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SYNTHESIS QOF MSE-FRAMEWORK TYPE MOLECULAR SIEVES

FIELD OF THE INVENTION
[0001] This mvention relates to the synthesis of crystalline molecular sieves of
the MSE framework-type, such as MCM-68, and to their usc in organic

CONVErSION pProcesscs.

BACKGROUND OF THE INVENTION

10002] MCM-68 15 a single crystalline phase molecular sieve material which
has a uniquc 3-dimensional channcl structurc comprising onc 12-membered ring
channel system and two 10-membered ring channel systems, in which the channels
of cach system extend perpendicular to the channels of the other systems and in
~whuch the 12-ring channels are generally straight and the 10-ring channels are
tortuous (sinusoidal), The framework structure of MCM-68 has becen assigned
code MSE by the Structure Commission of the International Zeolite Association.
[0003] The composition and characterizing X-ray diffraction pattern of MCM-
08 arc disclosed in U.S. Patent No. 6,049,018, which also describes the synthesis
of the molecular sicve in the presence of a structure directing agent comprising the

N,N,N', N'-tetraecthylbicyclo[2.2.2]oct-7-ene-2,3:5,6-dipyrrolidinium dication.
[0004] U.5. Patent No. 6,049,018 cxcmplifies the use of MCM-68 as a catalyst

(n aromatic alkylation and transalkylation reactions. In addition, U.S. Patent No.
7,198,711 discloses that MCM-68 shows activity in the catalytic cracking of
hydrocarbon feedstocks to produce an enhanced yield of butylenes and isobutene,
with the MCM-68 either being the primary cracking catalyst or an additive
componcent in conjunction with a conventional large pore cracking catalyst, such
as zeolite Y. .

10005} The commercial development of MCM-68 has been hindered by the
high cost of the N,N,N',N'-tetracthylbicyclo[2.2.2]oct-7-ene-2,3:5,6-

dipyrrolidinium dication structurc directing agent required in U.S. Patent No.
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6,049,018 for 1ts synthesis and hence there has been significant interest in finding
alternative, less expensive structure directing agents for the synthesis of MCM-68.
[0006] In U.S. Patent Application Publication No. 2009/0318696, it 1s stated
that 1,1-dialkyl-4-cyclohexylpiperazin-1-ium cations and 1,1-dialkyl-4-
alkylcyclohexylpiperazin-1-tum cations are effective as structure directing agents
in the synthesis of MCM-68. U.S. Patent Application Publication No.

2009/03 18696 describes the use of MCM-68 seeds 1n the synthesis of MCM-68.
[0007] UZM-35 can have some similarities in structure to MSE framework
type materials 1n general, and to MCM-68 1n particular. U.S. Patent Application
Publication No. 2010/0081775 discloses a method for synthesizing UZM-35 using
simpler, singly-charged cations. This reference, however, does note that UZM-35
has a unique x-ray diffraction pattern, different from MCM-68.

[0008] According to the present invention, 1t has now been found that
relatively simple cations described herein can be effective as structure directing
agents 1n the synthesis of MCM-68. Furthermore, 1t has been found that MCM-68

can bc prcparcd with many of these cations 1n sceded preparations.

SUMMARY OF THE INVENTION

[0009] In one aspect, the present invention relates to a method of synthesizing
a crystalline molecular sieve having an MSE framework type, the method
comprising crystallizing a reaction mixture comprising a source of water, a source
of an oxide of a tetravalent element, Y, selected from at least one of silicon, tin,
titanium, vanadium, and germanium, optionally a source of a trivalent clement, X,
a sourcc of an alkali or alkalinc carth mctal, M, and a sourcc of a first organic

cation, Q1, having one or both of the two following general structures:

R11 R12

N

Re Re i
\% / R, 10

Oor
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where A 18 a >CR 3R 14 group, a >C=0 group, or an >0 group, where R, R», Ra,
R4, R7, Rg, Ro, and Ry are each independently hydrogen, a hydroxyl group, or a

C1-Cs hydrocarbon chain, where R 3 and R 14 are each independently hydrogen or
a C1-C5 hydrocarbon chain, where Rs, Rg, R, and R, are each independently a
C1-Cs hydrocarbon chain, and where one of the Rs and Rg groups can alternately
be connected to one of the R ;3 and R4 groups to form a C;-Cs hydrocarbon

linking moiety.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Figurc 1 shows an array of powdcr x-ray diffraction (XRD) traccs from
seeded preparations with N-methyl-N-butylpyrrolidintum cation as the structure
directing agent, at various Si/Al molar ratios, and a comparison to a powder XRD
trace from a comparative sample.

[0011] Figure 2 shows scanning electron microscopy (SEM) images of the
product from the preparation of Example 35.

[0012] Figure 3 shows a powder x-ray diffraction (XRD) trace of the product
from Example 64.

[0013] Figure 4 shows scanning electron microscopy (SEM) images of the
product from the preparation of Example 64.

[0014] Figure 5 shows a powder x-ray diftraction (XRD) trace of the product
from Example 66.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0015] Described herein 1s a method of synthesizing a crystalline molecular
sieve having the MSE framework type, such as MCM-6§, using cyclic ammonium
cations as (one¢ of) the structure directing agent(s). Also described herein is the
use of the calcined form of the resultant MSE framework type crystalline
molecular sieve as a catalyst in organic conversion reactions, such as m aromatic
alkylation and transalkylation reactions and in the catalytic cracking of
hydrocarbon feedstocks.

[0016] MCM-68 18 a synthetic porous single crystalline phase material that has

a uniquc 3-dimensional channcl systcm comprising onc 12-membered ring
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channel system and two 10-membered ring channel systems, in which the channels
of cach system extend perpendicular to the channels of the other systems and 1n
which the 12-ring channels are generally straight and the 10-ring channels are
generally tortuous (sinusoidal). The framework structure of MCM-68 has been
assigned code MSE by the Structure Commission of the International Zeolite
Association.

[0017] In 1ts calcined form, MCM-68 has an X-ray ditfraction (XRD) pattern
which 1s distinguished from the patterns of other known as-synthesized and/or

thermally treated crystalline materials by the lines listed 1n Table 1 below.

Table 1.

d(A) Relative Intensity [100 x I/I,,]
13.60 +/- 0.39 S
13.00 +/- 0.37 VS
10.92 +/- 0.31 M
10.10 +/- 0.29 M
9.18 +/- 0.26 VS
8.21 +/- 0.23 %%
4.58 +/- 0.13 %%
4.54 +/-0.13 %Y
4.45 +/-0.13 VW - W
4.32+/-0.12 VW
4.22 +/-0.12 VW
4.10 +/- 0.12 VS
4.05 +/- 0.11 M
3.94 +/-0.11 M
3.85+/-0.11 M
3.80 +/-0.11 VW
3.40 +/- 0.10 W
3.24 +/- 0.0 W
2.90 +/- 0.08 VW

[0018] Though described as d-spacings herein, the peaks observed in XRD
spectra have maxima in intensity, and the peak maxima correspond to the d-
spacing “‘lines” listed herein. These X-ray diffraction data were collected with a
Bruker D8 Discover diffraction system using Cu-Ka radiation and equipped with a
Gobel mirror and HI-STAR area detector. The XRD spectra were recorded by

measuring the diffraction pattern in two frames, the first frame from about 4° to

about 20° 20, and thc sccond from about 20° to about 36° 20. Thc two-

dimensional diffraction patterns were integrated and converted to 1-dimensional
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plots of 20 versus intensity using the Bruker GADDs software. The interplanar
(d-) spacings were calculated in Angstrom units, and the relative intensities of the
lines, I/1,, adjusted as percentages of the intensity of the strongest line, I, above
background, were derived with the use of Materials Data, Inc., Jade software peak
search algorithm. The intensities were uncorrected for Lorentz and polarization
cttects. The relative intensities are given 1n terms of the symbols VS = very strong
(80-100%), S = strong (60-80%), M = medium (40-60%), W = weak (20-40%),
and VW = very weak (0-20%). It should be understood that diffraction data listed
for these samples as single lines may consist of multiple overlapping lines which
under certain conditions, such as differences in crystallographic changes, may
appear as resolved or partially resolved lines. Typically, crystallographic changes
can include minor changes 1n unit cell parameters and/or changes 1n crystal
symmetry, without a corresponding change 1n the structure. These minor effects,
including changes in relative intensities, can additionally or alternately occur as a
result of differences 1n cation content, framework composition, naturc and degree
of pore filling, crystal size and shape, preferred orientation, and thermal and/or
hydrothermal history, inter alia.

[0019] The structure of MCM-68 1s further discussed 1n U.S. Patent No.
7,198,711 and 1n the Journal of Physical Chemistry B, 110, 2045 (2006).

