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HIGH CHARGE DENSITY SHLICOMETALLOPHOSPHATE
MOLECULAR SIEVES SAP(-79
STATEMENT OF PRIORITY

10001} This application claims priority to U.S. Application No. 62/303543 which was

filed March 04, 2016, the contents of which are hereby incorporated by reference in ifs

entirety.
FIELD OF THE INVENTION
(0002} This invention relates to a new family of highly charged silicometallophosphate-

based molecular sieves designated SAP(O-79. They are represented by the empirical formula
of:

R M, EPSi0,

where M is an alkali metal such as potassium, R is an organcammonium cation such as
diethyldimethylammonium and E is a trivalent framework element such as aluminum or
gallium. The SAPG-79 family of materials are the first alkali-stabilized phosphate-based

molecular sieves that have the ERI topology and have “S1 islands.”
BACKGROUND OF THE INVENTION

(60063} Zeolites are crystalline aluminosilicate compositions which are microporous and
which are formed from corner sharing [ AlOy,] and Sty tetrahedra. Numerous zeolites,
both naturally occurring and synthetically prepared are used in various industrial processes.
Syuthetic zeolites are prepared via hydrothermal syuthesis employing suitable sources of Si,
Al and structure directing agents (SDAs) such as alkali metals, alkaline earth metals, amines,
or organoammonium cations. The structure directing agents reside in the pores of the zeolite
and are largely responsible for the particular structure that is ultimately formed. These
species balance the framework charge associated with aluminum and can also serve as space
fillers. Zeolites are characterized by having pore openings of uniform dimensions, having a
significant ion exchange capacity, and being capable of reversibly desorbing an adsorbed

phase which is dispersed throughout the internal voids of the crystal without significantly
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displacing any atoms which make up the permanent zeolite crystal structure. Zeolites can be
used as catalysts for hydrocarbon conversion reactions, which can take place on outside
surfaces of the zeolite as well as on internal surfaces within the pores of the zeolite.

16004} In 1982, Wilson et al. developed aluminophosphate molecular sieves, the so-
called AIPOs, which are microporous materials that have many of the same properties of
zeolites, but are silica free, composed of [AIOy,] and [POy,] tetrahedra (See US 4319440),
Subsequently, charge was introduced to the neutral aluminophosphate frameworks via the
substitution of Si0y,» tetrahedra for {P()mf tetrahedra to produce the SAPO molecular sigves
{See US 4440871). Another way to introduce framework charge to neutral
aluminophosphates is to substitute [M> O4n]" tetrabedra for [A1O] tetrahedra, which vield
the MeAPO molecular sieves (see US 4567039). 1t is furthermore possible to introduce
framework charge on AlPO-based molecular sieves via the introduction both of 510y, and
(M7 Oun) tetrabedra to the framework, giving MeAPSO molecular sieves (See US
497378S).

[0005] Among the SAPO molecular sieves disclosed in US4440871 is a species
designated SAPO-17, which has the ERI topology (See Database of Zeolite Structures,

wvw iza-struchure.org/databases). Several different routes to SAPO-17 were disclosed using

the amine SDAs quinuclidine (Ex. 25, US 4440871) and cyclohexylamine (Ex. 26, US
4440871), which gave a small amount of Si substitution, the cyclohexylamine SDA vielding
using exclusively the hexamethonium SDA by Valyoesik and von Ballmoos (See US
4778780).

[8006] More recently, Lewis et al. developed high phosphate solution chemistry leading
to higher charge density SAPO, MeAPO, and MeAPS(O materials, enabling greater
substitution of 8104, and [Mz‘*(}m}z' into the framework for [POy,] and [A1Q,,],
respectively, using the ethyltrimethylammoniuom (ETMA™) and diethyldimethylammoniom
(DEDMA") SDAs. These materials include ZnAPQ-57 (US 8,871,178), ZnAPQ-59 (US
8,871,177}, ZnAPO-67 (US §,697,927, and MeAPSO-64 (US 8,696,886). The relationship
between the increasing product charge densities and reaction parameters, namely the
ETMAORDEDMAOHYH:PO; ratios, were outlined in the hiterature {(See Microporous and
Mesoporous Materials, /89, 20614, 49-03).
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0007} Applicants have now synthesized a new family of charged silicometallophosphate
framework materials with even higher charge densities than those mentioned above,
designated SAPO-79. The SAPO-79 materials are the first alkali-stabilized microporous
phosphates to have the ERI topology {See Database of Zeolite Structures, www.iza-

strugture. org/databases) and are synthesized in a mixed organcammonium/alkali SDA

system, for example DEDMA /K. The utility of alkali in SAPO-based systems is uncommon
and 1s required here to achieve the higher charge density. The SAP(O-79 materials contain “St

islands” and are thermally stable to at least 500 °C.
SUMMARY OF THE INVENTION

16008} As stated, the present invention relates to a new famuily of silicometallophosphate
molecular sieves designated SAPO-79. Accordingly, one embodiment of the invention is a
microporous crystaliine material having a three-dimensional framework of [EQy»] and
[PO4,]" and SiQy), tetrahedral units and an empirical composition in the as synthesized form
and anhydrous basis expressed by an empirical formula of:

RY" M, F.PSi,O,

where R i3 an organcammonium cation selected from the group consisting of
diethyldimethylammonium (DEDMA"), ethyltrimethylammonium (ETMA"),
hexamethonium (HM ), choline [Me;NCH,CHLOH[™ |, trimethylpropylammonium,
tetramethylammonium (TMA™), tetraethylammonium (TEA"), tetrapropylammonium (TPA™)
and mixtures thereof, “r” 1s the mole ratio of R to P and has a value ot 0.2 t0 3.0, “p” 1s the
weighted average valence of R and varies from 1 to 2, M is an alkali metal suchas Li", Na,
K', Rb" and Cs™ and mixtures thereof, “m” is the mole ratio of M to P and varies from 0.2 to
3.0, E is a trivalent element selected from the group consisting of aluminum and gallium and
mixtures thereof, “x” 15 the mole ratio of E to P and varies from 1.25 t0 4.0, “y” is the mole
ratio of 81 to P and varies from 03010 4.5, “y" > “x7 ~ 1, and “2” ts the mole ratioc of O to P

and has a value determined by the equation:
z={m+per+3ex+5+4ey)2

and is characterized in that it has the x-ray diffraction pattern having at least the d-spacings

and intensities set forth in Table A

Y
(a2
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Table A
20 d{A) %o
777 -7.64 11.37-11.56 Vs
9.08 -9.54 9.13-926 W - 11
11.79 - 11.59 7.50-7.63 W - 10
1347 -13.24 6.57 - 6.68 m
1411 - 1391 627 -6.36 W - 11
1553 - 1532 570-578 W - 11
16.62 - 16.37 533541 W
790 -17.69 4.95 - 501 W
1954 - 1928 4.54 - 460 m ~vs
2059 -20.17 431 -~-440 -3
2139-21.14 4.15-420 W - m
23.33 - 23 .08 3.81~-38S5 m-5
23.71 - 23 .45 3.75-3.79 1 - V§
24.89 - 24 .57 3.575-3.62 m-s
27.00 - 26.67 3.30-334 W - 11
27.25-2691 327-331 W - 11
28132777 3.17-321 W - 10
28.40 - 23.04 3.14-318 W - 10
30.54 - 30.22 2.925 - 2955 w
31.25-30.92 2.86-2.89 m - Vs
3148 -31.14 2.84 -2 87 m - Vs
31.82-3148 2.81-2384 W -
33.80 - 3341 2.65-2.68 W
3589 -3560 2.50~252 W - m
36,12 - 3589 2.485 - 250 W - 11
40.89 - 40 51 2.205 ~2.225 W
42.72 - 42 .30 21152135 W
43.04 - 42 65 2.10-2118 W
4347 - 43 .04 2.08-2.10 W
49.04 - 49 21 1.835-1.85 W
5144 -51.13 1775 - 1,785 W - 10
100069} Another embodiment of the invention is a process for preparing the crystalline

siticometaliophosphate molecular sieve described above. The process comprises forming a
reaction mixture containing reactive sources of R, E, P, M and 51, and heating the reaction
mixture at a temperature of 60°C to 200°C for a time sufficient to form the molecular sieve,

the reaction mixture having a composition expressed in terms of mole ratios of the oxides of:
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aRzp0  bMLO D B ¢Pr0s 0 dS10; : eH: 0

where “a” has a value of 2.5 10 20, “b" has avalue of 012510 1.5, “¢” has a value of 2 10 8, “d”
has a value of 1 t0 8, and “¢” has a value from 50 to 1000.

10016} Yet another embodiment of the invention is a hydrocarbon conversion process
using the above-described molecular sieve as a catalyst. The process comprises contacting at
least one hydrocarbon with the molecular sieve at conversion conditions to generate at least

one converted hydrocarbon.

