A PROCESS FOR MANUFACTURI NG MCMt 22 FAM LY MOLECULAR
SI EVES FI ELD [0001] This invention relates to a
wonrorae®3of manufacturing MCM 22 fam |y nol ecubar/us2007/002073
sieves and the use of the sane for hydrocarbon
conversions. BACKGROUND OF THI' S | NVENTI ON [ 0002]
Mol ecul ar sieve materials, both natural and synthetic,
have been denonstrated in the past to have catal ytic
properties for various types of hydrocarbon
conversion. Certain nolecular sieves (e.g., zeolites,
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FIELBi ch may be i nterconnected by a nunber of channels or
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Wi thin a speci 'ecul ar sieve material. Since th
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strucRir® AR BéteAXind@ by -Fay diffr&dtion (KRDY. eWifkhe tHeeridt@line molecular

cross-linked b t he sharlng of oxygen atons wher eby
sieveirpglerigh thgreparealargegiuapbensod ﬁﬁvm?w&r AY bedntgreonnectéd by a
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he el ectroval ence of the tetrahedra containing the
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{0003} Such molecular sieves, both natural and synthetic, include a wide

variety of positive ion-containing crystalline silicates. These silicates can be
described as rigid three-dimensional framework of SiO4 and Periodic Table UPAC
1997) Group IITA element oxide (e.g., AlQ4). The tetrahedra are cross-linked by the
sharing of oxygen atoms whereby the ratio of the total Group IIIA element (e.g.,
aluminum) and silicon atoms to oxygen atoms is 1:2. The electrovalence of the
tetrahedra containing the Group IIIA element (e.g., aluminum) is balanced by the
inclusion in the crystal of a cation, for example a proton, an alkali metal or an alkaline
earth metal cation. This can be expressed wherein the ratio of the Group IIIA element
(e.g., aluminum) to the number of various cations, such as H', Ca?*/2, Sr**/2, Na*, K,
or Li", is equal to unity.

[0004] Molecular sieves that find application in catalysis include any of the

naturally occurring or synthetic crystalline molecular sieves. Examples of these



(e.g., alumnunm) to the nunber of various cations,

such as H+, Ca2+/2, Sr2+ , Na+, K+, or Li+ is equal to
wanpa7s4930004] Mbl ecul ar sieves that find appl PCatisem7/002073

in catalysis include any of the naturally occurring or

synthetic crystalline nol ecul ar sieves. Exanples of

t hesezeolites include | arge pore zeolites,

internedi ate pore size zeol ites, and small pore

zeolites. These zeolites and their isotypes are

described in "Atlas of Zeolite Framework Types", eds.
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[00053] so t AnghPatent Nis e1,439,400NidT@81 16 a)ﬁr)%tarﬁﬁe?lidd]éwlar sieve

nol ecul ar . .
compos(itlon of matter named PSH-3 and its synthesis from a hydrothermal

reaction mixture containing hexamethyleneimine, an organic compound which
acts as directing agent for synthesis of the MCM-56 (US Patent No. 5,362,697).
Hexamethyleneimine is also taught for use in synthesis of crystalline molecular
sieves MCM-22 (U.S. Patent No. 4,954,325) and MCM-49 (U.S. Patent No.
5,236,575). A molecular sieve composition of matter referred to as zeolite SSZ-
25 (U.S. Patent No. 4,826,667) is synthesized from a hydrothermal reaction
mixture containing an adamantane quatemnary ammoniumn ion. U.S. Patent No.
6,077,498 refers to a crystalline molecular sieve composition of matter named
ITQ-1 and its synthesis from a hydrothermal reaction mixture containing one or a
plurality of organic additives.

[0006] The term “MCM-22 family material” (or “material of the MCM-22

family” or “molecular sieve of the MCM-22 family”), as used herein, includes one ~



sieves MCM 22 (U. S. Patent No. 4,954,325) and MCM 49
(U.S. Patent No. 5,236,575). A nol ecul ar sieve
woanpao#sion of matter referred to as zeolite BSIAIS2H7/002073
(U.S. Patent No. 4,826,667) is synthesized froma
hydr ot hermal reaction m xture containi ng an adanmant ane
guaternary ammoniumion. U S. Patent No. 6,077,498
refers to a crystalline nolecul ar sieve conposition of
matter naned I TQ | and its syntheS|s froma
hydr ot hermal reaction m xture containing one or a
plurality of organic additives. [0006] The term
ormMd$2 famly material™ (or "material of the MCM 22
famly" or "nol ecul ar sieve of the MCM 22 fam'ly") as

d h I
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stru ch cr structures are di scussed
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Si eves de froma commmon
second degree buil ding bl ock, being 2- di rnensi_onal
(i} i | imojeaflars sicha/Wade affesion ko égfgpnsinﬂ?gre@musldmg block,

for Hﬁf‘ﬁf@ﬁ‘
pr e;g e:}%o:?z %grﬁgnsggrgd% uﬁ t%g)??u i ckness; (| || mf)blgeycul?lltaﬁeus
si e\feanmgcbenﬁmohyctoaxﬁmm wwit oelli tidckyress myeferabily gnp couiiscell
bei EE gg ers of one or nore than one unit cell
t hi >wherein the | ayer of nore than one unit

cell thi ckness is made from stacking, packing,
(i ndnulgcwlar |smrss rhade dono| coyanen stcande dagree 'aléldmg blocks,

hi k I
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bl oc
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such second degree building blocks can be in a regular fashion, an

irregular fashion, a random fashion, or any combination thereof; and

(iv) molecular sieves made by any regular or random 2-dimensional or 3-

dimensional combination of unit cells having the MWW framework

topology.

[0007] The MCM-22 family materials are characterized by having an X-
ray diffraction pattern including d-spacing maxima at 12.4+0.25, 3.57+0.07 and
3.42::0.07 Angstroms (either calcined or as-synthesized). The MCM-22 family
materials may also be characterized by having an X-ray diffraction pattern
including d-spacing maxima at 12.4+0.25, 6.9£0.15, 3.57+0.07 and 3.4240.07
Angstroms (either calcined or as-synthesized). The X-ray diffraction data used to
characterize said molecular sieve are obtained by standard techniques using the K-
alpha doublet of copper as the incident radiation and a diffractometer equipped

with a scintillation counter and associated computer as the collection system.



di mensi onal conbination of unit cells having the MAW

framewor k topol ogy. [0007] The MCM 22 famly materials
wanreymassact eri zed by having an Xray diffracti 8a1/US2007/002073

pattern including d-spacing maxi ma at 12.40. 25.

3.570.07 and 3.420.07 Angstrons (either cal cined or

as-synt hesi zed). The MCM 22 famly materials may al so

be characterized by having gn X-ray diffraction

pattern including d-spacing maxi ma at 12.40. 255

6.90. 15, 3.570.07 and 3.420.07 Angstrons (either

cal ci ned or as-synthesized). The X-ray diffraction
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P Boecoir@ugicats yishithed @-rinpintgoalvene isystalm of the

molédtarRfe. zeolite al kylation catal ysts, such as

nordenite, in that the MCM 22 material s have 12-ring
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MW ithhid s Sl i mol.ecul ar siev
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PRSI rR ! Fypil F 12K G, RS nathed Bt anls ) as }93v1ng this same
topology: MCM-22, ERB-1, ITQ-1, PSH-3, and SSZ-25.

[0010] The MCM-22 family molecular sieves have been found to be
useful in a variety of hydrocarbon conversion processes. Examples of MCM-22
family molecular sieve are MCM-22, MCM-49, MCM-56, ITQ-1, PSH-3, SSZ-
25, and
ERB-1. Such molecular sieves are useful for alkylation of aromatic compounds.
For example, U.S. Patent No. 6,936,744 discloses a process for producing a
monoalkylated aromatic compound, particularly cumene, comprising the step of
contacting a polyalkylated aromatic compound with an alkylatable aromatic
compound under at least partial liquid phase conditions and in the presence of a
transalkylation catalyst to produce the monoalkylated aromatic compound,
wherein the transalkylation catalyst comprises a mixture of at least two different
crystalline molecular sieves, wherein each of said molecular sieves is selected

from zeolite beta, zeolite Y, mordenite and a material having an X-ray diffraction



fromthe presence of both 10 and 12 nenbered rings.
The Atlas of Zeolite Framework Types cl asses five

wdizbd7awenst| y named materials as having this saReT/US2007/002073

topol ogy: MCM 22, ERB-1, I1TQ 1, PSH 3, and SSzZ-25.
[0010] The MCM 22 fami |y nol ecul ar sieves have been
found to be useful in a variety of hydrocarbon
conversion processes. Exanples of MM 22 fanmly
nol ecul ar sieve are MCM 227 MCM 49, MCM 56, ITQ I,
PSH 3, SSz- 25, and ERB-I1. Such nol ecul ar sieves are
useful for alkylation of aromatic conpounds. For
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us3ge, hl}fypbblﬁh%ﬂe@em@ &9 lowepprRivsteR 00%1%&?5 bat “are
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SUMMARRE DY PHis IR&ENPfoRN 1 mproved high throughput

