-containing mixture is added slowly 
with stirring and stirred until homogeneous. A further 2.5 kg 
of deionized water is added and the mixture is stirred until 
homogenous. A portion of the resulting gel is transferred to 5 
gallon autoclave where it is aged at 38°C. for 24 hours. This 
is then heated in the autoclave for 24 hours at 200° C. The 
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crystalline product is recovered via filtration and is washed to 
a conductivity lower than 200 uScn'. The sample is dried 
before calcining at 540° C. for 4 hours. 
0104. An NH4-form of SAPO-34 is prepared by exchang 
ing 350 g of the calcined SAPO-34 in a solution of ammo 
nium nitrate (1750 g 54 wt % ammonium nitrate mixed with 
1750 g of deionized water). The pH is adjusted to 4 by addi 
tion of ammonium hydroxide prior to heating the Solution to 
80°C. The exchange is carried out by agitating the slurry at 
80° C. for 1 hour. The Solid is then filtered on a Buchner filter 
and washed until the filtrate had a conductivity lower than 200 
uScrm-1. The powder is then dried for 16 hours before carry 
ing out the above ammonium exchange process for a total of 
two exchanges. 
0105. A Cu-SAPO34 powder catalyst is prepared by mix 
ing 350 g of NH4+-form SAPO-34, with 1.31 L of a copper 
(II) sulfate solution of 1.0 M. An ion-exchange reaction 
between the NH4+-form SAPO-34 and the copper ions is 
carried out by agitating the slurry at 70° C. for 1 hour. The 
resulting mixture is then filtered, washed until the filtrate had 
a conductivity of lower than 200 uScim', which indicated 
that substantially no soluble or free copper remained in the 
sample, and the washed sample is dried at 90°C. The above 
process including the ion-exchange, filtering, washing and 
drying is repeated to give a total of 2 exchanges. 

Example 7 

0106 A SAPO-34 is prepared from a gel composition of 
1.0 Al-O, 1.06 P2O5:1.08 SiO2:1.05 (Pr2NH): 0.53 (TEA) 
2O:66 HO. A reaction mixture is formed by combining 1.54 
kg of 85 wt.% orthophosphoric acid with a mixture of 920 g 
of a pseudoboehmite alumina (Catapal B) in 1.8 kg of deion 
ized water. Then a further 1 kg of deionized water is added. 
The mixture is stirred until homogeneous. To this mixture is 
added a mixture containing 409 g of fumed silica (Aerosil 
200), 2.46 kg of 40 wt % tetraethylammonium hydroxide 
(Aldrich), 669.7 g di-n-propylamine (Aldrich, 99%). The 
silica-containing mixture is added slowly with stirring and 
stirred until homogeneous. A further 2.5 kg of deionized 
water is added and the mixture is stirred until homogenous. A 
portion of the resulting gel is transferred to 5 gallon autoclave 
where it is aged at 38°C. for 24 hours. This is then heated in 
the autoclave for 24 hours at 200°C. The crystalline product 
is recovered via filtration and is washed to a conductivity 
lower than 200 uScm'. The sample is dried before calcining 
at 540° C. for 4 hours. 
0107 An NH4-form of SAPO-34 is prepared by exchang 
ing 350 g of the calcined SAPO-34 in a solution of ammo 
nium nitrate (1750 g 54 wt % ammonium nitrate mixed with 
1750 g of deionized water). The pH is adjusted to 4 by addi 
tion of ammonium hydroxide prior to heating the Solution to 
80°C. The exchange is carried out by agitating the slurry at 
80° C. for 1 hour. The Solid is then filtered on a Buchner filter 
and washed until the filtrate had a conductivity lower than 200 
uScn'. The powder is then dried for 16 hours before carry 
ing out the above ammonium exchange process for a total of 
two exchanges. 
0108) A Cu-SAPO34 powder catalyst is prepared by mix 
ing 350 g of NH4+-form SAPO-34, with 1.31 L of a copper 
(II) sulfate solution of 1.0 M. An ion-exchange reaction 
between the NH4+-form SAPO-34 and the copper ions is 
carried out by agitating the slurry at 70° C. for 1 hour. The 
resulting mixture is then filtered, washed until the filtrate had 
a conductivity of lower than 200 uScim', which indicated 
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that substantially no soluble or free copper remained in the 
sample, and the washed sample is dried at 90°C. The above 
process including the ion-exchange, filtering, washing and 
drying is repeated to give a total of 2 exchanges. 

