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structures are discussed in the "Atlas of Zeolite Franmework Types",
Fifth edition, 2001, the entire content,of which is incorporated as
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manuf act ur i RGO 2008948l ar si eve of the MCM 22 fam |y, saiPdTmsS2lD0D2073
conprising the steps of: (a) providing a m xture conprising at | east
one source of ions of tetravalent elenent, at |east one source of

al kali metal hydroxide, at |east one directing-agent (R), water, and
optionally at |east one source of ionssof trivalent elenment, to form
a mxture having the follow ng nole conposition: Y:Xz=10 to infinity
H20:Y=1 to 20 0.001 to 2 MY=0.001 to 2 RY=0.001 to 0.34 wherein Y
is a tetravalent element, X is a trivalent elenent, Mis an alkali .,
nmetal ; (b) drre@tioffg said mixture to formsaid nolecul ar sieve at
crystallization conditions for less than 72 lit, wherein said

crystal lizaty on SRR Bt G8ore? ¢ },%%11;@@

from about )IGOC ’?g@a lgfu%}eg?q% hgﬁl %52007/%%493%CT/ 2007/ 0020g73
(c) recovering dHbek wnst eedluhichgimihos!! hp the MWV drsorenerk anolapynehenit
this invention r aantge,gr IiEk tgggegﬁﬁ;b@sg mat eve
of the MCM 22 f %11%%5?5{?%1 &gg{%ﬁ%%ﬁﬁiﬂh ‘E ‘g?e%s of : (a) °
provi di ng a ni xtspees d@n@h@hﬂgry&tﬂ sleustareoPrehswyttelest@ptures e giscussed
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one directing- agent ( er, I’y at | east oné source of
i ons of trival emonmq@wtuchnaﬁnt@pmaspdmsxefammaav| ng the foll owi ng
nol e conposition: Y:X2=10 to infinity H20:Y=1 to 20 OW=0.001 to 2

Mr: ¥Y=0. 001 ¢19 2 [Rel¥cila SibvéOndds Fodd & Sdrimin istcchd! Bégray duidihg dievkent ,
E.‘IS atrivalent elenent, Mis_ an alkalj_netal; and (b) %’eatjn sald

xture to formHee foieeone! dlingef sieh MY Semewark rology gkt e6iis

for less than 72uhhingWh@bablaydraifbne ol thiskddsepréenbiy bans-unoREl i se
a tenperature in the range of fromabout 160C to about 250C and a

wei ght hourly tr#’l?&fﬁ?r‘ﬁut of at |east 0.001 hfl. [0014]In yet another
enbodi nment, this invention relates to a nol ecul ar sieve of MCM 22

fem |y manufiigct uneldcillyr aieved nodeciromr canmon tdeeorst dpgreé :building blocks,

being layers of one or more than one unit cell thickness, wherein the layer

of more than one unit cell thickness is made from stacking, packing, or
binding at least two monolayers of one unit cell thickness. The stacking of
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 famework

C 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 patiern
including d-spacing maxima at 12.4+0.25, 6.9+0.15, 3.57+0.07 and 3.42+0.07
Angstroms (either calcined or as-synthesized). The X-ray diffraction data nsed 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.



(a) providi W A0H%4930r e conprising at | east one tetraval ECWTSOVOB73
at ‘'l east one al kali netal oxide, at |east one directing-agent (R,
wat er, and optionally one trivalent elenent source, to forma mxture
having the followi ng nole conmposition: Y:X2=10 to infinity H20:Y=1 to
20 OW=0.001 to 2 M+:Y=0.001 to 2 R Y=04001 to 0.34 wherein Y is a
tetravalent elenent, X is a trivalent elenent, Mis an alkali netal;
and (b)treating said mxture to formsaid nol ecul ar sieve at
crystallizatijon conditions, wherein said crystallization conditions
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speci fi cal | y2atfaf Prblication . (WO F290)C BRQ - S0(dedtribed i FitanstidRl Polem 2
product ; an@yubRdatidht Ry a ' o] 0016] These and ot her
facets of the BraesenltM)ir n%%‘%ﬁi ) 7§f’l %@%ﬁé &%ﬁ%&’@ﬁt 13 g3 ¢ Re- No.
fol | owi ng det@Prdd).aMEaYir49: (dnscritfedgin &7.Sa . aNpe SEe, S75Ri 438 MCM-56
DESCRI PTI ON¢ddscritida fal GAdRGS:. KO s X-ray diffraction
patterns of ,(t he cry]?t al l'i e Iﬁgt%’rylsg{sﬁp)r 3)%‘80 éﬁefc % PL Srg Pasispree
[0018] FI G Bcpwomtedhergintryafersnee. patterns of the crystalline