ProOCess Tor nmaracrtaring MCM 22 fam |y nol ecul ar
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directing-agent (R), water, and optionally at least one source of ions of

-r_

trivalent element, to form a mixture having the following mole

\

composition:

Y:X; = 10 to infinity
H;0:Y = 1to 20
OH:Y = 0.001 to 2
M"Y = 0.001 to 2
RY = 0.001 to 0.34

wherein Y is a tetravalent element, X is a trivalent element, M is an alkali
metal;

(b) treating said mixture to form said molecular sieve at crystallization
conditions for less than 72 hr, wherein said crystallization conditions

comprise a temperature in the range of from about 160°C to about 250°C;
and



SUMVARY OF THI'S I NVENTI ON [ 0012] In one enbodi nent,
this invention relates to a nethod of manufacturing a
wounbemakar sieve of the MCM 22 famly, said nmerooas2007/002073
conprising the steps of: (a) providing a mxture
conprising at | east one source of ions of tetraval ent
el enent, at |east one source of alkali netal
hydroxi de, at |east one dirgcting-agent (R), water,
and optionally at |east one source of ions of
trivalent element, to forma m xture having the
foll ow ng nol e conposition Y. X2 =10 to infinity

(ci"zore/co'lvehﬂ %Qldcﬂolekfularﬁewl to 2 WY =0.001 to 2 R Y
0.001 to 0.34 wherein Y is a tetraval ent, el enent,

[0Q13]r | val el 2BpWbRE EMD offimapt ibis TBNFRtiGR relptes (19) 2 et od of
cr%é;tﬁﬁ Jllng%, S G Lo f el AOMSD HinkiB) QG ﬁ‘l%ﬂt‘ékledb%;ﬂ{smg

't zation conditions for |ess than 72 hr,
thewtepedh sai d crystal I i zation conditions conprise a
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(a) tprfokth cimixt@reMaxing e fdmsmngnmge edmpmtscm one source
of I of tetraval e nt, at |east one al kali
neté?: dr oxi d€, 3nggyﬁﬁ§r di recting-agent (R),

wat elq,Oand optEonaInmnab | east one source of ions of
tri V(%lHe-nYt el ement,

0.001t02
MY = 0.001 to 2
RY = 0.001 to 0.34

wherein Y is a tetravalent element, X is a trivalent element, M is an alkah
metal; and

(b) treating said mixture to form said molecular sieve at crystallization
conditions for less than 72 hr, wherein said crystallization conditions
comprise a temperature in the range of from about 160°C to about 250°C
and a weight hourly throughput of at least 0.001 hr™.

[0014] In yet another embodiment, this invention relates to a molecular

sieve of MCM-22 family manufactured by a method comprising the step of:

(a) providing a mixture comprising at least one tetravalent source, at least one
alkali metal oxide, at least one directing-agent (R), water, and optionally

one trivalent element source, to form a mixture having the following mole

composition:

Y: Xz = 10 to infinity
H,O:Y = 1t020
OH:Y = 0.001to 2
M"Y = 0.001 to 2
RY = 0.001 to 0.34

wherein Y is a tetravalent element, X is a trivalent element, M is an alkali

metal; and



to forma m xture having the foll ow ng nole

conposition: Y: X2 =10 to infinity HOY =1 to 20 OH
WOY007/0049301 to 2 M:Y 0.001 to 2 RY = 0.001 tec0us4007/002073

wherein Y is a tetravalent elenment, X is a trivalent

element, Mis an alkali netal; and (b) treating said

m xture to formsaid nol ecul ar sieve at

crystallization conditions,for Iess than 72 hr,

wherein said crystallization conditions conprise a

tenperature in the range of from about 160 C to about

250C and a wei ght hourly throughput of at |east 0.001
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t enmie fédm! b Product; and
) withdrawing said product.

[0016] These and other facets of the present invention shall become

apparent from the following detailed description, figure, and appended claims.

DESCRIPTION OF THE FIGURES

[0017] FIG. 1 is X-ray diffraction patterns of the crystalline material
product of Comparative Example.

[0018] FIG. 2 is X-ray diffraction patterns of the crystalline material
product of Example 1.

[0019] FIG. 3 is X-ray diffraction patterns of the crystalline material
product of Example 2.

[0020] FIG. 4 is X-ray diffraction patterns of the crystalline material
products of Example 3 at 24 hours.

[0021] FIG. 5 is the SEM image of the crystalline material product of
Comparative Example.

[0022] FIG. 6 is the SEM image of the crystalline material product of
Example 1.

DETAILED DESCRIPTION OF THIS INVENTION

Introduction

[0023] All patents, patent applications, test procedures, priority

documents, articles, publications, manuals, and other documents cited herein are



in the range of from about 165C to about 250 C, and

crystallization tinme less than 72 hr. [0015] In an
wenhodosmsnt , this invention relates to a hydroearhsz07/002073

conversion process, said process conprising the steps

of: (a) contacting a hydrocarbon feedstock with a

nmol ecul ar sieve of the MCM 22 fam |y nmade by the

nmet hod or process as reC|te? in any preceding

paragraphs or as specifically defined hereafter under

conversion conditions to forma product; and (b)

W t hdrawi ng said product. [0016] These and ot her
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éhﬁﬁmﬂ is X-ray diffraction patterns of the

crystall|ne materi al product of Conparative Exanple
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[0027] The X-ray diffraction data described in this invention were
collected with a Scintag diffraction system, equipped with a germanium solid state
detector, using copper K-alpha radiation. The diffraction data were recorded by
step-scanning at 0.02 degrees of two-theta (26), where theta () is the Bragg angle,
and a counting time of 10 seconds for each step. The interplanar spacings, d’s,
were calculated in A units, and the relative intensities of the lines, I/, is one-
hundredth of the intensity of the strongest line, above background, were derived
with the use of a profile fitting routine (or second derivative algorithm). The
intensities are uncorrected for Lorentz and polarization effects. The relative
intensities are given in terms of the symbols VS=very strong (greater than 60 to
100), S=strong (greater than 40 to 60), M=medium (greater than 20 to 40) and
W=weak (0-20). It should be understood that diffraction data listed as single lines
may consist of multiple overlapping lines which under certain conditions, such as
differences in crystallographic changes, may appear as resolved or partially
resolved lines. Typically, crystallographic changes can include minor changes in
unit cell parameters and/or a change in crystal symmetry, without a change in the
structure. These minor effects, including changes in relative intensities, can also
occur as a result of differences in cation content, framework composition, nature
and degree of pore filling, and thermal and/or hydrothermal history. Other

changes in diffraction patterns can be indicative of important differences between
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herein arefully incorporated by reference to the
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wherein M is an alkali or alkaline earth metal, and R is an organic moiety. The M

and R components are associated with the material as a result of their presence
during synthesis, and are easily removed by post-synthesis methods hereinafter
more particularly described.

[0030] In its calcined form, the known MCM-22 crystalline material has
an X-ray diffraction pattern which is distinguished from the patterns of other
known crystalline materials by the lines listed in Table I below:

Table
Interplanar d-Spacing (&) Relative Intensity, VL, x 100
30.0x2.2 W-M
22113 W
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[0032] The SEM image of the MCM-22 molecular sieve produced
according to the method of manufacturing of USP 4,954,325 is shown in Fig. 5.
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The MCM-22 molecular sieve according to method of manufacturing of USP
4,954,325 has a thin layered less defined hexagonal platelets morphology and an
average platelet diameter of less than about 1 um. The SEM image of the MCM-
22 family molecular sieve of this invention is shown in Fig. 6. The MCM-22
family molecular sieve of this invention (Fig. 6) has a thin layered better defined
hexagonal platelets morphology than these in Fig. 5 and substantially similar
average platelet diameter. However, the particles of the MCM-22 of this invention
are generally thicker than the particles of the MCM-22 produced according to the
method of manufacturing of USP 4,954,325,

Known MCM-49

[0033] The known MCM-49 crystalline material has a composition

involving the molar relationship:
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MCM 22 crystalline material has an X-ray diffraction
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Table IV
Interplanar d-Spacing (A) Relative Intensity, I/I, x 100
13.15+0.26 W-S*
12.49 4+ 0.24 VS
11.19 % 0.22 M-S
6.43 +0.12 \%
498 +0.10 W
4.69 £+ 0.09 W
3.44 +0.07 VS
3.24+0.06 \.
*shoulder
[0035] The X-ray diffraction peak at 13.15+0.26 A Units (A) is usually

not fully resolved for known MCM-49 from the intense peak at 12.49+0.24 A, and
is observed as a shoulder of this intense peak. For this reason, the precise
intensity and position of the 13.15+0.26 A peak are difficult to determine within
the stated range. .

