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(87) Abstract: A method of synthesizing a crystalline molecular sieve having an MSE framework type comprises crystallizing a re -
action 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 dications, Q, such as 3 -hydroxy-1-(4-(1 -methylpiperidiii-1-ium-1- yl)butyl)quinuclidin-1-1um, 3-hy-
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droxy-1-(5 -(1-methylpiperidin-1-1um-1-yl)pentyl)quinuclidin-1-tum,1, 1 '-(butane-1,4-diyi)bis(1 -methylpiperidin-1-ium), 1, 1 '-
(pentane- 1,5-diy1)bis(1 -methylpiperidin-1-um), 1, 1 '-(hexane-1,6-diyl)bis( 1 - metbylpiperidm-1 -ium), and/or 1,r-((3as,6a,9)-oc -
tahydropentalene-2,5-diyl)bis(1- methylpiperidm-1-1um).
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SYNTHESIS OF MSE-FRAMEWORK TYPE MOLECULAR SIEVES

FIELD OF THE INVENTION
[0001] This invention relates to the synthesis of crystalline molecular sieves ot

the MSE framework-type, such as MCM-68, and to their use 1n organic conversion

Processes.

BACKGROUND OF THE INVENTION

[0002] MCM-68 is a single crystalline phase molecular sieve material which has
a unique 3-dimensional channel structure comprising one 12-membered ring channel
system and two 10-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 are generally straight and the 10-ring channels are tortuous
(sinusoidal). The framework structure of MCM-68 has been assigned code MSE by
the Structure Commission of the International Zeolite Association.

[0003] The composition and characterizing X-ray diffraction pattern of MCM-68
are disclosed in U.S. Patent No. 6,049,018, which also describes the synthesis of the
molecular sieve in the presence of a structure directing agent comprising the
N,N,N'.N'-tetraethylbicyclo[2.2.2]oct-7-ene-2,3:5,6-dipyrrolidinium dication.

[0004] U.S. Patent No. 6,049,018 exemplifies the use of MCM-68 as a catalyst in
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 1sobutene,
with the MCM-68 e¢ither being the primary cracking catalyst or an additive

component in conjunction with a conventional large pore cracking catalyst, such as

zeolite Y.

[0005] The commercial development of MCM-68 has been hindered by the high
cost of the N,N,N',N'-tetraethylbicyclo[2.2.2]oct-7-ene-2,3:5,6-dipyrrolidinium
dication structure directing agent required in U.S. Patent No. 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.

CA 2849923 2018-09-11
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3006 in U.S. Patent Application Publication No. 2Z309/03 18696, 1t 18 stated
that 1, 1-dialkyi-d-cyclohexvipiperazin-1-tum cations and 1, 1-dialkyl-4-
alkyleyclohexyipiperazin-1-wura cations are ctfective as structure directing agenis
m the synthesis of MUM-6X, UK, Patent Applcation Publication No,

2009/03 18696 describes the use of MUCM-6E seeds mn the synthesis of MCM-6K.
{337 According to the present mvention, it has now been found that cations
described heremn are effective as structure directing agents in the synthesis of
MOUM-6X. Furthermore, 1t has been found that these cations may be produced
conveniently and mexpensively from commercially available raw materials.,
Moreover, it has been tound that MUM-6RK can be prepared with these cations

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

SUMMARY OF THE INVENTION

FiEHERT in one aspect, the present mvention resides in a method of synthesizing
a crystatline molecular sieve having a structure of the MSE framework type,
preferably MUM-6X, the method comprising crystaliizing a reaction muxiure
comprising a source of water, a source of an oxide of a tetravalent element, Y,
selected from at least one of stlicon, fin, tifamium, vanadium and germanium,
optionally a source of a trivalent clement, X, a source of an alkali or alkahne ecarth
metal, M, and a source of organic cations, 3, having the following general
structure; Ky-Rs-Ko: where Ry and K» are the same or different, and where R, or

K, or both Ky and K, arc an N-alkyipipenidinmum group of the formula

(b

or where R or R» or both R and K> are a quinuchdimium group of the formula
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(1)

where Rs 18 an polyvmcthyiene group of the formula (CHy )y, where nas from 4 to

6, or where K 18 a cyvleoalkylene group having from 5 to 8 carbon atoms, and
where Ry 18 an alkyl group having | to 4 carbon atoms.
LHEG An example of an organic cation, 3, 1S 8 3-nydroxy-1-{4-{1-

methvipiperidin-1-tum-1-yhbutyhagumuchdm- T~-ium dication of the formula

(1L

10010 Another exarople of an organic cation, {3, 1s a 3-hvdroxy-1-{5-{1-

methvipiperidin-1-um-1-vhpentyvhguinuchidin-1-1um dication of the formula

¥
K

K
X g ~

\

V)

(3312 Ancther exarapic of an organic cation, Q, 1s a 1,1 -{pentane-1,5-

divhbis{1-methyipiperidin-1-ium) dication of the formula



CA 02849923 2014-03-24
WO 2013/055871 PCT/US2012/059678

(V)
LHIIR] Ancther example of an organic cation, (3, 1s & 1,1'-{hexane-1,6-

diylbis{ I-methyvipipendin-1-tum) dication of the formula

(30 14] Another example of an organic cation, (3,18 a 1,1'-{{3as,6as5)-

octahydropentaiene-2,5-divibis{ 1 -methyipiperidin- 1 -tum} dication of the formula

(VEH}

{331 5] The source of the organic dication may be any salt not detrimental to
the tormation of the crystatling material of the mvention, for exampie, the hahide
or hydroxide salt.

[0 16] The molar ratio Q/Y O, mn the reaction roixture rmay be m the range of
from about §.01 to about 1.0, such as from about §.05 to about .7

3171 The reaction muxture may comprise a source of an oxide of trivalent

clement, X, selected from at least one of aluminum, boron, galhium, won, and

muxture 18 10 the range of from about 4 {o about 200, such as from about 8 o about
120,
tHi R in one embodiment, the reaction mixture can have the following molar

COMpOsition:
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Y(Gr/ X0 ~4 t ~200

H-OQ/YOo ~5 10 ~200

OHT7Y Oy ~(.05 to ~]

M/Y (s ~3.05 to ~2

(/Y ~(3.01 to ~1.

(331 9] in another embodiment, the reaction mixture can have the following

molar composition:

Y3,/ X503 ~¥ 1o ~12{)
HoO/Y (s ~14 to ~50
OH/YO, ~(3. 168 to ~0.53
MY, ~3.15 to ~(.9
Q'YO, ~(3.05 to ~0.7.
G20 in g particular ernbodiment, the tetravalent clement, Y, corprises or 18

sithicon, the trivalent element, X, compriscs or 18 aluminum, and said alkali or
alkaline carth metal, M, 1s sodium and/or potassmum.

00211 The reaction muxture may oplionally coraprise seeds of MSE
framework type molecular sieve, for example, such that the molar ratio of
seeds/Y O, 1 said reaction mixture 18 between about 0.801 and about 0.1,
However, such sceds need not be mmcluded m the reaction mixture in order to make
MOM-65.

{3822} Crystallizing may be conducted at a tomperature between about 108°0
and about 2007C for up to about 28 days, such as at a temperature between about

1457°C and about 175°C tor about 24 hours to about 170 hours.

3023 As synthesized forms of a crystaliine molecular sieve having the MSE
framework type produced by embodiments described herein may contain within its
pore structure cations, O, as defined above.

3024 Leolites produced by methods describe herein may be used 1 an
OTZAniC CONVErSIon process comprising contacting an organic feed with a catalyst
comprising a calcmed form of the crystaliine MSE framework type molecular

sieve desceribed herein,
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G325 Aspects of the present mvention can involve new compositions of

matter. For example, there 1s provided a dication of the structure R-Ra-R,

where Ry is an N-alkylpiperidimuurn group of the formula

(1)

where Rs 18 an polymethyiene group of the tormula (CH» )y, where n 18 from 4 {o
6, and where R4 18 an alkyi group having 1 to 4 carbon atomns. Examples of these
dications include a 3-hydroxy-1-{4-( l-methyipipenidin- 1-1um-1-
vibutvliquinuchdin-1-tum dication of Formula (i) and a 3-hydroxy-1-{5-(1-
methyipiperidin-1-tum-1-vhpentyl yqumuchidin- 1 -1um dication of Formula (V).
{3826 Another compound provided according to aspects of the present
mvention 1s a 1, 1'-((3as,6as }-octahydropentalene-2, 5-diyhbis{ L -methyipipenidin-1 -

wum ) dication of Formula (VIH).