{6011} Still another embodiment of the invention 13 a separation process using the
crystalline SAPO-79 material. The process may involve separating mixtures of molecular
species or removing contaminants by contacting a fluid with the SAPG-79 molecular sieve.
Separation of molecular species can be based either on the molecular size (kinetic diameter) or
on the degree of polarity of the molecular species. Removing contaminanis may be by ion

exchange with the molecular sieve.
DETAILED DESCRIPTION OF THE INVENTION

0012} Applicants have prepared the first fanuly of alkali-stabilized
silicometaliophosphate compositions with the ERI topology, designated SAPO-79. Compared
to other SAPO materials, the SAPO-79 family of materials contains much more St and exhibits
high framework (FW) charge densities that require the use of alkali cations in addition to
organocammonium ions to balance the FW charge. Traditional SAPOs chiefly use organic-based
species for FW charge balance. The instant microporous crystalline material (SAP0O-79) has an
empirical composition in the as-synthesized form and on an anhydrous basis expressed by the

empirical formula:
RFMEPSLO,

where M 1s at least one alkali cation and is selected from the group of alkali metals. Specific
examples of the M cations include but are not limited to lithium, sodium, potassium, rubidium,
cestum and mixtures thereof. R is an organcammonium cation, examples of which include but
are not limited to diethyldimethylammonium (DEDMA"), ethyltrimethylammonium (ETMA™),
hexamethonium (HM®), choline [MesNCHCH,OHT, trimethylpropylammonium,

tetramethylammonium (TMA") tetraethylammonium (TEA™), tetrapropylammonium (TPA™)

-5
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and mixtures thereof and “v” 18 the mole ratio of R to P and vanies from 0.2 10 3.0, while “p” 18
the weighted average valence of R and varies from 1 to 2. The value of “m” is the mole ratio of
M to P and varies from 0.2 t0 3.0, “x” is mole ratio of E to P and varies from 1.25t0 4.0. The
ratio of silicon to P is represented by “y” which varies from 030 to4 5 and “y">“x”-1. Eisa
trivalent element which is tetrahedrally coordinated, is present in the framework and 1s selected
from the group counsisting of aluminum and gallium. Lastly, “z” ts the mole ratio of O 1o P and

is given by the equation:

z={m+trep+lex+5+4eyy2
When only one type of R organocammonium cation is present, then the weighted average
valence is just the valence of that cation, e.g., +1 or +2. When more than one R cation is
present, the total amount of R 1s given by the equation:

pt . plpii+ P23+ P33+

Ry =Ry + Ry + Ry o

the weighted average valence “p” 15 given by:

_rlepl+rlepZ+r3epld+ .-
B vl 12 4134

14

6013} The SAPQO-79 of this invention is characterized by a high charge density compared
to that known for most SAPO materials and the significant formation of “St islands,” 1., 5i-O-
St bonding. The FW charge on ideal SAP(O-79 in terms of the formula given above is “x7 — 1 or
Al —P. The charge on these materials 1s 5o high that highly charged alkali cations are required
in addition to organoammonium cations to balance the FW charge. Often in SAPO materials,

9
7 >

the relationship between the Al, P and Si componentsis given by “x” —- 1=y " or Al ~P=Si or
equivalently, Al =P+ 81 In this case, compared to a neutral AIPO-based material, Si only
substitutes for P, adding FW charge in the process. All FW phosphorous must be tsolated
because it can only be bonded to Al in the framework via P-0O-Al bonding, and therefore, the St
substituting for P is also isolated. Such is the case for the moderately high charge density SAPO-
59 (see US 8,871,177). “St islands” are known in the art even for lower charge density materials,
for example, for SAPO-56 (See Microporous and Mesoporous Materials, 28, (1999), 125 - 137).
In the present case of SAPO-79, the requirement is that there are “Si islands” as represented by

the specification that “y” > “x” — 1, 1.e, Si > Al — P. This meauns there is more Si than 1s required
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to accommaodate the FW charge due to St substitution for P, meamng that sore of the Stis no
longer isolated. The formation of “Si islands” is extensive in the SAP(O-79 family because often

(%4

y” > “x” — 0.2 or in other words, the Si content is approaching that of the Al content, a mouch
higher degree of Si incorporation than replacement of P for FW charge considerations, i.e, “y’ =
“x7 -1

0014} The microporous crystalline silicometallophosphate SAPO-79 1s prepared by a
hydrothermal crystallization of a reaction mixture prepared by combining reactive sources of R,
E, phosphorous, M and silicon. A preferred form of the SAP(-79 materials 1s when E is Al The
sources of aluminum include but are not limited to aluminum alkoxides, precipitated aluminas,
aluminum metal, aluminum hydroxide, aluminum salts, alkali aluminates and alumina sols.
Specific examples of aluminum alkoxides include, but are not limited to aluminum ortho sec-
butoxide and aluminum ortho isopropoxide. Sources of phosphorus include, but are not limited
to, orthophosphoric acid, phosphorus pentoxide, and ammonmum dihydrogen phosphate. Sources
of silica include but are not limited to tetraethylorthosilicate, colioidal silica, and precipitated
silica. Sources of the other E elements include but are not limited to precipitated gallium
hydroxide, gallium chlonide, gallium sulfate or gallium nitrate. Sources of the M metals include
the halide salts, nitrate salts, hydroxide salts, acetate salts, and sulfate salts of the respective
alkali metals. R is an organcammonium cation selected from the group consisting of

DEDMA" ETMA", HM®", choline, trimethylpropylammonium, TMA™ tetracthylammonium
(TEA™), tetrapropylammonium (TPA") and mixtures thereof, and the sources include the
hydroxide, chioride, bromide, iodide and fluoride compounds. Specific examples include
without imitation diethyldimethvlammonium hydroxide, ethyltrimethylammonium bydroxide,
ethyltrimethylammonium chlornde, hexamethonium dihydroxide, hexamethonium chlornde,
choline hydroxide, choline chloride, diethyldimethylammonium chloride,
propyltrimethylammonium chloride and tetramethylammonium chloride. In one embodiment R
is DEDMA". In yet another embodiment, R is a combination of DEDMA " and at least one
organcammonium cation selected from the group consisting of choline, ETMA”, TMA™, HM™,
trimethylpropylammonium, TEA™, and TPA™.

{0015} The reaction mixture containing reactive sources of the desired components can be

described 1n terms of molar ratios of the oxides by the formula:

aRzp0 - bMLO  ExOs: ¢Ph0s 0 dS10; : eH:0
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where “a” varies from 2.5 to 20, “b” varies from 0.125 10 1.5, “¢” vanies from 2 to 8, “d” varies
trom 1 t0 &, and “¢’ varies from 50 to 1000, If alkoxides are used, it is preferred to include a
distillation or evaporative step to remove the alcohol hydrolysis products. The reaction mixture
is now reacted at a temperature of 100°C to 200°C and preferably from 125°C 10 175°C fora
period of 1 day to 3 weeks and preferably for a ime of 2 days to 16 days in a sealed reaction
vessel at autogenous pressure. After crystallization is complete, the solid product is isclated
trom the heterogeneous mixture by means such as filtration or centrifugation, and then washed
with deionized water and dried in air at ambient temperature up to 100°C. SAPO-79 seeds can
optionally be added to the reaction mixture in order to accelerate the formation of the desired
TICTOPOTOUS COMposition.

{0016} The SAPO-79 silicometallophosphate-based material, which is obtained from the
above-described process, 18 characterized by the x-ray diffraction pattern, having at least the d-

spacings and relative intensities set forth in Table A below.
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Table A
26 d(A) 15%
7.77 - 7.64 11.37-11.56 VS
068 ~ 954 9.13-9726 W~ m
11.79-11.59 7.50-763 W-m
1347 -13.24 6.57 - 668 m
1411 -1391 6.27 - 636 W~ m
15.53 - 1532 570 -578 W~ m
1662 - 1637 533 -541 W
1790 -17.69 4.95-501 W
1954 - 1928 4.54 - 460 m -vs
20.59-2017 431 -440 m-s
21.39-2114 4.15-4720 W -
2333 - 2308 381 -385 m-s
2371~ 23 45 3.75~-379 m-vs
24 89 - 24 57 3.575-362 m-~§
27.00~ 2667 3.30-334 W~ m
2725 ~2691 3.27-331 W~ m
2813 -2777 317-321 W-m
28.40 - 28 04 3.14-318 W-m
30.54 -30.22 2.925 -2 955 W
31.25-3092 2.86-2 89 m ~ Vs
3148 -31.14 2.84 -2 87 m ~ Vs
31.82-31.48 2.81-284 W -
33.80-3341 2.65-2.68 W
3589 -3560 2.50-252 W -
36.12 - 35.89 2.485 - 250 W -m
40.89 - 40 51 2.205-2225 w
4272 - 4230 2115-2.135 W
3.04 4265 210-2118 W
43 47 ~ 43 .04 208-210 W
49 64 ~ 4921 1835185 W
51.44 - 5113 1.775- 1785 W-m
(8017} In one embodiment of the invention, the SAPO-79 is thermally stable up to a

temperature of at least 400°C, and in another embodiment the SAP(-79 is thermally stable

up to a temperature of at least S00°C.
10018} The SAPO-79 may be moditied in many ways to tailor it for use in a particular

application. Modifications inchude calcination, ammonia calcination, ion-exchange, steaming,

-0
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various acid extractions, ammonium hexafluorosilicate treatment, or any combination thereof,
as outlined for the case of UZM-4M in US 6,776,975 B1 which is incorporated by reference
n its entirety. In addition, properties that may be modified include porosity, adsorption,
framework composition, acidity, thermal stability, etc.

(8019} As synthesized, the SAPO-79 material will contain some of the exchangeable or
charge balancing cations in its pores. These exchangeable cations can be exchanged for other
cations, or in the case of organic cations, they can be removed by heating under controlled
conditions. A preferred method of removing organic cations from the pores is ammonia
calcination. Calcination in air converts the organic cations in the pores to protons, which can
lead to the loss of some metal, for example Al, from the framework upon exposure to ambient
atmospheric water vapor. When the calcination is carried cut in an ammonia atmosphere, the
organic cation in the pore is replaced by NH,  cation and the framework remains intact (See
Studies in Surface Science, {2004} vol. 154, p.1324 - 1331}, Typical conditions for ammonia
calcinations include the use of gaseous anhydrous ammonia flowing at a rate of 1.1 V/min
while ramping the sample temperature at S°C/min to 500°C and holding at that temperature
for a time ranging from S minutes to an hour. The resulting armmonium/alkali form of SAPO-
79 has essentially the diffraction pattern of Table A. Once in this form, the ammonia calcined
material may be ion-exchanged with H', NH, ", alkali metals, alkaline earth metals, transition
metals, rare earth metals, or any mixture thereof, to achieve a wide variety of compositions
with the SAPO-79 framework 1n supertor condition.