Example 8 

0109 ASAPO-34 is prepared from a gel composition of 
1.0 A12O3:1.06 P2O5:1.08 SiO2:2.09 Pr2NH:66 HO. A 
reaction mixture is formed by combining 1.54 kg of 85 wt.% 
orthophosphoric acid with a mixture of 920 g of a pseudo 
boehmite alumina (Catapal B) in 1.8 kg of deionized water. 
Then a further 1 kg of deionized water is added. The mixture 
is stirred until homogeneous. To this mixture is added a mix 
ture containing 409 g of fumed silica (Aerosil-200), 1.19 kg 
dipropylamine (Aldrich, 99%) and 1.5 kg deionized water. 
The silica-containing mixture is added slowly with stirring 
and stirred until homogeneous. A further 2.5 kg of deionized 
water is added and the mixture is stirred until homogenous. A 
portion of the resulting gel is transferred to 5 gallon autoclave 
where it is aged at 38°C. for 24 hours. This is then heated in 
the autoclave for 24 hours at 200°C. The crystalline product 
is recovered via filtration and is washed to a conductivity 
lower than 200 uScn'. The sample is dried before calcining 
at 540° C. for 4 hours. 
0110. An NH4-form of SAPO-34 is prepared by exchang 
ing 350 g of the calcined SAPO-34 in a solution of ammo 
nium nitrate (1750 g 54 wt % ammonium nitrate mixed with 
1750 g of deionized water). The pH is adjusted to 4 by addi 
tion of ammonium hydroxide prior to heating the solution to 
80°C. The exchange is carried out by agitating the slurry at 
80° C. for 1 hour. The Solid is then filtered on a Buchner filter 
and washed until the filtrate had a conductivity lower than 200 
uScrm-1. The powder is then dried for 16 hours before carry 
ing out the above ammonium exchange process for a total of 
two exchanges. 
0111 A Cu-SAPO34 powder catalyst is prepared by mix 
ing 350 g of NH4+-form SAPO-34, with 1.31 L of a copper 
(II) sulfate solution of 1.0 M. An ion-exchange reaction 
between the NH4+-form SAPO-34 and the copper ions is 
carried out by agitating the slurry at 70° C. for 1 hour. The 
resulting mixture is then filtered, washed until the filtrate had 
a conductivity of lower than 200 uScrm', which indicated 
that substantially no soluble or free copper remained in the 
sample, and the washed sample is dried at 90°C. The above 
process including the ion-exchange, filtering, washing and 
drying is repeated to give a total of 2 exchanges. 

Example 9 

0112 A SAPO-34 is prepared from a gel composition of 
1.0 A12O3:1.06 P2O5:1.08 SO2:1.05 Pr2NH:1.05 DEA:66 
HO. A reaction mixture is formed by combining 1.54 kg of 
85 wt.% orthophosphoric acid with a mixture of 920 g of a 
pseudoboehmite alumina (Catapal B) in 1.8 kg of deionized 
water. Then a further 1 kg of deionized water is added. The 
mixture is stirred until homogeneous. To this mixture is added 
a mixture containing 409 g of fumed silica (Aerosil-200), 
669.7 g of dipropylamine (Pr2NH Aldrich, 99%), 695.9 g, 
diethanolamine (DEA Aldrich, >98.5%) and 1.5 kg deionized 
water. The silica-containing mixture is added slowly with 
stirring and stirred until homogeneous. A further 2.5 kg of 
deionized water is added and the mixture is stirred until 
homogenous. A portion of the resulting gel is transferred to 5 
gallon autoclave where it is aged at 38°C. for 24 hours. This 
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is then heated in the autoclave for 24 hours at 200° C. The 
crystalline product is recovered via filtration and is washed to 
a conductivity lower than 200 uScm'. The sample is dried 
before calcining at 540° C. for 4 hours. 
0113. An NH4-form of SAPO-34 is prepared by exchang 
ing 350 g of the calcined SAPO-34 in a solution of ammo 
nium nitrate (1750 g 54 wt % ammonium nitrate mixed with 
1750 g of deionized water). The pH is adjusted to 4 by addi 
tion of ammonium hydroxide prior to heating the Solution to 
80°C. The exchange is carried out by agitating the slurry at 
80° C. for 1 hour. The Solid is then filtered on a Buchner filter 
and washed until the filtrate had a conductivity lower than 200 
uScn'. The powder is then dried for 16 hours before carry 
ing out the above ammonium exchange process for a total of 
two exchanges. 
0114 A Cu-SAPO34 powder catalyst is prepared by mix 
ing 350 g of NH4+-form SAPO-34, with 1.31 L of a copper 
(II) sulfate solution of 1.0 M. An ion-exchange reaction 
between the NH4+-form SAPO-34 and the copper ions is 
carried out by agitating the slurry at 70° C. for 1 hour. The 
resulting mixture is then filtered, washed until the filtrate had 
a conductivity of lower than 200 uScrm-1, which indicated 
that substantially no soluble or free copper remained in the 
sample, and the washed sample is dried at 90°C. The above 
process including the ion-exchange, filtering, washing and 
drying is repeated to give a total of 2 exchanges. 