BRIEF DESCRIPTION OF THE DRAWING
[GO27] Figure 1 1s an X-ray diffraction patiern of MCM-68 produced using
1,1'-{{3as,6as-octahvdropentalene-2, 3-diyhyois{ 1 -methvipiperidin- 1 -tum)

dications as the structure directing agent according to the process of Example 26,
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Described heretn 18 a method of synthesizing a crystailine molecular

sieve having the MSE framework type, such as MUM-68, using (@ cations as a

structure directing agent, Also described herein 1s the use of the calcined form of

the resultant MSE framework type crystaliine molecular sieve as a catalyst in

Grganic conversion reactions, such as m aromatic alkylation and transalkviation
reactions and m the cataiviic cracking of hydrocarbon fecdstocks.

| 3U29] MUOM-6¥ 18 a synthetic porous single crystalline phase material that has
a unique 3-dimensional channcl system comprising one {2-membered ring
channel system and two 10-membered ring channel systems, i which the channels
of cach system extend perpendicular to the channcls of the other systems and in
which the 12-ring channels are generally straight and the 10-ning channels are
penerally tortuous (sinusoidal}. The framework structure of MUM-68 has been
assigned code MISE by the Structure Comrmssion of the Infernational feolhiie
Association,

330

which 1s distinguished trom the paticrns of other known as-synthesized and/or

in its calcined form, MCM-68 has an X-ray diffraction { XRI})} pattern

d{A) o)

13.60 +/- 0.39 .
13.00 +/- 0.37 V§
1092 +/- 0.3] M
P00+ 0.29 M
GAR+/-0.26 Vs
X214/~ 023 W
458 +/-0.13 W
4,54 +/- .13 W

445 +/- Q.13 VW - W

432 4+/-0.12 AALY
422 +/-0.12 VW
4 10 +/-8.12 VS
4.05+/-0.11 M
3.94 4+/-0.11 Vi
3,85 +H-0.11 M
380 +/-0.11 VW
340 +/-0.10 W
324 +/- Q.09 W
2.90 +/- .08 VW
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(3331 Though described as d-spacings herein, the peaks observed m XRD
spectra have maxima in mtensity, and the peak maxima correspond to the d-
spacing “lines” listed herein. These X-ray diffraction data were coliected with a
Bruker DX Discover diffraction systern using Cu-Ko radsation and equipped with a
Gobel murror and HEI-STAR area detector, The XRID spectra were recorded by
measuring the diffraction pattern 1 two frames, the first frame from about 4° o
about 20° 28, and the second from about 20° to about 36° 28. The two-
dimmcnsional diffraction patterns were integrated and converted to I-dimensional
plots of 28 versus miensity using the Bruker GADDs software. The iterplanar
{d-} spacings were calculated in Angstrom units, and the relative iniensities of the
lines, V1, adjusted as percentages of the intensity of the strongest line, I, above
background, were derived with the use of Maternals Data, Inc., Jade software peak

search algorithm. The mitensities were uncorrected lor Lorentz and polarization

(RO~100%), S = strong (60-80%), M = mediam (40-60°%), W = weak (20-409%6),
and VW = very weak (6-20%). 1t should be understood that diffraction data listed
for these samples as single lines may consist of multiple overlapping hines which
under certain conditions, such as differences n crystaliographic changes, may
appear as resoived or partially reselved iimes. Typically, crystaliographic changes
can include nunor changes in unit celi parameters and/or changes 1n crystal
symmetry, without a corresponding change wn the structure. These minor effects,
wmchuding changes in relative mtensities, can additionaily or alternately occur as a
result of ditferences m cation content, framework composition, nature and degree
of pore filling, crvstal s1ze and shape, preferred oricntation, and thermal and/or
hydrothermal history, inrer afia.

3032 The structure of MCM-6X 18 further discussed in U.S. Patent No.
7,198,711 and m the Journal of Physical Chemisery 5, 118, 2045 (2006).

LRRY MOCM-6¥ has a chemical composition mveolving the molar relationship:
X2O:x:{n3Y ), wheremn X 18 a trivalent element selected from at least one of

aluminum, boron, gallium, wwon, and chronuum, preferably at least mchuding
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aluminum: Y is a tetravalent element selected from at least one of silicon, tin,
titanium, vanadium, and germanium, preferably at least including silicon; and n 1s at
least about 4, such as from about 4 to about 100,000, and can typically be from about
10 to about 1000, for example from about 10 to about 100.

[0034] MCM-68 is 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 wt%
Benzene sorption at ~75 torr, ~30°C - ~18.8 wt%
2, 2-Dimethylbutane sorption at ~60 torr, ~120°C - ~11.0 wt%
Mesitylene sorption at ~2 torr, ~100°C - ~3.3 wt%.

[0035] 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 Value 1s an
approximate indication 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 silica-
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 Catalysis, 4,
527 (1965); 6, 278 (1966); and 61, 395 (1980). The experimental conditions of the
test used herein include a constant temperature of ~538°C and a variable tlow rate, as
described in detail in the Journal of Catalysis, 61, 395 (1980).

10036} 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 dications as the structure directing agent. However, the high cost of
this structure directing agent has significantly hindered the commercial development
of MCM-68.

[0037] The present method of synthesizing MCM-68 employs as the structure

directing agent cations having the following general structure: Ri-R3-Ra, where

CA 2849923 2018-09-11
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R and R, are the same or ditterent, and where Ry or K> or both R and R, are an

N-alkylpiperidimuum group of the formula

or where Ry or K, or both R and R, are a quinuchdinium group of the formula

where Rz 18 a polymethylene group of the formuda (CHy )y, where nis from 4 {0 6,
or where Ra 18 a ¢ylcoalkylene group having from 5 1o ¥ carbon atoms, and where
R4 1s an alkyl group having 1 to 4 carbon atoms,

03K} Preterred dications can mclude 3-hydroxy-1-{(4-(1-methylpipenidin-1-
wim-1-vhbutvhiquinuchdin-i-tum, 3-hydroxy-1-(5-(1-methvipipendin-i-tum-1-

vhpentyhyquinuchidin-1-um, 1, P-(butane-1,4-diyh)bis{ I -methylpipenidin- f-1um),

methvipipertdm-~1~tum), and 1,1-({3as,bas)-octahydropentalene-2,S-diyijbis(1-
methylpipenidm-~1-tum).

3339 1, 1'-(hexane-1,6-divhibis{ 1 -methyvipipernidin-1-1um) dications have been
used to direct the synthesis of the zeolite IZM-2 (sce, e.g., PCT Publication No.
WO 2010/015732 and ULS. Patent Application Publication No. 2010/0272624),
and 1, 1'-{pentane-1,5-dryijbis{ -methylpipenidin-1-1um} dications have been used
to direct the synthesis of the zeolite 12M-3 (see, e.g., PCT Publication No.

WO 2009/090336). However, as with many other structure directing agent
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svsterns, it has now been found that, by varving the svathests conditions, 1,1-
{(hexane-1,6-divhbis(1-methyipiperidin-1-1um) dications and |,1'-(pentane-1.5-

diyhibis(1-methylpiperidin-1-tum} dications, can be effective in directing the

m directing the synthesis of rather pure phase MCM-6K.
(3040} in the present method, 4 reaction mixture 18 produced comprising 4
source of watcer, a source of an oxide of a tetravalent element, Y, selected from at

least one of silicon, tin, itanium, vanadium, and germanium, a source of an oxide

wron, and chromium, a source of an alkal or alkaline earth metal, M, together with

!nmﬁ.

a source of {J cations. Generally, the composition of the reaction mixture can be
controlled so that the molar ratio Q/Y U2 in satd reaction mixture 18 1o the range
trom about 0.01 {o about 1, such as from about G.05 to about 0.5, More
spectically, the reaction mixture can have a composition, m terms of mole ratios

of oxides, within the following ranges:

Reactants Usetul Preferre
Y/ X004 ~4 {0 ~200 ~8 1o ~120

H- O/ YO ~5 {0 ~200 ~14 to ~50
OH/Y(» ~(3.05 1o ~1 ~3,10 {0 ~0.33
MY ~.05 to ~2

~(3.15 10 ~0.9

YG, ~.031 to ~1 ~{.05 to ~0.7

{3441 The reaction mixture may optionally also comprise seeds of MSE
framework type molecular sicve, such as MUM-GR, for examplce, such that the
weight ratio of seeds/ YOy i the reaction mmxture can be between about (3.001 and
about 0.3, such as between about 8.01 and about 8.08 or between about §.01 and
about 6.05. However, such secds are not necessary and may be specifically
omitied in certain embodiments.