16020} When SAPO-79 15 calcined in air, there can be a loss of metal from the
framework, such as Al, which can alter the x-ray diffraction pattern from that cbserved for
the as-synthesized SAPO-79 (See Studies in Surface Science, (2004} vol. 154, p.1324 -
1331). However, it has been determined that SAP(-79 1s stable to removal of organic cations
via calcination, remaining crystalline after calcination, as illustrated in the examples. Typical
counditions for the calcination of the SAPO-79 sample include ramping the temperature from
room temperature 1o a calcination temperature of 400 — 600 °C, preferably a calcination
temperature of 450 — 550 °C at a ramp rate of 1 to 5°C/min, preferably a ramp rate of 2 to
4°C/min, the temperature ramp conducted in an atmosphere consisting either of flowing
nitrogen or flowing clean dry air, preferably an atmosphere of flowing nitrogen. Once at the
desired calcination temperature, if the calcination atmosphere employed during the

temperature ramp is flowing clean dry air, it may remain flowing clean dry air. If the

- 10 -
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calcination atmosphere during the ramp was flowing nitrogen, it may remain flowing
nitrogen at the calcination temperature or it may be immediately converted to clean dry air;
preferably at the calcination temperature the calcination atmosphere will remain flowing
nitrogen tor a peried of 1 — 10 hr and more preferably for a period of 2 -4 hours before
converting the calcination atmosphere to flowing clean dry air. The final step of the
calcination is a dwell at the calcination temperature in clean dry air. Whether the calcination
atmosphere during the imitial temperature ramp was flowing nitrogen or flowing clean dry air,
once at the calcination temperature and the calcination atmosphere ts clean dry air, the
SAP(G-79 samiple will spend a period of 1 — 24 hr and preferably a period of 2 — 6 hr under
these conditions to complete the calcination process. The calcined SAPO-79 material is
characterized in that it has the x-ray diffraction pattern having at least the d-spacings and

intensities set forth in Table B:

-11-



10

WO 2017/151875 PCT/US2017/020382
Table B
20 d(A) /1,%
781 -767 11.31-11.52 VS
9.78 - 9 61 9.04-920 W -m
11.87-11.68 745757 W - m
13.53 - 13 .28 6.54 - 6,66 m-~§
1420~ 13 98 6.23 - 06.33 W
1562 ~1534 567-577 W
16.65 - 16.43 532-539 W
1962 -19.32 452 -459 W~ m
26,69 - 2031 429-437 W~ m
21.5-2114 413-420 W
23.45-2314 379 -3 84 W~ m
23.80 - 2355 3.735-3.775 W -
2503 -2475 3.555-3.595 W -
2708 -2679 3.29-3325 W -
2738 -27 .08 3.255-329 W -m
2822-279 3.16-3.195 W -m
2849 -~ 28722 313-316 W - m
33,65 - 30.33 2915 -2945 W
31.36 -~ 30.97 2.85 -2 885 W~ m
31.59-3131 283 -2 855 W-m
3194 -31.53 2 80 -2 835 W-m
3360 -33.22 2.665 - 2.095 W
36.04-356 249 -252 W
3634 - 35 89 2.47-250 W~ m
60211 The crystalling SAPO-79 materials of this invention can be used for separating

mixtures of molecular species, removing contaminants through ion exchange and catalyzing

various hydrocarbon conversion processes. Separation of molecular species can be based either

on the molecular size (kinetic diameter} or on the degree of polarity of the molecular species.

06022} The SAPO-79 compositions of this invention can also be used as a catalyst or

catalyst support tn vartous hydrocarbon conversion processes. Hydrocarbon conversion

processes are well known in the art and include cracking, hydrocracking, alkylation of hoth

aromatics and isoparaffin, isomerization, polymerization, reforming, hydrogenation,

dehydrogenation, fransalkylation, dealkylation, hydration, dehydration, hydrotreating,

hydrodenitrogenation, hydrodesulfurization, methanol to olefing, methanation and syngas shift

process. Specific reaction conditions and the types of feeds which can be used in these

-12 -
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processes are set forth in US 4,310,440, US 4,440,871 and US 5,126,308, which are
incorporated by reference. Preferred hydrocarbon conversion processes are those in which
hydrogen 15 a component such as hydrotreating or hydrofinung, hydrogenation, hydrocracking,
hydrodenitrogenation, hydrodesulfurization, etc.

0023} Hydrocracking conditions typically include a temperature in the range of 400° to
1200°F (204-649°C), preferably between 600 and 950°F (316-510°C). Reaction pressures are
in the range of atmospheric to 3,500 psig (24,132 kPa g}, preferably between 200 and 3000 psig
{1379 — 20,685 kPa g). Contact times usually correspond to liquid hourly space velocities
(LHSV) inthe range of 0.1 he' to 15 hr'', preferably between 0.2 and 3 hr”'. Hydrogen
circulation rates are in the range of 1,000 to 50,000 standard cubic feet (scf) per barrel of charge
(178-8,888 std. m’/m’), preferably between 2,000 and 30,000 scf per barrel of charge (355-53,333
std. m’/m’). Suitable hydrotreating conditions are generally within the broad ranges of
hydrocracking conditions set out above.

06024} The reaction zone effluent is normally removed from the catalyst bed, subjected to
partial condensation and vapor-liquid separation and then fractionated to recover the varicus
components thereof. The hydrogen, and if desired some or all of the unconverted heavier
materials, are recycled to the reactor. Alternatively, a two-stage flow may be employed with the
unconverted material being passed into a second reactor. Catalysts of the subject invention may
be used 10 just one stage of such a process or may be used 1n both reactor stages.

10025} Catalytic cracking processes are preferably carried out with the SAPO-79
composition using feedstocks such as gas oils, heavy naphthas, deasphalted crude oil residua,
etc. with gasoline being the principal desired product. Temperanire conditions of 455°C to
593°C {850° to 1100°F), LHSV values of 0.5 to 10 hr™' and pressure conditions of from 0 to 50
psig are suitable.

0026} Alkylation of aromatics usually involves reacting an aromatic {C; to Cyy), especially
benzene, with a monoolefin to produce a linear alkyl substituted aromatic. The process is
carried out at an aromatic: olefin {e. g, benzene:olefin} ratio of between 5:1 and 30:1, a LHSV of
0.3 to 6 hr'', a temperature of 100° to 250°C and pressures of 1,378 to 6,894 kPa (200 to 1000
psig). Further details on apparatus may be found in US 4,870,222 which is incorporated by
reference.

6027} Alkylation of isoparaffins with olefins to produce alkylates suitable as motor fuel

components 1s carried out at temperatures of —30° to 40°C, pressures from atmospheric to 6,894

-13 -



30

WO 2017/151875 PCT/US2017/020382

kPa (1,000 psig) and a weight hourly space velocity (WHSV) of 0.1 to 120 he™. Details on
paraffin alkvlation may be found in US 5,157,196 and US 5,157,197, which are incorporated by
reference

(6028} The conversion of methanol to oletins is effected by contacting the methanol with
the SAPQO-79 catalyst at conversion conditions, thereby forming the desired olefins. The
methanol can be in the liquid or vapor phase with the vapor phase being preferred. Contacting
the methanol with the SAPO-79 catalyst can be done in a continuous mode or a batch mode with
a continuous mode being preferred. The amount of time that the methanol is in contact with the
SAPQO-79 catalyst must be sufficient to convert the methanol to the desired light olefin products.
When the process 1s carried out in a batch process, the contact time vanes from 0.001 hrsto 1 hr
and preferably from 0.01 hrto 1. 0 hr. The longer contact times are used at lower temperatures
while shorter times are used at higher temperatures. Further, when the process is carried outina
continuous mode, the Weight Hourly Space Velocity (WHSV) based on methanol can vary from
1 hr'! to 1000 hr™' and preferably from 1hr™ to 100 hr',

60291 (Generally, the process must be carried out at elevated temperatures in order to form
light olefins at a fast enough rate. Thus, the process should be carried out at a temperature of 300
°C to 600 °C, preferably from 400 °C to 550 °C and most preferably from 450 °C to 525 °C.
The process may be carried out over a wide range of pressure including autogenous pressure.
Thus, the pressure can vary from 0 kPa (0 psig) to 1724 kPa (250 psig) and preferably from 34
kPa (5 psig) to 345 kPa (50 psig).

10030} Optionally, the methanol feedstock may be diluted with an inert diluent in order to
more efficiently convert the methanol to olefins. Examples of the diluents which may be used
are helium, argon, nitrogen, carbon monoxide, carbon dioxide, hydrogen, steam, paraffinic
hydrocarbons, e. g, methane, aromatic hydrocarbons, e g, benzene, toluene and mixtures
thereof. The amount of diluent used can vary considerably and is usually from 5 to 90 mole
percent of the feedstock and preferably from 25 to 75 mole percent.

06031} The actual configuration of the reaction zone may be any well known catalyst
reaction apparatus known 1o the art. Thus, a single reaction zone or a number of zones arranged
in series or parallel may be used. In such reaction zones the methancl feedstock is flowed
through a bed containing the SAPO-79 catalyst. When multiple reaction zones are used, one or
more SAPG-79 catalysts may be used in series to produce the desired product mixture. Instead

of a fixed bed, a dynamic bed system, e. g, fluidized or moving, may be used. Such a dynamic

e
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system would facilitate any regeveration of the SAPO-79 catalyst that may be required. If
regeneration is required, the SAPO-79 catalyst can be continuously introduced as a moving bed
to a regeneration zone where it can be regenerated by means such as oxidation in an oxygen
containing atmosphere to remove carbonaceous materials.

0032} The following examples are presented in illustration of this invention and are not
intended as undue limitations on the generally broad scope of the invention as set cut tn the
appended claims. The products will be designated with the name SAPO-79 that contains the
suftix “-79” to indicate the “-79” structure (ERI topology ) and the prefix that reflects the
compositional nature of the product, namely “SAPO” for a silicometallophosphate, although it is
understood that Al may be replaced in part or fully by Ga in any of these examples.

