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SYMNTHESIS OF MSE-FRAMEWORK TYPE MOLECULAR SIEVES

FIELD OF THE INVENTION

{6861] This invention relates to the synthesis of crystalline molecular sieves of

the MSE frarnework-type, such as MUM-68, and to their use in organic

CONVETSIOH PrOCcSsses.

BACKGROUMND OF THE IMVENTION

{30023 MCM-6¥ is a single crystalline phase molecular sieve material which

has a unigque 3-dimensional channe! structure comprising one 12-membered ring
channel system and two {0-membered ring channel systems, in which the channels
of cach system extend perpendicular to the chanpcls of the other systems and in
which the 12-ring channels are generally straight and the 10-ring channels are
tortuous {sinusotdal}. The framewaork strocture of MCM-68 has been assigned
code MSE by the Structure Commission of the International Zeolite Association.
6031 The composition and characterizing X-ray diffraction pattern of MC M-
68 arc disclosed in U8, Patent No. 6,049,018, which also describes the synthesis
of the molecular sieve in the presence of a stracture directing ageut coruprising the
NN N N-tetracthylbicyclo{2.2 . 2Joct-T-ene-2,3:5,6-dipyrrolidiniur dication. The
entire contents of U8, Patent No. 6,049,018 arc incorporated herein by reference.
{3804} U.S. Patent No. 6,049,018 exemplifies the use of MCM-68 as a catalyst
in aromatic alkylation and transalkylation reactions. In addition, 1.8, Patent No.
7.198.711 discloses that MCM-68 shows activity ir: the catalytic cracking of
hydrocarbon feedstocks o produce an enbanced yield of butylenes and isobutene,
with the MCM-68 cither being the privoary cracking catalyst or an additive
component in conjunction with a conventional large pore cracking catalyst, such
as zeolite Y.

{0005] The commercial development of MUM-68 has been hindered by the

P

high cost of the NN N N'-tetracthylbicyelof{ 2.2 2]oct-T-cne-2,3:

3
L]

-
dipyrrolidinium dication structure directing agent requeired in U8, Patent No,
6,049,018 for s synthesis and hence there has been significant interest in finding

alternative, less expensive stracture directing agents for the syuthesis of MUM-68,
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[6006] In U.S. Patent Application Publication No. 2009/03 18696, it is stated
that |, l-dialkyl-d-cyclohexylpiperazin-1-ium cations and |, {-dialkyi-4-
alkyleyclobexylpiperazin-1-ium cations are effective as structure directing agents
i the synthesis of MCM-68. U.S, Patent Application Publication No.

2009/03 18696 describes the use of MUM-68 seeds in the synthesis of MCM-68.
[0807]  According to the present invention, it has now been found that cations
described herein are effective as structure directing agents in the synthesis of
MUM-68. Furthermore, it has been found that these cations may be produced
conventently and inexpensively from commerctally available raw muaterials,
Maoreover, it has been found that MUM-6R can be prepared with these cations

without the need to be seeded with MUM-6K seeds,

SUMMARY OF THE INVENTION

[6608] In one aspect, the present invention resides in a method of synthesizing

a crystalline molecular sieve having a structure of the MSE framework type,
preferably MUM-68, the method comprising crystaliizing a reaction mixture
comprising a source of watcr, a source of an oxide of a tetravalent eloment, Y,
selected from at least one of silicon, tin, titaniurs, vanadium and germanium,
optionally a source of s trivalent clement, X, a source of an alkali or alkaline earth
metal, M, and a source of organic cations, , having the following general
structure: K -Rs-R;; where Ry and R are the same or different, and where R; or

Ry or both Ry and R; are an N-alkylpiperidinium group of the formula

{(h

or where B or R; or both Ry and R are a guinuclidinium group of the formula
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(i
where R; 1s an polvmethylene group of the formula (CHy),, where nis from 4 to
6, or where R is a cyleoalkylene group having from 3 to 8 carbon stoms, and
where Ry is an alkyl group having | to 4 carbon atoms.

(68091 An example of an organic cation, Q, is a 3-hydroxy-1-{4-{ 1-

methylpiperidio- I-iun-1-yDbutyDquisuclidin- I-ium dication of the formala

{6018 Aunother exarnpic of an organic cation, 13, is a 3-hydeowy-1-{5-(1-

methylpiperidin-1-ium-1-yDpentylquinuclidin- 1 -ium dication of the formula

N+ o

v)

ree—

OH
{6811} Another example of an grganic cation, (3, s a 1,1'-(butane-1 4-

diyhbis{ I-macthylpiperidin-1-tum) dication of the formula

)
{60121 Another example of an organic cation, , is a [, P'-{pentane-1,5-

diyDbis{ {-methylpiporidin- I -ium) dication of the formula
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i ‘, |
VD

[6013] Another exarmple of an organic cation, Q. is a |1 -(hexane-1.6-

diyi)bis I -methylpiperidin-1-ium) dication of the formula

(‘JE}}

{8014] Another example of an organic cation, (3, is a 1,1'{(3as 6as)-

octahydropentaione-2,5-divlbis{1-methylpiperidin-1~iom} dication of the formala

(VI

{3015} The source of the organic dication may be any salt not detrimental to
the formation of the crystallioe material of the invention, for example, the halide
or hydroxide salt.

{3014 The molar ratio Q/Y O3 in the reaction muxture may be in the range of
from about .01 to about 1.0, such as from about 8.05 to about 0.7.

[6617] The reaction mixture may comprise a sowrce of an oxide of trivalent
eiement, X, aclected from at least one of aluminunm., boron, gallium, iren, and
chromium, such that, for cxample, the molar ratio Y (/X0 in the reaction
mixture is in the range of from about 4 to about 200, such as fror about 8 to about
120,

[G018] In one embodiment, the reaction mixture can have the following molar

composition:
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3
YO/ 350 ~4 tp ~200
H-0/Y0: ~5 to ~200

DHY O ~005to ~1
MY ~3.05 0 ~2
3/Y ~0.01 to~1.

[6019] In another embodiment, the reaction mixture can have the following

molar composition:

Y3./X, 0 ~8 10 ~120
Hy VY Gy ~14 to ~50
OH/YO, ~3.10 to ~0.53
M/YO, ~3.15 10 ~0.9
QYO ~.05 to ~0.7.
(6028} In a particular ernbodiment, the tetravalent elernent, Y, comprises or is

siticon, the trivalent element, X, comprises or is aluminum, and said alkali or
atkaline carth metal, M, is sodium and/or potassium.

16021 The reaction mixture may optionally coraprise seeds of MSE
framework type molecular gieve, for example, such that the molar vatio of

seeds/ YO, 1n said reaction mixture is between about 0.001 and about 0.1,
However, such seeds need not be included in the reaction mixture in order to make
MOM-68,

{322] Crystailizing may be conducted 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.

{0023 As synthesized forms of a crystalline molecular sieve having the MSE
framework type produced by embodiments described herein may contain within its
pore structure cations, (B, as defined above.

(6824} Zeolites produced by methods deseribe herein-may be used io an
organic conversion process comprising confacting an organic feed with a catalyst
comprising a calcined form of the crystalline MSE framoework type molccular

sieve described heretn,
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16025] Aspects of the present invention can involve new compositions of
matter. For example, there is provided a dication of the structure R -Ra-R,,

where Ry is an N-alkylpiperidiniur group of the formula

Ry

(ih
where Ry is an polymethylene group of the formula (CHy),, where nis from 4 to
f, and where Ry is an alkyl group having 1 1o 4 carbon atoras. Examples of these
dications include & 3-hydroxy-1-(4-(L-methyipiperidin- I -um- 1+
yvhbutyDquinuclidin-1-ium dication of Formula (111} and a 3-hydroxy-1-{5-(1-

methylpiperidin-1-tum--yDpentylyquinuclidin- 1 -ivrn dication of Formula (V).