[3U42] The tetravalent clement, Y, may coraprise or be sihicon, the frivalent

clement, X, may comprise or be alurmminum, and the alkah or alkahine earth metal,
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M, may comprise at lcast one of sodium and potassiun. When the alkali or
atkaline carth metal, M, compriscs potassium, the molar ratio of Na to the total
metal M may be from § to about (.9, for example, from 0 to about §.3.

303431 Sutiable sources of silicon oxade that can be used io produce the
reaction mixture described above can mnclude, but are not limited to, colloidal
silica, precipitated silica, potassium sihicate, sodmum silicate, fumed silica, and the
like, as well as combinations thereot. Suitable sources of aluminum oxide can

mclude, but are not limuted to, hydrated aluminum oxides, such as bochmite,

alumimum salts, such as aluminum nitrate, and the hike, as well as combinations
thereof, Suttable sources of alkali metal can 1nclude sodium and/or potassium
bydroxide.

3344 sSuitable sources of dication structure dirccting agents can mclude any
saits of these dications which are not detrimental o the formation of the crystailline
material MUCM-08, for exaraple, halides (e.g., 1odides) and/or hyvdroxides.

O045] frrespective of the source of cations, @, when the reaction raixture has
been prepared, erystaliization to produce the desired MUM-68 can be conducted
under etther static or stirred conditions in a suttable reactor vessel, such as for
exaraple, polypropyiene jars or stainicss stecl autoclaves optionally hined with
Teflon®, e g, at a temperature between about 130°C and about 200°C for up to
about 2¥ days, such as at a temperature between about 145°C and about 175°C for
about 24 hours to about 170 hours. Thereatter, the crystals can be separated from
the liguid and recovered.

[3U40] The product of the synthesis reaction can advantageously comprise or
be a crystaliime molecular sieve having the MSE framework type and containing
within s pore structure the dication structure directing agent. 'The resuitant as-

synthesized material can have an X-ray diffraction pattern distinguishable from the

such as having the ines listed m Table 2 below,
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13.56 +/- (.39
12.03 +/-0.37
1092 4+/-3.31
13,16 +/-0.29
9.15 +/- (.26
816 +/- (.23
4. 58 +/- (3.13
4.54 +/- (.13
4.44 /- (.12
423 +/-0.12
43106 +/-0.12
4.06 /- (.12
398 +/- 4,11
3EE+/-0.11
IEO+-0.11
3.40 /- 010
324 +/- (.09
2,90 +/- (.08
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Tabie 2.

Relative Intensity

M-S

b}'

VW - W
VW - W

VW
‘R}v?
W
W
VW
VW
VS
M
W
M
VW
VW
W
VW

PCT/US2012/059678

§E88 x /i{o

Again, these X-ray ditfraction data were collected on similar

cquipment and mn a stmilar manner as those hsted m Table 1 hereinabove,

{45

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

sigve, leaving active catalvtic sites within the vucroporous 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 rom

about 200°C to about 80U for an appropnate period of time m the presence of

an oxygen-containing gas.

{3349

To the extent desired. the oreomal sodium and/or potassium cations of

the as-synthesized material can be replaced in accordance with techniques well

known n the art, at least 1n part, e.g., by 1on exchange with other cations, which

Precursers, .o, ammoniurn ons, and the like, and mixtores thereot. Particularly

preferred exchange cations, when present, can include those that can tailor the

catalytic activity for Certain hydrocarbon conversion rcactions {e.g., hydrogen, rare
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cartiy metals, and metals of Groups 2, 3,4, 5, 6,7, 8,9, 10, 11, 12, and 13 of the
Periodic Table of the Elements.

GOS0 The crystalime molecular sieve produced by the present process can be
uscd to catalvze a wide varicty of organic corapound Conversion processcs

mcluding many of present commercial/industrial importance. Examples of

chemical conversion processes etfectively catalyzed by the crystalline matenal of
this invention, by itself or in combination with one or more other catalytically

active substances inciuding other crvstalline catalysts, can include those requiring

{a) alkylation ot aromatics with short chain ((U3-Cg) olefins, ez,
alkviation of ethylene or propylene with benzene to produce ethytbenzene or
cumene respectively, mn the gas or liguid phase, with reaction conditions optionally
wmchuding one or more of a temperature from about 10°C to about 250°C, a
pressurce from about {0 psig to about 500 psig (about 3.5 MPag), g total weight
hourly space velocity (WHSV) from about 0.5 hr'' to about 100 hr'', and an
aromatic/olefin mole ratio from about 8.1 to about 50;

{b} alkylation of aromatics with long chain (C;,-Che ) olofins, in the gas or

haud phase, with reaction conditions optionaily mcluding one or more of a

psig (about 3.5 MPag), a total WHSV from about 0.5 hr'’ to about 50 hr”', and an
aromatic/oletin mole ratio from about 1 to about 3{;

{¢) transaikylation of aromatics, in ¢as or liquid phase, e.g., transalkylation
of polyethyibenzenes and/or polvisopropylbenzenes with benzene 1o produce
cthyibenzene and/or cumene respectively, with reaction conditions optionatly
including one or more of a temperature from about 100°C to about 500°C, a
pressure from about | psig (about 7 kPag) to about 500 psig {(about 3.5 MPag), and
a WHSV from about | hr' to about 10,000 hr':

{d} disproportionation of alkylaromatics, e.g., disproportionation of
tolucne to produce xylenes, with reaction conditions optionally mcluding one or
more of a femperature trom about 200°C to about 760°C, a pressure trovn about |

atm {about 0 psig) to about 60 atin {about 5.9 MPag), s WHSY from about 0.1 ly™
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to about 20 hr'', and a hydrogen/hydrocarbon mole ratio from 0 (no added
hydrogen) to about 58;

(¢} dealkyiation of allkylaromatics, e.g., deethylation of ethylbenzene, with

200°C to about 760°C, a pressure from about 1 atm (about O psig) to about 60 atm
(about 5.9 MPag}, a WHSV from about 0.1 br' to about 20 br™', and a hydrogen to
hydrocarbon mole ratio from 0 (no added hydrogen) to about 50;

(1) isomerization of alkvlaromatics, such 4s xvlencs, with reaction
conditions optionaily including onc or more of 8 temperature from about 200°C t©
about 5404°C, a pressure from about 1G4 kPaa to about 7 MPaa, a WHSYVY from
about 0.1 hr™ to about 50 hr'', and a hydrogen/hvdrocarbon mole ratio from 0 (no
added hydrogen) to about 14;

(¢} reaction of paratfins with aromatics, e.2., to form alkyvlaromatics and
light gascs, 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 WHSY from about 0.5 br'' to about 10 hr'',
and & hydrogen/ hydrocarbon mole ratio from § (no added hydrogen) to about 1{;

(h} paraftin isomerization to provide branched parafiins with reaction
conditions optionally inchuding one or more of a temperature from about 200°C to
about 3157, a pressure {rom about 13 psig {about 690 kP*ag) to about 1000 psig
(about 6.9 MPag), a WHSV from about 0.5 ' 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 isobutane, with olefing, with
reaction conditions optionally mcluding one or more of a tomperature from about
-20°C to about 35070, a pressure from about § psig to about 700 psig {about 4.9
MPag), and a total olcfin WHSV from about 6.02 hr'' to about 10 hr'';

{1} dewaxing of parattinic feeds with reaction conditions optionally
mcluding one or more of a temperature from about 200°C 1o about 450°C, a
pressure from about U psig to about 1000 psig (about 6.9 MPag), a WHSV from
about 0.2 hr™ to about 10 hr'', and & hydrogen/hydrocarbon mole ratio from about

3.5 to about 10
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{(k} cracking of hydrocarbons with reaction conditions optipnally mcluding
one 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‘“l;

(1} 1somenization ot oletins with reaction conditions optionaily mcludmg
one or more of a temperature from about 250°C to about 750°C, an olefin partial
pressure from sbout 30 kPa to about 300 kPa, and a WHSV from about 0.5 hr'” to
sbout 500 hr''; and

{m) a hydrocarbon frap {e.g., pre-catalytic converter adsorbent} for cold
start emissions m motor vehicles.