10033} The structure of the SAPO-79 compositions of this invention was determined by
x-ray analysis. The x-ray patterns presented in the following examples were obtained using
standard x-ray powder diffraction techniques. The radiation source was a high-intensity, x-ray
tube operated at 45 kV and 35 mA. The diffraction pattern tfrom the copper K-alpha radiation
was obtained by appropriate computer based techniques. Flat compressed powder samples were
continuously scanned at 2° to 56° (28). Interplanar spacings (d) in Angstrom units were
obtained from the position of the diffraction peaks expressed as 8 where 8 is the Bragg angle as
observed from digitized data. Intensities were deternuned from the integrated area of diffraction
peaks after subtracting background, “1,” being the intensity of the strongest line or peak, and “I”
being the intensity of each of the other peaks.

10034} As will be understood by those skilled in the art the determination of the parameter
29 is subject to both human and mechanical error, which in combination can impose an
uncertainty of =0.4° on each reported value of 28. This uncertainty is, of course, also manifested
in the reported values of the d-spacings, which are calculated trom the 20 values. This
imprecision is general throughout the art and is not sufficient to preclude the differentiation of
the present crystalline materials from each other and from the compositions of the prior art. In
some of the x-ray patterns reported, the relative intensities of the d-spacings are indicated by the
notations vs, 3, m, and w which represent very strong, strong, medium, and weak, respectively.

in terms of 100 x VL, the above designations are defined as:

w = 0-15; m = 15-60: s = 60-80 and vs = 80-100

i
o
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6035} In certain instances the purity of a synthesized product may be assessed with
reference to its x-ray powder diffraction pattern. Thus, for example, if a sample is stated to be
pure, it 1s intended only that the x-ray pattern of the sarple is free of lines attributable to
crystalline impurities, not that there are no amorphous materials present.

[8036] In order to more fully illustrate the invention, the following examples are set forth.
It is to be understood that the examples are only by way of illustration and are not intended as

an undue linitation on the broad scope of the invention as set forth in the appended claims.

Example 1
18037} A Teflon bottle was charged with 175.00 ¢ DEDMAOGH (20 wt. %5), 6.24 ¢ TEOS
(98 wt. %o) and a stir bar and was mixed briefly. This mixture was then digested in a 95 °C
oven for 3.5 hr to hydrolyze the TEOS. The mixture was transferred to a Teflon beaker
equipped with a high speed stirrer. Then 6.00 g pre-ground aluminum isopropoxide (13.2 %
Aly was added and dissolved in the mixture with vigorous stirring. This was followed by the
dropwise addition of 20.14 g HiPOy (857 wt. %) and then the addition of 35.65 g de-ionized
water. Separately, 1.44 g KOAc was dissolved in 13.25 g de-ionized water. The resulting
solution was added dropwise to the reaction mixture with stirring. Upon completion of the
addition, the reaction mixture was homogenized further. The resulting clear solution was
distributed among 8§ Teflon-lined autoclaves and digested at temperatures of 150 °C and
175°C for 96, 194, 288 and 382 hr at autogenous pressures. The products were isolated by
centrifugation, washed with de-ionized water and dried at room temperature. The products
isolated from the 175 °C syntheses after 288 and 382 hr were identified as pure SAPG-79 via
powder x-ray diffraction. Representative diffraction lines for the 175°C, 382 hr product are
shown in Table 1. Elemental analysts of this product yielded the empirical composition

DEDMAG 45K 35ALL 6P ST 6.
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Table 1
2-8 d(A) V1%
7.70 11.47 v$
9.60 9.204 w
11.69 7.56 w
13.34 6.63 m
14.01 6.32 w
1542 5.74 m
16.47 5.38 W
17.77 4.99 W
1938 4.58 S
20.43 434 m
21.26 4.18 m
23.20 3.83 m
23.58 3.77 Vs
24.7 3.60 5
20.84 3.32 m
27.09 3.29 m
27.9 3.19 m
28 2 3.16 m
30.38 2.94 W
31.10 2.87 S
31.30 2.86 VS
31.643 2.83 1
33317 2.69 W
35.75 2.51 m
36.02 2.49 m
40.74 2.21 W
42.52 2.12 W
42 84 2.11 W
43.24 2.09 w
47.96 1.90 m
49.44 1.84 w
512 1.7 m
55.29 1.66 m
Example 2

{0038] A Teflon bottle was charged with 1056.44 ¢ DEDMAOH, (20% wt. %), 3768 g
TEOS (98 wt. %) and a magnetic stir bar. The bottle was sealed and mixed overnight on a stir

plate. Then, 36.94 g Al-isopropoxide, {98+ wt. %) was added and the mixture was stirred in
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the sealed bottle for ~2h, resulting in a clear solution. The reaction mixture was transferred to
a Teflon beaker and mixed with a high speed overhead stirrer. Next, 122.72 ¢ HiPO4 (85 %)
was slowly added while mixing vigorously. Separately, 10.65 g KBr was dissolved in 235.56
g detonized water. The KBr solution was added slowly in aliguots to the
SVAVP/DEDMAOH solution while continuing to stir. The resulting clear solution was
divided between 2 x 125 mi and 1 x 2000 ml autoclaves and digested for 11, 13 and 15d at
175°C, respectively, at autogenous pressure. The products were isolated by centrifugation,
washed with de-ionized water and dried at room temperature. All of the products were
identified as SAPO-79 via powder x-ray diffraction. Representative diffraction lines for the
175° C/15 d product are shown in Table 2a below. The elemental analysis of this same
product yielded the empirical composition: DEDMAg 46K 3sAl 6oPSiy 71 A portion of this
sarple was calcined by heating to 450°C under nitrogen at a rate of 2°C/min. The sample
was held under nitrogen at that temperature for 3.5 hr. The atmosphere was then switched o
air and the sample was held at 450°C for an additional 3.5 hr. The sample was then cooled to
100°C. The sample was analyzed immediately by powder x-ray diffraction using a covered
holder in an attempt to prevent hydration of the calcined material. The material was stable,
identified as calcined SAPO-79 for which the representative diffraction lines are shown in
Table 2b. The sample was then opened to the atmosphere and allowed to rehydrate before
further analysis with powder x-ray diffraction. The material was again identified as SAPQO-79
and was shown to be stable to rehydration. The representative ditfraction lines for the

rehydrated calcined material are shown in Table 2¢.
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Tabie 2
Table 2a Table 2b Table 2¢

2-6 dtA) V% | 2-0 | dA) | V% | 2-8 | d(A) | L%
770 | 11.47 Vs 774 11141 | vs | 776 | 1139 1 vs
9.61 9.20 W 970 | 9.11 w {972 | 9.09 w
1168 | 757 W 1176 | 7.52 wo o} 1178 | 751 m
1335 | 663 m 13401 660 | m |1343| 659 | m
1400 | 632 W 14081 629 | w | 1410 | 628 W
1541 | 574 W 15491 572 | w | 1550 571 W
1651 | 537 w 16541 536 | w | 1652 536 W
1776 | 499 W 19461 456 | w | 1950 | 455 m
1938 | 458 m 20521 433 w2054 432 | m
2044 | 434 m 2134 4.16 w2134 | 416 w
2126 | 418 W 2328 3.82 w {2332 381 m
2321 | 383 m 23681 3.75 m {2372 375 m
2359 | 377 m 2486 3.58 m {2490 357 | m
2473 | 3.60 m 26.94 | 331 w {2698 | 330 m
2685 | 3.32 m 27221 327 | w §2720| 328 W
2708 | 329 W 28.08 1 3.18 w {2812 3.17 w
2796 | 3.19 W 28321 3.15 w 12836 314 | m
2819 | 3.16 m 30521 2.93 w {3054 292 W
3039 | 294 W 31200 28 | m |3124| 28 | m
31.10 | 287 m 31441 284 | m [3148 | 284 | m
3129 | 2.86 m 31.74 1 282 | m {3180 | 281 m
3165 | 282 m 33.42 1 2.68 w {3350 267 W
3332 | 269 W 35901 250 | w | 3576 2.51 W
3552 | 253 W 36.14 | 2.48 w {35902 250 w
3578 | 2.51 W 3620 | 248 w
36.00 | 249 W

3914 | 230 W

3931 | 229 w

4075 | 2.21 w

4254 | 212 W

4283 | 211 W

4328 | 2.09 W

4549 | 199 W

4795 | 190 W

4865 | 187 w

4945 | 184 W

5128 | 1.78 W
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Example 3 Ammonium fon-exchange
(60439} A portion of the as-synthesized SAPO-79 sample from Example 2 was ammonium
ton-exchanged. SAPG-79, 10 g, was slurried 10 a solution containing 10 g NHyNG; dissolved
in 100 g de-ionized water. The slurry was heated to 75° C while mixing in a covered beaker
on a temperature controlled hotplate equipped with stirring. The slurry was maintained at 75
°C for 1 — 4 hr, collected by filtration, and washed with de-tonized water. This procedure was
repeated for a total of three exchange steps. The sample was dried at 100 °C overnight after
the final exchange. A portion of the sample was ramped t0 450 °C in a flowing N,
atmosphere at 2 °C/min, held at 450°C in flowing N, for 2 hr before the atmosphere was
switched to clean, dry air, in which the sample was held for another 5 hr at 450 °C. The
sample was identified as SAPO-79 by powder x-ray diffraction, exhibiting calcination
stability. Representative diftfraction lines for the calcined exchanged SAPO-79 sample are
shown in Table 3a. The sample was then opened to the atmosphere and allowed to rehydrate
before further analysis with powder x-ray ditfraction. The material was again identified as
calcined SAPCG-79 and was shown to be stable to calcination and rehydration. The

representative diffraction lines for the rehydrated calcined SAPO-79 are shown in Table 3b.
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Table 3
Table 3a Table 3b