0020] MCM-68& has a chemical composition involving the molar relationship:
X703:(n)YO,, wherem X 1s a trivalent element selected from at least one of
aluminum, boron, gallium, iron, and chromium, preferably at least including
aluminum; Y 1s a tetravalent element selected from at least one of silicon, tin,
titantum, vanadium, and germanium, preferably at least including silicon; and n 1s
at Icast about 4, such as from about 4 to about 100,000, and can typically bc from
about 10 to about 1000, for example from about 10 to about 100.

[0021] MCM-68 1s generally thermally stable and, in the calcined form, can
exhibit a relatively high surface area (e.g., about 660 m*/g with micropore volume

of about 0.21 cc/g) and significant hydrocarbon sorption capacity, e.g.:

n-Hexane sorption at ~75 torr, ~90°C - ~10.8 wth
Benzene sorption at ~75 torr, ~30°C - ~18.8 wt%



CA 2851798 2017-04-27

_6 -
2, 2-Dimcthylbutanc sorption at ~60 torr, ~120°C - ~11.0 wi%
Mesitylene sorption at ~2 torr, ~100°C - ~3.3 wt%.

[0622] In its active, hydrogen form, MCM-68 can exhibit a relatively high acid
activity, with an Alpha Valuc of about 900 to about 2000. Alpha Valuc 1s an
approximate mdication of the catalytic cracking activity of the catalyst compared
to a standard catalyst, and it gives the relative rate constant (rate of normal hexane
conversion per volume of catalyst per unit time). It is based on the activity of
stlica-alumina cracking catalyst taken as an Alpha of 1 (Rate Constant = 0.016
Scc"l). The Alpha Test 1s described in U.S. Pat. No. 3,354,078; and in the Journal
of Catalysis, 4, 527 (1965); 6, 278 (1966); and 61, 395 (1980)

The experimental conditions of the test '

used herein include a constant temperaturc of ~538°C and a variable flow ratc, as
'”described in detail in the Journal of Catalysis, 61, 395 (1980).

[0023] As disclosed in U.S. Patent No. 6,049,018, MCM-68 has previously
been synthesized using N,N,N'N'-tetraethylbicyclo[2.2.2]oct-7-ene-2,3:5,6-
dipyrrolidinium dicattons as the structure directing agent. However, the high cost
of this structure directing agent has significantly hindered the commecrcial
development of MCM-—68.

[0024] The present method of synthesizing MCM-68 employs as at least a
portion of the structure directing agent cations having one or both of the following

two general structures (collectively Q1):

R'I'l R12
Rs N /Ra N .
10
R1 % R4 R7
OT /

where A 1s a >CR 3R 4 group, a >C=0 group, or an >0 group, where R, Rs, Rz,
R4, R7, Rg, Ry, and Ry arc cach independently hydrogen, a hydroxyl group, or a
C,-Cs hydrocarbon chain, where R ;53 and R4 arc each independently hydrogen or

a C;-Cs hydrocarbon chain, where Rs, R¢, Ry, and Ry are cach independently a
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C1-Cs hydrocarbon chain, and where one of the Rs and Rg groups can alternately
be connected to one of the R 3 and R4 groups to form a C-Cs hydrocarbon
linking moiety.

[0025] Suitable sources of the monocation structure directing agents herein
can include any salts of these monocations that are not detrimental to the
formation of the crystalline material MCM-68, for example, with halides (e.g.,
10dides) and/or hydroxides as counterions. Thus, though the ammonium nitrogen
may not be covalently bonded to any hydroxyl groups, a hydroxyl 1on may be an
appropriate counterion.

[0026] Exemplary single-nitrogen-containing cyclic ammonium monocations
(Q1) can include, but are not limited to, 4,4-dialkyl-piperidinium cations (e.g., 4-
methyl-4-ethyl-piperidinium, 4-methyl-4-propyl-piperidinium, 4-methyl-4-butyl-
piperidinium, 4,4-diethyl-piperidinium, 4-ethyl-4-propyl-piperidinium, 4-ethyl-4-
butyl-piperidinium, and the like, and combinations thercof), N-alkyl-
quinuclidinium cations (e.g., N-methyl-quinuclidinium, 3-hydroxy-N-methyl-
quinuchidinium, and the like, and a combination thereot), 4,4-dialkyl-
morpholintum cations (e.g., 4-methyl-4-ethyl-morpholintum, 4-methyl-4-propyl-
morpholinium, 4-methyl-4-butyl-morpholinium, 4,4-diethyl-morpholinium, 4-
cthyl-4-propyl-morpholinium, 4-ethyl-4-butyl-morpholinium, and the like, and
combinations thereof), 4,4-dialkyl-pyrrolidinium cations (e.g., 4-methyl-4-cthyl-
pyrrolidinium, 4-methyl-4-propyl-pyrrolidinium, 4-methyl-4-butyl-pyrrolidinium,
4,4-diethyl-pyrrolidinium, 4-cthyl-4-propyl-pyrrolidinium, 4-cthyl-4-butyl-
pyrrolidinium, and the like, and combinations thereof), and the like, and
combinations thereof.

[0027] Optionally, a second multiple-nitrogen-containing cation (Q2) can also
bc present as a portion of the structurce dirceting agent for MCM-68 according to
the present invention. Such second cation can include, but 1s not limited to: an
ammonium cation with a hindered piperazine structure having a general formula
similar to (Q1A) but where A 1s an >N-R ;5 group, and where R 5 18 a bulky Cy4-
C 1> hydrocarbon moiety (e.g., a cyclic, branched, and/or hydroxy-functionalized

hydrocarbon moiety); a dual ammonium dication; or a combination thereof.
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[0028] In one embodiment, the dual ammonium dication can have the general
structure: R{-R3-R, where Ry and R, are the same or different, and where R
and/or R, are an N-alkylpiperidinium group of the formula

R 4

| -~

- N“'

(D

or where R and/or R; are a quinuclidinium group of the formula

(1)

where R 1s a polymethylene group of the formula (CH»),, where n 1s from 4 to 6,

or where R 18 a cylcoalkylene group having from 5 to 8 carbon atoms, and where
R4 1s a C{-C4 alkyl group, for example a methyl group.

0029] Additionally or alternately, the dual ammonium dication can be a
bicyclooctene-bis(N,N-dialkylpyrrolidintum) cation, such as N,N,N',N'-
tetraalkylbicyclo[2.2.2]oct-2-ene-5,6:7,8-dipyrrolidinium where each alkyl group
18 independently C-C4 alkyl. When each alkyl group 1s an ethyl moiety, the

structure can be as follows:

g 2

7\

Et
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[0030] Specifically when more than one cation source 1s used 1n the structure
directing agent composition, the molar ratio of single-nitrogen-containing cyclic
ammonium (first) monocation to second multiple-nitrogen-containing cation can
be at least about 1:9, e.g., at least about 1:7, at least about 1:5, at least about 1:4, at
least about 1:3, at least about 1:2, at least about 1:1, at least about 3:2, at least
about 2:1, at least about 5:2, at least about 3:1, at least about 4:1, at least about
5:1, at least about 7:1, at least about 9:1, at least about 19:1, or at least about 49:1.
Additionally or alternately, when more than one cation source is used in the
structure directing agent composition, the molar ratio of cyclic ammonium (first)
cation to second cation can be about 999:1 or less, about 499:1 or less, about
199:1 or less, about 99:1 or less, about 49:1 or less, about 19:1 or less, about 9:1
or less, about 7:1 or less, about 5:1 or less, about 4:1 or less, about 3:1 or less,
about 2:1 or less, or about 1:1 or less.

[0031] Suitable sources of the dual ammonium cation structure directing
agents herein can include any salts of these dual ammonium cations that are not
detrimental to the formation of the crystalline material MCM-68, for example,
with halides (e.g., 10dides) and/or hydroxides as counterions.