Example 10 
0115 ASAPO-34 is prepared from a gel composition of 
1.0 AlO3:1.06 P2O5:1.08 SiO2:1.05 Pr3N:0.53 (TEA)2O: 
66H2O. A reaction mixture is formed by combining 1.54 kg 
of 85 wt.% orthophosphoric acid with a mixture of 920 g of 
a pseudoboehmite alumina (Catapal B) in 1.8 kg of deionized 
water. Then a further 1 kg of deionized water is added. The 
mixture is stirred until homogeneous. To this mixture is added 
a mixture containing 409 g of fumed silica (Aerosil-200), 
2.46 kg of 40 wt % tetraethylammonium hydroxide, 948.2g 
tripropylamine (Pr3N Aldrich, 99%). The silica-containing 
mixture is added slowly with stirring and stirred until homo 
geneous. A further 2.5 kg of deionized water is added and the 
mixture is stirred until homogenous. A portion of the resulting 
gel is transferred to 5 gallon autoclave where it is aged at 38° 
C. for 24 hours. This is then heated in the autoclave for 24 
hours at 200° C. The crystalline product is recovered via 
filtration and is washed to a conductivity lower than 200 
uScn'. The sample is dried before calcining at 540° C. for 4 
hours. 
0116. An NH4-form of SAPO-34 is prepared by exchang 
ing 350 g of the calcined SAPO-34 in a solution of ammo 
nium nitrate (1750 g 54 wt % ammonium nitrate mixed with 
1750 g of deionized water). The pH is adjusted to 4 by addi 
tion of ammonium hydroxide prior to heating the Solution to 
80°C. The exchange is carried out by agitating the slurry at 
80° C. for 1 hour. The Solid is then filtered on a Buchner filter 
and washed until the filtrate had a conductivity lower than 200 
uScrm-1. The powder is then dried for 16 hours before carry 
ing out the above ammonium exchange process for a total of 
two exchanges. 
0117. A Cu-SAPO34 powder catalyst is prepared by mix 
ing 350 g of NH4+-form SAPO-34, with 1.31 L of a copper 
(II) sulfate solution of 1.0 M. An ion-exchange reaction 
between the NH4+-form SAPO-34 and the copper ions is 
carried out by agitating the slurry at 70° C. for 1 hour. The 
resulting mixture is then filtered, washed until the filtrate had 
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a conductivity of lower than 200 uScrm-1, which indicated 
that substantially no soluble or free copper remained in the 
sample, and the washed sample is dried at 90°C. The above 
process including the ion-exchange, filtering, washing and 
drying is repeated to give a total of 2 exchanges. 

Example 11 
0118 ASAPO-34 was prepared from a gel composition of 
1.0 Al-O:0.85 P2O5:0.60 SiO2:3.0 R:32 H2O. A reaction 
mixture was prepared by mixing 45 kg of DI water and 18.76 
kg of phosphoric acid. This was followed by the addition of 
10.80 kg of Catapal B alumina to the acid solution over 45 
minutes. The alumina digestion was continued for 2 hrs with 
intensive stirring. Then 22.74 kg of Morpholine was added 
over a period of 60 minutes. An additional 0.3 kg of water was 
used at this stage. Upon addition of Morpholine, the tempera 
ture rose to approx. 46° C. The slurry was cooled down to 
approx. 28°C. before the next addition. Then, 7.76 kg of 
Ludox AS 40 colloidal silica was added, as well as an addi 
tional 0.50kg of DI water. The resulting gel was transferred to 
a 30 gallon reactor and an additional 2.20 kg of DI water was 
added. 
0119 The reactor temperature was ramped up to 170° C. 
within 8 hours, and held at this temperature for 48 hours. The 
crystalline product was recovered via filtration and was 
washed to a conductivity lower than 200 uScrm-1. This prod 
uct was calcined at 540°C. for 6 hours. The crystalline prod 
uct had an X-ray powder diffraction pattern indicating that it 
was SAPO-34, a non-Zeolitic molecular sieve with the cha 
bazite topology. The product consisted of crystals in the 3 to 
10 um range. The elemental analysis of the calcined product 
showed 15.5% SiO2, 40.3% Al-O, and 44.2% P2O5. The 
BET surface area was 583 m2/g. 
I0120. An NH4-form of SAPO-34 was prepared by 
exchanging 400 g of the calcined SAPO-34 in a solution of 
ammonium nitrate (2000 g. 60 wt % ammonium nitrate mixed 
with 2000 g of deionized water). The exchange was carried 
out by agitating the slurry at 80°C. for 1 hour, with the initial 
pH adjusted to 3.0-3.5 using NH4OH. The solid was then 
filtered and washed until the filtrate had a conductivity lower 
than 200 uScrm-1. 
I0121 A Cu-SAPO34 powder catalyst was prepared by ion 
exchange of the NH4+-form SAPO-34 with a copper (II) 
acetate solution. The latter solution was prepared by dissolv 
ing 63.48g of copper(II) acetate (Aldrich) in 1590g DI water. 
The solution was heated to 70° C., and 400g. NH4-SAPO-34 
was then added. The pH was measured to be 4.49 at 70° C. No 
adjustment was made to the pH. This was allowed to react at 
70° C. for one hour. The final pH of the slurry was determined 
to be 4.03 at 79° C. The resulting mixture was then filtered, 
washed until the filtrate had a conductivity lower than 200 
uScrm-1, which indicated that substantially no soluble or free 
copper remained in the sample, and the washed sample was 
dried at 90° C. The obtained Cu-SAPO34 catalyst had a 
copper content of 2.71% by weight, expressed at CuO, as 
determined by ICP analysis. This Cu-SAPO-34 sample had a 
BET surface area of 486 m2/g. Two separate samples 
obtained were hydrothermally aged at 850° C. for 6 hours and 
900° C. for 1 hour. After aging, the powder in 10% steam at 
850° C. for 6 hours, it had a BET surface area of 550 m2/g. 
0.122 The slurry preparation, coating and SCR NOx 
evaluation were the same as outlined above for Example 1 
with the exception that the catalyst was aged at several dif 
ferent temperatures. FIG. 7 is a graph showing the NOx 
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Conversion and N2O formation versus aging temperatures 
for this sample. The NOx conversion at 200°C. for the fresh 
sample was 90% and for the sample aged at 850° C., the NOx 
conversion was 93%, and for the sample age at 900° C., the 
NOx conversion was 90%. The N2O make for the fresh 
sample at 200°C. was 0.4 ppm, and the maximum value over 
the range of 200° C. to 450° C. was 2 ppm. For the sample 
aged at 850° C. the N2O make at 200°C. was 2 ppm, and the 
maximum value over the range of 200° C. to 450° C. was 4 
ppm. For the sample aged at 900° C. the N2O make at 200° C. 
was 1 ppm, and the maximum value over the range of 200° C. 
to 450° C. was 5 ppm. 