2-8 d(A) 16(%0} 2-8 d(A) 1p(%0)
772 11.45 Vs 7.76 11.39 Vs
3.66 9.15 m 9.68 9.13 W
11.76 7.52 W 11.77 7.51 m
1336 6.62 m 13.42 6.5% m
14.06 6.259 W 14.08 6.28 W
15.42 5.74 W 15.50 571 W
16.50 537 W 16.56 535 W
19.42 4.57 W 1948 4.55 m
20.44 434 W 20.54 432 m
21.28 417 W 21.36 416 W
2322 3.83 W 2334 3.81 m
23.62 3.76 W 23.72 3.75 m
24.86 3.58 W 24.88 3.58 m
26.86 332 W 26.98 3.30 m
27.18 328 W 722 327 W
27.98 3.19 W 28.10 3.17 W
2832 3.15 W 2834 3.15 m
30.44 2.93 W 30.54 2.92 W
31.10 2.87 W 31.26 2.86 m
31.42 2.85 m 31.48 2.84 m
31.62 2.83 W 31.82 2.81 m
33.34 2.69 W 33.48 2.67 W
3576 2.51 W 3592 2.50 W
36.04 2.49 W 36.20 248 W
40.74 2.21 W 40.96 2.20 W
472 .54 212 W 4274 211 W
43.04 210 W 43 56 2.08 W
A3 30 2.09 W 4570 1.98 W
4552 1.95 W 46.36 1.96 W
46.20 1.96 W 4828 1.88 W
48.26 1.88 W 48.94 1.86 W
49 48 1.84 W 4974 1.83 W
51.42 1.78 W 51.56 1.77 W
553 1.66 W 53.86 1.7¢ W

55.58 1.65 W
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SPECIFIC EMBODIMENTS

10040} While the following is described in conjunction with specific embodiments, it
will be understood that this description is intended to illustrate and not limit the scope of the
preceding description and the appended claims.

(6041} A first embodiment of the invention is a microporous crystalline
siicometallophosphate material having a three-dimensional framework £ [EQy, 1 and {POmf
and S10y,; tetrahedral units and an empirical composition in the as synthesized form and
anhydrous basis expressed by an empirical formula of R My, E PSi,0, where R is an
organoammonium cation selected from the group consisting of diethyldimethylammmoniom
(DEDMA™), ethyltrimethylammonium (ETMA™), hexamethonium (HM), choline
[Me;NCH,CH,OH[" | trimethylpropylammeonium, tetramethylammonium (TMA™),
tetragthylammonium (TEA™), tetrapropylammonium (TPA") and mixtures thereof, “v” is the
mole ratio of R to P and has a value of 0.2 10 3.0, “p” 1s the weighted average valence of R
and varies from | to 2, M is an alkali metal such as Li", Na', K7, Rb” and Cs™ and mixtures
thereof, “m” is the mole ratio of M to P and varies from 0.2 to 3.0, E is a trivalent element
selected from the group consisting of aluminum and gallium and nuxtures thereof, “x7 is
mole ratio of E to P and varies from 1.25 t0 4.0, “y” 1s the mole ratio of 81 to P and varies
from 0301045, “y7> “x7 -1, and “z” is the mole ratio of O to P and has a value
determined by the equationz={(m +per+ 3 ex+ 5+ 4evy)/2 and is characterized in that it
has the x-ray diffraction pattern having at least the d-spacings and intensities set forth in

Table A,
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Table A
20 d(A)y V1%
777 - 7.64 1137-11.56 Vs
9.68 - 9.54 9.13-9.26 w-m
11.79 - 11.59 7.50 - 7.63 W~
13.47 - 13.24 6.57 - 6.68 m
14.11-13.91 6.27 - 6.36 W-m
15.53 - 15.32 570 -5.78 w-m
16.62 - 16.37 533 -541 W
17.90 - 17.69 4.95-5.01 W
1954 - 19.28 454 - 460 m -vs
20.59 - 20.17 431-4.40 m-s
21.39-21.14 4.15-420 W - m
23.33-23.08 3.81-3.85 m-s
23.71-23.45 3.75-3.79 m - vs
24.89 - 24.57 3.575-3.62 m-s
27.00 - 2667 330-3.34 W~ m
27.25-26.91 3.27-331 W~
28.13-27.77 3.17-3.21 w-m
28.40 - 28.04 3.14-3.18 W~
30.54 -30.22 2.925-2.955 W
31.25-30.92 2.86-2.89 m - vs
31.48-31.14 2.84-287 m - Vs
31.82-31.48 281-284 W-m
33.80 - 33.41 2.65-2.68 W
35.89 - 35.60 2.50-2.52 W-m
36.12 - 35.89 2.485-2.50 w-m
40.89 - 40.51 2.205-2.225 W
42.72 - 42.30 2.115-2.135 W
43.04 - 42.65 2.10-2.118 W
43.47 - 43.04 2.08-2.10 W
49.64 - 49.21 1.835-1.85 W
51.44-51.13 1.775 - 1.785 W~

PCT/US2017/020382

An embodiment of the invention is one, any or all of prior embodiments in this paragraph up

through the first embodiment 1o this paragraph where M 1s potassium. An embodirnent of the
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invention is one, any or all of prior embodiments in this paragraph up through the first
embodiment in this paragraph where E 1s aluminum. An embodiment of the invention is one,
any or all of prior embodiments 1o this paragraph up through the first erobodiment i this
paragraph where E is gallium. An embodiment of the invention is one, any or all of prior
embodiments in this paragraph up through the first embodiment in this paragraph where “y” >
“x7 0.2, An embodiment of the invention is one, any or all of prior embodiments in this
paragraph up through the first embodiment in this paragraph where the silicometallophosphate
material is thermally stable up to a temperature of at least 500°C. An embodiment of the
invention is one, any or all of prior embodiments in this paragraph up through the first
embodiment in this paragraph where R is diethyldimethylammoniom cation, DEDMA”. An
embodiment of the invention is one, any or all of prior embodiments in this paragraph up
through the first embodiment in this paragraph where the silicometallophosphate maternial
comprises a three-dimensional framework of [EQ:| and {P()q¢2}+ and SiOyp tetrahedral units
characterized in having a x-ray diffraction pattern having at least the d-spacings and intensities

set forth in Table B,
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Table B
26 d(A) 1/16%
781 -767 1E31-11.52 VS
978 - 9.61 9.04 -920 W - m
11.87-11.68 7.45-757 W - m
1353 -13.28 6.54 - 6.66 m-s
1426 - 13.98 6.23 -6.33 W
1562 - 1534 567-577 W
16.65 - 1643 532-539 W
19.62 - 1932 452 -4359 W~
20.69 - 2031 429-437 W~
21.5-2114 413-420 W
23.45-2314 379 -384 W - 0
2380 -23.55 3.735-3.775 W - 0
2503 -2475 3.555-3.595 W - 0
2708 -26.79 3.29-3325 W - m
2738 -27.08 3.255-3729 W - m
2822-27¢ 3.16-3.195 W - m
28 49 -28.22 3.13-3.16 W - m
30.65 - 3033 2.915-2.945 W
31.36-306.97 2.85-2.885 W - m
31.59-3131 2.83-2.855 W - m
3194 -31.53 2.80-2.835 W - in
3360 ~33.22 2.665 - 2.695 W
36.04-3506 249252 W
3634 - 3589 247 -250 W - M

A second embodiment of the invention is a process for preparing microporous
crystalline stlicometallophosphate matertal having a three-dimensional framework of [EQy.]
.'L. . - - - - - -
and [POsp] and 810y, tetrahedral units and an empirical composition in the as synthesized

form and anhydrous basis expressed by an empirical formula of §§p+rNimTE3X§?Si3,()z where R is
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an organocammonium cation selected from the group consisting of
diethyldimethylammonium (DEDMA™), ethyltrimethylammonium (ETMA"),
hexamethonium (HM™ ), choline [Me;NCH,CH,OH] ™, trimethylpropylammonium,
tetramethylammonium (TMA™), tetraethylammonium (TEA™), tetrapropylammonium (TPA™)
and mixtures thereof, “t” 1s the mole ratio of R to P and has a value of 0.2 10 3.0, “p” 1s the
weighted average valence of R and varies from 1 to 2, M is an alkali metal such as Li", Na',
K',Rb" and Cs” and mixtures thereof, “m” is the mole ratio of M to P and varies from 0.2 to
3.0, E 15 a trivalent element selected from the group consisting of aluminum and gallium and
mixtures thereof, “x” is mole ratio of E to P and varies from 1.25 to 4.0, “y” is the mole ratio

39

of Si to P and varies from 030 to 4.5, “y” > “x7 - 1, and “2” is the mole ratio of O to P and
has a value determined by the equationz={(m+per+3ex+5+4 e y)2andis
characterized in that 1t has the x-ray diffraction pattern having at least the d-spacings and

intensities set forth in Table A,
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Table A
20 d(A) MTo%
797 -7.64 1137-11.56 Vs
9.68-954 913-926 W~
11.79 - 11.59 750 -763 W - m
1347 -1324 6.57 - 6.68 m
14.11-1391 627 -636 W~ m
1553-1532 5706-578 W - m
16.62 - 1637 533-541 W
17.90- 1769 495-501 W
1954 - 1928 454 - 460 m -vS§
20.59-20.17 431-440 m-3s
2139-21.14 415-420 W~ i
333-23.08 381-3385 m-3s
23.71-23.45 375-379 m - vs
24.89 - 24 57 3.575-3.62 m-~s
27.60 - 26.67 330-334 W~
27.25-2691 327 -331 W~
28.13-2777 317-321 W~
28.40 - 28.04 314 -3.18 W - m
30.54-3022 2.925-2955 w
31.25-30.92 2.86-2.89 m - vs
31.48-31.14 2.84-2387 m=-vs
31.82-3148 281-284 W~ m
33.80-3341 2.65-2.638 W
3589 -35060 2.50-252 W~ m
36.12 - 3589 2.485-2.50 W - W
40.89 - 40 51 2.205-2225 W
42.72 - 4230 2.115-2.135 W
4304 - 42 65 2.30-2.118 W
43 .47 - 43.04 2.08-2.10 W
4964 - 4921 1.835-1.85 W
51.44-51.13 1.775 - 1.785 W~