[0036] In its calcined form, the known MCM-49 crystalline material of

this invention transforms to a single crystal phase with little or no detectable
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Formulation of the Hydrothermal Reaction Mixtures

[0037] Synthetic zeolites are often prepared from aqueous hydrothermal
reaction mixtures (or synthesis mixture(s)/synthesis gel(s)) comprising sources of
appropriate oxides. Organic directing agents may also be included in the
hydrothermal reaction mixture for the purpose of influencing the production of a

zeolite having the desired structure. The use of such directing agents is discussed
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[0037] Synthetic zeolites are often prepared from
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be included in the hydrothermal reaction mxture for
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[0040] This MCM-22 material may be -prepared from a hydrothermal

reaction mixture containing sources of alkali or alkaline earth metal (M), e.g.,
sodium or potassium, cation, an oxide of trivalent element X, e.g., aluminum, an
oxide of tetravalent element Y, e.g., silicon, an organic (R) directing agent,
hereinafter more particularly described, and water, said hydrothermal reaction

mixture having a composition, in terms of mole ratios of oxides, within the

following ranges:
Table VI
Reactants Useful Preferred
YO,/ X303 10 to infinity 15-50
H;0/ YO, 1-20 5-15
OH7/ YO 0.01-0.5 0.1-0.3
M/YO, 0.01-0.5 0.1-0.3
R/YO, 0.001-0.5 0.1-0.34
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[0043] It will be understood by a person skilled in the art that the synthesis

mixture having a composition within the molar ranges as discussed above means
that the synthesis mixture is the product of mixing, adding, reacting, or by any
means of providing such a mixture, wherein such product has a composition
within the molar ranges as discussed above. The product of mixing, adding,
reacting, or by any means of providing such a mixture may or may not containing
individual ingredients when the synthesis mixture was prepared. The product of
mixing, adding, reacting, or by any means of providing such a mixture, may even
containing reaction product of individual ingredients when the synthesis mixture
was prepared by mixing, adding, reacting, or by any means of providing such a
mixture.

[0044] The source of ions of tetravalent element X,03, e.g., aluminum,
boron, gallium, and iron, is preferably aluminum sulphate or hydrated alumina.
Other aluminum sources include, for example, other water-soluble aluminum
salts, sodium aluminate, or an alkoxide, e.g., aluminum isopropoxide, or

aluminum metal, e.g., in the form of chips.
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[0049] In one embodiment, this invention R:Y molar ratio ranges from
0.001 to 0.5, preferably from 0.001 to 0.34, more preferably from 0.001 to 0.3,
even more preferably from 0.001 to 0.2, and most preferably from 0.1 to 0.15.

[0050] One factor affecting the synthesis of a molecular sieve is the solid-
content in a hydrothermal reaction mixture. The term “solid-content™ used herein
means the weight percentage of both trivalent and tetravalent oxides in the
hydrothermal reaction mixture. It can be measured by dividing the weight of both
trivalent and tetravalent oxides in the hydrothermal reaction mixture by the total

weight of the hydrothermal reaction mixture as following:

ci)(;xlzgr; - weight of the oxides in the hydrothermal reaction mixture X 100%
(%) total weight of the hydrothermal reaction mixture °
[0051] The term “‘high solid™ used herein means that the solid-content of a

hydrothermal reaction mixture is at least 12 wt.%, preferably at least 15 wt.%,
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Crystallization Conditions

[0054] Crystallization of the present crystalline material can be carried out
at either static or stirred condition in a reactor vessel, such as for example,
autoclaves. The total useful range of temperatures for crystallization is from
about 160°C to about 250°C for a time sufficient for crystallization to occur at the
temperature used, e.g., from about 3 hours to about 72 hours, preferably from
about 10 hours to about 48 hours, and most preferably from about 10 hours to
about 24 hours. Thereafter, the crystals are separated from the liquid and
recovered. The procedure may include an aging period, either at room
temperature or, preferably, at a moderately elevated temperature, before the
hydrothermal treatment (“hydrothermal reaction™) at more elevated temperature.

The latter may include a period of gradual or stepwise variation in temperature.
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condition in a reactor vess7 such as for exanple,
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crystalline molecular sieve synthesized, the higher the throughput, generally the

smaller the reactor (autoclave) needed or the shorter the time required for each
synthesis. The volume hourly throughput for a smtﬁesis may be calculated by
dividing the weight of the molecular sieve produced in the dried cake (the solid
product after crystallization dried at about 120°C) with the volume of the reaction
mixture and the total time required for the crystallization (hereinafter “cycle time
required for the crystallization™). The cycle time required for the crystallization is
the time required for the completion of the reaction (“crystallization™) under the
crystallization conditions, which does not include the time for charging and/or
aging the hydrothermal reaction mixture, filtering, washing, and drying the
product. The volume hourly throughput for a synthesis is calculated as following:

volume hourly _ _ volume of the molecular sieve produced (dried at about 120°C)

throughput (volume of the hydrothermal reaction mixture) x (cycle time)
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anount of crystalline nolecul ar sieve produced per
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seed crystal may have to increase.

[0061] In one embodiment of this invention, the process of manufacturing
a molecular sieve of MCM-22 family materials further comprises a step to
recovering the directing agent by flashing and condensing the directing agent (not
incorporated in the molecular sieve product) and water in the hydrothermal
reaction mixture after crystallization. The recovered directing agent aqueous
solution may be reused as the directing agent in another synthesis. The
flashing/condensing may be conveniently performed by opening a valve on the
autoclave used for the synthesis, condensing and collecting vapor released from
the autoclave in a liquid phase. The condensed vapor contains at least a portion of
the templating agent(s) in the autoclave which may be reused for synthesis. In

one embodiment of this invention, at least 50 wt.%, preferably at least 80 wt.% of



[0059] In one aspect of this invention, the weight

hourly throughput for this invention is at |east 0.001
wanow/opssfierably at | east 0.002 nore preferabl pcats2007/002073

| east 0.004 and nost preferably at |east 0.008 hr 1 .

[0060] The wei ght hourly throughput of a synthesis nmay

be adjusted by changing solid-content, anmount of seed

used in the synthesis gel, §ystallization

tenperature, time for crystallization, and/or any

conbi nation thereof. The wei ght hourly throughput and

t hese paraneters nentioned above are interrel ated.
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dlorfectgnge agent. By recovering, -recycling, and reusing the directing agent, the
hydrothermal reaction mixture of this invention uses much less of the costly and
toxic directing agent (e.g., HMI). .
[0065] A summary of the molecular sieves and/or zeolites, in terms of
production, modification and characterization of molecular sieves, is described in
the book “Molecular Sieves - Principles of Synthesis and Identification™; (R.
Szostak, Blackie Academic & Professional, London, 1998, Second Edition). In
addition to molecular sieves, amorphous materials, chiefly silica, aluminum
silicate and aluminum oxide, have been used as adsorbents and catalyst supports.
A number of long-known techniques, like spray drying, prilling, pelletizing and
extrusion, have been and are being used to produce macrostructures in the form
of, for example, spherical particles, extrudates, pellets and tablets of both

micropores and other types of porous materials for use in catalysis, adsorption and



product, avoiding the need for an organic tenplate,

accel erating synthesis, and inproving the proportion
wofho@roedict that is of the intended franmework PgpaIS200m/002073

one enbodi nent of this invention, synthesis of the

crystalline nolecular sieve is facilitated by the

presence of at |east 0.0001 w.% preferably 0.001

w.% nore preferably 0.01 yw.% even nore preferably

0.1 wt.% optionally 5 w.%to about 20 wt.% 'seed

crystals based on total weight of the hydrothernal

reaction mxture. [0063] In one enbodinment, the
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[0068] When used as a catalyst, the MCM-22 family molecular sieve of

this invention is preferably subjected to thermal treatment to remove part of all of
any organic constituent. The MCM-22 family molecular sieve can also be used as
a catalyst in intimate combination with a hydrogenating component such as
tungsten, vanadium, molybdenum, rhenium, nickel, cobalt, chromium,
: manganese, or a noble metal such as platinum or palladium where a
hydrogenation-dehydrogenation function is to be performed. Such component can
be in the composition by way of cocrystallization, exchanged into the composition
to the extent a Group IIIA element, e.g., aluminum, is in the structure,
impregnated therein or intimately physically admixed therewith. Such component
can be impregnated in or on to it such as, for example, by, in the case of platinum,
treating the silicate with a solution containing a platinum metal-containing ion.