Example 12 

0123. A large scale preparation of SAPO-34 was carried 
out in a similar fashion as that described in Example 11. The 
primary difference was the quantities of the ingredients, 
which were as follows: 3,433 kg DI water, 1,582 kg H3PO4, 
970 kg Catapal B alumina, 1910 kg Morpholine, 657 kg 
Ludox AS-40, and an additional 630 kg DI water for rinsing 
and flushing throughout the process. The reactor temperature 
was ramped up to 169°C. within 8 hours. It was held in the 
168-171° C. range for 48.5 hours. 
0.124. The X-ray diffraction pattern identified the product 
as SAPO-34, with a small amount (less than 5%) of a second 
ary phase with the sodalite structure. The calcined powder 
had a BET surface area of 550 m2/g. 
0.125. An NH4-form of SAPO-34 was prepared by 
exchanging 400 g of the calcined SAPO-34 in a solution of 
ammonium nitrate (2000 g. 60 wt % ammonium nitrate mixed 
with 2000 g of deionized water). The exchange was carried 
out by agitating the slurry at 80°C. for 1 hour, with the initial 
pH adjusted to 3.0-3.5 using NH4OH. The solid was then 
filtered and washed until the filtrate had a conductivity lower 
than 200 uScn'. 
0126. A Cu-SAPO34 powder catalyst was prepared by ion 
exchange of the NH4+-form SAPO-34 with a copper (II) 
acetate solution. The latter solution was prepared by dissolv 
ing 63.48g of copper(II) acetate (Aldrich) in 1590g DI water. 
The solution was heated to 70° C., and 400 g NH-SAPO-34 
was then added. The pH was measured to be 4.57 at 66° C. No 
adjustment was made to the pH. This was allowed to react at 
70° C. for one hour. The final pH of the slurry was determined 
to be 4.14 at 74°C. The resulting mixture was then filtered, 
washed until the filtrate had a conductivity lower than 200 
uScn', which indicated that substantially no soluble or free 
copper remained in the sample, and the washed sample was 
dried at 90° C. 
0127. The obtained Cu-SAPO34 catalyst had a copper 
content 2.72% by weight, expressed at CuO, as determined by 
ICP analysis. This Cu-SAPO-34 sample had a BET surface 
area of 462 m2/g. After aging the powder in 10% steam at 
850° C. for 6 hours, it had a BET surface area of 527 m2/g. 
0128. The slurry preparation, coating and SCR NOx 
evaluation were the same as outlined above for Example 1 
with the exception that the catalyst was aged at 850° C. at 6 
hours and 900° C. for 3 hours. FIG. 8 is a graph showing the 
NOx Conversion and N2O formation versus aging tempera 
tures for this sample. A fresh sample showed NOx conversion 
at 200° C. of 88%, and NOx conversion at 200° C. for the 
sample aged at 850° C. was 89%. The N2O make for the fresh 
sample at 200°C. was 0.2 ppm, and the maximum value over 
the range of 200° C. to 450° C. was 2 ppm. For the sample 
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aged at 850° C. the N2O make at 200°C. was 2 ppm, and the 
maximum value over the range of 200° C. to 450° C. was 3 
ppm. 
I0129. Hydrothermal aging of a sample prepared in accor 
dance with Example 12 at 900° C. for 3 hours significantly 
decreased the NOx conversion of the sample. The maximum 
NOx conversion in the temperature range of 200°C. to 450° 
C. was 65%. 