the process comprising forming a reaction mixture containing reactive sources of R, E, P, M

and St, and heating the reaction mixture at a teraperature of 60°C to 200°C for a tirne
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sufficient to form the silicometallophosphate molecular sieve, the reaction mixture having a
composition expressed in terms of mole ratios of the oxides of aRy, O bMLO E;O5 ¢P20Os
dS5i0; ¢HoO where “a” has a value of 2.5 t0 20, “b” has a value of 012510 1.5, “¢” has a
value of 2 to 8, “d” has a value of 1 to &, and “¢” has a value from 50 to 1000. An
embodiment of the invention 18 one, any or all of prior embodiments in this paragraph up
through the second embodiment in this paragraph where the initial reaction mixture is a clear
solution before digestion. An embodiment of the invention is one, any or all of prior
embodiments tn this paragraph up through the second embodiment in this paragraph where M
is selected from the group consisting of Li", Na", K', Rb” and Cs” and mixtures thereof. An
ernbodiment of the tnvention 18 one, any or all of prior embodiments 1n this paragraph up
through the second embodiment in this paragraph where the source of M is selected from the
group consisting of halide salts, nitrate salts, acetate salts, sulfate salts, hydroxide salts and
mixtures thereof. An embodiment of the invention is one, any or all of prior embodiments in
this paragraph up through the second embodiment in this paragraph where the source of E is
selected from the group consisting of aluminum isopropoxide, aluminum sec-butoxide,
precipitated alumina, AI(OH};, alkali aluminate salts, aluminum metal, aluminum halide
salts, aluminum sulfate salts, aluminum nitrate salts, precipitated gallium hydroxide, gallium
nitrate, gallium sulfate and mixtures thereof. An embodiment of the invention is one, any or
all of prior embodiments o this paragraph up through the second erabodiment in this
paragraph where the silicon source is selected from the group consisting of
tetracthylorthosilicate, silicon alkoxides, fumed silica, colloidal silica, alkali silicate salts and
precipitated silica. An embodiment of the invention is one, any or all of prior embodiments in
this paragraph up through the second embodiment in this paragraph where the reaction
mixture is reacted at a temperature of 125°C to 183°C for a time of 2 day to 21 days. An
embodiment of the invention is one, any or all of prior embodiments 1n this paragraph up
through the second embodiment in this paragraph where R is DEDMA". An embodiment of
the invention is one, any or all of prior embodiments in this paragraph up through the second
embodiment in this paragraph where R is a combination of DEDMA™ and at Jeast one
organcammonium cation selected from the group consisting of choline, ETMA™, TMA”,
HM™" trimethylpropylammonium, tetracthylammonium (TEA"), and tetrapropylammonium

(TPA™). An embodiment of the invention is one, any or all of prior embodiments in this
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paragraph up through the second embodiment in this paragraph further comprising adding
SAPQ-79 seeds to the reaction mixture.

A third embodiment of this invention 1s a hydrocarbon conversion process Comprising
contacting a hydrocarbon stream with a catalyst at hydrocarbon conversion conditions to
generate at least one converted product, wherein the catalyst is selected from the group
consisting of a crystalline microporous SAPO-79 material, a crystalline microporous
modified SAPO-79 material, a crystalline microporous calcined SAPO-79 material and
mixtures thereof, where SAP(-79 1s a crystalline microporous silicometallophosphate having
a three-dimensional framework of [EQu;] and [POy»]" and SiQy, tetrahedral units and an
erapirical composition in the as synthesized form and anhydrous basis expressed by an
empirical formula of }{p+r1\/infEX}’Siy()Z where R is an organcammonium cation selected from
the group consisting of diethyldimethylammonium (DEDMA™), ethyltrimethylammoniurm
(ETMA™), hexamethonium (HM™), choline [MesNCH,CH,OH[™,
trimethylpropylammonium, tetramethylammonium (TMA"), tetraethylammonium (TEA ),
tetrapropylammonium (TPA™) and mixtures thereof, “r” is the mole ratio of R to P and has a
value of 0.2 to 3.0, “p” is the weighted average valence of R and varies from 1 to 2, M is an
alkali metal such as Li", Na", K, Rb” and Cs™ and mixtures thereof, “m” is the mole ratio of
M to P and vartes from 0.2 to 3.0, E is a trivalent element selected from the group consisting

of aluminum and gallium and mixtures thereof, “x7 1s mole ratio of E to P and varies from

> 154

1.25t04.0, “y” is the mole ratio of Si to P and varies from 030 to 4.5, “y” > “x” - 1, and “z”
i3 the mole ratio of O to P and has a value determined by the equation z={m+per+3 e x
+ 5 + 4 e y)/2 and is characterized in that it has the x-ray diffraction pattern having at least

the d-spacings and intensities set forth in Table A
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Table A
20 d(A) V1%
7.77-7.64 11.37-11.56 Vs
0.68-954 9.13-926 W - m
11.79-11.59 7.50-7.63 W -
13.47-13.24 6.57 - 6.68 m
14.11 - 13.91 6.27-636 w - m
1553 - 1532 570-578 W~ m
16.62 - 16.37 5.33 - 541 W
17.90 - 17.69 495-501 w
19.54 - 19.28 454 -460 m-vs
20.59-2017 431-440 m-8
21.39-21.14 415-420 W~ 0
23.33-23.08 3.81-3.85 m-8
2371 -23.45 3.75-379 m-vs
24.89 -24.57 3575-362 m- s
27.00 - 26.67 330-334 W~ m
27.25-2691 327-331 W~ I
28.13-27.77 3.17-321 W~ m
28.40 - 28.04 3.14-318 W -
30.54 - 3022 2.925-2.955 W
31.25-3092 2.86-2.89 m - Vs
3148-31.14 2.84 - 287 m-vs
31.82-31.48 281-284 W - M
33.80-3341 2.65-2.68 W
35.89-3560 2.50-252 w - m
36.12-3589 2.485-2.50 W~ m
40.89 - 40.51 2.205-2225 W
2.72-4230 2.115-2.135 W
43.04 -42.65 2.10-2.118 W
43.47 -43.04 2.08-2.10 W
49.64 - 4921 1.835-185 W
$1.44-51.13 1.775 - 1.785 W~ I

the crystalline microporous modified SAPO-79 consists of a three-dimensional framework of

[ECs,] and {PO;;/;,]':" and S104, tetrahedral units derived from SAPG-79 via the modification
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processes of calcination, ammonia calcination, 1on-exchange, steaming, various acid extractions,
ammonium hexafluorosilicate treatment, or any combination thereof, while crystalline
microporous calcined SAPO-T79 consists of a three-dimensional framework of [EGy, ] and
[PO4,] and SiOy; tetrahedral units derived from SAP(-79 via calcination and is characterized
in that it has the x-ray diffraction pattern having at least the d-spacings and intensities set forth in

Table B.
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Table B
20 d(A) V1%
77.81-7.67 1131-11.52 Vs
9.78 - 9.61 9.04 - 9.20 W -
11.87-11.68 7.45-7.57 W -
13.53 - 13.28 6.54 - 6.66 m-s
14.20 - 13.98 6.23 - 6.33 W
15.62 - 15.34 5.67-5.77 W
16.65 - 16.43 532-539 W
19.62 - 19.32 452 - 4.59 w-m
20.69 - 20.31 429 - 437 w-m
21.5-21.14 413 - 4.20 W
23.45 - 23 14 3.79 - 3.84 W~
23.80 - 23.55 3.735 -3.775 W~
25.03 - 24.75 3.555 -3.595 W~
27.08 - 26.79 3.29-3.325 W - 1m
27.38 - 27.08 3.255-3.29 W - 1m
2822-279 3.16-3.195 W - 1m
28.49 - 2822 3.13-3.16 W - 1m
30.65 - 30.33 2.015 - 2.945 W
31.36 - 30.97 2.85 - 2.885 W -m
31.59-31.31 2.83 - 2.855 W -m
31.94-31.53 2.80 - 2.835 W - m
33.60 - 33.22 2.665 - 2.695 W
36.04 - 35.6 249-2.52 W
36.34 - 35.89 247 -2.50 W - m

PCT/US2017/020382

An embodiment of the invention 1s one, any or all of prior embodiments in this paragraph up
through the third embodiment in this paragraph wherein the hydrocarbon conversion process
is selected from the group consisting of cracking, hydrocracking, alkylation, isomerization,
polymerization, reforming, hydrogenation, dehydrogenation, transalkylation, dealkylation,
hydration, dehydration, hvdrotreating, hydrofining, hydrodenitrogenation,
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hydrodesulfurization, methanol to olefins, methanation, syngas shift process, olefin
dimerization, oligomerization, dewaxing, and combinations thereof. An embodiment of the
invention 1s one, any or all of prior embodiments in this paragraph up through the third
embodiment in this paragraph wherein the hydrocarbon conversion process is hydrocracking
or hydrotreating and wherein the hydrocracking or hydrotreating is operated at a temperature
in the range of 400° to 1200°F (204-649°C) and a pressure in the range of atmospheric to
3,500 psig (24,132 kPa g). An embodiment of the invention is one, any or all of prior
embodiments tn this paragraph up through the third embodiment in this paragraph wherein
the hydrocarbon conversion process is catalytic cracking operated at a temperature in the
range of 830° to 1100°F, LHSV values of 0.5 to 10 and a pressure in the range of from 0 to
50 psig. An embodiment of the invention is one, any or all of prior embodiments in this
paragraph up through the third embodiment in this paragraph wherein the hydrocarbon
conversion process is alkvlation of aromatics and the converted product is at least one linear
alkyl substituted aromatic, and wherein the process is operated at an aromatic olefin mole
ratic of between 51 and 301, a LHSV of 0.3 to 6 hr', a temperature of 100° to 250°C and a
pressures of 200 to 1000 psig. An embodiment of the invention is one, any or all of prior
embodiments in this paragraph up through the third embodiment in this paragraph wherein
the hydrocarbon conversion process is the conversion of methanol to olefins wherein the
process is operated at a temperature of 300 °C to 600 °C and a pressure from 0 kPa (0 psig) to
1724 kPa (250 psig).