Thus, suitable platinum compounds for this purpose include chloroplatinic acid,



m cropores and other types of porous materials for use

in catal ysis, adsorption andi on exchange. A sunmary of
wohew@otschni ques i s described in "Catal yst PCT/US2007/002073

Manuf acture,” A, B. Stiles and T. A Koch, Marce

Dekker, New York, 1995. Catalysis and adsorption

[ 0066] To the extent desired, however, the origina

netal cations of the assyntgpsized mat eri al can be

repl aced in accordance w th™t'echni ques well known in

the art, at least in part, by ion exchange with other

cations. Preferred replacing cations include netal
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amoni um ions and m xtures thereof. Particularly
compledrred cations are those which tailor the catalytic
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[0070] The crystals prepared by the instant invention can be shaped into a

wide variety of particle sizes. Generally speaking, the particles can be in the form
of a powder, a granule, or a molded product, such as an extrudate. In cases where
the catalyst is molded, such as by extrusion, the crystals can be extruded before
drying or partially dried and then extruded.

[0071] The MCM-22 family molecular sieve of this invention may be used
as an adsorbent, such as for separating at least one component from a mixture of
components in the vapor or liquid phase having differential sorption
characteristics with respect to the MCM-22 family molecular sieve of this
invention. Therefore, at least one component can be partially or substantialty
totally separated from a mixture of components having differential sorption

characteristics with respect to the MCM-22 family molecular sieve of this
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exchanged into the conposition to the extent a G oup
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therewi th. Such conponent can be inpregnated in or on

to it such as, for exanple, by, in the case of
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sui tabl e pl ati num conpounds for this purpose include

chl oropl atinic acid, platinous chloride and vari ous
. : 9. i f
B I e e Blofebutar steve o
thessipuentian| tp selectively serbobe opg gepaenind amoni um f or ns

be be InG c 2Pt hedhi

(0922) ney ¢ Rg PACRE2Y. SORVERECLC B0 SO AN arg oot
apeathlysimiul dowite aange) of mrocdssesh asdudiognsepatatipn processes and

ARG eS8, S5 Sl by e
pooEstswhivhedre effectiedy catayaed by tienpiCVe2R famiily hwlecular sieve

ermal treatnen at mospheric pressure is desired.for
of 5L Bentiieh Do oo TR o PR PoF g g e e srepyttally
adiieisabstlted indudifgReed tHstallit datal 1§ Uhicldds tHe follbing:
thermal treated product js particularly useful inthe
c

G} at arilatiogs of crematic N OEEPHEn $&n P¥n P longnghain

The bRensed bYycts SBhR0wih 8ldGbn cORRESAAINLMdidY 4 fetnperature of
nmetal , hydrogen and ammoni um forns, | articul arl

S
usef ffiom QW S40HE 4P phPYE 0" Eet PEISAUEYcliPm, 2houp 101 to about

hy dr 9686¢PRPa-a. Lo WeRETR 1M1y §BSde STty NP bl 4HoRP2 hr to about
exanpl es of such reactions include those described in
U. S. 200 bnt andan awngsic, Iydscarbogidefrg mole ragpofsfigm about 1/1

4 003 dbRut 2006 s dRevide dise (fiin jucesufaicd: gign ot e

4, 96 ineguentlyFnfion@zd topReidied3athetc dotbrstdts; 4, 986, 894;
T

r ef eb’hm'ﬂeélhyl hmrﬁ&tﬁ: éemp;snhrmsi @tg. Othes alkd/latiina by theazene with

reacti ons. 070] The crystal s prepared by.t.he i.nst ant
i nveﬁlfquian[ago b%‘]ogl'fgp §Hm|¥‘ﬁ?’owét ID-r ton . cQ ?}h&as Imglugmg a

part kphserstuzest FGaNeIc 19°G peakdut 425t tea prvshirs lof Frob@ Bbout

be in the form X
IOi to about 3030 kPa-a, and an aromatic hydrocarbon weight hourly

space velocity (WHSV) of from 5 hr” to about 50 hr'';

(iii)  alkylation of reformate containing substantial quantities of benzene and
toluene with fuel gas containing Cs olefins to provide, inter alia, mono-
and dialkylates with reaction conditions including a temperature of from
about 315°C to aBout 455°C, a pressure of from about 3000 to about 6000
kPa-a, a WHSV-olefin of from about 0.4 hr! to about 0.8 hr’, a WHSV-
reformate of from about 1 hr! to about 2 hr! and a gas recycle of from
about 1.5 to 2.5 vol/vol fuel gas feed;

(iv) alkylation of aromatic hydrocarbons, e.g., benzene, toluene, xylene and
naphthalene, with long chain olefins, e.g., C;4 olefin, to provide alkylated

aromatic lube base stocks with reaction conditions including a temperature



of a powder, a granule, or a nolded product, such as

an extrudate. In cases where the catal yst is nol ded,
weualT/aem3by extrusion, the crystals can be ext pauad2007/002073

before drying or partially dried and then extruded.

[0071] The MCM 22 fami |y nol ecul ar sieve of this

i nvention may be used as an adsorbent, such as for

separating at | east one cojponent froma mxture of

conponents in the vapor or liquid phase having

differential sorption characteristics wth respect to

the MCM 22 fam |y nol ecul ar sieve of this invention.
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conmpdekPaahavi ng differential sorption
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VitP" &ofl&SionCdFalighi Calkfids aot igacolfiedsantnge iandl Wbengange
other crystalline catalysts, .inc]ude the foll ow ng:
(i) hadragaghong wigh reacicat pndiliRRSomgIGFHs 2 tempperature“of from
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with reaction conditions including a tenperature of
f r omh5800Pa400C t o about 5000C, a pressure of from

oyt 101 t : : i ) -
T T
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al kyd13d iR RofbikidacRahW troup VIII metal, as catalyst, the reaction
conditions including a temperature of from about 340°C to about 455°C, a -
pressure of from about 3000 to about 18000 kPa-a, a hydrogen circulation
of from about 176 to about 1760 liter/liter and a liquid hourly space
velocity (LHSV) of from about 0.1 to 10 hr'';

(ix) a combination hydrocracking/dewaxing process in the presence of the
MCM-22 family molecular sieve of this invention and a hydrogenation
component as catalyst, or 2 mixture of such catalyst and zeolite Beta, with
reaction conditions including a temperature of from about 350°C to about
400°C, a pressure of from about 10000 to about 11000 kPa-a, an LHSV of
from about 0.4 to about 0.6 and a hydrogen circulation of from about 528
to about 880 liter/liter;

(x) reaction of alcohols with olefins to provide mixed ethers, e.g., the reaction

of methanol with isobutene and/or isopentene to provide methyl-t-butyl



propyl ene to provide cunene, wth reaction conditions

i ncluding a tenperature of from about 100C to about
wQ2602/0983pr essure of from about 101 to about 38801/US2007/002073

kPa-a, and an aromati c hydrocarbon wei ght hourly space

velocity (WHSV) of from5 hr 1 to about 50 hr 1; (iii)

al kyl ati on of reformate containing substantia

gquantities of benzene and tQluene with fuel gas

containing C olefins to provide, inter alia, nonoand

di al kyl ates with reaction conditions including a

tenperature of from about 315C to about 455C, a
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salt-free reactive dye-containing solution, as in German Patent No. DE
3,625,693, incorporated entirely herein by reference;

(xiv) as the absorbent for separating 2,6-toluene diisocyanate (2,6-TDI) from
isomers if TDI as in U.S. Patent No. 4,721,807, incorporated entirely
herein by reference, whereby a feed mixture comprising 2,6-TDI and 2,4-
TDI is contacted with the present MCM-22 family molecular sieve which
has been cation-exchanged with K ions to absorb the 2,6-TDI, followed by
recovering the 2,6-TDI by desorption with desorbent material comprising
toluene;

(xv) as the absorbent for separating 2,4-TDI from its isomers as in U.S. Patent
No. 4,721,806, incorporated entirely herein by reference, whereby a feed
mixture comprising 2,4-TDI and 2,6-TDI is contact with the present
MCM-22 family molecular sieve which has been cation-exchanged with
Na, Ca Li and/or Mg ions to absorb the 2,4-TDI, followed by recovering

the 2,4-TDI by desorption with desorbent material comprising toluene; and



(viii) two-stage hydrocracking for upgrading

hydr ocarbon streans having initial boiling points
wahow@ossout 2600C. to premumdistillate and gaswiS2ee/002073

boi ling range products in a first stage using the

MCM 22 fam |y nol ecul ar sieve of this invention in

conbination wwth a Goup VH netal as catalyst with

ef fl uent therefrom being reggti on in a second stage

using zeolite Beta, also in“tonbination with a G oup

VIIl nmetal, as catalyst, the reaction conditions

i ncluding a tenperature of from about 3400C to about

Ci - Q

R in P KR rors T R o PEhikht 08 007ARPER bottoms

aboutfracneo ohtgigeq [fope theygatalytici eprivérsien of ynsfhanod to gasoline

vel 0G4 0 ' [ - (i . .