Example 13 
0.130 ASAPO-34 was prepared from a gel composition of 
1.0 Al-O:0.93 P2O5:0.96 SiO2:3.0 R:32H2O. A reaction 
mixture was prepared by mixing 37 kg of DI water and 17.65 
kg of phosphoric acid. This was followed by the addition of 
9.18 kg of Catapal B alumina to the acid solution over 30 
minutes. The alumina digestion was continued for 2 hrs with 
intensive stirring. Then 19.24 kg of Morpholine was added 
over a period of 15 minutes. An additional 0.3 kg of water was 
used at this stage. Upon addition of Morpholine, the tempera 
ture rose to approx. 75° C. The slurry was cooled down to 
approx. 38°C. before the next addition. Then, 10.53 kg of 
Ludox AS 40 colloidal silica was added, as well as an addi 
tional 0.52 kg of DI water. The resulting gel was transferred to 
a 30 gallon reactor and an additional 2.5 kg of DI water was 
added. 
I0131 The reactor temperature was ramped up to 170° C. 
within 8 hours, and held at this temperature for 48 hours. The 
crystalline product was recovered via filtration and was 
washed to a conductivity lower than 200 uScim'. This prod 
uct was calcined at 540°C. for 6 hours. The crystalline prod 
uct had an X-ray powder diffraction pattern indicating that it 
was SAPO-34, a non-zeolitic molecular sieve with the cha 
bazite topology. The product consisted of crystals in the 3 to 
10 um range. The elemental analysis of the calined product 
showed 18.4% SiO, 40.8% Al-O, and 40.8% P2O5. The 
calcined powder had a BET surface area of 382 m2/g. After 
aging the powder in 10% steam at 900° C. for 1 hour, it had a 
BET surface area of 344 m2/g. 
(0132) An NH4-form of SAPO-34 was prepared by 
exchanging 274 g of the calcined SAPO-34 in a solution of 
ammonium nitrate (1370 g. 60 wt % ammonium nitrate mixed 
with 1370 g of deionized water). The exchange was carried 
out by agitating the slurry at 80°C. for 1 hour, with the initial 
pH adjusted to 3.0-3.5 using NH4OH. The solid was then 
filtered and washed until the filtrate had a conductivity lower 
than 200 uScrm-1. 
I0133) A Cu-SAPO34 powder catalyst was prepared by ion 
exchange of the NH4+-form SAPO-34 with a copper (II) 
acetate solution. The latter solution was prepared by dissolv 
ing 31.74 g of copper(II) acetate (Aldrich) in 795 g DI water. 
The solution was heated to 70° C., and 200 g NH4-SAPO-34 
was then added. The pH was measured to be 4.53 at the 
beginning. No adjustment was made to the pH. This was 
allowed to react at 70° C. for one hour. The final pH of the 
slurry was determined to be 4.02. The resulting mixture was 
then filtered, washed until the filtrate had a conductivity lower 
than 200 uScn', which indicated that substantially no 
soluble or free copper remained in the sample, and the washed 
sample was dried at 90° C. 
I0134. The obtained Cu-SAPO34 catalyst had a copper 
content 2.89% by weight, expressed at CuO, as determined by 
ICP analysis. 
0.135 The slurry preparation, coating and SCR NOx 
evaluation were the same as outlined above for Example 1 
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with the exception that the catalyst was hydrothermally aged 
at a different temperature, namely 850° C. for 6 hours. FIG.9 
is a graph showing the NOx Conversion and N2O formation 
Versus aging conditions for this sample. As seen in FIG.9, the 
fresh sample exhibited NOx conversion of greater than 85% 
and nearly 90% at 200° C. and higher over the range of 200° 
C. to 450° C. The N2O make for the fresh sample at 200° C. 
was 0.3 ppm, and the maximum value over the range of 200° 
C. to 450° C. was 2 ppm. For the sample aged at 850° C. the 
N2O make at 200° C. was 3 ppm, and the maximum value 
over the range of 200° C. to 450° C. was 3 ppm. 