{3051 As described 1w ULS, Patent No. 7,198,711, MUM-68 may be used as
an additive component 1 conjunction with a conventional cracking catalyst, such
as a large pore molecular sieve having a pore size greater than about 7 Angstroms.
{3852 As in the case of many catalysts, 1t may be desirable to mcorporate the
molecular sieve produced by the present process with another material resistant to
the temperatures and other condittons employed 1 Organic Conversion Processes.
Such materials can include active and mactive materials and synthetic or naturally
occurring zeohtes, as well as mmorganic matenals such as clays, silica, and/or metal
oxides such as alumina. 'The latter may be naturally occurring and/or m the form
of celatinous precipitates/gels mcluding muxtures 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 s active, can tend o change the conversion capability and/or
seiectivity of the catalyst 1n certain organic Cconversion processes. Inactive

materials suitably tend to serve merely as diluents, e.g., to control the amount of

orderty, for mstance without eraploying too many other means for controlling the
rate of reaction. These mventive materials may be meorporated into naturally
occurring clays, e.g., bentomte and/or kaohin, to umprove the crush strength of the
catalyst under commercial operating conditions. Said matenals (ie., clays, oxades,

ot} can additionally or alternately tunction as binders for the catalyst. | can be
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desirable to provide a catalyst having good crush strength, because, in commercial
use, it can often be desirable to prevent the catalyst from breaking down into

powder-like materials. These clay and/or oxide binders have been eraploved

{353 Naturally accurnng clays that can be compaosited with the molecular
sieve produced by the present process can include, but are not humuted to, the
montmoriiionite and kaolin families, which mnclude the subbentonites and the

kaolins commonly known as Dixie, McNMNamee, Georeia, and Florida clays and/or
L .

nacrite, and/or anauxite. Such clays can be used in the raw state as origimally
mined and/or mitially subjected (o calcination, acid treatment, and/or chemucal
modification. Binders usetul for compositing with the molecular sieve produced
by the present process can additionally or alternately melude morganic oxides,
such as silica, zirconia, fitamia, magnesia, berylha, alumma, and maxtures thereof,
L 3054] Additionally or alternately, the molecular sieve produced by the present
Process can be commposited with a porous matnx material such as silica-alumina,
silica~-magnesia, siica-zirconta, stlica~-thorta, stlica~-beryilia, silica-titania, and/or
ternary compositions such as sihica-alumina-thoria, sihca-alumina-zirconia silica-
alurmina~-magnesia, and stlica~-magnesia~-Zirconia.

[ 3355] The relative proportions of fincly divided crystalline molecular sieve
matertal and morganic oxide matrix vary widely, with the crystal content ranging
from about 1% to about 94% by weight and more usually, particularly when the
composite 1s prepared 1n the form of beads or extrudates, ranging from about 2%
to about 80% by weight ot the composite.

F3356] Additionally or alternately, the present wvention can mnclude one or
more of the following embodiments.

OUR7 | Embodiment 1. A method of synthesizing a crystalline molecular sigve
having an MSE framework type, the method comprising crystalhizing a reaction
mixture comprising a source of water, a source of an oxide of a tetravalent
eloment, Y, selected trom at least one of silicon, tin, fitanium, vanadium, and

germantum, opticnally a source of a trivalent clement, X, a source of an alkali or
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alkaline carth metal, M, and a source of organic cations, (3, having the foliowing
peneral 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-alkyipiperidintum group of the

formula

(1)

or where R or R, or both Ky and R, arc a qumuchdinium group of the formula

-----------------

K
«««««««««««««««««

{OH

(11}
where Rz 18 a polymethylene group ot the formula (CH» )y, where nis from 4 {0 6,
or where R 15 a ¢ylcoalkylene group having trom 5 to 8 carbon atoms, and where

R4 18 an alkyl group having 1 to 4 carbon atoms, for example 4 methyl group.

58] Embodiment 2. The method of embodiment 1, wherein R and R, are

e

TN

(1)

BUSY Embodiment 3. The method of embodiment 1, wheremm Ry 18 an N-

alkyipipenidintum group of the formula
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(1)

where R 15 a quimmuchidimium group of the formula

(1)

and where nis 4 or 5.

33606 Embodiment 4. The method of any one of the previous embodiments,
wherein the molar ratio Q/Y O, mn said reachon muxture 15 1 a range from about
0.01 to about 1.0, for exarapie from about 0.05 to about .7,

{3061 Embodiment 5. The method of any one of the previous embodiments,
wheremn said reaction mixture comprises a source of an oxide of trivalent clement,
X, selected trom at feast one of aluminum, boron, gallium, yon and chromium.
{B062] Embodiment 6. The method of embodiment 3, wherein a molar ratio
YO/ 200 1 said reaction mxture 18 1 4 range from about 4 to about 200, for
cxample from about § to about 120.

LHHR) Hrabodiment 7. The method of embodiment 5 or embodiment 9,

wherein the reaction mixture has the following molar composition:

YOG/ X otk ~4 to ~200
H-O/Y O ~3 to ~200
OH /YO, ~(3.05 1o ~1
M/Y 5 ~.05 to ~2

/YO, ~(3.01 to ~1
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33641 Embodiment 8. The method of any one of embodiments 5-7, wherem

the reaction mixture has the folliowing molar composition:

YOr/ X5 (I ~E 1o ~120
H,O/Y U, ~14 to ~50
OH /YO, ~( 18 to ~0.53
M/YO, ~3.15 1o ~0.9
/YO ~{3.05 to ~3.7.
HH365] Embodiment 9. The method of any one of the previcus embodiments,

wherein sawd tetravaient clement, Y, 18 sithicon and said irivalent clement, X, 18
algminum.

3066 Embodiment 10, The method of any one of the previous embodiments,
wherein said alkali or alkaline carth metal, M, is potassiun,

13067 | Fmbodiment 1, The method of any one of the proevious crubodiments,
wherem said reaction mixture does not comprise seeds of an MAE framework type
molecular sieve,

3368 Embodiment 12, The method of any one of the previocus embodiments,

wherein the crystaliizing is conducted at a temperature between about 100°C and

175°C for between about 24 hours and about 170 howrs.
[ 3369] Embodiment 13, The method of any one of the previous cmbodiments,
wherein Q 15 a 3-hydroxy-1-{4-(1-methylpipendin- L -ium- 1 -yhbutyhyguinuchidin-1 -

tum dication of the formuls

(ill}
or wheremn Q18 a 3-hydroxy-1-(5-(1-methyipiperidin-1-mum-1-

vipentyhigumuchdmm-~{~tum dication ot the tormula
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(AW .
: &l
or wherein § 15 a §,1'-(butane-1,4-divhbis{1-methylpiperidm- 1 -tum) dication of

the tormula

\

(V)

or wherein @ 15 g 1,1'-(pentane-1.3-divhibis{1-methylpiperidm-1-ium) dication of

the formula

or wheremn Q18 a 1,1-(hexane-1,6~-cdivhbis{ 1-methyipipenidin-1aum) dication of

the tormula

e
(V H)
or wherem €18 a 1,1'-({3as,6as )-octahydropentalene-2,3-diyijbis{ 1 -

methyipiperidin-1-tum) dication of the formula
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G773 Embodiment 14, A crystallime melecular sieve having an MBE

framework type and containing within its pore structure a dication comprising a 3-
hydroxy-1-(4-{1-methyipiperidin- 1 -wm- 1 -yhbutyDaguwnuchidin- 1 -tam, a 1-(5-(1-
methyipiperidim-T-num-1-yhpentyqumuachdin- -, a 1, -(bulanc-1,4-

diyhybis{ I-methylpiperidin-t-tumy}, a |, V-{pentane-1,5-divhybis{ I -methylpmernidin-
l-tum}, a | 1'-(hexane-1,6-divhbis{1-methylpiperidin-1-tum), or a 1,1'-((3as,6as}-
gctahydropentaiene-2, 5-diyhbis{ i -methylpiperidin- 1 -ium}.