[6826] Another compound provided according to aspects of the present
invention is a 1, I'-{(3as,6as}-octabydropentalenc-2, 5-divlbis{ L-methylpiperidin- 1-

tum} dication of Formula (VI

BRIEF DESCRIPTION OF THE DRAWING

{10271 Figure T is an Xeray diffraction patiern of MCUM-68 produced using

1,1'-{{3as bas)-octahvdropentalene-2, 5-divhbis( 1 -methylpiperidin- 1 -fum)

dications as the stracture dirceting agent according to the process of Example 20,
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DETAILED DESCRIPTION OF THE EMBOBDIMENTS

10628

Described heretn is a method of synthesizing a crystalline molecular

sieve having the MSE framework type, such as MUM-G8, using Q cations as a

structure directing agent. Also described heretn 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 in aromatic altkylation and transalkylation

reactions and in the cataiytic cracking of hydrocarbon feedstocks,

{3929]

MUM-6¥ s a synthetic porous siogle crystalline phase roaterial that has

a unique 3-dimensional channel systern comprising one {2-membered ring

channel gystem and two [G-membered ring channel systems, in which the channels

of each system extend perpendicular to the channels of the other systems and in

which the 12-ring channels arc generally straight and the 10-ring channels are

generally tortuous {sinusoidal). The framework structure of MUM-68 has been

assigned code MSE by the Structure Comratssion of the International Zeolite

Association.

(3036}

In its calcined form, MCM-68 has an X-ray diffraction (XRD) pattorn

which is distinguished from the patterns of other known as-synthesized and/or

thermally treated crystalline materials by the lines Hsted in Table 1 below.

13.60 +/- 0.39
13.00 +/- Q.37
10.92 +/- 0.3
1010 +/-0.29
G918 +/-0.26
821+ (.23
4.58 +/-0.13
4.54 +-0.13
4,45 +/- (.13
432 4/-0.12
.12

410 +-0.12
4.05 +/-0.11

Tabic 1.

Relative Intensity 1188 5 Vi |
5
VS
M
M
VS
W
’v\vi
W
VW - W
VW
VW
A
M
M
M
VW
W
W
VW
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{3831} 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 Xeray diffraction data were collected with a
Gabel mirror and HE-STAR area detector. The XRID spectra were recorded by
measuring the diffraction pattern in two frames, the first frame from about 4° to
about 20° 28, and the second from about 20° to about 36° 28, The two-
dimensional diffraction patterns were integrated and converted to |-dimensional
plots of 26 versus intensity using the Bruker GADDs software. The interplanar
{(d-) spacings were calculated in Angstrom units, and the refative intensities of the
tincs, V1, adjusted as percentages of the intensity of the strongest line, 1, above
background, were derived with the use of Materials Data, Inc., Jade software peak
search algorithm. The intensitics were uncorrected for Lorentz and polarization
effects. The relative intensiiics are given in terms of the symbols V8 = very strong
{80-100%;), S = strong (60-80%), M = medium (40-60%), W = weak (20-40%),
and VW = very weak {0-20%). 1t should be understood that diffraction data listed
for these samples as single lines may consist of multiple overlapping lincs which
under certain conditions, such as differences in crystaliographic changes, may
appear as resolved or partially resolved lines. Typically, crystallographic changes
can include minor changes in unit celf paramaters and/or changes in erystal
syrmrmetry, without a corresponding change in the structure. These minor effects,
inchuding changes in relative jntensities, can additionally or altersately occur as a
result of differences ju cation content, framework composition, nature and degree
of pore filling, crystal size and shape, preforred orientation, and thermal and/or
hydrothermal history, inter alia.

[8032] The structure of MUM-68 is further discussed in U.S, Patent No.
798,711 and in the Jowrnal of Fhesical Chemistry B, 118, 2045 (2006).

6033} MOCM-68 has g chemical composition invelving the roolar refationship:
X505:{n)Y s, wherein X is a trivalent clerent selected trom at least one of

aluminum, boron, gallium, iron, and chromium, preferably at least including
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aluminuny, Y is a tetravalent element selected from at least one of silicon, tin,
titanium, vanadium, and germanium, preferably at least including silicon: and n is
at least about 4, such as from about 4 to about 100,000, and can typically be from
about 10 (o about 1000, for example from about 10 to abour 100,

034} MCM-68 is generally thermally stable and, in the calcined form, can
exhibit a relatively high surface arca (e.g., about 660 mlf'g with micropore volume

of about §.21 cc/g) and significant hydrocarbon sorption capacity, e.g

]

r-Hexane sorption at ~75 torr, ~90°C ~10.8 wi¥%

Benzene sorption at ~75 torr, ~30°C - ~18.8 wit¥%
2, 2-Dimethylbutane sorption at ~60 torr, ~120°C - ~1L.0 wt%
Mesitylene sorption at ~2 torr, ~100°C - ~3.3 wi%.

[0835] In its active, hydrogen form, MCM-68 can exhibit a relatively high acid
activity, with an Alpha Value of about 900 to about 2000. Alpha Valoe (s an
approximate indication of the catalytic cracking activity of the catalyst compare
to g standard catalyst, and it gives the relative rate constant {rate of normal hexane
conversion per volume of catalyst per unit ime). It is based on the activity of
sitica-alumina cracking catalyst taken as an Alpha of 1 (Rate Constant = 0.016
sec”). The Alpha Test is described in U.S. Pat. No. 3,354,078; and in the Journal
of Catalvsis, 4, 527 (1965); 6, 278 (1966); and 61, 395 (1980}, cach incorporated
herein by reference as to that description. The experimental conditions of the test
used herein include a constant teraperature of ~538°C and a variable flow rate, as
escribed in detail in the Jowrnal of Catalysis, 61, 395 (1980,
16836} As disclosed in UK. Patent No. 6,049,018, MUM-6R has previously
been syathesized using NN N N'-tetracthylbicyclof2 2.2 Joct-T-ene-2,3:5 6-
dipyrrolidivium dications as the structure directing agent. However, the high cost
of this structure divecting agent has significantly hindered the commercial
development of MUM-G8.
{6037} The present method of synthesizing MCM-68 employs as the structure

directing agent cations having the following general structure: R -R1-R,, where
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R and R, are the same or different, and where Ry or Ro or both R, and R are an

N-alkylpiperidinium group of the formula

{H

or where B or R or beth Ry and R are 2 quinuclidinium group of the formula

where R is a polymethylene group of the formula (CHs )y, where n is from 4 1 6.
or where Ry i3 a cylcoalkylene group having from 5 to ¥ carbon atoms, and where
Ru is an alkyl group haviog 1 to 4 carbon atoms.

{(GH38] Preferred dications can include 3-hydroxy-1-{(4-(I-methylpiperidin-1-
ium-1-ylbutylyquinuchidin-{ ~ium, 3-hydroxy-1-{5-(1-methylpiperidin-t-ium-1-
vhpentyliquinuclidin-1-tura, 1, U-{butanc-1 4-divlybis{ { ~methylpiperidin- 1-ium),
L '{pentane-1,5-divhbis( {-methylpiperidin-{-ium), 1,1'-(hexane-1,6~-diybis{i-
methylpiperidin-1-ium), and 1, '-{(3as,6as}-octahydropentatene-2, 5-diyvhibis(1-
methylpiperidin-T-ium).

{6839} L'-(hexanc-1 . 6-divhibis{ I-methylpiperidin-1-ium) dications have been
used to divect the synthesis of the zeolite IZM-2 (sce, e.g., BCT Publication No.
WO 2010/015732 and U5, Patent Application Publication No. 2010/0272624),
and 1, I'-(pentanc-1,3-diylibis({-methylpiperidin- [ -lum} dications have been used
to direct the synthesis of the zeolite 12M-3 (sec, e.g., PCT Publication Ne.