A fourth embodiment of this invention 1s a separation process comprising contacting
at least two components with a material to generate at least one separated component,
wherein the catalyst is selected from the group consisting of a crystalline microporous SAPO-
79 material, a crystalline microporous modified SAPO-79 matertal, a crystalline microporous
calcined SAPO-79 material and mixtures thereof, where SAPQO-79 is a crystalline
microporous silicometallophosphate having a three-dimensional framework of [EQy»] and
[PO.»]" and SiQuy, tetrahedral units and an empirical composition in the as synthesized form
and anhydrous basis expressed by an empirical formula of R My, E.PSi;O, where R is an
organcammonium cation selected from the group consisting of diethyldimethylammonium
(DEDMA™), ethyltrimethylammonium (ETMA™), hexamethonium (HM™"), choline
[MesNCHCH,OHT, trimethylpropylammonium, tetramethylammonium (TMA"),

tetracthylammonium (TEA"), tetrapropylammonium (TPA™) and mixtures thereof, “r” is the
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mole ratio of R to P and has a value of 0.2 10 3.0, “p” 1s the weighted average valence of R
and varies from 1 to 2, M is an alkali metal such as Li”, Na', K', Rb" and Cs™ and mixtures
thereof, “m” is the mole ratio of M to P and varies from 0.2 t0 3.0, E 1s a trivalent element
selected from the group consisting of aluminum and gallium and mixtures thereof, “x” is
mole ratio of E to P and varies from 1.25 to 4.0, “y” is the mole ratio of 81 to P and varies
from 0301045, “y7 > “x7 -1, and “z” is the mole ratic of O to P and has a value
determined by the equationz=(m +per+3 e x+ 5+ 4 e y)/2 and is characterized in that it
has the x-ray diffraction pattern having at least the d-spacings and intensities set forth in

Table A.

-34 .



WO 2017/151875

PCT/US2017/020382

Table A
20 d(A) g%
7.77 - 7.64 11.37-11.56 Vs
9.68 - 9.54 9.13-926 w-m
11.79-11.59 7.50-7.63 w-m
13.47-13.24 6.57 - 6.68 m
14.11 - 1391 6.27 - 636 w-m
15.53-1532 570-578 W - m
16.62 - 1637 533541 w
17.90-17.69 4.95.5.01 W
19.54 - 1928 4.54 - 460 m -vs
20.59 - 20.17 431-4.40 m - 5
2139-21.14 415-4.20 W-m
23.33-23.08 3.81-385 m - 5
23.71-2345 3.75-3.79 m - Vs
24.89-24.57 3.575-3.62 m -8
27.00 - 26.67 3.30-334 w-m
27.25 - 2691 3.27-331 W - m
28.13-27.77 3.17-321 w-m
28.40 - 28.04 3.14-3.18 w-m
30.54 - 30.22 2.925 - 2955 w
31.25-30.92 2.86-2.89 m - Vs
31.48-31.14 2.84-287 m - vs
31.82-31.48 281-284 w-m
33.80 - 33.41 2.65-2.68 W
35.89-35.60 2.50-2.52 w-m
36.12-35.89 2485 -2.50 W - m
40.89 - 40.51 2.205-2.225 w
2.72-42.30 2.115-2.135 W
43 .04 - 42,65 2.10-2.118 w
43.47 - 43.04 2.08-2.10 W
4964 - 4921 1.835-1.85 W
51.44-51.13 1.775 - 1.785 W - m

the crystalline microporous modified SAPO-79 consists of a three-dimensional framework of

[ECs,] and {PO;;/;,]':" and S104, tetrahedral units derived from SAPG-79 via the modification
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processes of calcination, ammonia calcinations, ion-exchange, steaming, various acid
extractions, ammonium hexafluorosilicate treatment, or any combination thereof, while
crystalline microporous calcined SAPO-79 consists of a three-dimensional framework of
[EQsnT and {}’04,/2}+ and 810y, tetrahedral units derived from SAPO-79 via calcination and is
characterized in that it has the x-ray diffraction pattern having at least the d-spacings and

intensities set forth in Table B.
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Table B
20 d(A) g%
781 -7.67 11.31-11.52 Vs
9.78 - 9.61 9.04 - 9.20 Ww-m
11.87-11.68 7.45-7.57 w-m
13.53 - 13.28 6.54 - 6.66 m- s
14.20-13.98 6.23-633 w
1562 - 1534 5.67-577 W
16.65 - 16.43 532-539 w
1962 - 1932 4.52-459 W -m
20.69 - 2031 429-437 W-m
21.5-21.14 4.13-420 W
23.45-23 14 3.79 - 3.84 W-m
2380 -23.55 3.735-3775 W - m
25.03 -24.75 3.555-3.595 w-m
27.08 - 26.79 3.29-3.325 W - m
2738 -27.08 3.255-32 w-m
28.22-279 3.16-3.195 W - m
28.49-2822 3.13-3.16 Ww-m
30.65 -30.33 2.915-2.945 W
31.36-30.97 2.85-2.885 Ww-m
31.59-31.31 2.83-2.855 w-m
31.94-31.53 2.80 - 2.835 W -m
33.60 -33.22 2.665 - 2.695 w
36.04 - 35.6 249 .252 W
36.34 - 3589 2.47-2.50 w-m

An embodiment of the invention is one, any or all of prior embodiments in this paragraph up
through the fourth embodiment 1o this paragraph wherein the separation is based on
molecular size of the components, degree of polarity of the components, or ion exchange of

the components with the material.
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CLAIMS:

1. A microporous crystalline silicometallophosphate matenial having a three-dimensional
framework of [EQy»] and [PO4,] and SiQsy, tetrahedral units and an empirical composition
in the as synthesized form and anhydrous basis expressed by an empirical formula of:

RY" M, F.PSi,O,

where R i3 an organcammonium cation selected from the group consisting of
diethyldimethylammonium (DEDMA"), ethyltrimethylammonium (ETMA"),
hexamethonium (HM™), choline [MesNCH,CH,OHT ™, trimethylpropylammonium,
tetramethylammonium (TMA"), tetracthylammonium (TEA™), tetrapropylammonium (TPA")
and mixtures thereof, “r” 1s the mole ratio of R to P and has a value of 0.2 t¢ 3.0, “p” is the
weighted average valence of R and varies from 1 to 2, M is an alkali metal suchas Li", Na,
K', Rb" and Cs™ and mixtures thereof, “m” is the mole ratio of M to P and varies from 0.2 to
3.0, E is a trivalent element selected from the group consisting of aluminum and gallium and
mixtures thereot, “x” 13 mole ratio of E to P and varies from 1.25 10 4.0, “y” 13 the mole ratio
of Si to P and varies from 03010 4.5, "y > “X” - 1, and “2” ts the mole ratio of Oto P and

has a value determined by the equation:
z={m+per+3ex+5+4ey)2

and is characterized in that it has the x-ray diffraction pattern having at least the d-spacings

and intensities sei forth in Table A:
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Table A
26 d(A) /1%
777 - 7.64 11.37-11.56 Vs
9.68 - 9.54 9.13-9.26 W - m
11.79-11.59 7.50-7.63 W - m
13.47-13.24 6.57 - 6.68 m
14.11-13.91 6.27-6.36 W - m
15.53 - 15.32 5.70-5.78 W-m
16.62 - 16.37 533-541 W
17.90 - 17.69 4.95-5.01 w
19.54 - 19.28 4.54 - 460 m -vs
20.59 -20.17 431-440 m-s
2139-21.14 4.15-4.20 W -
2333 -23.08 3.81-3.85 m-s
23.71-23.45 3.75-3.79 m - vs
2489 - 2457 3.575 -3.62 m-s
27.00 - 26.67 3.30-3.34 W - m
27.25-26.91 3.27-331 W-m
2813 -27.77 3.17-321 W - m
2840 - 28.04 3.14-3.18 W - m
30.54 -30.22 2.925 - 2.955 w
31.25-30.92 2.86-289 i1 - V§
31.48-31.14 2.84-287 M - Vs
31.82-31.48 2.81-2284 W - m
33.80 - 33.41 2.65-2.68 w
35.89 - 35.60 2.50-2.52 W - m
36.12 - 35.89 2.485-2.50 W-m
40.89 - 40.51 2.205-2.225 W
4272 - 42.30 2.115-2.135 W
43.04 - 42.65 2.10-2.118 W
4347 - 43.04 2.08-2.10 W
49.64 - 4921 1.835 - 1.85 W
51.44-51.13 1.775-1.785 W-m

-39.
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3. The silicometallophosphate material of claim 1 where the silicometallophosphate

material is thermally stable up to a temperature of at feast 500°C.