cori P seiRlteCtortdti ARk luffng cbBiabitng bortom} b win

pr esdndeogehn ¢ee aMakAPR dfahe Ipresent dMCIMa22 fareilye nofledubdrssieve
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.b28 to about 880 liter/liter; (x) reaction of alcohols
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Ca gressure of from 200 to “ak a-a, a
awHsied(igrthenfioststap, fat ish benzeye sl ydaton. t Bxamgples pHsnchlpatesses

. r oul} - 1 l.c 0, ql.efin
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atetdhe, theheemeandi Gpolzfias arccmaiviertad tavphdnoCard arethydieitys katone,
cqg-feed wth reactio ndi tions including a L
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PO WER0E@S/0085970brbad) tpré®ieteParabd 0 lolf B3 Qirk Banrted to phenol,
hé/dr ogery I;I¥dr %car bor}( ) ) )
acctone “an ethyl ethyl ketone, which, in this case can be followed by
conversion of phenol and acetone to bis-phenol-A as described in international

application PCT/EP2005/008554, benzene 1is converted to phenol and

cyclohexanone, or benzene and ethylene are converied to phenol and methyl ethyl
ketone, as described for example in PCT/EP2005/008551.

[0074] The MCM-22 family molecular sieves of this invention are useful
in benzene alkylation reactions where selectivity to the ‘monoalkylbenzene is
required. Furthermore, the MCM-22 family molecular sieves of this invention is
particularly useful to produce selectively sec-butylbenzene from benzene and C4
olefin feeds that are rich in linear butenes, as described in international application
PCT/EP2005/008557. Preferably, this conversion is carried out by co-feeding
benzene and the C4 olefin feed with the catalyst of the present invention, at a
temperature of about 60°C to about 260°C, for example of about 100°C to 200°C,
a pressure of 7000 kPa-a or less,. and a feed weight hourly space velocity (WHSV)



nole ratio of fromabout 0 (no added hydrogen) to

about 10 and a WHSV of from about 0.1 hr 1 to about 30
wanrow;094987i ) preparati on of the pharnaceuti cal PgTASRI07/602073

conpound 2-(4-isobutyl phenyl) propionic acid, i.e.

i buprofen, by reacting isobutylbenzene with propyl ene

oxide to provide the internedi ate 2-(4-isobutyl phenyl)

propanol followed by OX|dat£$n of the alcohol to the

correspondi ng carboxylic actd; (xiii) use as an

aci d-bi nding agent in the reaction of amnes with

heterocyclic fiber-reactive conponents in preparation
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means for controlling the rate of reaction. These materials may be incorporated

)—

into naturally occurring clays, e.g., bentonite and kaolin, to improve the crush
strength of the catalyst under commercial operating conditions. Said materials,
Le. clays, oxides, etc., function as binders for the catalyst. It is desirable to
provide a catalyst having good crush strength because in commercial use it is
desirable to prevent the catalyst from breaking down into powder-like materials.
These clay binders have been employed normally only for the purpose of
improving the crush strength of the catalyst.

[0077] Naturally occurring clays which can be composited with the new
crystal include the montmbrillonite and kaolin family, which families include the
subbentonites, and the kaolins commonly known as Dixie, McNamee, Georgia
and Florida clays or others in which the main mineral constituent is halloysite,
kaolinite, dictite, narcite, or anauxite. Such clays can be used in the raw state as

originally mined or initially subjected to calcination, acid treatment or chemical



with a hydrogenation netal, at conditions including a

tenperature of from about 2300C to about 425C and a
wonrewdass7of from about 457 to about 22000 kPaPaT/US2007/002073

[0073] In an enbodi nent, the MCM 22 fam |y nol ecul ar

sieves of this invention may be used in processes that

co- produce phenol and ketones that proceed through

benzene al kyl ation, followed by formation of the

al kyl benzene hydroper oxi de"and cl eavage of the

al kyl benzene hydroperoxi de i nto phenol and ketone. In

such processes, the MCM 22 fam |y nol ecul ar sieves of
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about 600C to about 2600C, for exanple of about 1000C

CPRPED Mdiatxon in the 20 range of 2 to 40 degrees.
[0082] The SEM images were obtained on a HITACHI S4800 Field

Emission Scanning Electron Microscope (SEM).

[0083] The yields were estimated based on an assumption that all
aluminum and about 85 wt.% of silicon were incorporated in the molecular sieve
product. The molecular sieve product contained about 15 wt.% of water and
templating agent.

[0084] The crystallinity is defined as the ratio of the sum of the two main
peaks, 7.1 and 26 (26), to the ratio of the sum of the same peaks in the standard
(reference example), multiplied by 100.

Comparative Example

[0085] A hydrothermal reaction mixture was prepared from water,
Hexamethyleneimine (HMI) (Sigma-Aldrich Company), silica (Ultrasil™,
Degussa Corp.), 45 wt.% sodium aluminate solution, and 50 wt.% sodium

hydroxide solution. The mixture had the following molar composition:



a pressure of 7000 kPa-a or less, and a feed wei ght
hourly space velocity (WHSV)based on C4 al kyl ati ng
wageimooef37f rom about 0.1 to 50 hr 1 and a nol aPCTAIS2@®7/002073
of benzene to C4 al kyl ating agent fromabout 1 to
about 50. [0075] The MCM 22 fam |y nol ecul ar sieves of
this invention are al so useful catalyst for
transal kyl ati ons, such as, % r exanpl e,

pol yal kybenzene transal kyl atTons. [0076] In the case
of many catalysts, it is desired to incorporate the
new crystal with another material resistant to the
tenperatures and other conditions enployed in organlc
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hydrothermal reaction mixture slurry was filtered, washed with deionized (DI)
water and dried at 120°C. The as-synthesized material had an XRD patterns (Fig.
1) substantially as shown in Table I and Table II and only one peak (about 26.5°)
between 26° to 29° (28). The resulting MCM-22 crystals had a SiO,/Al;O3 molar
ratio of ~ 23/1. The calcined MCM-22 crystals had a surface area of 653 m?/g
(micropore surface area of 530 and external surface area of 123 m /g) The SEM
image (Fig. 5) of the as-synthesized product crystal showed a platelet morphology
with an average crystal thickness of about 200 to about 300 A. The estimate
average platelet diameter was less than about 1 um. The calcined material had a
mesitylene uptake of about 29.8 mg/g and a mesitylene sorption rate of about 68
mg/g/min. The estimated yield of MCM-22 material (based on the dried weight of
the molecular sieve product divided by the total weight of the hydrothermal



crystal include the nontpbrillonite and kaolin famly,
which fam lies include the subbentonites, and the
weaal7ime3icomonl y known as Di xi e, McNanee, GeopQraSamd002073
Fl orida clays or others in which the nmain m neral
constituent is halloysite, kaolinite, dictite,
narcite, or anauxite. Such clays can be used in the
raw .state as originally m_nﬁ,q or initially subjected
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Elempersirei(®oscope (SEM . [0083] Tk yields were 180
|_eStimng spgedh BRBM) on _an_assumption t2¥ all dl unmi nuds@nd

abooe (8% wt. % of silicon wefe i ncol2dorated|(in the 12

nBktimatedrYisidgwe. %) ~ 16.7 ~15.3
XRD Result MCM-22 MCM-22
Crystallinity (%) 105 100
Si10,/ALO; (molar ratio) ~24 ~23
Weight Hourly Throughput (hr) 0.0082 0.015
Mesitylene uptake (mg/g) 24.7
Mesitylene sorption rate (mg/g/min) 45