WO 2009/090336). However, as with many other structure directing agent
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systerns, it has now been found that, by varying the synthesis conditions, 1,1~
{(hexane-1,6-diyhbis{ -methylpiperidin-{-tum) dications and {,1'-(pentane-1.5-
diylbis(1-methylpiperidin-1-fum} dications, can be effcctive in dirccting the
synthesis of different molecular sicve materials, and in particular can be effective
in directing the synthesis of rather pure phase MUM-68,

{30483 In the present method, 2 reaction mixture 18 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 element, X, selected from at least one of aluminum, boron, gailium,
iron, and chromium, a source of an alkali or alkaline earth rustal, M, together with
a source of (@ cations. Generally, the composition of the reaction mixture can be
controlled so that the molar ratio /Y0, in said reaction mixture is in the range
from about §.01 to about 1, such as from about 0.05 to about .5, More
spectfically, the reaction mixture can have & coraposition, in termns of mole ratios

of oxides, within the following ranges:

Reactants Useful Preferred

¥ {3/ X0 ~4 10 ~2(6 ~8 (o ~120

Ha Q7 YO ~3 1o ~200 ~14 to ~50

OH/Y O, ~{.05 to ~1 ~(.10 to ~3.53

M/IYO, ~0.03 to 2

~0.15 t0 ~3.9

Y, ~0.01 to ~1 ~.05 to ~0.7
{3041} The reaction mixture may optionally alse comprise scods of MBE

framework type molecular sieve, such as MCM-68, for example, such that the
welght ratio of seeds/YO in the reaction mixture can be between about 0.001 and
about 0.3, such as between about §.01 and about .08 or between about 0.01 and
about 0.03. However, such seeds are not necessary and may be specifically
omitfed in certain embodiments.

16042] The tetravalent clement, Y, may comprise or be silicon, the wivalent

element, X, may comprise or be aluminum, and the alkalt or alkalive carth metal,
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M, may comprisc at lcast one of sodium and potasstum. When the alkali or
alkaline carth metal, M, comprises potassium, the molar ratio of Na to the total
metal M may be from § to about .9, for cxample, from G to about 0.5,

[0043] Suttable sources of sitlicon oxide that can be used to produce the
reaction mixture described shove can include, but are not limited to, colloidal
silica, precipitated silica, potassium silicate, sodium silicate, fumed silics, and the
like, as well as combinations thereof. Suitable sources of aluminum oxide can
inchude, but are not limited to, hydrated aluminum oxides, such as bochmite,
gibbsite, and pseudoboehmite, especially gibbsite, as well as oxygen-containing
aluminum saits, such as aluminum nitrate, and the like, as well as combinations
thereof. Suitabie sources of alkali metal can include sodium and/or potassium
tiydroxide,

{80441 Suitable sources of dication structure directing agents can include any
salts of these dications which are not detrimental to the formation of the crystailine
matertal MCM-68, for example, halides (¢.g., iodides) and/or hydroxides.

{6045} Irrespective of the source of cations, Q, when the reaction mixture has
beeu prepared, crystallization to produce the desired MUM-68 can be conductec
under cither static or stirred conditions in a suitable reactor vessel, such as for
exarnple, 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 Hquid and recovered.

EHEELY The product of the synthesis reaction can advantageously comprise or
be a crystalline molecular sieve having the MSE framework type and containing
within iis pore structure the dication structure directing agent. The resultant as-
syothesized material can bave an X-ray diffraction pattern distinguishable from the
patterns of other knowe as-synthesized or thermally treated crystalline materials,

such as haviog the lines listed in Table 2 below.
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Table 2.
LRy Relative Intensity 1186 x (o)
£3.56 +/-0.39 VW
12.93 +/-0.37 M-S
10.92 /- 031 W
10.16 +-90.29 VW - W
915 +/-0.26 VW - W
2,19 +/-0.23 VW
4.58 -+~ (}.b W
4.54 +- 0,13 W
4.44 +/- 012 W
4.32 +/- 0,12 YW
4.23 +/- .12 VW
/‘H(,“-’ 0.12 VS
4.06 +/- 0.12 M
3.98 +/- 0.1 W
38R /-0 M
3E0+- 0.1 VW
? AL /- 0010 VW
3.24 +/-0.09 W
2.9G +/- (1L08 VW
[6047] Again, these X-ray diffraction data were collected on similar
eguiprent and n a similar manner as those listed in Table 1 heretnabove.

[0648] As-synthesized crystalline molecular sicve containing dications within
its pore structure can normally be activated before use in such a manner as to
substantially remove the organic structure directing agent from the molecular
sieve, leaving active catalytic sites within the microporous channels of the
molecular sieve open for contact with a feedstock. The activation process can
typically be accomplished by beating the molecular sieve at a temperature from
about 200°C to about 800°C for an appropriate period of tire in the presence of
an OXYgen-Containing gas,

30491 To the cxtent desired, the onginal sodium and/or potagsium cations of
the as-synthesized material can be replaced in accordance with techniques well
known in the art, at least in part, e.g., by ion exchange with other cations, which
can include, but are not limited to metal ions, bydrogen lons, hydrogen ion
precursors, e.g., armoniurg ions, and the tike, and mixtores thercof, Particularly
preferred exchange cations, wheu present, can nclude those that can tailor the

catalytic activity for certain hydrocarbon conversion reactions {¢.g., hydrogen, rare
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carth metaly, and metals of Groups 2. 3,4, 5, 6.7, 8,9, 10, 11, 12, and 13 of the
Periodic Table of the Elements.
HEESH] The crystaliine molecular sieve produced by the present process can be
used 1o catalyze a wide variety of organic coropound conversion processes
including many of present commercial/industrial importance. Examples of
chemical conversion processes offectively catalyzed by the crystalline matenial of
this invention, by itself or in combination with one or more other catalytically
active substances including other crystalline catalysts, can include those requiring
a catalyst with acid activity. Specific exarmples can include, but are not Hmited to:

{a) alkylation of aromatics with shott chain {((;-Cs) olefins, e g..
alkylation of ethylene or propylene with benzene to produce ethylbenzene or
cumene respectively, in the gas or liguid phase, with veaction conditions optionally
including one or more of a teraperature from about 10°C to about 250°C, a
pressure from about O psig to about 500 psig {(about 3.5 MPag), a total weight
hourly space velocity (WHSV) from about 0.5 br! to about 100 hr!, and an
aromatic/olefin mole ratio from about 8.1 to about 30;

(b) alkylation of aromatics with long chain {C4-Cao ) oletins, in the gas or
Haquid phase, with reaction conditions optionally including one or morz of a
temperature from about 250°C to about 500°C, a pressure from about § psig to 500
psig {(about 3.5 MPag), a total WHSY from about 0.5 bl to about 50 hr'!, and an
aromatic/olefin roole ratio from about 1 to about 530

(¢} transalkylation of aromatics, in gas or liquid phase, e.g., transalkylation
of polycthylbenzenes and/or polyisopropylbenzenes with benzene to produce
ethylbenzene and/or cumene respectively, with reaction conditions optionally
including one or more of a tomperature from about 100°C o about 500°C, a
pressure from about | psig {about 7 kPag) to about 300 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 fromm about 200°C to about 760°C, 4 pressure frovg about 1

atm (about O psig) to about 60 atr (about 5.9 MPag), a WHSY froro abour 0.1 hr
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to about 20 hr'', and a hydrogen/hydrocarbon mole ratio from ¢ (no added
hydrogen) to about 50;

(cy dealkylation of atkylaromatics, ¢.g., decthylation of ethylbenzene, with
reaction conditions optionally including one or more of & temperature from about
200°C to about 760°C, 8 pressure from about 1 atm {about § psig) 1o about 60 atm
{about 5.9 MPag), 8 WHSV from about 0.1 ™' to about 20 br'', and a hydrogen to
hydrocarbon mole ratio from 0 (no added hydrogen) to about 50,

{f} isomerization of alkylaroraatics, such as xylenes, with reaction
conditions optionally including onc or more of a temperature from about 200°C
about 340°C, a pressure from about 100 kPaa to about 7 MPaa, a WHSY from
about 0.1 hr”! to about 50 k', and 4 hydrogen/hydrocarbon male ratio from 0 (no
added hydrogen) to about 18

{g} reaction of paraffins with aromatics, e.g., to form alkylaromatics and
light gases, with reaction conditions optionally wcluding one or more of a
teraperature 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 isomerizration 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 130 psig (about 690 kag) to about 1000 psig
(about 6.9 MPag), 2 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 iso-paraffing, such as isobutane, with olcting, with
reaction conditions optionally including one or more of a temperature from about
-20°C to about 350°C, a pressure from about § psig to about 700 psig (about 4.9
MPag), and a total olcfin WHSYV from about 8.02 hr' to about 10 hr'';

(j) 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 O psig to about 1000 psig {about 6.9 MPag), a WHSY from
about 0.2 hr'' 1o about 10 hr'!, and a hydrogen/hydrocarbon mole ratio from about

(.5 to about 10,
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(k) cracking of hydrocarbons with reaction conditions optionally including
one or more of a temperature from abowt 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'!;

(1} isomerization of olefios with reaction condittons optionally including
one or mose of a temperature from about 230°C to about 750°C, an olefin partial
pressure from about 30 kPa to about 300 kPa, and &8 WHSY from about 0.5 hr' to
about 500 ’m"{; and

{m) a hydrocarbon trap {e.g.. pre-catalytic converter adsorbent} for cold
start emisstons in motor vehicles.