o eLy o e of Saomls ok apBIALE 5, Rl b IR S
described above are distinguished from conventional large pore zeolite alkylation
catalysts, such as mordenite, in that the MCM-22 materials have 12-ring surface
pockets which do not communicate with the 10-ring internal pore system of the
molecular sieve.

[6009] The zeolitic materials designated by the IZA-SC as being of the
MWW topology are multi-layered materials which have two pore systems arising
from the presence of both 10 and 12 membered rings. The Atlas of Zeolite
Framework Types classes five differently named materials as having 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, 88Z-
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



[ 0020] FI G V@ 300304837 di ffraction patterns of the cryst aPCT82007/002073
mat'eri al products of Exanple 3 at 24 hours. [0021]FIG 5 is the SEM
image of the crystalline material product of Conparative Exanple.
[0022]FIG 6 is the SEMimage of the crystalline material product of
Exanpl e 1. DETAI LED DESCRI PTI ON OF THIsS. | NVENTI ON | nt roducti on

[ 0023] All patents, patent applications, test procedures, priority
docunents, articles, publications, manuals, and other docunents cited

herein are - 8 - fully incorporated by reference to the extent such
di scl osur e Rafemotinglydingsi-spasing Waxima (fé b3-45QAY, PAFEASI S0 78R@7r ard al |
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det ect or, usiimgroyegfor inkpravips domaation ad cipbielligatidny eenditipsdakhe neey e

ecor ded Db ERARAR bR win (oD TR o ORIk 2 mHELE

eta (0) is't g nd a counting tinme of 10 seconds for
each step. urage,end/er gighﬁe}rielép‘a@dﬂ"tgéqwﬁ‘m?d%mcwmmfé@ﬂimg-A units,

and the relative intensities of the lines, IIL, is one-hundredth of
the intensig ARRCOE TR N1 above background, were derived
with the u tine (or second derivative

al gorit hm) .I06H3 i nt eni®i ©he serabesimantyr hisctineention [eigtentte anmethod of
pol ar i zal | QRGeS o Hafechiah 3b Br IAIBSAb: G5ty Sl B0 Bl Of
t he synbol gﬂv =very sitirong(;: (greater than 63 to 1 %)a, :s?ro%g
(greater tHbmstapse®d 60), Mernedium (greater than 20 to 40) and Wweak
(0-20). It oul ﬁl‘ﬂénéjﬁﬁ;?&&o I, f i « L girASlent
single li ne(gﬁma g§n5| st o rruﬁnl%}% gnggételffﬁg%%k(r%gu@?&ggﬂvs\hﬁf?h under
certain conditi ciementueh least diokf suegec of adliralc myatal ahydsgridphatc leapfanpes,
ey appear as regfRlued ' 311 1BRS opd ¥RIrE&! b
crystal |l ographic _chﬁ%g%négﬁj’%%%‘lﬂég&E’lﬁﬁ{))%r{aq@’hanig_es Dfln ﬂ%ﬂg? _cﬂelllofls of
par armet er s and/ dtivalenth glegeent.n doyEral as ywivbue yhawig Rt folowhngngwle n
the structure. ThasRs#por effects, including changes in relative
intensities, can also occur as a result of differences in cation

ontent, framewo¥RzconposiTi on,l0fatiefeityand degree of pore filling,
d thernmal and/mgjo-Rydrot hermaly fgisgf ory. QO her changes in diffraction
patterns can be indicative of inportant differences between

materials, whi cHHs¥the cdse fdHOUIRFaring MCM 22 with similar

materials, e.g. MM 49, MM 5 gmng 2PSH- 3. [0028] It shoul d be

understood that this X-ray diffractionfattern IS
RY = 0.001 to 0.3

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

) 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.