Example 14 
0.136 ASAPO-34 was prepared from a gel composition of 
1.0 AlO:0.93 P2O5:0.96 SiO2:30 R:32 H.O. A reaction 
mixture was prepared by mixing 37 kg of DI water and 17.65 
kg of phosphoric acid. This was followed by the addition of 
9.18 kg of Catapal B alumina to the acid solution over 30 
minutes. The alumina digestion was continued for 2 hrs with 
intensive stirring. Then 19.24 kg of Morpholine was added 
over a period of 15 minutes. An additional 0.3 kg of water was 
used at this stage. Upon addition of Morpholine, the tempera 
ture rose to approx. 75° C. The slurry was cooled down to 
approx. 38°C. before the next addition. Then, 10.53 kg of 
Ludox AS 40 colloidal silica was added, as well as an addi 
tional 0.52 kg of DI water. The resulting gel was transferred to 
a 30 gallon reactor and an additional 2.5 kg of DI water was 
added. 
0137 The reactor temperature was ramped up to 170° C. 
within 8 hours, and held at this temperature for 48 hours. The 
crystalline product was recovered via filtration and was 
washed to a conductivity lower than 200 uScn'. This prod 
uct was calcined at 540° C. for 6 hours. The crystalline prod 
uct had an X-ray powder diffraction pattern indicating that it 
was SAPO-34, a non-zeolitic molecular sieve with the cha 
bazite topology. The product consisted of crystals in the 3 to 
10 um range. The elemental analysis of the calcined product 
showed 18.4% SiO2, 40.8% Al-O, and 40.8% P2O5. The 
calcined powder had a BET surface area of 382 m2/g. After 
aging the powder in 10% steam at 900° C. for 1 hour, it had a 
BET surface area of 344 m2/g. 
0138 An NH4-form of SAPO-34 was prepared by 
exchanging 274 g of the calcined SAPO-34 in a solution of 
ammonium nitrate (1370 g. 60 wt % ammonium nitrate mixed 
with 1370 g of deionized water). The exchange was carried 
out by agitating the slurry at 80°C. for 1 hour, with the initial 
pH adjusted to 3.0 using NH4OH. The final pH was 2.45. The 
solid was then filtered and washed until the filtrate had a 
conductivity lower than 200 uScrm-1. 
0139 A Cu-SAPO34 powder catalyst was prepared by ion 
exchange of the NH4+-form SAPO-34 with a copper (II) 
acetate solution. The latter solution was prepared by dissolv 
ing 15.87 g of copper(II) acetate (Aldrich) in 795 g DI water. 
The solution was heated to 70° C., and 200 g NH4-SAPO-34 
was then added. The pH was measured to be 4.51 at the 
beginning. No adjustment was made to the pH. This was 
allowed to react at 70° C. for one hour. The resulting mixture 
was then filtered, washed until the filtrate had a conductivity 
lower than 200 uScim', which indicated that substantially no 
soluble or free copper remained in the sample, and the washed 
sample was dried at 90° C. 
0140. The obtained Cu-SAPO34 catalyst had a copper 
content 1.93% by weight, expressed at CuO, as determined by 
ICP analysis. This Cu-SAPO-34 sample had a BET surface 
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area of 337 m2/g. After aging the powder in 10% steam at 
900° C. for 1 hour, it had a BET surface area of 295 m2/g. 
0.141. The slurry preparation, coating and SCR NOx 
evaluation were the same as outlined above for Example 1 
with the exception that the catalyst was aged at 850° C. for 6 
hours. FIG. 10 is a graph showing the NOx conversion and 
N2O formation for the aged sample. A NOx conversion 
analysis for a fresh sample was not conducted. As shown in 
FIG. 10, the NOx conversion at 200° C. was at least about 
75%, and the conversion in the range of 250° C. to 450° C. 
was greater than 85%. The N2O make of the aged sample was 
2.6 ppm at 200° C. and the maximum value over the range of 
200° C. to 450° C. 3 ppm. 
0142. As can be seen from the data of Examples 1, 11 and 
12, Cu-SAPO-34 materials in accordance with embodiment 
of the present invention exhibit excellent NOx conversion for 
fresh and aged samples exceeding 80%, 85% and 90%, with 
a NOx conversion retention after aging of at least 85%, at least 
90% and at least 95% after aging at either 850° C. for 6 hours 
or 900° C. for 1 hour. In addition, the ratio of NOx (with NOx 
referring to NO and NO) in an exhaust gas stream after 
passing through the catalyst to N2O in the gas stream after 
passing through the Cu-SAPO-34 catalyst material is less 
than great than 2.5:1, more specifically 5:1, and even more 
specifically 

Comparative Example 15 

0143) A zeolitic CuCHA catalyst comprising 3.36% CuO 
by weight was prepared as follows followed by an incipient 
wetness impregnation. A zeolitic CuCHA powder catalyst 
was prepared by mixing 17 Kg of commercially available 
NH4+-form CHA zeolite, having a silica/alumina mole ratio 
of 30, with 68 L of a copper(II) sulfate solution of 1.0M. The 
pH was adjusted to 3.5 with nitric acid. An ion-exchange 
reaction between the NH4+-form CHA and the copper ions 
was carried out by agitating the slurry at 80°C. for 1 hour. The 
resulting mixture was then filtered and air-dried. The above 
process including the ion-exchange and filtering was repeated 
once. Then the wet filter cake was reslurried into 40 L deion 
ized water followed by filtering and drying at 90° C. The 
resulting CuCHA product was then calcined at 640°C. in air 
for 6 hours. 
0144 134 grams of CuCHA at 3.11% CuO by weight was 
prepared as follows. A CuCHA slurry was prepared by mix 
ing 90 g of CuCHA, as described above, with 215 mL of 
deionized water. The mixture was ball-milled. 15.8 g of Zir 
conyl acetate in dilute acetic acid (containing 30% ZrO2) was 
added into the slurry with agitation. 
(0145 The slurry was coated onto 1"Dx3"L cellular 
ceramic cores, having a cell density of 400 cpsi (cells per 
square inch) and a wall thickness of 6.5 mil. The coated cores 
were dried at 110° C. for 3 hours and calcined at 400° C. for 
1 hour. The coating process was repeated once to obtain a 
target washcoat loading of 2.4 g/in3. To this material, was 
added a copper Sulfate Solution comprised of 1.64 g of copper 
sulfate pentahydrate and 105 mL of deionized water. The 
impregnated sample was dried at 90° C. and calcined at 640° 
C. for 6 hours. 