LN Embodiment 15. A dication of the structure R-R5-R,, where Ry 18 an

N-alkyipiperidimuum group of the formula

(1)

where Ry 18 a gumuchidiiom group of the formuia

(1)

where Rs 18 a polymethviene group of the formula (CHy ), where nis from 4 to 6,

and where Ry 15 an alkyl group having 1 to 4 carbon atoms,

GG7 2] Embodiment 16, A dication of embodiment 13, which 18 a 3-hydroxy-
{-{4-{1-methyipiperidin-1-tum-1-yhbutvhiaguinuchidin-1-ium dication of Formula

{111} or a 3-hydroxy-1-(5-(I-mecthvipipenidin-T-ium- LyiipentyDaumnuchidin- Tum
dication of Formula (IV 1.

30731 Embodiment 17, A 1,1'-{(3as,645)-octahvdropentalene-2,5-diviybis( -

methvipiperidin-1-mum) dication.
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FXAMPLES
G741 In order to more {fully tustrate the nature of the mvention and the

manner of practicing samge, the following cxamples are presented.

Exampie §: Svnthesis of 1-{d-bromobutvii-1-methyipiperidin-1-iom bromide

/ gf.
BF '
F //\\N e N,

LA-Gibremckiang

{=tigthylnipeiding F(A-BromeevDr Lmsihyiptpefidii- 1307 BFomIde
{337 5] A solution of 1-methylpiperidine (~24.88 g} in anhyvdrous
dimethyiformamide (~S80 ml) was added slowly to a solution of 1,4-
dibromobutane (~269.9 g} anhydrous dimethytormamide (~250 ml) over the
course of about 24 hours under a nmitrogen atmosphere with ramd stirning, Sturing
of the solufion was continued for a further ~48 hours. The reaction rxture was
then passed through a D-frit (~10-20 microns) to separate any sohid 1, '-{butane-
L 4-ciylybis{ I-methvipipenidin- F-tum} bronude impurity. Anhvdrous diethyl ether
{~2000 mkL) was then added to the {iltrate to precipitate the product which was
then filtered using a D-irit and rinsed with anhydrous diethyl ether (3 x ~400 ml).
Atter drying the product {(~63.7 g, ~80%} was contirmed to be -{4-brorobutyl)-

. > o e ° . | . i .
l-methylpiperidin-1-mum trormde by "H NMR.

Example 2:  Synthesis of 3-hyvdroxvy-1-{4-{1-methyipiperidin-i-ium-1-
viibutvhquinuchidin--1tum bromide

HO
N
A% B
@,rff\ N N I

RELENGIH=3:8 3 e d Aererratuat I et e i A 3 e da
GHEEEIISAD - domotutyl: 1-Melliylpipeligin-: Jum bhomide

S-hyditny= -4 1 snehylpiperidin-1-ium-i-y byl ulRueidin-1-um broniide

{3376 Dimethyitormamide (~700 mL}, 1-{4-bromobutyi}- l-methyipiperidin-
L-tgm bromude (~65.16 g) and 3-quinuchdmol (~27.62 ¢} were combined and

stirred at room temperature (about 20-25°C) overmight. The solid product was
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filtered and then washed with dicthyl ether (3 x ~100 mL). After drving the
product (~81.4 g, ~89%) was confirmed to be 3-hydroxy-1-{4-{1-methvipipenidin-

| -ifum- 1-yDbutylquinuclidin-1-tum bromide by 'H NMR.

Example 3:  Synthesis of 3-hyvdroxy-1-{4-(I-methyipiperidin-{-inm-1-
viydbutvhquinuclidin-i-ium hydroxide

{3377 3-hydroxy-1-{4-( | -methylpipenidin- L -tum- 1 -yhbutyh jquinuclidin-1-1um
bromide was subsequently converted to a hvdroxide selution by columa 1on-
exchange using an excess of MTO-BOWEX SBR LONG(OH ) resin. Dhstilled
water was eluted through the coluron until the pH was less than 11 and the
resulting solution concentrated to the desired concentration, typically ~20 wit.

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

Exampie 4: Synthesis of I~{(5-bromopentvii-I-methyipiperidin-i-inm bromide

S

F W B
- o gF\f\/\\// -
1 Sedibromspenians ‘

-:*ic‘" ’g i é:* ...ﬂ: B ,\ : 1 - ' £ g ' PR S
=Hdylpipehdice =(S:hromepsityhy:1=mesthylpipsridia: 1-kum beoitide

U7 A solution ot T-methylpipenidine (~26.04 g) in dimethyliormamige
(~250 mi} was added slowly t0 a solufion of i,5-dibromopentane (~226.3 g 1o
dimethyitormamide {(~50 rol.) with rapad stirrmg. Stirning of the solution was
continucd overnight., The reaction muxture was then poured mto dicthyl cther
(~1500 mL) producing a yeliow o1l. The dicthyl ether was decanted and the ol
poured 1nto a solution of fresh diethyl ether {(~ 1300 mL} with acetone (~250 mL)
and then stirred overnight. The resulting waxy solid was filtered. After drying the
product {(~51.8 g, ~00%)} was confurmed to be 1-{S-bromopentyl)-1-

methylpiperidin-1-ium bromide by 'H NMR.



CA 02849923 2014-03-24

WO 2013/055871 PCT/US2012/059678
23

Example 5: Synthesis of 3-hvdroxy-1-(5-{1-methyipiperidin-1-ium-1-
yijpentyijquinuclidin-i-tum bromide

O eI
z 0
RN NPl NPy |

Qe RGH=3-61 1= 3-Byorpopstiy])= i elivinipeddia-1-lum tromide  Jhydiony-1-(S l-nstylpiparidfi-1dum=- -y lpsnatyhonrieiien-1-1um brawids

{379 Dimethyliiormamide (~450 mlL}, 1-{3-bromopentyl)-1-methvipiperidin-
1-tum bromide (~59.84 g} and 3-quinuchidinel (~23.03 g} were combined and
stirred at room temperature {or about 5 days. The solid product was filtered and
then washed with diethyi ether (3 x ~100 ml). After drving the product (~61.3 g,
~74%) was contirmed to be 3-hydroxy-1-(5-( I -mcthylpipenidin- i -ium-| -

vhpentyhquinuchdin-1-ium bronude by 'H NMR.

Example 6:  Synthesis of 3-hvdroxy-1-{&-(1-methyipiperidin-1-ipm-1-
vijpentyiguinuchidin-i-um hvdroxide

OB 3-hydroxy-1-{53-(1-mecthvipipendin- 1 1um-~1~-vhpentvhioumuchdmn-1-
m bromide was subseguently converted to @ hvdroxade solution by column on-
cxchange using an cxceess of MTG-DOWEX SBR LONG{OH) resin. Distilied
water was eluted through the column until the pH was less than 11 and the
resuiting selution concentrated o the desired concentration, typicaily ~28 wit%

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

Example 71 Synthesis of 1,1'-(butane-1,4-divi}bis(i-methyipiperidin-1-ium}
Dromide

e

¥

N

1 A-dibrFoiisbutans
|ttty InipeHding
i Vebnitanssl A-divhbis L -m8ihvipipSRdif=1um) beamids
{081 ] L-rnethyipipenidine (~75.67 g}, 1, 4-dibromobutane (~75 g), and
dimethyiformamide (~250 ml) were combined and stirred at room temperature for

~24 hours. The sohid product was filtered and then washed with diethyl ether
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(~750 mL). After drying the product {(~115.% g, ~81%} was confirmed to be 1,1'-
(butanc-1,4-divhbis{1-methyipiperidin-1-ium) bromide by 'H NMR.

Example 8:  Synthesis of L P'-{butane-1,4-diviibis{l-methyvipiperidin-i-inm)
hydroxide

3382 1, 1'-{butane-1,4-divhibis{1-methyipiperidin-1-ium) bromide was
subsequently converted to a hyvdroxide solution by column ton-exchange using an
excess of MTO-DOWEX SBR LONG{OH ) resin. Distiiled water was eluted
through the column until the pH was less than 11 and the resulting solution
concentrated o the desired concentration, typically ~20 wt%. The concentration

was confitmed by acid-base titration and by 'H NMR.