[0088] The mixture of example 1 was crystallized at 170°C in an

autoclave with stirring at 250 rotation per minute (RPM) for 24 hours. After
crystallization, the hydrothermal reaction mixture slurry of example 1 was filtered,
washed with deionized (DI) water and dried at 120°C. The as-synthesized
material had an XRD patterns (Fig. 2) substantially as shown in Table I and Table
H and an additional peak (26.9 °) between 26.6° to 29° (26) as comparing to the
example 1 (reference example). The resulting MCM-22 crystals had crystallinity
of 105%, which is measured by the ratio of the sum of the two main peaks (20 at
7.1 and 26) to the ratio of the sum of the same peaks in the example 1 (reference

example). The resulting MCM-22 crystals had a Si0,/A1,05 molar ratio of ~ 24/1.
The calcined MCM-22 crystals had a surface area of 612 m?*/g (micropore surface



product. The nol ecul ar si eve product contained about
15 wt. % of water and tenpl ating agent. [0084] The
wonyetiakdsrnity is defined as the ratio of the samust007/002073

the two nmain peaks, 7.1 and 26 (20), to the ratio of
the sum of the sane peaks in the standard (reference
exanple), nultiplied by 100. Conparative Exanple
[0085] A hydrothermal reaction m xture was prepared
fromwater, Hexamethyl enei e (HM) (Sigma-Aldrich
Con'pany), silica (Utrasil(tm, Degussa Corp.), 45

. % sodi um al um nate sol ution, and 50 wt. % sodi um
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resulting MCM 22 crystals had a SiQ2 nmolar ratio

ugtake of sllorut #hd mglecndemesitylone é?lygpra |r=ste midtbaufsﬁi mg/g/min.
TRECSHatEP 3108/ & (\«f@l@l"—@?%zﬁeﬁ&ir ;5’%9&1 %ﬁeﬁmoﬁnéﬁ%é@ﬁ of the

external surface area of e SEM | mage
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R 1 RIPLASL QOGRS phls s 005

ha'\‘/.er age wb@élhe’urlm tinstghputvad ¢mewple Harwasbebdut 1526% of the

cg%%gga%b%iep(%% {gateri al had a nesityl ene uptake of about
parelly - . .

d anala mesi tyl ene sorption rate of about 68
[0089)/ m n. The mshirgade exyingld 20fwddCltyiallizdde at a180°C in an

é&SEﬂth O s b§9§ﬁ§o o gfgqx,é?e 0 g For Yo MSurs.  After

chystl RE R e BAed thénallrodct 6:2 niXEase ahﬁytoféimﬁpwtz Vas filléred,

t .hourly throughput was_ about hr
washith Pl deiodipeb i e oIl Al 20 Eac WA RegerEs of the

a¥BU B eRPH Rl SHBWRIRE typical pure phase of MCM-22 topology. The
resulting MCM-22 crystals had a Si0,/Al,03; molar ratio of ~ 23/1. The estimated
yield of MCM-22 material (based on the dried weight of the molecular sieve
product divided by the total weight of the hydrothermal reaction mixture) was
about 15.3 wt.%. The weight hourly throughput was about 0.015 hr''. The weight
hourly throughput of example 2 was about 780% of the comparative example.
Examples 3-4

[0090] Two mixtures were prepared from water, Hexamethyleneimine
(HMI) (Sigma-Aldrich Company), silica (Ultrasil™, Degussa Corp.), 45 wt.%

sodium aluminate solution, and 50 wt.% sodium hydroxide solution. The

mixtures had the following molar composition:



Hexamet hyl eneimne (HM) (Sigma-Al drich Conpany),
silica (Utrasil(tm, Degussa Corp.), 45 wt. % sodi um
wabkommase sol uti on, and 50 wt. % sodi um hydr ox PA&/US2007/002073

solution. The m xtures had the follow ng nol ar
conpositions: [0088] The mi xture of exanple 1 was
crystallized at 1700C in an autoclave with stirring at
250 rotation per mnute (RPN for 24 hours. After
crystal lization, the hydrofhermal reaction mxture
slurry of exanple 1 was filtered, washed with
dei oni zed (D) water and dried at 1200C. The
as-synt hesi zed material had an XRD patterns (Fig. 2)

' h in Table | and Table |1 and an
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WH,O7 Si9, reasured by the ratio pf the surh of thejd gp

MO/ BREKS (20 at 7. I gnd 26) pgsine ratijo of [hg1gsim

'fijg’Fh_g‘lézarre peaKs TN THe exanmppgst (rereregt€d 0.175

Tﬂe resutt ITL VCVE LLO‘(JISybI.dI S Ijau da 3l grlg

e—catcttred—vehMW /_?0

aw

P v
T R A I
1

D N

oA F

v
T

A
ZF
o
[}
al

(O
T+

2 o
Ul UL ||L’ U \T"v
n

1zation condi N
7\

)_

k'l L
A -1 TTUAT, T T AU O T O o T A\ 4
IRPCTANEe (Cedy | pmge (R g 6)-df 0t he as-s-y-m—he&—zlzg———.

nr:gmﬁﬁg Sp.¢e\ M):Eﬁ\‘fmh oy ol ;leJZ'ép nor pholloav wit 1299n

SﬂJ

J

avemEdBOcr yst al thi ckne ](@13120733%2&?()( A,J wiBe0,i22

t Histirated Xeald (We%ef er dnce exanpiZe. The dstimmte~17

averBdResghtyst al t hi cknds sSMEMSAAMEMMESEM WYECMBAMCM-49

3EDyfatllmigy(@e 500 A.  Th&9¢81.i 108t t0GvdPade pl 20&[160, 100

diSa@ptAdyOnpsolaessio) han Jabout 1 nm whichlis simlar as

t h¥eighf Hoerlgdteawghpue. |The cal oimed materji al hado.ai1l
mgRi byl ene upt ake of aEbout 24.7 ng/g and |a nesityl ene

sorption rate of about 45 ng/ g/ m n. The estinated

(pogjd of MM i duelsarda!fifeRas Shshl Lhd &Hlbﬁged/\mg Rbat&f and

t he ‘nol ecul arsi eve product di vi ded by the total

dpjerl 11297 Ct hﬁmmﬂ)h@mmof ﬁ@eaeﬁ-ﬁmhmrmdjmye%(eamme 3)
ah@BYGS’?Sh?D i-@eﬁle wel g ?&Eﬁveﬁ]ﬂd@l\grou put of g%‘swth %
Mes LBer 199564 aid tllﬁ’@‘%camaalhmlt)ae é'hanﬁR@ p[aﬂ@&S] ofTHee as-
sPhbYLE RlatEXATRAG B3, %05 afd ¥3 1RLK ESdnle APAARdd 1@ McMm-
22/MCM-49 topology with 100% crystallinity. The estimated yields of MCM-22
material were about 17 wt.% for both examples. The weight hourly throughput
were about 0.01 hr' (example 3) and 0.011 (example 4). The weight hourly
throughput of example 3 was about 520% of the comparative example. The
weight hourly throughput of example 4 was about 580% of the comparative
example.

Examples 5-7

[0092] Three mixtures were prepared from water, Hexamethyleneimine
(HMI) (Sigma-Aldrich Company), silica (Ultrasil™, Degussa Corp.), 45 wt.%
sodium aluminate solution, and 50 wt.% sodium hydroxide solution. The

mixtures had the following molar compositions:
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exanpl e. The wei ght hourly throughput of exanple 4 was

[edsayt 580%1f piddacts Graee fidictede wexReP\Weth deXHIE®IP Water and
{0092] Three m xtures were fpr epared from wat er,
dpg ey enBheriXRD patierns of the as-synthesized material (example 5)

showed the pure phase MCM-22 topology. The XRD patterns of the as-
synthesized material (example 6) showed the pure phase of MCM-22 topology.
The resulting MCM-22 crystals (example 6) had a Si0,/ALL,O3 molar ratio of 27.5.
The XRD patterns of the as-synthesized material (example 7) showed the MCM-
22 topology with ZSM-5 impurity. ZSM-5 impurity was estimated to be < 10 %
The resulting MCM-22 crystals (example 7) had a
Si102/A1;03 molar ratio of ~ 24. The estimated yields of MCM-22 material were .
about 17.1 wt.% (example 5), about 25.5 wt.% (example 6), and about 17 wt.%
(example 7). The weight hourly throughput were about 0.008 hr' (example 5),
0.015 hr”' (example 6), and 0.01 (example 7). The weight hourly throughputs
were about 440% ((example 5), about 780% (exampie 6), and about 520%

in the resulting product.

(example 7) of the comparative example.