{80511 As described in U8, Patent No. 7,198,711, MUM-6¥ may be used as
an additive component in conjunction with a conventional cracking catalyst, such
as a large pore molecular sicve haviug a pore size greater than about 7 Apgstroms.
{08321 As in the case of many catalysts, it may be desirable to incorporate the
molecular sieve produced by the present process with another material resistant to
the temperatures and other conditions employed in organic conversion processes.
Such materials can include active and inactive materials and synthetic or naturally
ocewrring zeolites, as well ag inorganic materials such as clays, silica, and/or metal
oxides such as alumina. The latter may be naturally occurring and/or in 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 is active, can tond to change the conversion capability and/or
selectivity of the catalyst in certain organic conversion processes. Inactive
materials suitably tend o serve merely as diluents, e.g., to control the amount of
conversion in a given process so that products can be obtained economically and

he

fo

orderly, for instance without eraploying too many other meauns for controlling

rate of reaction. These inventive materials may be incorporated into vaturally
ceurring clays, e.g., bentonite and/or kaolin, to improve the crush strength of the

catalyst under cormercial operating conditions. Said materials (i.¢., clays, oxides,

ete.) can additionally or alternately function a5 binders for the catalyst. I can be
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desirable to provide a catalyst having good crush swength, because, in commercial
use, it can often be desirable to prevent the catalyst from breaking down into
powder-iike materials. These clay and/or oxide binders have been craployed
normally only for the purpose of improving the crush strength of the catalyst.
[3633] Natarally occurring clays that can be compostied with the molecufar
sigve produced by the present process can include, but are not limited to, the
montmorillonite and kaolin families. which include the subbentonites and the
kaolins commaonly known as Dixie, McNamee, Georgia, and Florida clays and/or
others in which the main mineral constituent can be halloysite, kaolinite, dickite,
nacrite, and/or anauxite. Such clays can be used in the raw state as originally
mined and/or initially subjected to calcination, acid treatiment, and/or chemical
modification. Binders useful for compositing with the molecular sieve produced
by the prescut process can additionally or alternately include tnorganic oxides
such as silica, zirconia, titania, magnesia, beryllia, alumina, and mixtures thercof.
[6854] Additionally or alternately, the molecular sieve produced by the present
process can be composited with a porous matrix material such as silica-alumina,
sifica-magnesia, silica-zirconia, silica-thoria, silica-beryllia, silica-titania, and/or
ternary compositions such as silica-alumina-thoria, silica-alumina-~zirconia silica-
slumina-magnesia, and silica-roagnesia-zirconia.
{055} The relative proportions of finely divided crystalline molecular sieve
matcrial and inorganic oxide matrix vary widely, with the crystal content ranging
from about 1% to about 90% by weight and more usually, particudarly when the
composite is prepared in the form of beads or extrudates, ranging from about 2%
to about 80% by weight of the composite.
{3056 Addirionally or alternately, the present invention can include one or
more of the following embodiments.
{8057} Fmbodiment |, A method of synthesizing a crystalline molecular sieve
having an MSE framework fype, the method comprising crystallizing a reaction
mixture comprising a source of watcr, a source of an oxide of & tetravalent

ent, Y, selected from at least one of silicon, tin, titanium, vanadium, and

germantum, optionally a source of a trivalent element, X, a source of an alkali or
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alkaline earth metal, M, and a source of organic cations, Q, having the following
general structure: R-R4-R; where Ry and R, are the same or different, and
where Ry or Ry or both Ry and R are an N-alkyipiperidinium group of the

formula

{1

or where R or R or both Ry and R;; arc a quinaclidinium group of the formula

(I

where Rz i8 a polymethylene group of the forroula (CHo Y,, wheve nis frorn 4 1o 6,
or where R s a eylcoatkylene group having from 5 to 8 carboun atoms, and where
Ry 15 an alky! group having 1 to 4 carbon atoms, for example a methyl group.,

RLIRES Embodiment 2. The method of embodiment . wherein R and R, are

both an N-alkyipiperidinium group of the foroula

8y

{3959 Embodiment 3. The mcthod of combodiment . wherein R s an N-

aikylpiperidinium group of the formula
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b

where R; 18 a quinuchdinium group of the formula

(i

and where nis 4 or 5.

6068 Embodiment 4. The method of any one of the previous erabodiments,
wherein the roolar ratio Q/YO; in said reaction mixture is 1o a range from about
0.01 to about 1.0, for exarople from about 0.05 to about 0.7.

{6061} Embodiment 5. The method of any one of the previous emboediments,
wherein said reaction mixture compriscs a source of an oxide of trivalent clement,
X, selected from at least one of aluminum, boron, gallinm, iron and chromium,
[B062] Embodiment 6. The method of embodiment 5, wherein a molar ratio
YO,/ 0 insaid reaction mixture 18 in g range from about 4 to about 200, for
cxample from abowt § to about 120,

[B063] Embodiment 7. The method of embodiment 5 or embodiment 8,

wherein the reaction mixture has the following molar composition:

YO/ Ko ~4 g ~200
H:0/Y0: ~5 1o ~200
OH/YO, ~0.85 to ~]
MY ~3.05 10 ~2

QY0 ~0.01 to ~1.
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16064} Embodiment 8. The method of any ong of embodiments 5-7, wherein

the reaction mixture has the following molar composition:

L0770 CLER ~8 to ~120
H,0/Y0, ~14 10 ~50
OH/YO, ~0.10 to ~-0.53
M/Y(, ~0.15 10 ~0.9
QYO ~0.05 to ~0.7.
{8065 Embodiment 9. The method of any one of the previous embodiments,

wheretn said tetravalent clement, Y, is silicon and said trivalent element, X, is
aluminum.

[3866] Embodiment 10, The method of any one of the previous embodiments,
wherein said alkali or alkaline earth metal, M, is potassium,

{60671 Embodiment 1. The method of any one of the previous embodiments,
wherein said reaction mixture does not comprise sceds of an MSE framowork type
molecular sieve.

[B8068] Embodiment 12. The method of any one of the previous embodiments,
wherein the crystaliizing is conducted at a temperature between about 100°C and
about 200°C for up to about 2K days, for exampie between about 143°C and about
175°C for between about 24 hours and about F70 houss.

[3869] Embodiment 13, The method of any one of the previous embodiments,
wherein Q is a 3-hydroxy-1-{4-(1-methylpipenidin- i -tum- L -yDbutylyquinachidin-1-

m dication of the formula

érw
or wherein Q is a 3-hydroxy-1-(5-{1~-methylpiperidin-1-tum-1-

yvhpentyDguinuchdin-1-lum dication of the forraula
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or wherein Q is a 1, U-(butanc- [ 4-divDbis{1-methyipiperidin- 1 -fum) dication of

the formula

V)

or wherein Q is a 1,1'-(pentane-1,5-diyhbis{{-methylpiperidin- 1 -ium) dication of

the formula

’ rm \:
vh
or wherein Q is a 1, U~(hexane-1,6-diyDbis{ l-methyipiperidin-1-ium) dication of

the formula

or wherein © is a 1,1-{({3as,6as octahydropentalene-2, 5-diyibis{ | -

methylpiperidin-1-ium) dication of the formula
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(6878 Fmbodiment {4, A crystailine molecular sieve having an MSE
framework type and containing within its pore structure a dication comprising a 3-
hydroxy-1-{d4-{T-methyipiperidin- I-tum-1-yhbutyDguivuchidin-T-tum, a 1-(5-(1~
methylpiperidin- L-iurn-L-yDpeatyDquineclidio- T-iura, a 1, U~(butane-1,4-

divDbis{ I-methylpiperidin-t-ium), a 1,1'-{pentane-1,5-diylibis{ -methylpiperidin-
L-ium), a |, U-(hexane-1,6-divhibis{ T-methylpiperidin--um), or a 1,1-{{3as,5as)-
octahydropentalene-2,5-diylibis(1-methylpiperidin-{-ium).