[0032] In the present method, a reaction mixture 1s produced comprising a
source of water, a source of an oxide of a tetravalent element, Y, selected from at
least one of silicon, tin, titanium, vanadium, and germanium, a source of an oxide
of trivalent clement, X, sclccted from at Icast onc of aluminum, boron, gallium,
iron, and chromium, a source of an alkali or alkaline earth metal, M, together with
a source of Q1 cations and optionally a source of Q2 cations (with Q herein
representing all structure directing cations, Q1+Q2). Generally, the composition
of the reaction mixture can be controlled so that the molar ratio Q/YO» 1n said
rcaction mixturc 18 1n the range from about 0.01 to about 1, e.g., from about 0.03
to about 0.7, from about 0.05 to about 0.5, or from about 0.07 to about 0.35.
Additionally or alternately, the composition of the reaction mixture can be
controlled by selecting one or more of the following molar ratios: YO,/X50:
from about 4 to about 200, e.g., from about 4 to about 150, from about 4 to about
120, tfrom about 4 to about 100, from about 4 to about 80, from about 6 to about
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200, from about 6 to about 150, from about 6 to about 120, from about 6 to about
100, from about 6 to about 80, from about & to about 200, from about 8 to about
150, from about & to about 120, from about 8 to about 100, from about 8 to about
80, from about 12 to about 200, from about 12 to about 150, from about 12 to
about 120, from about 12 to about 100, from about 12 to about 80, from about 15
to about 200, from about 15 to about 150, tfrom about 15 to about 120, from about
15 to about 100, from about 15 to about 80, from about 18 to about 200, from
about 18 to about 150, from about 18 to about 120, from about 18 to about 100, or
from about 18 to about 80; H,O/Y O, from about 5 to about 200, e.g., from about
5 to about 150, from about 5 to about 100, from about 5 to about 50, from about 5
to about 35, from about 10 to about 200, from about 10 to about 150, from about
10 to about 100, from about 10 to about 50, from about 10 to about 35, from about
14 to about 200, from about 14 to about 150, from about 14 to about 100, from
about 14 to about 50, from about 14 to about 35, from about 18 to about 200, from
about 18 to about 150, from about 18 to about 100, from about 18 to about 50, or
from about 18 to about 35; OH/YO, from about 0.05 to about 1, e.g., from about
0.05 to about 0.85, from about 0.05 to about 0.75, from about 0.05 to about 0.65,
from about 0.15 to about 1, from about 0.15 to about 0.85, from about 0.15 to
about 0.75, from about 0.15 to about 0.65, from about 0.25 to about 1, from about
0.25 to about 0.83, from about 0.25 to about 0.75, or from about 0.25 to about
0.65; and M/YO» from about 0.05 to about 2, e.g., from about 0.05 to about 1.5,
from about 0.05 to about 1.2, from about 0.05 to about 0.9, from about 0.05 to
about 0.7, from about 0.05 to about 0.60, from about 0.10 to about 2, from about
0.10 to about 1.5, from about 0.10 to about 1.2, from about 0.10 to about 0.9, from
about 0.10 to about 0.7, from about 0.10 to about 0.60, from about 0.15 to about 2,
from about 0.15 to about 1.5, from about 0.15 to about 1.2, from about 0.15 to
about 0.9, from about 0.15 to about 0.7, from about 0.15 to about 0.60, from about
0.20 to about 2, from about 0.20 to about 1.5, from about 0.20 to about 1.2, from
about 0.20 to about 0.9, from about 0.20 to about 0.7, or from about 0.20 to about
0.60. It should be noted that, although molar ratios of OH /YO, are used

throughout this description, it should be understood that such molar ratios are
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meant to encompass whatever the chemical nature of the non-detrimental
counterions of M and Q, and arec only expressed herein as OH/Y O, because
hydroxyl counterions were specifically used. Similarly, where specific examples
of Y, X, M, and Q are mentioned herein in molar ratios, their ranges should be
understood to extend generically to the variable, unless expressly disclaimed, and
not necessarily merely limited to the individual species of the variable genus.
[0033] In certain embodiments, the reaction mixture can have a composition,

in terms of mole ratios of oxides, within all of the following ranges:

Rcactants Usctul Prcferred
Y0,/X,03 ~4 to ~200 ~8 to ~120
H,O/YO, ~5 to ~200 ~14 to ~50
OH/YO; ~0.05 to ~1 ~0.15 to ~0.75
M/Y O, ~0.05 to ~2

~0.10 to ~0.90

QYO ~0.01 to ~1 ~0.03 to ~0.7

[0034] The reaction mixture can also optionally (but typically) comprise seeds
of MSE framework type molecular sieve, such as MCM-68, for example, such that
the weight ratio of seeds/Y O, 1n the reaction mixture can be between about 0.001
and about 0.3, such as between about 0.01 and about 0.08 or between about 0.01
and about 0.05. However, such seeds may not be necessary and may be
specifically omitted in certain embodiments.

[0035] The tetravalent element, Y, may comprise or be silicon, the trivalent
element, X, may comprise or be aluminum, and the alkali or alkaline earth metal,
M, may compris¢ at least on¢ of sodium and potassium. When the alkali or
alkaline earth metal, M, comprises potassium, the molar ratio of Na to the total
metal M may be from 0 to about 0.9, for example, from 0 to about 0.5. Thus, 1n
certain embodiments, the alkali or alkaline earth metal can comprise substantially
no sodium (e.g., less than 5 wt% of M can be sodium, such as less than 3 wt%,
less than 1 wt%, less than 0.5 wt%, less than 0.3 wt%, less than 0.1 wt%, less than

0.05 wt%, or 0 wt%); additionally or alternately, the reaction mixture may
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comprise no added sodium (i.e., though some sodium may be present as an
1impurity in one or more of the reaction mixture mngredients, no component 1S
added specifically to introduce sodium to the reaction mixture — e.g., though
potassium hydroxide may contain some sodium hydroxide impurity, no sodium
hydroxide 1s added).

[0036] Suitable sources of silicon oxide that can be used to produce the
reaction mixture described above can include, but are not limited to, colloidal
silica, precipitated silica, potassium silicate, sodium silicate, fumed silica, and the
like, as well as combinations thereof. Suitable sources of aluminum oxide can
include, but are not limited to, hydrated aluminum oxides, such as boehmite,
g1bbsite, and pseudobochmite, especially gibbsite, as well as oxygen-containing
aluminum salts, such as aluminum nitrate, and the like, as well as combinations
thereof. Suitable sources of alkali metal can include sodium and/or potassium
hydroxide.

[0037] Irrespective of the source of the structure directing agent(s), when the
reaction mixture has been prepared, crystallization to produce the desired MCM-
68 can be conducted under either static or stirred conditions in a suitable reactor
vessel, such as for example, polypropylene jars or stainless steel autoclaves
optionally lined with Teflon®, e.g., at a temperature between about 100°C and
about 200°C for up to about 28 days, such as at a temperature between about
145°C and about 175°C for about 24 hours to about 170 hours. Thereafter, the
crystals can be separated from the liquid and recovered.

[0038] The product of the synthesis reaction can advantageously comprise or
be a crystalline molecular sieve having the MSE framework type and containing
within 1ts pore structure the structure directing agent(s) described herein. The
resultant as-synthesized material can have an X-ray diffraction pattern
distinguishable from the patterns of other known as-synthesized or thermally
treated crystalline materials.

[0039] As-synthesized crystalline molecular sieve containing structure
directing agent(s) within 1ts pore structure can normally be activated before use 1n

such a manner as to substantially remove the structure directing agent(s) from the
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molccular sicve, leaving active catalytic sites within the microporous channcls of
the molecular sicve open for contact with a feedstock. The activation process can
typically be accomplished by heating the molecular sicve at a temperature from
about 200°C to about 800°C for an appropriate period of time in the presence of
an oxygen-containing gas. Alternatcly, activation can be accomplished (e.g., the
SDA effectively removed) by exposure to ozone at temperatures below about
500°C, e.g., about 300°C or less, for instance as disclosed in A.N. Parikh ef al.,
“Non-thermal calcination by ultraviolet irradiation in the synthesis of microporous

materials,” Micropor. & Mesopor. Mat'ls, vol. 76(1-3), Dec. 2004, pp. 17-22.

(0040] To the extent desired, the original alkali (and/or alkaline earth) cations
of the as-synthesized material can be replaced in accordance with techniques well
“known in the art, at lcast in part, e.g., by ion cxchange with other cations, which
can include, but are not limited to, metal ions, hydrogen ions, hydrogen ion
precursors, e.g., ammontum 1ons, and the like, and mixtures thereof. Particularly
preferred exchange cations, when present, can include those that can tailor the
catalytic activity for certain hydrocarbon conversion reactions (e.g., hydrogen, rarc
carth metals, and metals of Groups 3, 4, 5,6, 7, 8,9, 10, 11, 12, and 13 of the
Periodic Table of the Elements; when the cations are alkali metal cations, the
exchange cations can additionally or alternately include alkaline earth, or Group 2,
mctals).
[0041] The crystalline molecular sicve produced by the present process can be
used to catalyze a wide variety of organic compound conversion Processcs
including many of present commercial/industrial importance. Examples of
chemical conversion processes effectively catalyzed by the crystalline material of
this invention, by itself or in combination with onc or morc other catalytically
active substances including other crystalline catalysts, can include those requiring
a catalyst with acid activity. Specific examples can include, but are not limited to:
(a) alkylation of aromatics with short chain (C,-Cg) olefins, e. g.,
alkylation of cthylenc or propylenc with benzence to produce cthylbenzene or

cumene respectively, in the gas or liquid phase, with rcaction conditions optionally
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including on¢ or more of a temperature from about 10°C to about 250°C, a
pressure from about 0 psig to about 500 psig (about 3.5 MPag), a total weight
hourly space velocity (WHSV) from about 0.5 hr™' to about 100 hr™', and an
aromatic/olefin mole ratio from about 0.1 to about 50;