 Example 8

[0094] A MCM-22/alumina catalyst was prepared from 80 weight parts of
product of Example 5 mixed with 20 weight parts of alumina (LaRoche Versal



(HM) (Sigma-Aldrich Conpany), silica (Utrasil(tm,
Degussa Corp.), 45 wt.% sodi um al um nate sol ution, and
woeQoom0924330di um hydr oxi de sol uti on. The m xt ur e6Th&2007/002073
the foll owi ng nolar conpositions:[0093] The products
were filtered, washed with deionized (D) water and
dried at 1200C. The XRD patterns of the as-synthesized
mat eri al (exanple 5) showed_.the pure phase MCM 22
t opol ogy. The XRD patterns 3f t he assynt hesi zed
materi al (exanple 6) showed the pure phase of MCM 22
topol ogy. The resulting MCM 22 crystals (exanple 6)
(ﬁ‘(?donﬂth% ER7HARB WikeR iy s dded Qf) tRd n%xtuTQ Qo )sﬁi@wpﬁfet I%Elﬂﬁng

the as-'synthesized naterial (exanple 7) showed t
catdivst pbe dpoherd)ynt@ eHnEgigss The prenayed zRWRdAtes HIGFY d;}ed at

I%kﬁé& r%ét%hmgl cr ys{8 ‘T‘%té(p@ Pigllll% Hﬁa@rr g@,gg{omoc,

follazd by agpeaus anamoniuof nit@Ate exmmmdmloéning i hig ot 540°C.
El\/t::l\/LlZ% material were about 17.1 wt. % (exanple 5),
3F9RE5. 5 wt. % (exanpl e 6), and about 17 wt.%

[(((Bsprrpl e T)xe cIimey t@htedhﬁlﬂ)dayhpléls@s@bta:dtfoﬂ\bér&eﬁ)ﬂkylation

W@I%ggr(ﬂ &)ngﬂ ?H@%ﬁg tlfiﬁ gﬁli%*g}?dfoﬁ}é%' 3 ?%'h%@?fgd into
thalkatH s44ﬁ§'ﬁeft &aﬁam&i 8ri&d in &bevdn A8IG-Cefanpbe hmﬁﬁd This

about 520% (exanp 7) of the conparative exanp

catalyph, baskgt [\@@994&1% %Memzamwn Hha00a M| peeclrEe qmckly with
IGRAE %Q¥$§u9ént§ Qnmxﬁ himB&itese. Ofrneratites wis @éﬁraakg%ﬁwnh

m xed parts of al um na (LaRoche

dxycnigraego Hor %howsea% d|89/ G angide thageagtoniasrempyed Arpandygoisture
8o 1Eadtr. abhg‘ﬂuh A" ey bl Bnd g%@gﬁénet@a@ﬁaﬂcf%r@ﬂto the

into extrudates. e prepared extrudates were
rep2iop @nder @r@gﬁseandTh@nbbnamdymthv\ﬁls catalystaford bgur at 130°C.

I
TS ot 1 PR o 13 Torie IR WSS kP
oﬁrﬂiﬁﬁg‘enﬁeesmbe 9 [0095] The cat al yst prepared in
le 8 tested, f b | ati it h
GBBTD! S 145 D b R SRS SR R B e
pissuré rﬁn Si’ﬂl FEPh-b Nhifrogéie biaikateds thebaaloelavandhe hzeactlon was

rie ven at 2600C for about 16 hours.
al(iiowedd to or ? our hours and propylene was completely consume dsurmg this

period. Small samples of liquid were withdrawn from the autoclave at regular
interval for analysis of propylene, benzene, cumene (IPB), diisopropylbenzene(s)
(DIPB), and triisopropylbenzene(s) (TIPB), using gas chromatography. Catalyst
performance was assessed by a kinetic activity rate parameter base on propylene
and benzene conversion. Cumene selectivity was calculated from the weight ratio
of DIPB/ cumene (expressed as percentage). The calculation method was as

referenced in WO 03/006160. The results were as shown in the following table.

Catalyst Activity Selectivity DIPB/Cumene (%)
Example 8 370 13
[0097] The catalyst showed both activity and selectivity’ for benzene

alkylation reaction.

[0098] While the illustrative embodiments of this invention have been

described with particularity, it will be understood that various other modifications

e



cat al yst basket was then transferred into a 300 ni
autocl ave quickly with m ni nrum exposure to anbient
wabtogpisre. The catal yst was then purged w t hpdTUS2007/002073
nitrogen for 2 hours at 181C inside the reactor to
renoved air and noisture fromthe reactor. One hundred
fifty six granms of benzene was transferred to the
react or under nitrogen and gquilibrated with the
catal yst for 1 hour at 1306%7 Twenty ei ght granms of
propyl ene was transferred into reactor under 2170
KPa-a of nitrogen pressure. [0096] The reaction
vl 3! bty 19 9fd 330 HeORYGE %a%%gﬁﬁﬁeéi sRifidd 3n GRE BktRthout
pressure of 2170 KPa-a nitTogen Bl anketed the o
deparides diom theispirtagnd seopgas! ik dueention. r decorginglpuit is not

. I I j
S RO 56 A SR GBI b rames
ahd alestrijgionstset| favth héreire hut aathenttieatvibe éleimsarbel yonsgued as

eﬁ{q?@%%ﬁ%ﬁlﬁ&%iéﬁ@% g{%?tgg%éggﬁyelty which reside in the present
iﬁv{]ehﬁsm ﬂﬁﬂﬁ&ﬂn%fﬂmzﬁﬁﬁl(rié‘s) wfli-EhREi%uld b itRgtedas equivalentsd thgreof by
chromat ogr aphy. t.al yst . performance was assessed by a
ﬁiﬂsﬁégﬁé‘?%bﬁe\?ﬁ?c‘%%'é¥}ﬁﬁfr§'ﬁﬂ?%ﬁ‘ PHLES-on propyl ene and
benzene conversion. Cunene selectivity was cal cul at ed
fromthe weight ratio of DIPB/ cunene (expressed as
percentage). The cal cul ati on nmet hod was as referenced
in WO 03/006160. The results were as shown in the
follow ng table. [0097] The catal yst showed both
activity and selectivity for benzene al kyl ati on
reaction. [0098] Wiile the illustrative enbodi nents of
this invention have been described with particularity,
it will be understood that various other

nodi ficationswill be apparent to and can be readily
made by those skilled in the art w thout departing
fromthe spirit and scope of this invention
Accordingly, it is not intended that the scope of the
cl ai mrs appended hereto be limted to the exanpl es and
descriptions set forth herein but rather that the

cl ai rs be construed as enconpassing all the features
of patentable novelty which reside in the present

i nvention, including all features which would be
treated as equival ents thereof by



those skilled in the art to which this invention
pertains.Clains: W Claim 1. A nethod of naking a
wounb@enukar sieve of the MCM 22 famly, which nmechmws2007/002073
conprises: (a) providing a mixture conprising at | east
one source of ions of tetravalent element, at |east
one source of alkali netal hydroxide, at |east one
directing-agent, water, and350pt| onal ly at | east one
source of ions of trivalent>gl ement, said a mxture
havi ng the follow ng nole conp03|t|on. Y: X2 10 to
infinity HOSI =1 to 20 OH:Si = 0.001 to 2 Mt Si
anigg; to 2 RSi 0.001 to 034 wherein Yis a
valent elenment, X is a trivalent element, Mis an
. V& €him: netal and Ris a directing agent; (b) treating
the m xture at crystallization conditions for |ess
than 72 hr to forma treated m xture conprising said
1ol eQuinasthcl o enakiie neinolechiar Gigvet aff thezZBICM#R2 family, which
condi tion conp rise a tenperature in the range of from
160CTh et Sﬁ?rd (c) recovering the nol ecul ar sieve.
2. The metheoddvk 6l mitiule coRfiriise at Zlesst bynea soRicghbf ions of

hourl'y through of at least 0.001 hr 1
net hoé of t%traa'a%ng elqm@ﬁ,e@trﬂegq{éaqﬁeqogpﬂe %@Hqﬂg, metzﬁ hydroxide, at

throughputiedsg ofé dir8éfip-Saddt) Avater, ahd cﬂahoﬁil%{ Eﬁﬁfeﬂéidm@fsource of

in claim3, wherein the weight hour glthrough i s at
| east ions of trivalent element said a mixfure having the following mole
composition: _
Y:X, = 10 to infinity
H,0:Si = 1to 20
OH™:Si = 0.001 to 2
M':Si = 0.001 to 2
R:Si = 0.001 to 0.34

wherein Y is a tetravalent element, X is a trivalent element, M is an
alkali metal and R is a directing agent;

(b) treating the mixture at crystallization conditions for less than 72 hr
to form a treated mixture comprising said molecular sieve, wherein
the crystallization'/conditions comprise a temperature in the range
of from 160°C to 250°C; and

(c) recovering the molecular sieve.

2. The method of claim 1, characterized by a weight hourly throughput of at
least 0.001 hr'.

3. The method of claim 2, wherein the weight hourly throughput is at least
0.002 hr'.
4, The method of in claim 3, wherein the weight hourly throughput is at least

0.004 hr!