BH711 Embodiment 15, A dication of the structure R -R3-R,, where R is an

N-alkylpiperidiviuro group of the formula

where R 18 a guinuclidinium group of the formaula

{1y

where R is a polymcthylene group of the foromla (CHy by, where o i3 from 4 10 6,

and where Ry is an alkyl group having | to 4 carbon atoms.

{30721 Embodiment 16, A dication of embodiment 15, which is a 3-hydroxy-
{-{4-{1-methylpiperidin-i-ium-1-yhbutyhquinuctidin-1-ium dication of Formula
(1) or a 3-hydroxy-1-(5-( {-methyipiperidin- L-ium- l-yDipentyhquinuctidin- 1-ium
dication of Formula (V).

(80731 Embodiment 17, A L U<({3as.6a5)-octahvdropentalene-2,5-divhbis( I -

methylpiperidin-t-ium) dication,
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EXAMPLES
100741 Inorder to roore fully iHustrate the nature of the invention and the

mannet of practiciug saroee, the following examples are presented.

Example {1 Synthesis of {-{4-bromobutyl}-L-methylpiperidin-i-ium bromide

w/ B

-
+ W Br e 3 *
Bf B E
LA-dibromoebuiane
{sthgthylpiperiding Ldbromebutyly 1-miethylpipeidin: 1-ium bromide

{6875 A solution of 1-methylpiperidine (~24.80 g) in anbydrous
dimethyliformamide (~500 vol) was added slowly to a solution of 1,4-
dibromobutane (~269.9 ¢} in anhydrous dimethylformamide (~250 mL) over the
course of about 24 hours under a nitrogen atmosphere with rapid stirring. Stirving
of the solution was continued for a further ~48 hours. The reaction mixture was
then passed through a D-frit {~10-20 microns) to scparate any solid 1, I'-{(butanc-

1 4-diylybis{ {-methylpiperidin- f-ium) bromide impurity. Anhydrous diethyi ether
(~2000 mL) was then added to the filtrate to precipitate the product which was
then filtered using a ID-frit and rinsed with anhydrous diethy! ether (3 x ~400 mL).
After drying the product {(~63.7 g, ~80%) was confirrued to be 1-{(4-browobutyl)-

1-methylpiperidin-1-ium broride by 'H NMR.

Exampie 2; Synthesis of 3-hydroxy-1-{4-(I-methyipiperidin-1-inm-1-
yhibuivquinuclidin-1-fum bromide

HO, 8 :id
N R B H LN
-~ A AN N E
§_F/\\J, \‘v‘/!\v" 5

IR g gmoulyl 1o

hiyhpiperidineg um sroids

Sriyditiy b ety piptiidine] -1y butylgulaucliain- L browids
{3076] Damethyiformanmide (700 mL}, 1-(4-bromobutyi}- Lmmethylpiperidin-

I-tum bromide (~65.16 g} and 3-guinuchidinel (~27.62 g} were combined and

stirred at room temperature {(about 20-25°C) overnight. The solid product was
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filtered and then washed with dicthy! ether (3 x ~100 mL). After drying the
product (~&1.4 g, ~89%;) was confirmed to be 3-hydroxy-1-{4-({-methylpiperidin-

1-fum-1-yi}butyDquinuctidin-1-ium bromide by 'H NMR,

Example 3:  Synthesis of 3-bvdroxy-1-{4-{I-methyipiperidin-1-iom-1-
yhbuivhguinuclidin-1-fum hydroxide

{6877} 3-hydroxy-14{4-({-methylpiperidin- {-ium-{-yDbutylyquinuclidin-1 -ium
bromide was subsequently converted to a hydroxide selution by colurn ton-
exchange using an excess of MTO-DOWEX SBR LUNG(OH) resin. Distilled
water was eluted through the coluron until the pH was less than 11 and the
resulting solution concentrated to the desived concentration, typically ~20 wi%.

The concentration was confirmed by acid-base titration and by TH NMR.

Example 4: Synthesis of 1-(3-bromopentyl)-1-methyipiperidin-1-tum bromide

/ Py
O Fogp NN Ny gf\\/"\,/’\if
PR ", 1

§ Sodibramhopeniate

T=sthylpips _— s s
-Hsthylpipstidine fe(Sehromopsitylys ety loipsridisi: 1-iurm beamide

{878] A solution of 1-methyipiperidine (~26.04 g} in dimethylformamide
{(~250 mL) was added slowly to a solution of 1,5-dibromopentanc (~226.3 g in
dimethylformamide (~50 rol.) with vapid stirring.  Stircing of the solution was
continued overnight. The reaction mixture was then poured into diethy! cther
{(~1500 mL) producing s yellow oil. The diethy! ether was decanted and the oil
poured into a solution of fresh diethyl ether (~1500 mL) with acetone (~250 mL)
and then stirred overnight. The resulting waxy solid was filtered. After drying the
product (~51.8 g, ~60%) was confirmed to be I-(S-bromopentyl)-I-

methylpiperidin-{-ium bromide by 'H NMR.
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Fxample 5:  Synthesis of 3-hydroxy-1-(§-(T-methylpiperidin-i-tum-{-
viipentyiquinuclidin-1-fum bromide

HO\\(‘/\\H . E,/“\\ ?ﬁ?\ \\N*"f\\w/\v f,ﬂ\\i Py
PN s o T & #
[—— -, NP N;\ {\v

IR 1S rnunan ety lplpesidine L bioiide Syl (e - teydplperidine R yhpeatyhpinaelicn:] -um bisiids

{357%] Dimethylformamide (~430 mL}, 1-{5-bromopentyl}-1-methylpiperidin-
{~ium bromide {(~59.84 g and 3-quinuclidinol (~25.03 g} were combined and
stirved at room temperature for about 3 days. The solid product was filtered and
then washed with dicthyl ether (3 x ~100 ml). After drying the product (~61.3 g,
~74%%) was confirmed to be 3-hydroxy-1-(5-( 1 -methylpipendin- [ -tum- 1 -

yhpentyhquinuclidin-1-tam bromide by '"H NMR.

Example 6:  Synthesis of 3-hydroxy-1-(5-(1-methylpiperidin-1-ium-{-
yiipentyDguingchdin-I-fum hydroxide

{60881 3-hydroxy-1-(5-( -mcthylpipendin-I-tam- -y Dpentyhguinuchdin-1-

ium bromide was subsequently converted to a hydroxide solution by column ion-
exchange using an excess of MTO-DOWEX SBR LCNG{OH) rosin.  Distitled
water was chuted through the column until the pH was less than 11 and the
resulting solution concentrated to the desired concentration, typically ~20 wit%.

e . ~ . . . f
Fhe concentration was confirmed by acid-base titration and by "H NMR.

Example 7:  Syuthesis of 1,1'-(butane-1,4-divi}bis(1-methylpiperidin-1-ium}
bromide

1 ddibrorbiins E o
1=1eilyylpiperiding

i F=insiangsd=divhibisy i isthylpipsridine 1 =5um) heomids

{6881] Lroethylpiperidine (~75.67 g}, 1.4~dibromobutane (~75 g), and
dimethylformamide (~250 ral} were combined and sturred at room temperature for

~24 hours. The solid product was filtered and then washed with diethyl ether
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(~750 mL). After drying the product {(~115.% g, ~81%0) was confirmed to be 1,3

(butane- | 4-diyDbis( [-methyipiperidin-1-ium} bromide by 'H NMR.

Example 8:  Synthesis of L1U'-{butane-1,4-diyDbis{l-methyipiperidin-{-inm)}
hydroexide

{6082} 1, P'-{butane-1.4-diybis{ 1 -methylpiperidin- [ -ium} bromide was
subsequently converted to a hydroxide sohution by column ion-exchange using an
excess of MTO-DOWEX SBR LONG{OH) resin. Distilled water was eluted
through the column until the pH was less than T and the resulting solution
coneentrated to the desived concentration, typically ~28 wt%. The concentration

was confitrned by acid-base tifration and by 'H NMR.