(b) alkylation of aromatics with long chain (C1-C,p) olefins, in the gas or
liquid phase, with reaction conditions optionally including one or more of a
temperature from about 250°C to about 500°C, a pressure from about 0 psig to 500
psig (about 3.5 MPag), a total WHSV from about 0.5 hr™' to about 50 hr™', and an
aromatic/olefin mole ratio from about 1 to about 50;

(¢) transalkylation of aromatics, in gas or liquid phase, e.g., transalkylation
of polyethylbenzenes and/or polyisopropylbenzenes with benzene to produce
cthylbenzene and/or cumene respectively, with reaction conditions optionally
including one or more of a temperature from about 100°C to about 500°C, a
pressure from about 1 psig (about 7 kPag) to about 500 psig (about 3.5 MPag), and
a WHSV from about 1 hr' to about 10,000 hr':

(d) disproportionation of alkylaromatics, e.g., disproportionation of
toluene to produce xylenes, with reaction conditions optionally including one or
more of a temperature from about 200°C to about 760°C, a pressure from about 1
atm (about 0 psig) to about 60 atm (about 5.9 MPag), a WHSV from about 0.1 hr
to about 20 hr™', and a hydrogen/hydrocarbon mole ratio from 0 (no added
hydrogen) to about 50;

(¢) dcalkylation of alkylaromatics, e.g., dccthylation of cthylbenzence, with
reaction conditions optionally including one or more of a temperature from about
200°C to about 760°C, a pressure from about 1 atm (about 0 psig) to about 60 atm
(about 5.9 MPag), a WHSV from about 0.1 hr' to about 20 hr’', and a hydrogen to
hydrocarbon mole ratio from 0 (no added hydrogen) to about 50;

(f) 1somcrization of alkylaromatics, such as xylencs, with rcaction
conditions optionally including one or more of a temperature from about 200°C to
about 540°C, a pressure from about 100 kPaa to about 7 MPaa, a WHSV from
about 0.1 hr™' to about 50 hr™', and a hydrogen/hydrocarbon mole ratio from 0 (no
added hydrogen) to about 10;
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(g) reaction of paraffins with aromatics, e.g., to form alkylaromatics and
light gases, with reaction conditions optionally including one or more of a
temperature from about 260°C to about 375°C, a pressure from about 0 psig to
about 1000 psig (about 6.9 MPag), a WHSV from about 0.5 hr' to about 10 hr™,
and a hydrogen/ hydrocarbon mole ratio from 0 (no added hydrogen) to about 10;

(h) paraffin isomerization to provide branched paraffins with reaction
conditions optionally including one or more of a temperature from about 200°C to
about 315°C, a pressure from about 100 psig (about 690 kPag) to about 1000 psig
(about 6.9 MPag), a WHSV from about 0.5 hr' to about 10 hr™', and a hydrogen to
hydrocarbon mole ratio from about 0.5 to about 10;

(1) alkylation of 1so-paraffins, such as 1sobutane, with olefins, with
reaction conditions optionally including one or more of a temperature from about
-20°C to about 350°C, a pressure from about 0 psig to about 700 psig (about 4.9
MPag), and a total olefin WHSV from about 0.02 hr'' to about 10 hr™';

(1) dewaxing of paraffinic feeds with reaction conditions optionally
including one or more of a temperature from about 200°C to about 450°C, a
pressure from about 0 psig to about 1000 psig (about 6.9 MPag), a WHSV from
about 0.2 hr™ to about 10 hr™', and a hydrogen/hydrocarbon mole ratio from about
0.5 to about 10;

(k) cracking of hydrocarbons with reaction conditions optionally including
on¢ or more of a temperature from about 300°C to about 700°C, a pressure from
about 0.1 atm (about 10 kPag) to about 30 atm (about 3 MPag), and a WHSV from
about 0.1 hr'! to about 20 hr'';

(I) 1somerization of olefins with reaction conditions optionally including
on¢ or more of a temperature from about 250°C to about 750°C, an olefin partial
pressure from about 30 kPa to about 300 kPa, and a WHSV from about 0.5 hr to
about 500 hr'l; and

(m) a hydrocarbon trap (e.g., pre-catalytic converter adsorbent) for cold

start emissions 1n motor vehicles.
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[0042] As described 1n U.S. Patent No. 7,198,711, MCM-68 may be used as
an additive component in conjunction with a conventional cracking catalyst, such
as a large pore molecular sieve having a pore size greater than about 7 Angstroms.
[0043] As 1n the case of many catalysts, 1t may be desirable to incorporate the
molecular sieve produced by the present process with another material resistant to
thc tcmpceraturcs and othcr conditions cmploycd 1n organic conversion proccsscs.
Such materials can include active and 1nactive materials and synthetic or naturally
occurring zeolites, as well as morganic materials such as clays, silica, and/or metal
oxides such as alumina. The latter may be naturally occurring and/or 1n the form
of gelatinous precipitates/gels including mixtures of silica and metal oxides. Use
of a material in conjunction with the molecular sieve produced by the present
process (i.e., combined therewith and/or present during synthesis of the new
crystal), which 1s active, can tend to change the conversion capability and/or
selectivity of the catalyst in certain organic conversion processes. Inactive
materials suitably tend to serve merely as diluents, e.g., to control the amount of
conversion 1n a given process so that products can be obtained economically and
orderly, for instance without employing too many other means for controlling the
rate of reaction. These inventive materials may be incorporated into naturally
occurring clays, e.g., bentonite and/or kaolin, to improve the crush strength of the
catalyst under commercial operating conditions. Said materials (i.e., clays, oxides,
ctc.) can additionally or alternately function as binders for the catalyst. It can be
desirable to provide a catalyst having good crush strength, because, in commercial
use, 1t can often be desirable to prevent the catalyst from breaking down into
powder-like materials. These clay and/or oxide binders have been employed
normally only for the purpose of improving the crush strength of the catalyst.
[0044] Naturally occurring clays that can bc compositcd with the molccular
sieve produced by the present process can include, but are not limited to, the
montmorillonite and kaolin families, which include the subbentonites and the
kaolins commonly known as Dixie, McNamee, Georgia, and Florida clays and/or
others 1n which the main mineral constituent can be halloysite, kaolinite, dickite,

nacrite, and/or anauxite. Such clays can be used 1n the raw state as originally
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mined and/or 1nitially subjected to calcination, acid treatment, and/or chemical
modification. Binders useful for compositing with the molecular sieve produced
by the present process can additionally or alternately include inorganic oxides,
such as silica, zirconia, titania, magnesia, beryllia, alumina, and mixtures thereof.
[0045] Additionally or alternately, the molecular sieve produced by the present
process can be composited with a porous matrix material such as silica-alumina,
silica-magnesia, silica-zircoma, silica-thoria, silica-berylha, silica-titama, and/or
ternary compositions such as silica-alumina-thoria, silica-alumina-zirconia silica-
alumina-magnesia, and silica-magnesia-zirconia.

[0046] The relative proportions of finely divided crystalline molecular sieve
material and morganic oxide matrix vary widely, with the crystal content ranging
from about 1% to about 90% by weight and more usually, particularly when the
composite 1s prepared in the form of beads or extrudates, ranging from about 2%
to about 80% by weight of the composite.

[0047] Additionally or alternately, the present invention can include one or
morc of the following cmbodiments.

[0048] Embodiment 1. A method of synthesizing a crystalline molecular sieve
having an MSE framework type, the method comprising crystallizing a reaction
mixture comprising a source of water, a source of an oxide of a tetravalent
element, Y, selected from at least one of silicon, tin, titantum, vanadium, and
germanium, optionally a source of a trivalent element, X, a source of an alkali or
alkaline earth metal, M, and a source of a first organic cation, Q1, having one or
both of the two following general structures:

R
R/ 12
N\

e R
10
N R,

R1 R4

or

R, A R, R a

where A 1s a >CR 3R 4 group, a >C=0 group, or an >0 group, where R, R», R3,
R4, R7, Rg, Rg, and Ry are each independently hydrogen, a hydroxyl group, or a
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C1-Cs hydrocarbon chain, where R 3 and R4 are each independently hydrogen or
a C-Cs hydrocarbon chain, where Rs, R¢, R11, and R, arc cach independently a
C1-Cs hydrocarbon chain, and where one of the Rs and Rg groups can alternately
be connected to one of the R 3 and R 4 groups to form a C-Cs hydrocarbon
linking moicty.

[0049] Embodiment 2. The method of embodiment 1, wherein the at least 3 of
the R1-R4 groups or the R7-R 19 groups are hydrogen, and wherein at least one of
the Rs and R¢ groups or at least one of the R{; and R, groups 1s a methyl and/or
cthyl group.

[0050] Embodiment 3. The method of any one of the previous embodiments,
wherem the first organic cation, Q1, comprises or 18 a six-membered nitrogen-
containing ring, A 1s a >CR 3R 14 group, all the R{-R4 and R3-R 14 groups are
hydrogen, and the Rs and R groups together have a number of carbon atoms that
sum to between 2 and 6.