Example 9:  Syonthesis of L, U'-(pentane-1,5-divhbis{l-methyipiperidin-i-
iupn} bronmde

o - |
i A /A\\
%fW\%F Rwe @F Bfm |
1,9-gIBFBeERIARE
L -sthvininefidisg o © i a4 .
ey pipEfiae |, ¥-(pertane-1 S-diyhbisy | ety lplperidini fum) broside

083 -methylpipendine (~71.2 g}, 1.4-dibromopentane {(~73 g}, and
dimethyliormamide (~230 ml) were combmed and stirred at roow {eraperatyre for
about 24 hours. The sohd product was filtered and then washed with diethyl ether
(~750 mL). Aftcr dryving the product {(~108.5g, ~78%) was confurmed to be 1,1'-
(pentanc-1,5-diyhibis( 1 -methylpiperidin- i -ium) bromide by "H NMR.

Example 18: Syuthesis of 1,1'-{penfane-1,5-divijbis{l-methvipiperidin-1-
igm hydroxide

[ 3U84] 1, P'-{pentane-1,5-diyDbs{ I -methyipiperidin- 1 -1um)} brommide was
subscquently converted to a hydroxide solution by column 1on-¢cxchange using an
cxeess of MTO-DOWEX SBR LONG{OH ) resin. Distilled water was eluted
through the column until the pH was less than 11 and the resulting solution
concentrated to the desired concentration, typicaily ~28 wit¥s. The concentration

was confirmed by acid-base titration and by 'H NMR.
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Example 11 Synthesis of I,1'-{hexane-1.6-divi}bis(I-methyipiperidin-1-ium)
Dromide

v
. 8
m/\\/\\//,\\v/ ———
14

| G-gibremehsyine

Lsasthylsingiidite
b 1 =(hexahe-1 S-divhbisC L =-methyimpehgif=1 1) Brgmids

085 L-methyipipeniding (~73.3 ¢}, 1.4-dibromohexane (~82 g}, and

¢

dimethyvitormamide (~250 ml} were combined and stirred at room temperature tor
about 24 hours. The solid product was filtered and then washed with dicthyl ether
(~750 mi}. After drving the product (~106 g, ~71%) was confirmed to be 1,1'-

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

Example 12: Synthesis of 1,1 -(hexane-1,6~-diviibis{i-methyipiperidin-{-ium)
hydroxide

U8 6] i,1'-{hexane-~1,6-divhibis{1-methyipiperidin-1-tum) bromide was
subsequently converted to a hydroxide solution by column won-exchange using an
cxcess of MTO-DOWEX SBR LONG(OH) resim. Distiiled water was cluted
through the columm until the pH was less than 11 and the resulting solution

concentrated to the desired concentration, typically ~20 wt%. The concentration

: : {ov w vn g
was confirmed by acid-base titration and by 'H NMKR,

Example 13: bSynthesis of (3as,6as5)-2.5-dypiperidin-1-yvhoctahyvdropentalene

H + @

pipeHding _ _
(385,008 ristiahydicpentalens-2, S(1H 3 H =dishs {344,684y 2, S=difplpsHidin-1-yh1oetdhydrspeaitalens
U7 | Anhydrous tetrahydroturan (~150 mL), piperidine ¢~5.43 ¢}, and
(3as,6as -tetrahydropentalene-2,5(1 4 3 )-dione (~5.29 ¢} were combined and
stirred thoroughly at room temperature {about 20-23°C). Then sodnum

triacetoxyborohydride (~21.64 ¢) was added and the mixture was stirred at room
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temperature for about one day. Agueous sodium hydroxide {(~25 ¢, ~25 wit%) 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 mlb)
and saturated sodipm chioride (2 x ~150 mi). The resulting solid product was
filtered and after drymg the product (~5.71 g, ~32%) was contirmed to be

(3as,6as)-2,5-di{piperidin-1-yDoctahydropentalene by "H NMR.

Exampie 14: bdynthesis of 1,1'-{{3ay,6asp-octahydropentalenc-2,5-diyibis{i-
methvipiperidin-1-ium) iodide

m @ﬁ;i

(385,638 2 .58 é(pipb*féi‘*f b-vhinstahydrgpeRtalens 1, V=335 635y -netahvérepsntalene-2 5 5134 bisc -hethylpipsridis- 1-1m) bdide

GU8S] himethyitormamide (~50 voll) and (3as,6as)-2,5-di{pipenidin-1-
vhoctahydropentalenc (~5.69 ¢) were combined and stirred. Then 1odomethane
(~6.43 ¢} was added, and the rmixture was lett at room temperature {about 2U-
25°C ) overnight without stirring. The sohd product was filtered and the filtrate
was stowly added to stirred dicthyl ether (~500 mL} producing a solid precipitate.
After drying the combined solid product (~11.3 g, ~9%%) was confirmed to be

1, 1'-{{3as,6as )-octabydropentaiene-2, 3-diyijbis( | -~m.ei;}.}§,flpip@ridin~ F-tum) 1odide

by 'H NMR.

Exampie 15: Svnthesis of 1,1'-({3as.6as}-ociahvdropentalene-2,5-diviibis{i-
methyipiperidin-1-tum) hydroxide

3089 1, V«{(3as,6as}octahydropentalene-2,5-diyi yois( 1 ~-methyipiperidin-1-
i  wdide was subseguently converted o a hydroxide solution by column 1on-
exchange using an excess of MTO-DOWEX SBR LONG{OH ) resm. Distilled
water was cluted through the column until the pH was less than 11 and the
resulting solution conecentraicd to the deswred concentration, typically ~20 wths.

The concentration was confirmed by acid-base titration and by 'H NMR.
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Example 16: Synthesis of MU M-68
{3390 A gel was prepared by mixing together detonized waler {(~2 ul},

aqueous CAB-O-SPERSE 2017A (~162 ul, ~17 wt%}, agueous 3-hydroxy-1-(5-
{ 1-racthylpipenidin- T-ium-1-yhpentyhguimuchdmn- T-ium hydroxade (~189 pl,
~25.1 wt%:), agucous potassium hydroxide (~42 b, ~17.5 wt%), and agucous
alwminum nitrate (~64 pl, ~15 wi%). The starting gel had the following molar

ratios

SVAL ~10 |
SpA/SE 103
K/ -3
- Water/Si 44

where SDA 18 the 3-hvdroxy-1-(3-(1-methyvipipendin-1-tum-~1-
vhpentyhqunuchdm-~-1-1um siructure directing agent. The muxture was stirred
until homogenous and then reacted at autogenous pressure at about 160°C for
about 7 days i an air oven with turabling. The product was centrifuged, washed
three times with deiomzed water, dried, and then subjected to powder X-ray
diffraction analysis. The X-ray diffraction pattern showed the product to be pure

MO M-68 zeohie.

Exampie 17: Synthesis of MUM-68
3491 A gel was prepared by mixing together deonmized water (~24 pl),

UltraSid™ precipitated silica (~44 mg, ~92.7 wt%), agueous 3-hvdroxy-1-{5-(1-

J 2
methyipiperidin-1-nuro-1-yhpentvhquinachidin- 1w hydroxade (~236 ul, ~25.1
wt%}), aqueous potassium hydroxide (~36 ull, ~17.5 wi%), and aqueous aluminum

nitrate (~&86 ul, ~15 wit%). The starting gel had the following molar ratios

NifAL ~1{3

oH/S 0.6
SDA/SE ~03
LS ~03
- Water/Si 300
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where SDA 15 the 3-hydroxy-1-{5-(i-methyipipenidin-i-tum-i-
viypentvhquinuciidin-I-ium structure directing agent. The nuxture was stirred

untit homogenous and then reacted at avtogenous pressure at about 166°C for

three fimes with deromized water, dried, and then subjecied to powder X-ray
diffraction avalysis. The X-ray diftraction pattern showed the product to be pure

M{OM-68 zeolite,

Example 18: Synthesis of MUM-68

[392] A gel was prepared by mixing together deronized water (~5 pl),
aquecus LUDOX SM-30 (97 uL, ~30.1 wi%}, agueous 3-hydroxy-1-{5-{1-
methvipiperidin-1-tum-1-yvhpentyl jqumuchidin- 1 -1um hydroxide (~223 ulb, ~25.1

wi%}, aqueous potassium hydroxide (~49 ul, ~17.5 wit%}, and aqueous aluminum

SUVAL ~16
(/S ~{3.6
SDA/S: ~{3.3
K/51 ~(3. 3
Water/St ~36

where SDA 18 the 3-hydroxy-1-{5-(i-methyipipendin- 1 -tum- |-
vipentviyquinuchidin-1-tum structure directing agent. The nuxture was stirred
untit homeogenous and then reacted at autogenous pressure at about 166°C for
about 10 days i an air oven with tumbling. The product was centrifuged, washed
three times with deomzed water, dried, and then subjecied to powder X-ray
diffraction analysis. The X-ray dittraction pattern showed the product to be pure

MO M-68 zeolhie.