Example 9 Synthesis of L,1'-{pentane-1,5-divhbis(I-methyipiperidin-1-
i) bromide

TR N N W

L5-dibfraspsiie

N/ OLM\M }Ei‘f\\-.
§F 8

Hettylpipetiding 1, Hetpemians:§ S:diviybis;  <meihylpiperdin: i) browids

{6883 I-methyipiperidine (~71.2 g}, 1 4-dibromopentane {~75 g}, and
dimethytformamide (~230 mL) were combined and stivred al oo temperature for
about 24 hours, The solid product was filtered and then washed with diethyl ether
{(~750 mL). Afier drying the product (~108.5g, ~78%) was confirmed to be 1,1

{peniane-1,5-diylibis( | -methylpiperidin- | -ium) bromide by 'H NMR.

Example 18: Synthesis of 1,1'-{pentane-1,5-diviibis(1-methyipiperidin-1-
fnm} hyvdroxide

{66841 1, -{pentane-1,5-divhbis{ t-methylpiperidin- I -ium) bromide was
subsequently converted to a hydroxide solution by column ion-exchange using an
cxeess of MTO-DOWEX SBR LONG({OH) resin. Distilled water was clutes
through the column until the pH was less than 11 and the resulting solution
concentrated to the desired concentration, typically ~20 wit%. The concentration

. " o . . ; | .
was confirmed by acid-base tiration and by "H NMR.
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fxample 11: Synthesis of {,1'-(hexane-1.6-divi}bis(l-methyipiperidin-{-inm}
bromide

| G-dibiomsherae

Q/ Y Y C/\/\/\/(

i=fasthylpingHding

Vsihesane-L6egiyhbis-methyipipsridin=L-1uHn besmide
[B985] t-methylpiperidine {(~73.3 g), 1 4-dibromehexane (~8Z g}, and
dimethylformamide (~250 mL} were combined and stirred at room temperature for
about 24 hours. The solid product was filiered and then washed with diethyl ether
{(~750 mL}. After drying the product (~106 g, ~71%) was confirmed to be 1,1

{hexane-1,6-diyDbis( -methylpiperidin- T-ium) bromide by 'H NMR.

Example 12: Syunthesis of 1,1 (hexane-1,6-diylibis(1-methylpiperidin-{-ium)
hvdroxide

[6086] U I'-{hexane-1,6~-divlibis{1-methylpiperidin-1-ium) bromide was
subsequently converted to a hydroxide solution by column wou-exchange using an
36 of MTO-DOWEX SBR LONG{OH) resin. Distilled water was eluted

through the column unil the pH was less than 11 and the resulting solution
concentrated to the desired concentration, typically ~20 wt%. The concentration

was confirmed by acid-base titration and by H NMR.

Example 13; Synthesis of (3as,6a5)-2,5-di{piperidin-1-yDoctahydropentalens

H
£ MH F Qg { N N )3
pipesiding 3
A8y fasy W‘Hhsél’ﬁpﬁhml a2 S 1H 3H diong (344 685y 2 Sadiyptoeridined=glostahydispentaleng

[BO87] Anhydrous tetrahvdrofuran (~ 150 mL), piperidine {(~5.43 g), and
(3as,bas)-tetrahydropentalene-2, 3( 1 H,3H ) -dione (~3.29 g} were combined and
stirred thoroughly at room temperature (about 20-23°C). Then sodium

triacetoxyborohvdride (~21.64 ¢y was added and the mixture was stirred at room
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temperature for about one day. Aqueous sodium hydroxide (~25 g, ~25 wt%) was
then added and the solution extracted with petroleum cther (3 x ~100 mL). The
organic extracts were combined and washed with delonized water {2 x ~150 mbL)
and saturated sedivm chiloride (2 x ~150 mL}. The resulting solid product was
filtered and after drying the product (~5.71 g, ~32%) was confirmed to be

(3as,6a5)-2,5-di{piperidin-1-yhoctahydropentalene by 'H NMR.

Example 14: Synthesis of 1,1'-((3as,6as}-octahydropeniatene-2,5-divibis(i-

methyipiperidin-1-ium) lodide
"y
/“D

7N e i ; /
‘@ }F
iyl bis ety lppsridine L -fum) Indide

(Bas favy ] S-dipipsridin: L -vlynshahydropeatalshe 1.V Sanyostahydiopentaiené

[Q08E] Dimethylformamide (~50 ml) and {3as,6as5)-2 5-di{piperidin-1-
vhoctahydropentalene (~5.69 ¢} were combined and stitred. Then iodomethane
{~6.43 ¢) wus added, and the mixtare was left at room teraperature {about 20-
25°C) overnight without stirring. The solid product was filtered and the filtrate
was slowly added to stirred dicthyl cther (~500 mL) producing a solid precipitate.
After drying the combined solid product {~11.3 g. ~9¥%%} was confumed to be
1.1-{3a5,6as)-octahydropentalene-2.53-divl)bis{ I -methylpiperidin-  -ium) jodide

by 'H NMR.

Example 15: Synthesis of 1,1'-{{3as,6a3)-ocishydropentalene-2,5-divlibis(i-
methyipiperidin-1-inm) hydroxide

{089 1, 1-{{3as bas)-ociahydropentalene-2,5~diyi bis{ 1 -methyipiperidin- |
fum) indide was subsequently converted to a hydroxide solutton by column ion-
exchange using an ¢xeess of MTO-DOWEX SBR LONG(OH) resin. Distilled
water was cluted through the column until the pH was less than 11 and the
resulting solution concentrated to the destred concentration, typically ~20 wt%,

The concentration was confirmed by acid-base titration and by 'H NMER.
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Example 16: Synthesis of MUM-68

{3094] A gel was prepared by mixing together detonized water (~2 pl),
aqueous CAB-O-SPERSE 2017A (~162 ul., ~17 wt%), aqueous 3-hydroxy-1-{5-
{ {-roethyipiperidin- T-ium- L-yDpentyljquinuchdin- tium hydroxide (~189 ul,
~25.1 wi%), agueous potassium hydroxide (~42 ul, ~17.5 wit%), and agueous
aluminum airrate (~64 pL, ~15 wit%). The starting gel had the tollowing molar

TALIOS

SVAL ~14
OH7YSI ~(3.6
SDA/ST ~(.3
K/Si ~{3.3
Water/Si ~44

where SDA s the 3-hydroxy-1-{5-{1-wethylpipendin- {-um-1-
yhpentyhquinuchidin-1-tum siructure directing agent. The mixture was stirred
until homogenous and then reacted at autogenous pressure at about 160°C for
about 7 days in an air oven with tumbling. The product was centrifuged, washed
three times with deionized water, dried, and then subjected to powder X-ray
diffraction analysis. The X-ray diffraction pattern showed the product to be pure

MOM-68 zeolite.

Example 17: Synthesis of MUM-63

16091} A gel was prepared by mixing together deionized water (~24 plL)
UltraSil™ precipitated silica (~44 myg, ~92.7 wit%), aqueous 3-hydroxy-1~(5-{1-
methylpiperidin-T-iuro-1-yDpentyDquinuclidio- L-iur hydroxide (~236 ul, ~23.1
wi%), aqueous potassium hydroxide {(~56 pl, ~17.5 wt%), and agueous aluminum

nitrate {~80 uk, ~15 wi%). The starting gel had the following melar ratios

SiAlL ~ 10
OH/S1 ~{3.6
SDA/SE ~(3.3
K781 ~{.3
Water/Si ~30
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where SDA is the 3-hydroxy-1-(5-(1-methylpiperdin- { -tum- i-
yhipentylquinuclidin- 1-ium structure directing agent. The mixture was stirred
until homogenous and then reacted at avtogonous pressure at about 160°C for
about 10 days in an air oven with tumbling. The product was centrifuged, washed
three times with detonized water, dried, and theu subjected to powder X-ray
diffraction avalysis. The X-ray diffraction patiern showed the product to be pure

MCM-88 zeolite.