[0051] Embodiment 4. The method of any one of the previous embodiments,
wherem the first organic cation, Q1, compriscs or 18 a six-mcmbcered nitrogen-
containing ring, A 1s an >0 group, all the R{-R4 and R 13-R 14 groups are hydrogen,
and the Rs and R¢ groups together have a number of carbon atoms that sum to
between 2 and 6.

[0052] Embodiment 5. The method of any one of the previous embodiments,
where the first organic cation, Q1, comprises or 1s a six-membered nitrogen-
containing ring, A 1s a >CR 3R 4 group, all but one of the R{-R4 groups arc
hydrogen, the one of the R;-R4 groups that 1s not hydrogen 1s connected to one of
the R13-R 14 groups, forming a bicyclic ring system, and the other of the R 13-R 14
groups 1s a C-Cs hydrocarbon.

[0053] Embodiment 6. The method of any one of the previous embodiments,
wherein the first organic cation, Q1, comprises or 1s a five-membered nitrogen-
containing ring, all the R7-R ¢ groups are hydrogen, and the R;; and R, groups

together have a number of carbon atoms that sum to between 2 and 6.
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[0054] Embodiment 7. The method of any one of the previous embodiments,
wherein said reaction mixture comprises a source of an oxide of trivalent element,
X, selected from at least one of aluminum, boron, gallium, iron, and chromium.
[0055] Embodiment 8. The method of embodiment 7, wherein one or more of
the following are satisfied: a total molar ratio of structure directing agent cation,
Q1, to oxidc of tctravalent clement, Y, 1n said rcaction mixture 1s from about 0.01
to about 1, e.g., from about 0.03 to 0.7; a molar ratio of oxide of tetravalent
element, Y, to oxide of trivalent element, X, in general form YO,/X,03, 1n said
reaction mixture 18 from about 4 to about 200, e.g., from about 8 to about 120; a
molar ratio of water to oxide of tetravalent element, Y, 1n said reaction mixture 1s
from about 5 to about 200, e.g., from about 14 to about 50; a molar ratio of
hydroxyl group concentration to oxide of tetravalent element, Y, 1n said reaction
mixture 18 from about 0.05 to about 1, e.g., from about 0.15 to about 0.75; a molar
ratio of alkali or alkaline earth metal, M, to oxide of tetravalent element, Y, 1n said
reaction mixture 18 from about 0.05 to about 2, e.g., from about 0.10 to about 0.90;
and sccds of an MSE framcwork type molccular sicve arc present in an amount
such that a weight ratio of seeds to oxide of tetravalent element, Y, 1n said reaction
mixture 18 between about 0.001 and about 0.3, e.g., from about 0.01 to about 0.08.
[0056] Embodiment 9. The method of any one of the previous embodiments,
which further comprises a source of a second organic cation, Q2, having the
following general structure: Ri1-R3-R;, where Ry and R, are the same or
different, and where R or R, or both R and R, are an N-alkylpiperidinium group

of the formula

(D

or where R or R; or both Ry and R, are a quinuclidinium group of the formula
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(1)

where Rz 18 an polymethylene group of the formula (CH,),, where n 1s from 4 to 6

(e.g.,18 4 or 5), or where R 18 a cylcoalkylene group having from 5 to 8 carbon
atoms, and where R4 18 an alkyl group having 1 to 4 carbon atoms (e.g., a methyl
group).

[0057] Embodiment 10. The method of any one of the previous embodiments,
which further comprises a source of a second organic cation, Q2, having a
hindered piperazine structure similar to the six-membered ring, Q1, but where A 1s
instead an >N-R 5 group, and where R 5 1s a C4-C 15 cyclic, branched, and/or
hydroxy-functionalized hydrocarbon moiety.

[0058] Embodiment 11. The method of embodiment 10, wherein the first
organic cation, Q1, and the second organic cation, Q2, arc present in the reaction
mixture 1n a molar ratio from about 1:5 to about 99:1.

[0059] Embodiment 12. The method of any one of the previous embodiments,
wherein the tetravalent element, Y, comprises silicon, the trivalent element, X,
comprises aluminum, and the alkali or alkaline earth metal, M, comprises
potassium.

[0060] Embodiment 13. The mcthod of any onc of the previous cmbodiments,
wheremn the alkal or alkaline earth metal, M, comprises substantially no sodium.
[0061] Embodiment 14. A crystalline molecular sieve having an MSE
framework type and containing within its pore structure a single-nitrogen-
containing organic cation, Q1, having on¢ or both of the two following general

structurcs:
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Rs Re N\
@ Ri1o
R, \N/ R, R7
or
R, A R, R R

where A 1s a >CR 3R 14 group, a >C=0 group, or an >0 group, where R, R», R3,
R4, R7, Rg, Ro, and R are cach independently hydrogen, a hydroxyl group, or a
C1-Cs hydrocarbon chain, where R 3 and R4 are each independently hydrogen or
a C,-Cs hydrocarbon chain, where Rs, R¢, R, and R, are each independently a
C,-Cs hydrocarbon chain, and where one of the Rs and Rg groups can alternately
be connected to one of the R 3 and R 4 groups to form a C,-C;s hydrocarbon
linking moicty.

[0062] Embodiment 15. The crystalline molecular sieve of embodiment 14,
whereimn the single-nitrogen-containing organic cation, Q1, compriscs an N.N-
dialkyl-piperidinium cation, an N-alkyl-quinuclidintum cation, an N,N-dialkyl-
morpholinium cation, an N,N-dialkyl-pyrrolidinium cation, or a combination

thereof.

EXAMPLES

[0063] In order to more fully illustrate the nature of the invention and the
manner of practicing same, the following examples are presented.

Examples 1-32. Syntheses of MSE framework material using solely single-
nitrogen ammonium monocations as SDAs

[0064] In Examples 1-32, roughly similar preparations were used to create
rcaction mixturcs for forming MCM-68 matcrials. All of these Examplcs utilized
a total [OH |/S10, molar ratio of about 0.6 (though the molar ratios of the sources
of hydroxyl 10ons, namely Q/S10, and K/S10,, were adjusted so that they added to
a molar ratio of about 0.6) and a H,O/S10, molar ratio of about 25, and were
conducted at about 160°C using about 5-7 wt% ratio of MCM-68 seeds to silica
(seeds originating from crystals made using N,N-dimethyl-N’-cyclohexyl-
piperazinium hydroxide). Ludox™ AS-30 or AS-40, which 1s 30 or 40 wt%
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(respectively) colloidal silica in water and which 1s commercially available from
Aldrich of Milwaukee, WI, was used as the source of YO,/silica. Alcoa™ (C-31
alumina trihydrate was used as the source of X>0O3/alumina. Potassium hydroxide
pellets (88 wt% KOH, remainder water) were used as the source of M/potassium.
In these Examples, aqueous solutions of various Q cations with hydroxide
counterions were used (e.g., from about 0.8 mmol/g to about 2.0 mmol/g). Other
variables, such as the chemical composition of QQ, S1/Al ratio, K/S510,, Q/510,,
and the like, are listed 1n Table 2 below.

[0065] Also included m Table 2 below are the phases that were observed 1n
the product (as analyzed by XRD methods), listed roughly 1n order of highest to
lowest content. Though MCM-68 (MSE) was the target product, a common
impurity phase 1 the observed products was sanidine (orthoclase), which can be
difficult to detect, as its major peaks can tend to overlap, particularly with the mid-
angle peaks of MCM-68. Other impurities can include ZSM-11 (MEL) and IM-5
(IMF) material, which are both more silica-rich than the MCM-68 (and whose
concentration can thus tend to increase as the Si/Al molar ratio mcreases in the
preparations. Still other noted impurities can include erionite (ERI), ferrierite
(FER), ZSM-5 (MFI), mordenite (MOR), ZSM-12 (MTW), nonasil (NON),
offretite (OFF), phillipsite (PHI), potassium hydrogen disilicate (KHS1,05), and
various layered phases.

[0066] The following experimental procedure 1s specific to Example 2.
Similar materials were used 1n differing concentrations to satisfy the recited
variables for Examples 1 and 3-32. Though different exact quantities of cach
reagent may have been used, one of ordinary skill in the art should be able to
envision the specific inputs for Examples 1 and 3-32, based upon the information
given for Example 2 and the differences noted 1n Table 2. It was noted that
Example 8 was conducted without using seeds of MCM-68 material.