Comparative Example 16 
CFY 

0146 A Cu/Y Zeolite powder catalyst was prepared hav 
ing silica/alumina moleratio of -5 as described further below. 
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0147 A Cu/Y powder catalyst was prepared by mixing 
500 g of NH4+-form Zeolite Y. having a silica/alumina mole 
ratio of 5, with 2500 mL of a copper(II) sulfate solution of 0.1 
M. The pH was between 2.9 and 3.3. An ion-exchange reac 
tion between the NH4+-form Y Zeolite and the copper ions 
was carried out by agitating the slurry at 80°C. for 1 hour. The 
resulting mixture was then filtered, washed with deionized 
water and dried at 90° C. The above process including the 
ion-exchange, filtering, washing and drying was repeated for 
a total of 5 exchanges where pH was similar to above. The 
resulting Cu Zeolite Y product was then calcined at 640°C. in 
air for 16 hours. The obtained Cu Zeolite Y catalyst com 
prised CuO at 4.60% by weight. 
0148. The Cu/Y slurry was prepared by mixing 200 g of 
Cu/Y, as described above, with 400 mL of deionized water. 
The mixture was milled by passing twice through an Eiger 
mill to obtain a slurry which comprised 90% particles smaller 
than 8 Jum. 8.7 g of Zirconyl acetate in dilute acetic acid 
(containing 30% ZrO2) was added into the slurry with agita 
tion. 
0149. The slurry was coated onto 1"Dx3"L cellular 
ceramic cores, having a cell density of 400 cpsi (cells per 
square inch) and a wall thickness of 6.5 mil. Two coats were 
required to obtain a target washcoat loading of 1.6 g/in3. The 
coated cores were dried at 90° C. for 3 hours, and the cores 
were calcined at 450° C. for 1 hour after the second drying 
step. 
0150. The hydrothermal aging and SCR evaluation are the 
same as outlined in Example 1, exceptaging at was performed 
750° C. for 25 hours. 

Comparative Example 17 
0151 A Cu/Beta powder catalyst was prepared having 
silica/alumina moleratio is 35 using a procedure similar to the 
sample prepared in comparative EXAMPLE 15. The hydro 
thermal aging and SCR evaluation are the same as outlined in 
Example 1. 

TABLE 1 

CuAl NO conversion (% 

Atomic 210°C., 210°C., 460° C., 460° C., 
Example ratio CuO % fresh aged fresh aged 

Com 15 O.38 3.36 74 70 91 81 
Com. 16 O.23 4.6 43 42 99 96 
Com 17 O.36 2.5 92 23 84 53 

0152. It will be apparent to those skilled in the art that 
various modifications and variations can be made to the 
present invention without departing from the spirit or scope of 
the invention. It is also noted that these materials can be 
synthesized using a range oftemperatures and reaction times. 
Thus, it is intended that the present invention cover modifi 
cations and variations of this invention provided they come 
within the scope of the appended claims and their equivalents. 
What is claimed is: 
1. A catalyst comprising: 
a Cu-loaded non-zeolitic molecular sieve having the CHA 

crystal structure having a Culoading so that the catalyst 
is effective to selectively reduce nitrogen oxides with 
ammonia in the presence of oxygen in an exhaust gas 
stream at 200°C. when the catalyst has been deposited 
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on a honeycomb substrate having a cell density of 400 
cpsi at a loading between 2 and 2.5 g/in and tested at a 
space velocity of 80,000 hr' where the feed stream 
comprises a mixture of 10% O, 5% HO, 500 ppm NO 
and 500 ppm NH to provide at least 80% NOx conver 
S1O. 

2. The catalyst of claim 1, wherein the non-zeolitic molecu 
lar sieve comprises Cu-SAPO-34 and the catalyst is effective 
to provide at least about 85% NOx conversion in the exhaust 
gas stream at 200° C. 

3. The catalyst of claim 2, wherein the catalyst is effective 
to provide at least about 90% NOx conversion in the exhaust 
gas stream at 200° C. 

4. The catalyst of claim 1, wherein the Cu-SAPO-34 mate 
rial, upon hydrothermal aging in 10% steam at 850° C. and 6 
hours, retains at least 85% on a percentage basis of the NOx 
conversion at 200° C. 

5. The catalyst of claim 2, wherein the Cu-SAPO-34 mate 
rial, upon hydrothermal aging in 10% steam at 900° C. and 1 
hour, retains at least 90% of the NOx conversion on a per 
centage basis at 200° C. 

6. The catalyst of claim3, wherein the Cu-SAPO-34 mate 
rial, upon hydrothermal aging in 10% steam at 900° C. and 1 
hour, retains at least 95% of the NOx conversion on a per 
centage basis at 200° C. 

7. The catalyst of claim 2, wherein the catalyst is effective 
to reduce NOx so that that ratio of NOx to NO in the gas 
stream after passing through the catalyst is greater than 2.5 

8. The catalyst of claim 2, wherein the catalyst is effective 
to reduce NOx so that that ratio of NOx to NO in the gas 
stream after passing through the catalyst is greater than 5. 

9. The catalyst of claim 2, wherein the catalyst is effective 
to make less than 10 ppm NO over the temperature range of 
2009 C. to 450° C. 

10. The catalyst of claim 2, wherein the catalyst is effective 
to make less than 5 ppm NO over the temperature range of 
2009 C. to 450° C. 

NO make, ppm 

460° C., 460° C., 
fresh aged 

2.7 1O.S 
26 51 
10 9.4 

11. The catalyst of claim 2, wherein the Cu-SAPO-34 
contains a secondary metal. 

12. The catalyst of claim 11, wherein the secondary metal 
comprises Zirconium. 

13. The catalyst of claim 2, the Cu-SAPO-34 contains in 
the range of about 2 weight percent and 4 weight percent Cu. 

14. A catalyst composite, wherein the catalyst of claim 2 is 
deposited on a honeycomb Substrate as a washcoat at a load 
ing in the range of about 0.5 g/in and 3.5 g/in. 