Example 18: Synthesis of MUM-68

{80921 A gel way prepared by mixing together detonized water (~5 L),
agueous LUDOX SM-30 (~87 uL, ~30.1 wi%), aqucous 3-hydroxy-1-(3-(1-
methylpiperidin-1-ium-1-yDpentyDquinuclidin- [ -ium hydroxide (~223 ub, ~25.1
wt%), aquesus potassium hydroxide (~49 gL, ~17.5 wt%), and aqueous aluminum

nitrate (~75 ub, ~15 wit%). The starting gel had the following molar ratios

SrAl ~14
OH/SI ~{.6
SDAMS ~{.3
K/5t ~0.3
Water/Si ~36

where SDA s the 3-hydroxy-1-(5-( 1 -methylpiperidin- | -lum- I-
vhipentvhquinuclidin- [ -ium structure directing agent. The mixture was stirred
until homogenous and then reacted at autogenous pressure at about 160°C for
about 10 days in an air oven with tumbling. The product was centrifuged, washed
three tHimes with delonized water, dried, and then subjected to powder X-ray
diffraction analysis. The X-ray diffraction patters showed the product to be pure

MOCM-68 zeolite,

Example 13 Synthesis of MUM-68
(093] A gel was prepared by mixing together detonized water (~6 pll),
aqueous LUDOX SM-30 (~105 pb, ~30.4 wi%), aqueous '-(butane-1,4-

divhibis{ l-methylpiperidin-1-tum) hydroxide (~158 uL, ~20.9 wt%}), aqueous
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soedium hydroxide (~162 uL, ~ 10 wit%), and agueons aluminum nitrate {(~20 nL,

~15 wi9%). The starting gel had the following molar ratios

Si7AL ~d4}
OH/Si ~1
SDA/S: ~(.19
Na/Si ~3.7
Water/S1 ~35

where SDA is the V-{butane-1,4-diylibis( I-methylpiperidin-1-ium) structure
dirceting agent. The mixture was stirred until homogenous and then reacted at
autogenous pressure at about 160°C for about 7 days in an air oven with tumbling.
The product was centrifuged, washed three times with deionized water, dried, and
then subjected to powder X-ray diffraction analysis. The X-ray diffraction pattern

showed the product to be pure MUM-68 zeolite.

Exawple 20: Synthesis of MUM-68

1394 A gel was prepared by mixing together deionized water (~5 ul),

agueous LUBQOX SM-30 (~70 ul., ~30.4 wt%}, aqueous 1, 1'-((3as,6as)-
ctahydropentalene-2,5-divlbis{ 1-methyipiperidin-1-ium) hydroxide {(~255 pL,

~5.62 wi%}, aqueous potassium hydroxide (~33 L, ~17.5 wt%), aqueous

aluminum nitrate (~90 pl, ~1 wt%), and aqueous hydrochloric acid (~19 uL, ~20

wi%). The starting gel had the following molar ratios

Si/AL ~ 1630
OH/S ~{.2
SDA/ST ~. 1
K/Si ~{(3.3
Water/S1 ~58

where SDA i3 the {,1'-((3as,6as}-octahydropentalene-2,5-diylbis(1 -
methylpiperidin--ium) structure directing agent. The raxture was stirred until
homogenous and then reacted at autogenous pressure at about 200°C for about 7
days in an air oven with tumbling. The product was centrifuged, washed three

times with detonized water, dried and then subjected to powder Xoray diffraction
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analysis, The X-ray diffraction pattern showed the product to be pure MUM-68
zeolite. An X-ray diffraction pattern for a sample on MCM-68 prepared in thig

Example is shown in Figure 1.

Examples 21 to 74:  Further MUM-68 Syntheses

[6095] A series of gels were prepared in 2 mapuer similar to Examples 16 to
20 above, but having the molar ratios indicated in Table 3 below. The gels were
prepared by mixing together dejonized water, a Silica Source, aqueous SBA
hydroxide, agueous sodium or potassium hydroxide, agueous potassium bromide,
aqueous aluminum nitrate, and aqueous hydrochloric acid.

160961 In Table 3, the structure directing agent {SDA) is referred to in terms of
formulae recited herein, Formula I corresponds to 3-bydroxy-1-(4-(1-
methylpiperidin-1-tum-~1-yhbutyDquinaclidin-1-ium hydroxide. Formula IV
corresponds to 3-hydroxy-1-(5-( I-methylpiperidin-1-ur-1-yhpeotyhquinuclidin-
L-tum hydroxide. Formula V corresponds to L 1-(butane~-1 4~divlbis{1~
methylpiperidin-1-ium) hydroxide. Formula VI corresponds to 1, 1'-{pentane-1,5-
divihis{ -methylpiperidin- I-tum) hydroxide. Formula VI corresponds to 1 1'-
{hexane-1,6-diyhbis{ 1 -methylpiperidin-1-ium) hydroxide. Formula VI
corresponds to 1,1-((3as.6as octahydropentalene-2,5-diylibis{ L -methylipiperidin-

I-fum} hydroxide.

Tabie 3.
EX. 8i Saurce DA Na/si ¥/Si SDASI OH-/3i H.0/8i
21 LUDOX LS-30 1 0 8.3 0.3 0.6 40
22 LUDOXLS-30 Y 0 3.3 0.3 0.6 36
23 LUDOX LS-30 v 0 0.45 0.3 0.75 40
24 LUDOX SM-30 v g 0.45 0.3 0.75 40
25  Cab-0O-3perse v { 0.45 0.3 075 44
28 Ultrasil v 0 045 0.3 0.75 33
27 LUDOX $M-30 IV { (.45 0.3 0.78 44
28 LUDOX SM-30 Y 0 .15 0.3 0.45 35
200 LUDOX SM-30 v g 0.3 0.3 0.8 38
a0 LUDOX 8SM-30 Y { 4.3 0.4 8.78 45
31 LUBOX SM-30 A 0 4.3 0.4 0.6 44
32 LUDOX LES-30 v 0 0.3 0.3 0.6 38
33 Ultrasil v { 0.3 0.4 0.75 35
34 LUDOX 8M-30 v 0 .15 0.3 0.45 34
35 Ultrasil v {3 .18 0.4 3.6 32
36 LUDOX SM-30 Y { 3.3 0.3 .45 38
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Ex. 2§ Source SDA - Na/Si KiSi SDA/SI Ok-/Si H,O/8i
37 {Utrasi v 8 03 0.3 4.6 30
38 LUDOX SM-30 Y { .3 0.3 3.6 36
38 LUDOX 8M-30 Y 0 0.3 0.4 0.75 42
40 LUDOX 8SM-30 v 0 0.45 0.3 0.6 40
41 Ultrasil Y 0 6.45 8.3 0.75 31
42 LUDROX 8M-30 v 0 .45 04 .75 48
43 Ultrasil v {1 0.45 0.4 275 39
44 LUDOX 8M-30 v U (.15 0.3 .45 34
45 Ulirasil Y 0 .45 0.4 8.75 38
46 LUDOX 8M-30 i {} 0.15 0.3 .45 34
47 LUDOX SM-30 IV g 0.3 04 0.75 42
48 {Uiltrasil v 0 .18 04 0.8 32
48 Cab-O-Sperse v 0 0.3 0.4 0.6 G2
50 Ultrasil s 0 015 0.3 .45 30
51 LUDOX 8M-30 v O 0.3 0.3 0.45 38
52 Ultrasi v ¢ 0.3 0.4 0.6 36
53 LUDOX 8M-30 Y g 0.3 0.4 0.45 50
54 Ultrasil v Y 0.3 04 9.75 35
55  LUDOX SM-30 v b 0.3 0.4 0.6 44
56  LUDOXLS-30 Y {1 g.15 0.4 3.6 40
57 LUDOX LS-30 Y ) 0.3 0.3 0.6 36
58  Cab-O-&Sperse b 0 0.3 0.3 0.6 45
58  LUDOXLS-30 Y O .3 0.4 0.6 44
80 LUDOX LE-30 v ) 0.3 04 8.75 42
&1 ab-O-3perse Y 0 0.3 0.4 0.75 &1
62 LUDOX 8M-30 Vi 0 0.3 0.4 0.8 49
63 LUDOX SM-30 Vi 0 0.3 0.3 0.8 40
64  LUDOX 5M-30 Vi {1 0.3 0.4 0.75 47
85 LUDOX 8M-30 Vi 0 (.45 0.4 0.75 51
66 LUDOX SM-30 Vi 0 £.15 0.3 .45 37
87 Ultrasil Vi { 0.15 0.3 .45 30
88  LUDOX 8M-30 Vi 0 .15 0.4 0.6 45
64 Ultrasil Vi 0 0.3 0.4 0.75 44
70 LUDOX SM-30 Wi h .3 0.3 0.6 43
71 LUDOX GM-30 Vi 0 0.3 04 0.75 51
72 LUDOXLS-30 Y 1 0 G.15 1 54
73 LUDOX LS-30 N 0 0.3 0.15 0.3 30
74 LUDOX L3530 Vil 0 1 0.15 0.75 104
{30971 The mixtures were stirred until homogenous and then reacted at