[0067] About 4.08 grams of an aquecous solution of N-methyl-N-butyl-
pyrrolidinium hydroxide (~1.10 mmol/g of Q cations and [OH ] counterions) was
added to ~1.57 grams deionized water within a ~23-mL Tetlon cup. About 0.29 g
KOH (88 wt% 1n water) was dissolved 1n the solution, and then ~0.117 grams of
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Alcoa™ (C-31 alumina trihydrate was dissolved in the basic solution by heating to

about 160°C for about 45 minutes 1n a scaled Tetlon container. About 2.25 grams

of Ludox™ AS-40 was then mixed into the solution to create a relatively uniform

suspension. About 0.04 grams of MCM-68 seeds were then added to the

suspension. The Teflon liner was then capped and sealed within a ~23-mL Parr

steel autoclave. The autoclave was then placed 1n an air oven at about 160°C

under tumbling conditions for either 64 hours or 7 days (see Table 2). After

workup of the product (e.g., centrifugation, ~3x wash with deionized water,

drying), powder XRD showed it to be MCM-68 with a minor amount of sanidine

(orthoclase) impurity.

Table 2. Reaction conditions/results seeded preparations to form MCM-68

SDA cation [ Example [ Si/Al (gel) | KOH/S10, [ QOH/S10,| Time Phase(s)
1 ~10 ~0.5 ~0.1 ~64 hrs |ERI, orthoclase
2 ~10 ~0.3 ~0.3 ~7 days [MSL, minor samidine
N-mctiyl-N- MSE, possible minor
bu.ty.l-. 3 ~18 ~0.3 ~().3 ~7 days IME/MEL
pyrrolidinium ,
al ~21 ~0.3 ~0.3 ~7 days |MSE, trace IMF/MEL
5 ~24 ~0.3 ~0.3 ~7 days |MEL, MSE
6 ~10 ~0.5 ~0.1 ~64 hrs |ERI, orthoclase
N-methyll-N- 7 ~10 ~0.3 ~0.3 ~76 hrs |MSE, minor sanidine
ropyl- _—y
b py : 8 ~18 ~0.3 ~0.3 ~5 days |MFI, sanidine
pyrrolidimum —
9 ~18 ~0.3 ~0.3 ~7 days |MFI, sanidine
N-mcthyl-N- 10 ~10 ~0.5 ~0.1 ~3 days |OFF
butyl- MOR, minor MFI,
morpholinium L ~10 e ~0.3 ~3days | inor MSE
MSE, sanidine,
12 ~10 ~0.5 ~0.1 ~7 days |possible minor NON
N-meth}fll-N- and minor layered
PTODYL 13 ~10 ~0.3 ~03 | ~5days |[MOR
morpholmium S HRLO »r
- N N N r 1,5, SAdine,
14 13 0.5 0.1 7 days trace MSE
5 15 0.5 01 7 days L_mdcnuﬁcd densc
N-methyl-N- phase, trace MSE
propyl- 16 ~15 ~0.3 ~0.3 ~7 days |MSE, trace sanidine?
piperidinium 17 ~18 ~0.3 ~0.3 ~5 days |MSE, minor MOR
18 ~21 ~0.3 ~0.3 ~7 days |MSE, minor MOR
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SDA cation | Example | SVAL (gel) [ KOH/S10,| QOH/S10,|  Time Phase(s)
19 ~15 ~0.5 ~0.1 ~7 days pludentlﬁed den.se.
phase, minor sanidine
20 ~15 ~0.3 ~0.3 ~7 days [MSE, trace sanidine
N-mothyl-N-— | 5y 18 03 | ~03 | ~7days | Mot minor MOR
butyl- and sanidine
piperidinium 22 ~21 ~0.3 ~0.3 ~7 days |MSE, minor sanidinc
23 ~24 ~0.3 ~(0.3 ~7 days [MSE, minor layered
MSE, minor
24 ~24 ~0.3 ~0).3 ~7 days MOR-AMEL
N-methyl- 25 ~15 ~0.5 ~0.1 ~7 days |MOR, FER
trihydroxyethyl-
: 26 ~15 ~0.3 ~0.3 ~7 days |MFI
ammonium
N-methyl-N- 27 ~15 ~0.5 ~0.1 ~7 days OFF’ KHSI?OS’
cthyl- minor sanidine
pipcridinium 28 ~15 ~0.3 ~0.3 ~7 days |sanidine
3-hydroxy-N- 29 ~15 ~0.5 ~0.1 ~7 days |KHS1,05, sanidine
methyl- 30 1 0.3 ~0.3 d
quinuclidinium =13 e ’ ~/ days |LRI
N,N-diethyl- 31 ~15 ~0.5 ~0.1 ~7 days |MOR, trace MSE
morpholinium 32 ~15 ~0.3 ~0.3 ~14 days |MOR, MFI

[0068] In Table 2, 1t 1s noted that Examples 2-4, 7, 12, 16-18, and 20-24
rcsulted 1n sufficiently high MSE framcwork typc (MCM-68) product yicld with

sufficiently low impurity yield. It was also noted that the preparations with higher

relative KOH concentration generally yielded aluminum-rich zeolites and/or

minerals such as erionite, offretite, and/or orthoclase/sanidine. Of the structure

directing agents that produced sufficiently high MCM-68 (MSE) yield as a major

phasc (e.g., thc mcthylpropyl and mcthylbutyl dcrivatives of pyrrolidinium and

piperidinium cations), that purity generally tended to occur predominantly with the

lower relative KOH concentrations. There was one interesting exception, however

— the methylpropyl derivative of morpholinium, where the preparation with

relatively high KOH concentration (Example 12) yielded MCM-68 as the major

phasc, whilc the rclatively low KOH concentration (Example 13) yiclded

mordenite (MOR). Because this result was so counter-intuitive and inconsistent

with the results for the other molecules, those Examples were repeated, resulting

in a confirmation of the product observations.

[0069] Because sanidine/orthoclase 1s an aluminum-rich phase, 1t was

hypothesized that 1ts formation could be eliminated and/or minimized by
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decreasing the relative concentration of the source of X. By increasing the S1/Al
molar ratio from about 10 to aboutl8 for the N-methyl-N-butylpyrrolidinium SDA
cation, the sanidine gave way to minor impurities, ZSM-11 (MEL) and/or IM-5
(IMF), that were more silica-rich than the MCM-68. The preparations including
N-methyl-N-propylpyrrolidinum appeared to be even more sensitive; upon
incrcasing the S1/Al molar ratio from about 10 to about 18, the only phascs
observed were ZSM-5 (MFI) and sanidine, which incidentally mirror the phases
observed for product made 1n the absence of seeds. The piperidinium derivatives
appeared to be the most selective of this group — when the S1/Al molar ratios in
these preparations were about 15 or above (e.g., from about 15 to about 21), both
mcthylpropyl and mcthylbutyl varictics yicldecd MCM-68 as thc major phascs.
[0070] For the preparation conditions in these Examples, it seems that S1/Al
molar ratios of about 15 or less (e.g., from about 10 to about 15) yielded MCM-68
product with relatively low levels of impurities. Because impurities like
mordenite, sanidine, and even MFI/MEL can often be difficult to discern in the
powder XRD traces containing MCM-68, the presence of such impurities can
sometimes be difficult to establish. Figure 1 shows powder XRD patterns for a
sequence of products from Examples 20-24 (using N-methyl-N-butylpiperidinium
as the SDA cation) at different S1/Al molar ratios, in comparison to the XRD
pattern of a previously-synthesized MCM-68 preparation using N,N-dimethyl, N’-
cyclohexyl-piperazinium hydroxide as the SDA. In Figure 1, the degree of peak
overlap can make 1t difficult to discern the presence of impurities, but the line
markers near the x-axis represent standard sanidine peaks. The proposed
mordenite (MOR) impurity 1s typically most noticeable by a right shoulder on the
peak around 9.5° 20, while MFI/MEL-type impurities can sometimes be
manifested by a left shoulder on the peak around &° 20.

[0071] It 1s further noted that the length of the alkyl substituent(s) on the
ammonium cation can be¢ an important determinant of product phase purity and/or
selectivity. When the propyl or butyl groups of the piperidinium cations
(Examplcs 15-24) were replaced with an cthyl group (Examplcs 27-28), sanidine
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was the only product observed at the lower potassium concentration and at S1/Al
molar ratio of about 15, compared to primarily MCM-68 (MSE).

[0072] It should be further noted that the preparation of Example 8 was
accomplished without the use of any MCM-68 seeds, and the preparation of
Example 24 was accomplished using the equivalent amount of MCM-68 seeds
originating from th¢ product of Examplc 23, instcad of from the product of the
N,N-dimethyl-N’-cyclohexylpiperazintum SDA cation.