15. The catalyst composite of claim 14, wherein the hon 
eycomb substrate comprises a wall flow substrate. 

16. The catalyst composite of claim 14, wherein the hon 
eycomb Substrate comprises a flow through substrate. 

17. The catalyst composite of claim 16, wherein at least a 
portion of the flow through substrate is coated with a wash 
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coat containing Pt and a metal-loaded non-Zeolitic molecular 
sieve to oxidize ammonia in the exhaust gas stream. 

18. The catalyst composite of claim 15, wherein at least a 
portion of the wall flow substrate is coated with a washcoat 
containing Ptanda metal-loaded non-Zeolitic molecular sieve 
to oxidize ammonia in the exhaust gas stream. 

19. An exhaust gas treatment system comprising an oxida 
tion catalyst and the catalyst composite of claim 15. 

20. An exhaust gas treatment system comprising an oxida 
tion catalyst and the catalyst composite of claim 16. 

21. The catalyst of claim 2, wherein the Cu-SAPO-34 
material is combined with a metal containing zeolitic SCR 
catalyst. 

22. The catalyst of claim 3, wherein the Cu-SAPO-34 
material is combined with a metal containing zeolitic SCR 
catalyst. 

23. A process for the reduction of oxides of nitrogen con 
tained in a gas stream in the presence of oxygen comprising 
contacting the gas stream with a Cu-loaded non-Zeolitic 
molecular sieve having the CHA crystal structure and having 
a Cu loading so that the catalyst is effective to selectively 
reduce nitrogen oxides with ammonia in the presence of 
oxygen in an exhaust gas stream at 200°C. when the catalyst 
has been deposited on a honeycomb Substrate having a cell 
density of 400 cpsi at a loading between about 2 and 2.5 g/in 
and tested at a space velocity of 80,000 hr' where the feed 
stream comprise a mixture of 10% O, 5% HO, 500 ppm NO 
and 500 ppm NH to provide at least 80% NOx conversion. 

24. An emission treatment system for treatment of an 
exhaust stream comprising NOx and particulate matter, the 
emission treatment system comprising: an oxidation catalyst 
and a Cu-loaded non-Zeolitic molecular sieve having a Cu 
loading so that the catalyst is effective to selectively reduce 
nitrogen oxides with ammonia in the presence of oxygen in an 
exhaust gas stream at 200° C. when the catalyst has been 
deposited on a honeycomb Substrate having a cell density of 
400 cpsi at target a loading between about 2 and 2.5 g/in and 
tested at a space velocity of 80,000 hr' where the feedstream 
is a mixture of 10% O, 5% HO, 500 ppm NO and 500 ppm 
NH to provide at least 80% NOx conversion. 

25. A process for synthesizing Cu-SAPO-34 comprising: 
mixing a neutral, nitrogen-containing organic template, an 

alumina Source, a silica Source and a phosphorous 
Source in a gel mixture; 

heating the gel to less than about 200° C. for at least about 
12 hours to form crystalline SAPO-34; 

filtering and washing the crystalline SAPO-34; 
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calcining the crystalline SAPO-34; and 
ion exchanging the crystalline SAPO-34 with a copper salt 

to provide Cu-SAPO-34. 
26. The process of claim 25, wherein the template com 

prises morpholine and the heating temperature is less than 
about 185°C. and the heating time is at least about 24 hours. 

27. The process of claim 26, wherein the copper salt com 
prises copper acetate. 

28. The process of claim 25, wherein after ion exchanging 
the crystalline SAPO-34 with a copper salt to provide Cu 
SAPO-34, Cu-SAPO-34 is washed to provide a filtrate having 
a conductivity less than about 600 uScn'. 

29. The process of claim 25, wherein the Cu-SAPO-34 is 
washed to provide a filtrate having a conductivity less than 
about 400 uScrm'. 

30. The process of claim 25, wherein the Cu-SAPO-34 is 
washed to provide a filtrate having a conductivity less than 
about 200 uScn' and less than about 200 uScn', 

31. The process of claim 28, further comprising calcining 
the washed Cu-SAPO-34 material at a temperature less than 
about 600° C. 

32. The process of claim 25, wherein the crystalline mate 
rial has a crystal size having 90% of the crystals less than 20 
microns. 

33. The process of claim 25, wherein the crystalline mate 
rial has a crystal size having 90% of the crystals less than 15 
microns. 

34. A catalyst made by the method of claim 25 having a Cu 
loading so that the catalyst is effective to selectively reduce 
nitrogen oxides with ammonia in the presence of oxygen in an 
exhaust gas stream at 200° C. when the catalyst has been 
deposited on a honeycomb Substrate having a cell density of 
400 cpsi at target a loading between about 2 and 2.5 g/in and 
testedata space velocity of 80,000 hr' where the feedstream 
comprise a mixture of 10% O, 5% HO, 500 ppm NO and 
500 ppm NH to provide at least 80% NOx conversion. 

35. A catalyst composite, wherein the catalyst of claim 25 
is deposited on a honeycomb Substrate as a washcoat at a 
loading in the range of about 0.5 g/in and 3.5g/in. 

36. The catalyst of claim 35, wherein the honeycomb sub 
strate comprises a wall flow substrate. 

37. The catalyst of claim 35, wherein the honeycomb sub 
strate comprises a flow through Substrate. 

c c c c c 