0.004 hr" 1-5. The nethod of claim4 wherein the

wei ght hourly throughput is at |least 0.008 hr"1. 6.
woher7ea430d of any precedi ng cl ai m wherei n st epCth)2003/002073
performed in the presence of seed crystals. 7. The

met hod of claim®6, wherein the synthesis mxture
conprises fromO0.0001 to 20 wt. % based on the total

wei ght of said m xture of sged crystals or a source

t hereof. 8. The nethod of éﬁy precedi ng cl ai mwherein
step (b) is perfornmed at a tenperature in the range of
from 165C to 210C. 9. The nethod of claim8, wherein

t he . . . i
5t Rt nahol SR HRkin 382 1 FRER ARy Ak ERACk i deos
ti meOl8duthan 48 hr. 10. The nethod of claim38

wherein step (b) is perforned at a tenperature in the
range of from 170 C ton 210C. 11. The nethod of claim
610, \Therméethod lof any pe¢celdingzeining wheesidistepofd i peffommssl @ the
tenperaturezén &he range of from170 Cto 210C, and

cr ysPESFPELG SR PR’ ess than 24 hr. ; 12. The met hod

of any preceding claim wherein step (b) includes
agitation 8% the mxture. 13. The method_ of claim 12,

e

Twher i d19fofiaing 6, whetei thesyathests, mityse, ¢orppriseg from

The 00020020 AP REE b1 Ghe hethMwlelt FOghid RR@l Yof seed
conprises the recovery of at |east a portion of the

di r e STYStRSs AR pRurasthemiof net hod of clai m 14, wherein

the directiiig-agent recovery conprises the steps of:

(a) flashing at |least a portion of the directing-agent

8i n vadpermpthad eoff anynpreheding edgiod Witeseinistep (Gands Peiformed at a

CoNAGARL Ok HhEPRIpe R b5 25K Aigr@gent .

9. The method of claim 8, wherein the crystallization conditions comprise a
temperature in the range of from 165°C to 210°C, and crystallization time
less than 48 hr.

10. The method of claim 8 wherein step (b) is performed at a temperature in
the range of from 170°C ton 210°C.

11. The method of claim 10, wherein the crystallization conditions comprise a
temperature in the range of from 170°C to 210°C, and crystallization time

less than 24 hr. )

12. The method of any preceding claim, wherein step (b) includes agitation of
the mixture.

13.  The method of claim 12, wherein agitation is by tumbling and/or stirring.

14. The method of any preceding claim that additionally comprises the

recovery of at least a portion of the directing-agent.



16. The nmethod of claim 15, further conprising a step

of

reusing at least a portion of the condensed

wdi2oEmb493g- agent to as a conponent of a synt heBC$/US2007/002073
m xture for manufacture of a nol ecul ar sieve. 17. The
nmet hod of any preceding claim wherein the nol ecul ar
si eve has a conposition conprising the nole
rel ati onshi p on an anhydrous basis of: X2Q03: (n) YO2

wherein nis from1l0 to 150;

7x conprises a trivalent

el ement and Y conprise silicon. 18. The nethod of any
preceding claim wherein the nol ecul ar sieve conprises

N e e e

m xplikssteps oflCM 56 and MCM- 49, and a ni x- phase of

15058, MR O il T LT e s

any

cont ent offréthehstredtbdmisturg; xhdir e (bei ng t he percent age

b jght of .tet | ent el t id d, wh
p¥es , tq%pggpeséﬁa@|vgﬁ%rrn%a§§$ﬁgctﬁ)§-qa%g€2y nt hegins

m xture, based on the total weight of the synthesis

i xtuyre) i t least 12 wt.% 20., The nmethod of_ claim
195 vﬁ'e"Fe‘Pﬁ'iPanst“dPﬁ“a#c Srthencopprising @ stap olorepping, at Jeast a

1.
is at |east 30 w.% 22. The ne

Thyrtigi Bpﬁlleonﬁé@emd%Qcﬂﬁg%%éﬁg (tj& g? a}%&ﬂﬂgﬁggtgg? aﬁ%%thesis

cl ai mrx{te fe masyfpeiuretiacplgeular sigee.f orned in step (b)
IS substantially free of non-MCM 22 famly
material (s). 23. The nethod according to any one of

1he ghecagined off amnpragpdingiolainniwhareinctbel melesilay sieive has a

crys E@ﬁg%@ioﬁl}%ﬁ%ﬂsﬂ{g tﬁé nbke &ﬁatfoﬁ?hiw %faérﬁclgg}dﬁ ba&é of:

The

nme according to any one o

i ng

cl ai n8 wherein said tetravdi@nm¥EDenment is silicon and

cal O LGS B3 1 56,3 Lphe B\ EENLoR S8 5

18.

19.

20.

21.

comprise silicon.

The method of any preceding claim, wherein the molecular sieve
comprises at least one of MCM-22, MCM-49, MCM-56, a mix-phase of
MCM-22 and MCM-49, a mix-phase of MCM-22 and MCM-56, a mix-
phase of MCM-56 and MCM-49, and a mix-phase of MCM-22, MCM-49
and MCM-56.

The method according to any one of the preceding claims wherein the
solids content of the synthesis mixture (being the percentage by weight of
tetravalent element oxide and, when present, trivalent element oxide in the
synthesis mixture, based on the total weight of the synthesis mixture) is at
least 12 wt.%.

The method of claim 19 wherein the solids content is at least 20 wt.%.

The method of claim 20 wherein the solids content is at least 30 wt.%.



25. The nethod according to any one of the preceding
clains wherein said trivalent elenment is al um num and

weoeaid/mwesrce of ions of trival ent el enent sour eeTiUS2007/002073

alum na. 26. A nolecular sieve of MCM22 famly

manuf actured by the nmethod of any preceding claim 27.
The nol ecul ar sieve of claim26, characterized by an
X-ray diffraction pattern igcluding val ues
substantially as shown in Table 1. 28. The nol ecul ar
sieve of claim26 or 27, having a conposition
conprising the nole relationship on an anhydrous basis

291 FROF SHH A B aWEreBldind clafinf WA s 4@ nlgi€oulaf sieve formed

conprises a trivalent elenment and Y conprises silicon.
29. inmteml)ds suhstanginlly &eo pf non MM-22 Emilymatarialsls 26
to 28 is a crystalline nolecular sieve of the MCM 22
famly. 30. A hydrocarbon conversi on process

2% onpThs innghtd ecsirding tof any( aje ob theapteceding dlaitisowherbipnsaid

feedstock. with a nmol ecul ar sji eve accordin
ol o ey S BEDRRE mer S5 HEhER G RAD Yy,
according to any one of clainms 1 to 22 under
onversion conditions to form roduct., and (b . .
2 RS BO BEtPrHgctRy S ORH BrRssdies s Wheripsaid
wher gitravhidgt H¥aencashRon e dsit eelirce ¥TRbhSESteftatalerit2Ement
hydr ocar bon _or a Cl- C20 oxygenate. 32. The process of

cl ai fRW9C S9¥F3%i n t he hydrocarbon conversion is

al kyl ati on of benzene wth ethylene to form

et hyl benzene. 33. The process of claim31, wherein the,
25y dr Bbamethod sacardingote 1y enk 9f e precedingeHaimsewiprem said
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to any one o alnms 30 t erein
source is alumina. -

26. A molecular sieve of MCM-22 family manufactured by the method of any

preceding claim.

27. The molecular sieve of claim 26, characterized by an X-ray diffraction

pattern including values substantially as shown in Table 1.

28. The molecular sieve of claim 26 or 27, having a composition comprising
the mole relationship on an anhydrous basis of:
X203:(n)YO,
wherein n is from 10 to 150, X comprises a trivalent element and Y

comprises silicon.

29.  The molecular sieve of any one claim of claims 26 to 28 is a crystalline

molecular sieve of the MCM-22 family.

30. A hydrocarbon conversion process comprising the steps of:
(a) contacting a hydrocartbon feedstock with a molecular sieve

according to any of claims 23 to 30, or manufactured by the



conversion conditions conprise a tenperature in the

range of from 1000C to 9500C, a pressure in the range
wofR0d7r00#3101 kPa-a to 50000 kPa-a, and a WHSV pangise®7/002073

fromO0.001 to 1000 hr 1.

-39.

method according to any one of claims 1 to 22 under conversion
conditions to form a product; and

(b) withdrawing said product.

31.  The process of claim 30, wherein the hydrocarbon feedstock comprises a

C;-Czo0 hydrocarbon or a C;-Cy oxygenate.

32, The process of claim 31, wherein the hydrocarbon conversion is alkylation

of benzene with ethylene to form ethylbenzene.

33. The process of claim 31, wherein the hydrocarbon conversion is alkylation

of benzene with propylene to form cumene.

34. The process of according to any one of claims 30 to 33, wherein the
conversion conditions comprise a temperature in the range of from 100°C
to 950°C, a pressure in the range of from 101 kPa-a to 50000 kPa-a, and a
WHSV ranging from 0.001 to 1000 hr™.