Examples 33-63. Syntheses of MSE using combinations of single-nitrogen
ammonium monocations and other cations as SDAs

[0073] In Examples 33-63, roughly similar preparations were used to create
reaction mixtures for forming MCM-68 materials. All of these Examples utilized
a H,0O/S10, molar ratio of about 28 and a S1/Al molar ratio of about 40, and were
conducted at about 160°C using about 7 wt% ratio MCM-68 seeds to silica (seeds
originating from crystals made using N,N-dimethyl-N’-cyclohexylpiperazinium
hydroxide). Ludox™ AS-30 or AS-40, which 1s 30 or 40 wt% (respectively)
colloidal silica in water and which 18 commercially available from Aldrich of
Milwaukee, WI, was used as the source of YO»,/silica. Aluminum nitrate solution
(about 15 wt% 1n water) was used as the source of X,0Os/alumina. Potassium
hydroxide solution (~18 wt% KOH 1n water) was used as the source of
M/potassium. In these Examples, aqueous solutions of various Q1 cations with
hydroxide counterions were used 1n combination with a single additional Q2
cation (in all cases, N,N-dimethyl-N’-cyclohexyl-piperazinium hydroxide), also in
aqueous solution (e.g., from about 0.8 mmol/g to about 2.0 mmol/g for both Q1
and Q2). Other variables, such as the chemical composition of Q1, the molar ratio
of Q1/Q2, the total [OH ]/S1 molar ratio, the K/S1 molar ratio, the total (Q/S1 molar
ratio, and the like, are listed 1n Table 3 below.

[0074] Also included 1n Table 3 below are the phases that were observed 1n
the product (as analyzed by XRD methods), listed roughly in order of highest to
lowest content. Though MCM-68 (MSE) was the target product, impurity phases
were occasionally observed in the products. Such impurities can comprise, but are

not limited to, erionite (ERI), ferricrite (FER), IM-5 (IMF), ZSM-11 (MEL),
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ZSM-5 (MFI), mordenite (MOR), ZSM-12 (MTW), nonasil (NON), offretite
(OFF), phillipsite (PHI), potassium hydrogen disilicate (KHS1,05), sanidine

(orthoclase), and various layered phases.

[0075]

The experimental procedure for each of Examples 33-63 was similar to

that in Example 2, except the deionized water was first combined with both Q1

and Q2 solutions; then, instead of aluminum trihydrate, the appropriate amount of

aluminum nitrate solution was dissolved therein, followed by the addition of the

silica source and the potassium hydroxide source. Seeds (about 2 mg per about 28

mg S10, from the Ludox™-AS30 silica source) were also included in each

preparation. The respective concentrations of the different components were

calculatcd, bascd on their weight percent contents, to satisty the recited variables

for Examples 33-63. Though different exact quantities of each reagent may have

been used, one of ordinary skill in the art should be able to envision the specific

inputs for these Examples, based upon the information given for Example 2 and

the differences noted herein for Examples 33-63.

Table 3. Reaction conditions/results seeded preparations to form MCM-68

Q1/Q2

Total

Q1 SDA cation [Example ratio Q/S1 | K/S1 OH/Si Days Phase(s)
33 ~3:1 | ~0.30 |~0.30| ~0.60 | ~7 | MCM-68
34 | ~3:1 |~026|~026] ~0.52 | ~7 |MCM-08, minor
amorphous
~20:1
N'mqhylfN'ethyl' 35 (Fig 4) ~0.30 |~0.30( ~0.60 ~7 | MCM-68
piperidinium 36 | ~1:1 |~0.09[~0.26] ~0.35 | ~7 [MCM-68, minor MTW
37 ~9:1 |~0.15]|~0.45] ~0.60 | ~3 | MCM-68, OFF
38 ~1:1 [~0.151~0.45] ~0.60 ~3 | MCM-68, OFF
39 ~20:1 1 ~0.30 [~0.30| ~0.60 | ~3 | MCM-68
4() ~3:1 [ ~0.30 |~0.30 ~0.60 ~7 | MCM-68
41 ~1:1 |~0.15|~0.45| ~0.60 ~7 | MCM-68, minor OFF
42 ~20:1 1 ~0.30 [~0.30| ~0.60 | ~7 | MCM-68, PHI
N-methyl-N-butyl- 43 ~9:1 [ ~0.15|~045| ~0.60 ~3 | MCM-68, OFF
morpholinium 44 ~1:1 [ ~0.15(~0.45| ~0.60 ~3 | MCM-68
45 ~3:1 |~0.30|~0.30] ~0.60 | ~3 | MCM-68
46 ~3:1 [~0.26 |~0.26| ~0.52 ~3 | MCM-68&
47 ~1:1 | ~0.09 [~0.35] ~0.26 ~3 | MCM-6%
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Q1 SDA cation |Example ratio Q/S1 | K/S1 OH/Si Days Phase(s)
48 ~9:1 [~0.13 |~0.39]| ~0.52 ~7 | MCM-68
. _ MCM-68, minor
49 ~3:1 [~0.18 |~0.18 0.35 7 KHSi,0s layered
50 ~20:1 | ~0.30 [~0.30] ~0.60 ~7 | MCM-68, PHI
51 ~9:1 [~0.15~0.45] ~0.60 ~3 | MCM-68, OFF
52 | ~3:1 |~0.26 [~0.26| ~0.52 | ~3 MCM'168’ —
N-methyl-N-butyl- amorphos
rrolidinium ~9:; - ~ ~3 | oo, HHEOT
Py 53 9:1 [~0.13[~0.39] ~0.52 3 MFI/MEL
. MCM-68, minor
54 ~3:1 [~0.26 |~0.26]| ~0.52 ~3 MFET/MEL
. MCM-68, minor
55 ~1:1 [~0.13 [~0.39]| ~0.52 ~3 MFEUMEL
MCM-68, minor
56 ~1:1 [~0.15[~0.45] ~0.60 ~3 MFUMEL
N-methyl-N-butyl- 57 ~3:1 | ~0.30 |~0.30( ~0.60 ~7 | MCM-68, PHI
piperidinium 58 ~1:1 |~0.151~0.45( ~0.60 ~3 | OFF, MCM-68
N-methyl-N- 59 ~1:1 [~0.15~0.45] ~0.60 ~3 | MCM-68, OFF
propyl-
e 60 ~3:1 [ ~0.30 |~0.30]| ~0.60 ~3 | MCM-68, PHI
pyrrolidinium
N AN 61 ~9:1 [~0.15~0.45] ~0.60 ~3 | MCM-68, PHI
-methyl-N- 62 | ~9:1 |~0.13|~039| ~052 | ~3 | MCM-68
propyl- MCM-68. mi
iperidinium ~1: ~ ~ ~ . HHHOT
p1p 63 1:1 | ~0.13 |~0.39| ~0.52 | MEL/MFEIL

Examples 64-66. Syntheses of MSE framework material using solely single-
nitrogen ammonium monocations as SDASs

[0076] Bascd upon the positive results from the product of Examplc 35 (SEM

images for which are shown 1n Figure 2), where mostly N-cthyl-N-
methylpiperidinium cation was used as the SDA, with only a relatively small
amount of Q2, N-methyl-N-cthylmorpholinium cations were explored, as they are
relatively 1sostructural at the ammonium site to the similiarly derivatized
piperidinium cations (an etheric oxygen replaces the methylene at the 4-position n
the nitrogen-containing ring). Example 64 thus describes a preparation utilizing
an S1I/Al molar ratio of about 40, a K/S1 ratio of about 0.5, and a QQ/S1 ratio of
about 0.3 (and thus an [OH]/S1 ratio of about 0.8).

[0077]

For Example 64, about 4.59 grams of an aqueous solution of N-methyl-

N-ethylmorpholintum hydroxide (~0.98 mmol/g of Q cations and |OH']

counterions) was added to ~2.03 grams deionized water within a ~23-mL Teflon
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insert for a steel Parr autoclave. To this solution, about 0.48 grams of KOH
pellets (~88 wt%, remainder water) was dissolved 1n the solution. About 0.03
orams of Alcoa™ (C-31 alumina trihydrate was dissolved in the basic solution by
heating to about 160°C for about 45 minutes, and then about 2.25 grams of
Ludox™ AS-40 was added thereafter to create a relatively uniform suspension.
About 0.04 grams of MCM-68 sceds were then added to the suspension. The
Tetlon™ [iner was then capped and secaled inside the steel autoclave, which was
then placed 1n a spit within an oven at about 160°C under tumbling conditions
(~30 rpm) for about 3 days. After workup of the product (e.g., multiple washes
with ~250 mL total deionized water, drying), powder XRD (Figure 3) showed it to
be relatively pure MCM-68. The total yield of solid product was about 0.33
grams, SEM 1mages of which are shown 1n Figure 4.

[0078] The preparation of Example 64 was repeated for Example 65, except
the synthesis was stopped after about 1 day, instead of about 3 days. After
workup of the product, powder XRD from the shorter synthesis time still showed
it to be relatively pure MCM-68.

[0079] The preparation of Example 64 was repeated for Example 66, except
that the Si/Al molar ratio was decreased to about 10 by using an increased amount
(about 0.12 grams, as opposed to about 0.03 grams) of Alcoa™ (C-31 alumina
trihydrate. After workup of the product (e.g., multiple washes with ~250 mL total
delonized water, drying), powder XRD (Figure 5) showed 1t to be primarily
MCM-68, with a minor gibbsite impurity. The total yield of solid product was
about 0.49 grams.