autogenous pressure in an air oven with tumbling at the temperature and time
spocificd in Table 4. The products were centrifuged, washed three times with
delonized water, dried and then subjected to powder X-ray diffraction analysis,
The X-ray diffraction patterns showed the product to be MCM-68 zeolite along

with the impurity phase designated by the IZA structure code specified in Table 4.
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Tabie 4.
£x. Tamp °C Time days tmpurily Phase (IZA Code)
21 120 28 ERI
22 1260 28 PAU
23 200 4 MFI
24 200 4 MEL
25 200 10 MF!
26 200 10 MFI
27 200 10 ME
28 180 4 BEA
29 180 4 BEA
30 186 4 BEA
31 18¢ 10 BEA
Ex. Temp°C Time days tmpurity Phase (LZA Caode)
32 180 10 MTW
33 180 10 MTW
34 180 103 BEA
35 186 10 BEA
36 180 10 BEA
37 180 10 MTW
38 180 10 MTW
39 180 10 MTW
44 180 10 MTW
44 180 10 MFT
42 180 10 MTW
43 180 10 MTW
44 180 4 BEA
45 160 10 MTW
486 160 10 BEA
47 160 10 MTW
48 160 13 BEA
49 160 10 MTW
50 160 10 BEA
51 160 10 MTW
52 1680 10 MTW
53 160 13 BEA
54 160 10 PTW
55 160 10 MTW
56 160 10 BEA
57 160 10 MTW
58 1680 10 MTW
58 160 10 BEA
60 180 16 MTW
&1 164 13 BEA
62 180 10 BEAMTW
83 180 10 BEAMTW
G4 180 10 BEA MTW
85 180 10 BEAMTW
86 1680 10 BEAMTW
67 160 i0 BEAMTW

88 160 10 BEAMTW
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While the present invention has been described and illustrated by

reference to particular embodiments, those of ordinary skill in the art will

appreciate that the invention lends itself to varfations not necessarily itlustrated

herein. For this reason, then, reference should be made selely to the appended

claims for purposes of determining the true scope of the present invention,
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CLAIMS
What is claimed is:
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, 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
organic cations, Q, having the following general structure:

Ri-R3-R,
where R; and R, are the same or different, and where Ry or R, or both R; and R, are

an N-alkylpiperidinium group of the formula

R4

-~
N+

Q)

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

N+

~

OH

(I)
where Rj is an polymethylene group of the formula (CH,),, where n is from 4 to 6, or
where Rj is a cylcoalkylene group having from 5 to 8 carbon atoms, and

where Ry is an alkyl group having 1 to 4 carbon atoms.
2. The method of claim 1, wherein Ry is a methyl group.

3. The method of claim 2, wherein R; and R, are both an N-alkylpiperidinium

group of the formula



M

4, The method of claim 2, wherein R, is an N-alkylpiperidinium group of the

formula

M

where R; is a quinuclidinium group of the formula

N+

~

OH

an

and where nis 4 or 5.

S. The method of claim 1, wherein a molar ratio Q/YO; in said reaction mixture

is in a range from about 0.01 to about 1.0.

6. The method of claim 1, wherein a molar ratio Q/YO; in said reaction mixture

is in a range from about 0.05 to about 0.7.
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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 a molar ratio Y0O,/X;03 in said reaction

mixture is in a range from about 4 to about 200.

9, The method of claim 7, wherein a molar ratio YO,/X,05 in said reaction

mixture is in a range from about 8 to about 120.

10.  The method of claim 7, wherein the reaction mixture has the following molar
composition:

YO,/X;05 ~4 to ~200

H,0/YO, ~5 to 200

OH/YO, ~0.05 to ~1

M/YO, ~0.05 to ~2

Q/YO, ~0.01 to ~1.
11.  The method of claim 7, wherein the reaction mixture has the following molar
composition:

YO0./X503 ~8 to ~120

H,0/YO, ~14t0 ~50

OH/YO, ~0.10 to ~0.53

M/YO, ~0.15 to ~0.9

Q/YO, ~0.05 to ~0.7.
12. The method of claim 1, wherein said tetravalent element, Y, is silicon.
13. The method of claim 1 wherein said trivalent element, X, is aluminum.

14. The method of claim 1, wherein said alkali or alkaline earth metal, M,

comprises at least one of sodium and potassium.
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15. The method of claim 1, wherein said alkali or alkaline earth metal, M, is
potassium.
16. The method of claim 1, wherein said reaction mixture does not comprise seeds

of an MSE framework type molecular sieve.

17.  The method of claim 1, wherein seeds of an MSE framework type molecular
sieve are present in an amount such that the molar ratio of seeds/YO; in said reaction

mixture 18 between about 0.001 and about 0.1.

18. The method of claim 1, wherein the crystallizing is conducted at a temperature

between about 100°C and about 200°C for up to about 28 days.

19. The method of claim 1, wherein the crystallizing is conducted at a temperature

between about 145°C and about 175°C for between about 24 hours and about 170

hours.

20. The method of claim 1, wherein Q is 3-hydroxy-1-(4-(1-methylpiperidin-1-

ium-1-yl)butyl)quinuclidin-1-ium dication of the formula

I /\/\/ N*
N*
CH

(111

21. The method of claim 1, wherein Q is a 3-hydroxy-1-(5-(1-methylpiperidin-1-

ium-1-yl)pentyl)quinuclidin-1-ium dication of the formula

NN
|
(IV) oH
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22. The method of claim 1, wherein Q is a 1,1'-(butane-1,4-diyl)bis(1-

methylpiperidin-1-ium) dication of the formula
/\/\/\ N
\
(V) |

23. The method of claim 1, wherein Q is a 1,1'-(pentane-1,5-diyl)bis(1-

methylpiperidin-1-ium) dication of the formula
(VD)

24. The method of claim 1, wherein Q is a 1,1'-(hexane-1,6-diyl)bis(1-

methylpiperidin-1-ium) dication of the formula

N+

N |
|
(VII)

25. The method of claim 1, wherein Q is a 1,1'-((3as,6as)-octahydropentalene-2,5-
diyl)bis(1-methylpiperidin-1-ium) dication of the formula

OO
(VIID)

26. A crystalline molecular sieve having an MSE framework type and containing

within its pore structure a dication selected from the group consisting of a 3-hydroxy-
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1-(4-(1-methylpiperidin-1-ium-1-yl)butyl)quinuclidin-1-ium, a 1-(5-(1-

methylpiperidin-1-ium-1-yl)pentyl)quinuclidin-1-ium, a 1,1'-(butane-1,4-diyl)bis(1-

methylpiperidin-1-ium), a 1,1'-(pentane-1,5-diyl)bis(1-methylpiperidin-1-ium), a 1,1'-
(hexane-1,6-diyl)bis(1-methylpiperidin-1-ium), and a 1,1'-((3as,6as)-

octahydropentalene-2,5-diyl)bis(1-methylpiperidin-1-ium).

27.  The molecular sieve according to claim 26 and having, in its anhydrous, as-

synthesized form, an X-ray diffraction pattern including the following lines:

d(A)
13.56 +/- 0.39

12.93 +/- 0.37
10.92 +/- 0.31
10.16 +/- 0.29
9.15+/-0.26
8.19 +/-0.23
4.58 +/- 0.13
4.54 +/-0.13
444 +/-0.12
432 +/-0.12
4.23 +/-0.12
4.10+/-0.12
4.06 +/- 0.12
3.98 +/-0.11
3.88 +/-0.11
3.80 +/- 0.11
3.40 +/- 0.10
3.24 +/- 0.09
2.90 +/- 0.08

Relative Intensity [100 x 1/1(0)]
VW
M-S
W
VW - W
VW -W
vw

€

Vw
Vw
VS

€

Vw
Vw

VW.