4. The silicometallophosphate material of claim 1 where R is diethyldimethylammonium

cation, DEDMA™

5. A stable, calcined form of the crystalline microporous silicometallophosphate of
claim 1, comprising a three-dimensional framework of [EQy»] and {PO.@/QT- and 8104
tetrahedral units characterized in having a x-ray diffraction pattern having at least the d-

spacings and intensities set forth in Table B:
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Table B
20 d(A) V1%
7.81-7.67 £131-11.52 Vs
9.78 - 9.61 9.04 -9.20 w-m
11.87-11.68 745757 W~
13.53-13.28 6.54 - 6.66 m-s
14.20-13.98 6.23 - 6.33 W
15.62-15.34 5.67-5.77 W
16.65 - 16.43 532-5.39 W
19.62-19.32 4.52 - 4.59 w-m
20.69 - 20.31 429437 W-m
21.5-21.14 413 -4.20 W
3.45-23.14 3.79-3.84 W-m
23.80 - 23.55 3.735-3.775 W~
25.03 - 24.75 3.555 - 3.595 W~ m
27.08-26.79 3.29-3.325 W~
2738 -27.08 3255-3.29 W~ m
28.22-279 3.16 - 3.195 W~
28.49 - 2822 3.13-3.16 w-m
30.65 - 30.33 2.915-2.945 W
31.36 - 30.97 2.85-2.885 w-m
31.59-31.31 2.83 - 2.855 W~
31.94 - 31.53 2.80 - 2.83 w-m
33.60-33.22 2.665 - 2.695 W
36.04 - 35.6 2.49-2.52 W
36.34 - 35.89 2.47 -2.50 W~ m

A process for preparing microporous crystaliine silicometaliophosphate material

. . . o~ A— . + . .
having a three-dimensional framework of [EQun] and [PO4sn] and Si04) tetrahedral units

and an empirical composition in the as synthesized form and anhydrous basis expressed by an

empirical formula of:

R M, "E,PSi 0,

where R is an organcammonium cation selected from the group consisting of

diethyidimethylammoniom { DEDMA"), ethyltrimethylammoniom { ETMAD,
y 3 \ 3 )
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hexarmethonium (FHIM?"), choline [Me;NCH,CHLOH[™ | trimethylpropylammonium,
tetramethylammonium (TMA™), tetraethylammonium (TEA"), tetrapropylammonium (TPA™)
and mixtures thereof, “r” 1s the mole ratio of R to P and has a value ot 0.2 t0 3.0, “p” 1s the
weighted average valence of R and varies from | to 2, M is an alkali metal suchas Li", Na’,
K', Rb" and Cs™ and mixtures thereof, “m” is the mole ratio of M to P and varies from 0.2 to
3.0, E is a trivalent element selected from the group consisting of aluminum and gallium and

2}

mixtures thereof, “x” 15 mole ratio of E to P and varies from 1.25 t0 4.0, “y” 1s the mole ratio

~.

of Si to P and varies from 03010 4.5, "y > “X” - 1, and “2” ts the mole ratio of Oto P and

has a value determined by the equation:
z=(m+pert+t3ex+5+4ey)/2

and 1s characterized in that it has the x-ray diffraction pattern having at least the d-spacings

and intensities set forth in Table A
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Table A
28 d(A) 1%
7.77-7.64 11.37-11.50 Vs
9.68-954 9.13-9.26 W - m
11.79-11.59 7.50-7.63 W~ m
13.47-13.24 6.57-6.68 m
14.11-13.91 0.27-6.306 W~ m
15.53-1532 370 -5.78 W~ m
16.62 - 16.37 533-541 W
17.90-17.69 4.95-5.01 w
19.54 - 19.28 454 -4.60 m -vs
20.59-20.17 431 -4.40 m-3
21.39-21.14 4.15-420 W - m
23.33-23.08 3.81-3.85 m-3
2371 -23.45 3.75-3.79 m-vs
24.89 - 24.57 3.575-3.62 m-s
27.00 - 26.67 3.30-334 W - m
27.25-2691 3.27-331 w-m
28.13 -27.77 3.17-321 W - m
28.40 - 28.04 3.14-318 W~ m
30.54 -30.22 2925 -12955 W
31.25-3092 2.86-2.89 m-vs
31.48-31.14 2.84-2.87 m-vs
31.82-31.48 2.81-2.84 W - m
33.80 - 33.41 2.65-2.68 w
3589 -35.60 2.50-2.52 W - m
36.12-3589 2.485-2.50 W~ m
40.89 - 40.51 2.205-2225 W
42.72 - 42.30 2115 -2.135 w
43.04 - 42.65 2.10-2.118 W
43.47 - 43.04 2.08-2.10 w
49.64 - 4921 1.835-1.85 W
51.44-51.13 1775 - 1.785 w-m
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the process comprising forming a reaction mixture containing reactive sources of R, E, P, M
and Si, and heating the reaction mixture at a temperature of 60°C to 200°C for a time
sufficient to form the silicometallophosphate molecular sieve, the reaction mixture having a
composition expressed in terms of mole ratios of the oxides of:

aR;,/pO X bk/b@ X E705 . CP205 X ﬁSlO} X QHQO

where “a” has a value of 2.5 10 20, “b” has a value of 0.125 10 1.5, “¢” has a value of 2 10 8, “d”

has a value of 1 to 8, and “¢” has a value from 50 to 1000

7. The process of claim 6 where the initial reaction mixture is a clear solution before
digestion.

; . . N N N .t + + +
8. The process of claim 6 where M 1s selected from the group consisting of L7, Na', K,

Rb™ and Cs™ and mixtures thereof.

9. The process of claim 6 where the source of M 1s selected from the group consisting of

halide salts, nitrate salts, acetate salts, sulfate salts, hydroxide salts and mixtures thereof

10. A hydrocarbon conversion process comprising contacting a hydrocarbon stream with
a catalyst at hydrocarbon conversion conditions to generate at least one converted product,
wherein the catalyst is selected from the group consisting of a crystalline microporous SAPO-
79 material, a crystatline microporous modified SAPO-79 material, a crystalline microporous
calcined SAPO-79 material and mixtures thereof, where SAP(O-79 15 a crystalline
microporous silicometallophosphate having a three-dimensional framework of [EQy»] and
[POy»]" and SiQyy, tetrahedral units and an ernpirical composition in the as synthesized form
and anhydrous basis expressed by an empirical formula of:

RP" M, ExPSi,0,

where R is an organoammonium cation selected from the group consisting of
diethyldimethylammonium (DEDMA™), ethyltrimethylammonium (ETMA™),
hexamethonium (HM™ ), choline [Me;NCH,CH,OH} | trimethylpropylammonium,
tetramethylammonium (TMA"), tetragthylammonium {TEA™), tetrapropylammonium {(TPA)
and mixtures thereof, “r” is the mole ratio of R to P and has a value of 0.2 10 3.0, “p” is the
weighted average valence of R and varies from T to 2, M is an alkali metal such as Li", Na',
K', Rb" and Cs™ and mixtures thereof, “m” is the mole ratio of M to P and varies from 0.2 to

3.0, E 15 a trivalent element selected from the group consisting of aluminum and gallium and
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mixtures thereof, “x” is mole ratio of E to P and varies from 1.25t0 4.0, “y” 1s the mole ratio
of Si to P and varies from 03010 4.5, “y” > “x” - 1, and “z” is the mole ratio of O to P and

P
J

has a value determined by the equation:
z={m+per+t3ex+5+4ey)2

and is characterized in that it has the x-ray diffraction pattern having at least the d-spacings

and intensities set forth in Table A

i
EaN
L

H



WO 2017/151875
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Table A
20 d(A) V1%
777 - 7.64 1137-11.56 Vs
9.68 - 9.54 9.13-9.26 w-m
11.79-11.59 7.50 - 7.63 W-m
13.47 - 13.24 6.57 - 6.68 m
14.11-13.91 627 - 6.36 W - m
15.53-15.32 5.70-5.78 W-m
16.62 - 16.37 533-541 W
17.90 - 17.69 495 - 5.01 W
19.54 - 19.28 4.54 - 4.60 M -vs
20.59-20.17 431-4.40 m-s
2139-21.14 4.15-4.20 W - m
23.33-23.08 3.81-3.85 m-s
23.71 - 23.45 3.75-3.79 m - VS
24.89 - 24.57 3.575-3.62 m - §
27.00 - 26.67 3.30-3.34 w-m
27.25-26.91 3.27-3.31 w-m
2813 -27.77 3.17-3.21 w-m
28.40 - 28.04 3.14-3.18 W-m
30.54 -30.22 2,925 -2.955 w
31.25-30.92 2.86-2.89 m - vs
31.48-31.14 2.84 -2.87 m - Vs
31.82-31.48 2.81-2.84 W - m
33.80 - 33.41 2.65 - 2.68 w
3589 - 35.60 2.50-2.52 W - m
36.12 - 35.89 2.485 - 2.50 W - m
40.89 - 40.51 2.205-2.225 W
42.72 - 42.30 2.115-2.135 w
43.04 - 42.65 2.10-2.118 W
4347 - 43.04 2.08-2.10 w
49.64 - 4921 1.835-1.85 W
51.44-51.13 1.775 - 1.785 w-m

the crystaliine microporous modified SAPO-79 consists of a three-dimensional framework of

[EO4,1 and [PO4»] and SiOy, tetrahedral units derived from SAPO-79 via the modification
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processes of calcination, aromonia calcination, ion-exchange, steaming, various acid
extractions, ammonium hexafluorosilicate treatment, or any combination thereof, while
crystalline microporous calcined SAPO-79 consists of a three-dimensional framework of
[EQy»1 and [POy, ] and 8i0y,, tetrahedral units derived from SAP(O-79 via calcination and is
characterized in that it has the x-ray diffraction pattern having at least the d-spacings and

intensities set forth in Table B:

Table B
20 d(A) V%
7.81-7.67 11.31-11.52 Vs
9.78 - 9.61 9.04 -9.20 W~ m
11.87-11.68 745757 w-m
13.53-13.28 6.54 - 6.66 m-s
14.20 - 13.98 6.23 -6.33 w
15.62- 1534 5.67-577 w
16.65 - 16.43 532-539 W
19.62 - 19.32 452459 W - m
20.69 - 2031 429437 W-m
21.5-21.14 413-420 w
23.45-23.14 3.79-3.84 W~ m
3.80-23.55 3.735-3.775 w-m
25.03 - 24.75 3.555 -3.595 W~ m
27.08 - 26.79 3.29-3.325 W - m
27.38-27.08 3.255-3.29 w - m
28.22-27.9 3.16-3.195 W - m
28.49-2822 3.13-3.16 w - m
30.65 - 30.33 2.915-2.945 w
31.36-30.97 2.85-2.885 W~ m
31.59-31.31 2.83-2.855 w-m
31.94-31.53 2.80-2.835 W~ m
33.60-33.22 2.665 - 2.695 W
36.04 -35.6 249.252 w
36.34 - 35.89 2.47-2.50 W-m
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