Examples 67-68. Syntheses of MSE framework material using solely single-
nitrogen ammonium monocations as SDAs

[0080] In Example 67, an N-ethyl-N-methylpiperidinium cation was used by
itself (with no Q2), 1n a preparation otherwise similar to Example 64, except that
the synthesis was stopped after about 2 days instead of about 3 days. The total
yield of solid product was about 0.23 grams. After workup of the product, powder
XRD from the shorter synthesis time still showed 1t to be relatively pure MCM-68.
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[0081] In Example 68, an N,N-dimethylmorpholinium cation was used by
itself (again with no Q2), in a preparation otherwise similar to Example 64, except
that the synthesis was stopped after about 4 days, instead of about 3 days. The
total yield of solid product was about 0.19 grams. After workup of the product,
powder XRD still showed 1t to be relatively pure MCM-68.

[0082] While the present invention has been described and 1llustrated by
reference to particular embodiments, those of ordinary skill 1n the art will
appreciate that the invention lends itself to variations not necessarily illustrated
herein. For this reason, then, reference should be made solely to the appended

claims for purposes of determining the true scope of the present invention.
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CLAIMS:

1. A method of synthesizing a crystalline molecular sieve having an MSE framework type,
the method comprising crystallizing a reaction mixture comprising a sourcc of water, a source of
an oxide of a tetravalent element, Y, selected from at least one of silicon, tin, titanium,
vanadium, and germanium, optionally a source of a trivalent element, X, a source of an alkali or
alkaline earth metal, M, and a source of a first organic cation, Q1, having one or both of the two

following general structures:

R14 R12
Re Re &/
R Nes R " o
1 \/ 4 7
Or
R, A/\ Rs Ry Rg

where A 1s a >CR 3R 4 group, a >C=0 group, or an >0 group, where R, R,, Rz, R4, R,
Rs, Rg, and R¢ are each independently hydrogen, a hydroxyl group, or a C;-Cs hydrocarbon
chain, where Rj3 and R4 are each independently hydrogen or a C,-Cs hydrocarbon chain, where
Rs, Rg, Ry1, and Ry, are each independently a C-Cs hydrocarbon chain, and where one of the Rs
and Rg groups can alternately be connected to one of the R;3 and R4 groups to form a C;-Cs

hydrocarbon linking moicty.

2. The method of claim 1, wherein the at least 3 of the R;-R4 groups or the R;-Rg groups
are hydrogen, and wherein at least one of the Rs and R¢ groups or at least one of the R;; and Ry

groups 1s a methyl and/or ethyl group.

3. The method of claim 1, wherein the first organic cation, Q1, comprises or is a six-
membered nitrogen-containing ring, A is a >CR3R 4 group, all the R;-R4 and R 3-Ry4 groups are

hydrogen, and the Rs and R¢ groups together have a number of carbon atoms that sum to between

2 and 6.
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4, The method of claim 1, wherein the first organic cation, Q1, comprises or 1s a six-
membered nitrogen-containing ring, A 1s an >0 group, all the R;-R4 and R3-R4 groups arc

hydrogen, and the Rs and Rg groups together have a number of carbon atoms that sum to between

2 and 6.

5. The method of claim 1, wherein the first organic cation, Q1, comprises or is a six-
membered nitrogen-containing ring, A 1s a >CR 3R 14 group, all but one of the R;-R4 groups are
hydrogen, the one of the R|-R4 groups that is not hydrogen is connected to one of the R;3-Ry4
groups, forming a bicyclic ring system, and the other of the Ry3-R4 groups is a C;-Cs

hydrocarbon.

6. The method of claim 1, whercin the first organic cation, Q1, comprises or 1s a five-
membered nitrogen-containing ring, all the R7-Rjo groups are hydrogen, and the Ry; and Ry,

groups together have a number of carbon atoms that sum to between 2 and 6.

7. The method of claim 1, wherein said reaction mixture comprises a source of an oxide of
trivalent element, X, selected from at least one of aluminum, boron, gallium, iron, and

chromium.
8. The method of claim 7, wherein one or more of the following are satisfied:

a total molar ratio of structure directing agent cation, QI, to oxide of tetravalent elecment,

Y, in said reaction mixture 1s from about 0.01 to about 1;

a molar ratio of oxide of tetravalent element, Y, to oxide of trivalent element, X, in

general form YO,/X,03, 1n said reaction mixture 1s from about 4 to about 200:

a molar ratio of water to oxide of tetravalent element, Y, in said reaction mixture is from

about 5 to about 200;

a molar ratio of hydroxyl group concentration to oxide of tetravalent element, Y, in said

reaction mixture 1S from about 0.05 to about 1;
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a molar ratio of alkali or alkaline earth metal, M, to oxide of tetravalent element, Y, in

said reaction mixture 1s from about 0.05 to about 2; and

seeds of an MSE tframework type molecular sieve are present in an amount such that a

welght ratio of seeds to oxide of tetravalent element, Y, in said reaction mixture 1s between about

0.001 and about 0.3.

9. The method of claim 8, wherein one or more of the following are satisfied:

a total molar ratio of structure directing agent cation, Q1, to oxide of tetravalent element,

Y, 1n said reaction mixture 1s from about 0.03 to about 0.7;

a molar ratio of oxide of tetravalent element, Y, to oxide of trivalent element, X, in

general form YO,/ X503, 1n said reaction mixture 1s from about 8 to about 120;

a molar ratio of watcr to oxidc of tetravalent element, Y, in said reaction mixture 1s from

about 14 to about 50;

a molar ratio of hydroxyl group concentration to oxide of tetravalent element, Y, in said

reaction mixture 1s {rom about 0.15 to about 0.75;

a molar ratio of alkali or alkaline earth metal, M, to oxide of tetravalent element, Y, in

sald reaction mixture 1s from about 0.10 to about 0.9: and

seeds of an MSE framework type molecular sieve are present in an amount such that a

weilght ratio of seeds to oxide of tetravalent element, Y, in said reaction mixture is between about

0.01 and about 0.08.

10. The method of claim 1, which further comprises a sourcc of a sccond organic cation, Q2,

having the following gencral structure:

R,—R,—R,
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where R and R, are the same or different, and where R; or R> or both R; and R, are an

N-alkylpiperidinium group of thc formula

(D

or where R, or R, or both R; and R, are a quinuclidinium group of the formula

OH
(ID)

where Rj3 is an polymethylene group of the formula (CH;),, where n 1s from 4 to 6, or
where R; is a cylcoalkylene group having from 5 to 8 carbon atoms, and where Ry 1s an alkyl

group having 1 to 4 carbon atoms.

11. The method of claim 10, wherein Ry of Q2 1s a methyl group and where n 1s 4 or 3.

12. The method of claim 1, which further comprises a source of a second organic cation, Q2,
having a hindered pipcrazine structure similar to the six-membered ring, Q1, but where A 1s
instead an >N-Rys group, and where Ris 1s a C4-C)3 cyclic, branched, and/or hydroxy-

functionalized hydrocarbon moiety.

13. The method of claim 12, wherein the first organic cation, Q1, and the second organic

cation, Q2, are present in the reaction mixture in a molar ratio from about 1:5 to about 99:1.
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14. The method of claim 1, wherein the tetravalent element, Y, comprises silicon, the
trivalent element, X, comprises aluminum, and the alkali or alkaline earth metal, M, comprises

potassium.

13. The method of claim 14, wherein the alkali or alkaline earth metal, M, comprises

substantially no sodium.

16. A crystalline molecular sieve having an MSE framework type and containing within its
pore structure a single-nitrogen-containing organic cation, Q1, having one or both of the two

following general structurcs:

Ry 12
R Re N4
\&®,/~ N R1o
R1 N R4 R?
or
R, A R5 Rs Re

where A 1s a >CR 3R 4 group, a >C=0 group, or an >0 group, where R, Ry, R3, Ry, R4,
Rg, Rg, and Ry are each independently hydrogen, a hydroxyl group, or a C-Cs hydrocarbon
chain, where Ry3 and R4 are each independently hydrogen or a C,-Cs hydrocarbon chain, where
Rs, Rg, Ry1, and Ry are each independently a C;-Cs hydrocarbon chain, and where one of the R

and Rg groups can alternately be connected to one of the R;3 and R4 groups to form a C;-Cs

hydrocarbon linking moiety.

17. The crystalline molecular sieve of claim 16, wherein the single-nitrogen-containing
organic cation, Q1, comprises an N.N-dialkyl-piperidinium cation, an N-alkyl-quinuclidinium
cation, an N,N-dialkyl-morpholinium cation, an N,N-dialkyl-pyrrolidinium cation, or a

combination thereof.
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