Example 1% Synthesis of MUM-68

{3393 A gel was preparcd by muxing together deionized water (~6 pl),
aquecus LUDOX SM-30 (~105 L, ~30.4 wi¥}, aqueous '-(butane-1 4-
diviybis{ 1 -methyipipenidin-1-tum) hydroxide (~138 ubL, ~20.9 wt%}, aquecous
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sodium hydroxide {(~162 pL, ~10 wit%), and agucous alumimum nitrate (~20 ul,

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

Si/Al ~443
OH /S ~ 1
SDA/ST ~{3, 19
Na/Si ~{3.7
Water/§i ~33

where SDA is the '-{(butane- 1, 4-diylbis{(1-methyipiperidin- 1-1um} structure

autogenous pressure at about 16(°C for about 7 days v an air oven with tumbling.
The product was centrifuged, washed three times with deionized water, dried, and
then subjected to powder X-ray diftraction analysis. The X-ray diffraction pattern

showed the product to be pure MUM-6X zeolite.

Example 28: Synthesis of MUM-68

G094} A gel was prepared by muxing together deionized water (~5 ull),
aqueous LUDOX SM-30 (~-70 ul., ~30.4 wit%)}, agucous 1, 1'-{{3as,6a5)-
octahvdropentaiene-2,5-diylbis{ 1 -methylpipenidin-1-ium) hydroxide {(~255 ulL,
~5.62 witY}, agucous potassium hydroxade {(~35 uL, ~17.5 wt%), agucous
aluminum ntrate (~90 pl, ~1 wi%}, and aqueous hydrochloric acid {(~19 ul., ~26

s

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

St/Al ~1§30)
SDA/MS ~{3. 1
K/81 ~{3.3
Water/S1 ~5¥

where SDA 18 the 1,1'-({3as,6as)-octahydropentalene-2,5-diviibis{1-
methvipiperidin-1-tum) structure directing agent. The mixture was stired untid
homogenous and then reacted at autogenous pressure at about 280°C for about 7
days m an air oven with tumbling. The product was centrifuged, washed three

times with deionized water, dried and then subjected to powder X-ray ditfraction



CA 02849923 2014-03-24

WO 2013/055871 PCT/US2012/059678

32

analysis. The X-ray diffraction pattern showed the product to be pure MUM-68
zeolhite, An X-ray diffraction pattern for a sample on MUM-68 prepared in this

Exampie 18 shown m Figure 1.

Examples 21 (o 74:
GO9S

Farther M{M-68 Syntheses

A sernies of gels were prepared i a manner sumiar to Examples 16 to
20 above, but having the molar ratios mdicated m Table 3 below. The gels were
prepared by muxing {ogether deionized waler, a Silica Source, aqueous SDA
hydroxide, agucous sodium or potassium hydroxide, agueous potassiurn bromade,
aqueous alummum nitrate, and aqueous hydrochioric acid.

{3396] in Table 3, the structure directing agent {SDA} 1s referred to m terms of
fornmilae recited herein, Formula [H corresponds to 3-hydroxy-1-{4-(1-
methyipiperidin-1-tum-1-yvhbutyl )Jquinuchdin-1-wum hydroxide. Formula 1Y
corresponds to 3-hydroxy~1~(3-(I-methylpipendim-1-nm-1-vDpentyvhquinuchdin-
l-um hydroxade. Formula V corresponds to 1, P-(butane-~1 4-divibis{1-
methyipiperidin-1-um) hyvdroxide. Formula VI corresponds to 1,1-(pentane-1,3-
diyl}bis{ I -mcthylmipendin-1-tum) hydroxade. Formula VI corresponds to 1,1'-
(hexance-1,6-diylhbis(1-methyipiperidin-1-tum) hydroxide. Formula Vi
corrcsponds to 1,1'-{{3as.6as}-octahydropentaicene-2,5-diyi bis{( 1 -mcthylpiperidin-

{-ium} hydroxide.

Table 3,
X, Si Saurce SDA Na/Si K/ S SDAJS] OH-/Si HLO/S
21 L UDOX LS-30 T 0 (.3 (3.3 3.6 40
22 LUDOX LS-30 A () {}.3 3.3 .6 35
23 LUDOX L&-30 I ) (.45 0.3 3.75 4{}
24  LUDOX 5M-30 PV 0 .45 0.3 3.75 40
25 Cab-O-Sperse by ) 0.45 0.3 3.75 44
20 Liltrasi AV { {145 (3.3 .75 33
27 LUDOX SR-30 A () .45 0.3 .75 40}
28 LUDOX SM-30 Y ] (.15 0.3 0.45 36
20 LUDOX 5M-30 A 0 0.3 0.3 3.6 38
30  LUDOX SM-30 v {3 {3.3 0.4 0.75 45
31 UDOX SM-30 AV ( .3 0.4 3.6 44
32 LUDOX LS-30 Y 0 .3 0.3 0.6 35
33 LUltrasi Y {} (3.3 0.4 0.75 35
34 LUDOX SM-30 A 0 3.15 (3.3 (.45 34
35 Uliras A 0 .15 0.4 3.6 32
36 LUDOX SM-30 i\ (] (3.3 0.3 .45 348
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S Source
Ultrasi
LUDOX SM-30
UDOX SM-30
LUDOX 5M-30
Ultrasi
LUDOX 8M-30
Ulirasi
LUDOX SM-30
Ultrasi
LUDOX SM-30
UDO X SM-30
Lliras
Cab-U-Sperse
Ultrasi
LUDOX S5M-30
Ultrasi
LUDOX H5M-30
Ultrasi
LUDOX SM-30
LUDOX LS-30
UDOX LS-30
Cab-0-Sperse
LUDOX LS-30
i UDOX LE-3{)
Gab-0O-Sperse
L UDOX SM-30
UDOX 8SM-30
LUDOX SM-30
_UDOX SM-30
LUDOX SM-30
Lltrasi
LUDOX SM-30
LUiirasi
LUDOX SM-30
UDOX §M-30
FUDOX LS-30
L UDOX LS-30
L UDOX LS-30
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SEIA
o)
Y
Y

v
Y
v
Y
Y
Y
Y
AV
Y
Y
A
Y
Y
Y
Y
Iy
Y
A
Y

Y
Y
Y

Vi

Vi

Vi

Vi

Vi

Vi

Vi

Vi

Vi

Vi

\Y

4

Y
Vi

Na

——

o 2 2 O 23 00 OO 8 O 3 O OO 0 O 00 O OO O 80 O OO
{7

2

2 O o~ (0 03 00 OO 0 O 0 O O O3 O O

33

K/
.3
{}.3
.3
Q.45
{().45
.45
.45
{3.15
.45
0.15
.3
Q.15
1.3
.15
{3.3
0.3
{}.3
{J.3
.3
.15
.3
.3
{}.3
J.3
{}.3
{.3
.3
{}.3
{1.45
0.15
(.15
{315
{}.3
{.3
(.3
§
(.3
1

2014-03-24

SDAMS

0.3
0.3
0.4
3.3
0.3
0.4
0.4
(3.3
0.4
0.3
0.4
Q.4
0.4
0.3
0.3
0.4
0.4
0.4
0.4
0.4
0.3
0.3
0.4
0.4
0.4
0.4
3.3
0.4
0.4
3.3
3.3
0.4
(.4
0.3
0.4
.15
3.1
03,15

PCT/US2012/059678
OH-/S1 2 PGSt

3.6 30
0.6 35
0.75 42
.G 4{}
3.75 31
.75 45
.75 34
.45 34
0.75 39
.45 34
0.75 42
.G 34
0.5 02
3.45 3U
.45 38
0.5 30
.45 5{)
3.75 35
3.6 44
0.6 44}
3.5 30
0.6 45
U.6 44
.75 43
.75 o1
.6 44
.6 40
.75 47
.75 51
.45 37
0.45 30
3.5 45
ANGS 44
0.0 43
.75 51
L o4
3.3 30

.75 134

The mixtures were stirred until homogenous and then reacted at

autogenous pressure i an air oven with tumbling at the temperature and time

specified m Table 4. The products were centrifuged, washed three times with

detonized water, dried and then subjected to powder X-ray diffraction anaivsis,

The X-ray diffraction paiterns showed the product to be MUM-68 zeoliie along

with the umpurity phase designated by the IZA structure code speciticd 1 Table 4.



WO 2013/055871

X,

21
22
43
24
25
26
27
28
24
30
31

o

£3 Y
£

33
34
35
36
37
38
34
46
41
4%
43
44
45

53
o4

Y
s ON

MO R
e

Jy O LA
ware £ O OO0

g OO O3 G0 QY O3y O) KD
CO =8 O O & Ga DN

Temp “C

124
120
200
200
206
204
203
180
180
(2:39:
180

Temp °C

1680
180
180
180
184
1ol
180
180
180
180
180
180
1o
160
160
ot
160
1ol
16U
160
Tou
16U
160
ol
160
160
1Hi
160
Tou
160
180
180
180
180
1hi

160
100
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34
Tabile 4.
Time days impurily Phase {(IZA Code)

28 ERI
20 PAL

4 M

4 M

10 M

16 ML

10 Vil

4 BEA

4 BEA

4 BEA

0 BEA

Time days impurity Phase (IZA Code)

10 MTW
10 MTW

4k BEA

10 BEA

T BEA

10 MTW
10 MTW
10 MTW
10 BMATW
10 i

16 MTW
10 MTW

4 BEA

10 MTW

10 BEA
it MTW
10 BEA
10 MTVY

2% BEA
10 MTW
10 MTW
10 BEA

10 MTW
10 MTW

10 BEA
10 MTW
it MTW
10 BEA

10 MTW
10 BEA

10 BEAMTW
() BEAMTW
10 BEAMTW
10 BEAMTW
10 BEAMTW
10 BEAMTW
10 BEA MTW
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04 180 1{} BT VY
70 180 10 ATV
71 180 10 ATV
iZ 190 7 Linknown Phase
73 160 28 BATWY
74 200 2 LUinknown Phase
FHET While the present invention has been described and dlustrated by

reference to particular embodiments, those of ordinary skill in the art will
appreciate that the invention lends itself to vartations not necessarily itustrated
herewn, For this reason, then, reference should be made selely to the appended

claims for purposes of determining the true scope of the present wvention.



36

CLAIMS:

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:

R1-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

R4

e
N-i-

(D

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

N"l'

e

OH

D)

where Rj is an polymethylene group of the formula (CHz)s, where n 1s from 4 to 6, or

where Rj3 is a cylcoalkylene group having from 5 to 8 carbon atoms, and where Ry 1s

an alkyl group having 1 to 4 carbon atoms.

2. The method of claim 1, wherein R4 1s a methyl group.

CA 2849923 2018-09-11
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3. The method of claim 1, wherein R and R; are both an N-alkylpiperidinium

group of the formula

Rq
e
N+
(D).
4. The method of claim 1, wherein R is an N-alkylpiperidinium group of the
formula
Rs
+/
N
(1)

where R» is a quinuclidinium group of the formula

N+

7~

(1)

and wherenis 4 or 5.

CA 2849923 2018-09-11
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5. The method of any one of claims 1 to 4, wherein a molar ratio Q/YO: in said

reaction mixture is in a range from 0.01 to 1.0.

6. The method of any one of claims 1 to 4, wherein a molar ratio Q/YO2 in said

reaction mixture is in a range from 0.05 to 0.7.

7. The method of any one of claims 1 to 6, 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 Y02/X203 1n said reaction

mixture is in a range from 4 to 200.

9. The method of claim 7, wherein a molar ratio YO2/X20; 1n said reaction

mixture is in a range from 8 to 120.

10. The method of any one of claims 7 to 9, wherein the reaction mixture has the

following molar composition:

Y 02/ X703 4 to 200
H,O/Y O3 5 10 200
OH/YO? 0.05 to 1
M/Y O 0.05t02
Q/YO, 0.01 to 1.
11.  The method of any one of claims 7 to 10, wherein the reaction mixture has the

following molar composition:

YO/ X203 8 to 120
H,O/Y O3 14 to 50
OH/YO 0.10 to 0.53

CA 2849923 2018-09-11
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M/Y O, 0.15t0 0.9
Q/YO- 0.05 t0 0.7.
12.  The method of any one of claims 1 to 11, wherein said tetravalent element, Y,

is silicon, and said trivalent element, X, 1s aluminum.

13. The method of any one of claims 1 to 12, wherein said alkali or alkaline earth

metal, M, comprises at least one of sodium and potassium.

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

comprises potassium.

15.  The method of any one of claims 1 to 14, wherein said reaction mixture does

not comprise seeds of an MSE framework type molecular sieve.

16.  The method of any one of claims 1 to 15, wherein the crystallizing 1s

conducted at a temperature between 100°C and 200°C for up to 28 days.

17.  The method of any one of claims 1 to 15, wherein the crystallizing 1s

conducted at a temperature between 145°C and 175°C for between 24 hours and 170

hours.

18. The method of any one of claims 1 to 17, wherein Q 1s 3-hydroxy-1-(4-(1-

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

| v
N+/\/\/

OH

(I11)

or wherein Q is a 3-hydroxy-1-(5-(1-methylpiperidin-1-ium-1-yl)pentyl)quinuclidin-

]1-ium dication of the formula

CA 2849923 2018-09-11
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T+\/\/\/ \
(1V) OH

or wherein Q is a 1,1'-(butane-1,4-diyl)bis(1-methylpiperidin-1-ium) dication of the

\
O~
(V)

or wherein Q is a 1,1'-(pentane-1,5-diyl)bis(1-methylpiperidin-1-ium) dication of the

formula

formula

or wherein Q is a 1,1'-(hexane-1,6-diyl)bis(1-methylpiperidin-1-1um) dication of the

formula

or wherein Q is a 1,1'-((3as,6as)-octahydropentalene-2,5-diyl)bis(1-methylpiperidin-

1-ium) dication ot the formula

CA 2849923 2018-09-11



19. A crystalline molecular sicve having an MSE framework type and containing
within the crystalline molecular sieve’s pore structure a dication comprising a
3-hydroxy-1-(4-(1-methylpiperidin-1-ium-1-yl)butyl)quinuchdin-1-tum, 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-1-1um), a 1,1'-
(hexane-1,6-diyl)bis(1-methylpiperidin-1-1um), or a 1,1'-((3as,6as)-
octahydropentalene-2,5-diyl)bis(1-methylpiperidin-1-1um).

20. A dication of the structure R1-R3-Ra, where R 1s an N-alkylpiperidinium

group of the formula

(D

where R» is a quinuclidinium group of the formula

N'P

~

OH

(1D)

CA 2849923 2018-09-11
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where R3 is an polymethylene group of the formula (CHz)n, where n 1s trom 4 to 6,

and where R4 is an alkyl group having 1 to 4 carbon atoms.

21. A dication according to claim 18, which 1s a 3-hydroxy-1-(4-(1-
methylpiperidin-1-ium-1-yl)butyl)quinuclidin-1-1um dication of Formula (III) or a
3-hydroxy-1-(5-(1-methylpiperidin-1-ium-1-yl)pentyl)quinuclidin-1-tum dication of
Formula (IV).

22. A 1,1'-((3as,6as)-octahydropentalene-2,5-diyl)bis(1-methylpiperidin-1-ium)

dication.

CA 2849923 2018-09-11
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Figure 1 X-ray diffraction pattern of MCM-08 prepared wilh SDA (Vi)
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