char act eri stW@209f/0¢#937 t he speci es of the present cryst al [PCR&S2007/002073
cornposition. The sodiumformas well as other cationic forns reveal
substantially the sane pattern with sone mnor shifts in interplanar
spacing and variation in relative intensity. Qther mnor variations
can occur, depending on the Y to X, e.g-, silicon to alumnum ratio
of the particular sanple, as well as its degree of thermal (e.g.,

cal cination). Known MCM 22 [0029] The known MCM 22 crystalline

materi al has a conposition involving the nolar relationship:

X203: (n) YO2(ClwheFesprering spidmplecylar Heie. el enent, such as al dmi num

bor on, T on ygdf O 03k IaBincPeafilRikn, aﬁm@ﬁbﬂa&&s%t RUhaME it

el ement such as’ silicon and/or gernmani um erab l'icon, and rt
is at | east caisellizinga meleeulaysi¢veorh féb@-@‘EMth ﬁ'@néh(ﬁmd asthod opyprising
usual Iy frog Ui,r10 to about 60, and even nore usually from about
20 to about I'nthe as- synthesized form the material has a
formula, on{@n am'eﬂuwg hixsirs compirising wblasst afe sovkesofoibnoef threvalent n
nol es of Y02,

is an al kali or afe% H)\r%% 1%%??{%9%%{1915%&% &f"é’ ﬁasé?gith%gt g% Cc noi g%&tTh
M and R conponenf®), araeraswbeptinnety ai Jepstione smepfsnnsag haval@%tﬁlemem,

their presence d ﬁ%%
post - synt hesi s nteé{%g%s erel na@%mﬁg%&ggﬁﬁ%é?ﬁﬁw escrl bed.

[0030]In its cal &%®ed fornt t heRioWwAMCM 22 crystalline material has

X-ray diffracqi@nypattecn whighsgs distinguished fromthe patterns
f ot her known cr stalline materia s by the lines listed in Table |
bel ow. Tabl e! B anar & Spa8ifAiqA) Relative Intensity, lila x
100 30.0 2.2W 1:1:1.3 W nore specifically by the lines
listed in Table M’%%I ow. Tabl e OPgt%g}zl anar d- Spaci ng (A) Relative
Intensity, l1go xRi¥0 30.0 F 2.20.0011t00.34

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

metal; and

) 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 MUCM-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 frivalent element source, to form a mixture having the following mole

composition:

Y: Xz = 10 to infinity
H>OY = 1t0 20
oy = 0.001to 2
M"Y = 0.001to 2
RY = 0.001 to 0.34

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

metal; and



WM 22. 1 thWO 2803939391 th 0.07 MVS and yet nore speci fRCRAS290799200he
lines listed in Table La below. Table DI |nterplanar d-Spacing (A)

Rel ative Intensity, VI x.100 30.0 th 2.2 WM22.1 1 1.3 W6.00 th
0.10 MW4.54 th 0.08 W4.06 th 0.07 WS 3.91 th 0.07 MVS 100311The
MCM 22 fam |y nol ecul ar sieve conposidzi-on of this invention

(b)  treating said mixture to form said molecular sieve at crystallization
conditions, wherein said crystallization conditions comprise a temperature
in the range of from about 165°C to about 250°C, and crystallization time
less than 72 hr.

[0015} In an embodiment, this invention relates to a hydrocarbon

conversion process, said process comprising the steps of:

(a) contacting a hydrocarbon feedstock with a molecular sieve of the MCM-22
family made by the method or process as recited in any preceding
paragraphs or as specifically defined hereafter under conversion conditions

(' to form a product; and

(b)  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 Xeray diffraction patterns of the crystalline material
product of Example 2.
. [0020} FIG. 4 is X-ray diffraction patierns of the crystalline material

Q products of Example 3 at 24 hours.
[0021] FIG. 5 is the SEM image of the crystalline material product of
Commparative 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
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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 partiaily
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

-



MS 6.43 1WPR2R7TA¥9% 98 1 0.10 W 4.69 1 0.09 W 3. 44 1POI/USF20WB02073
3.24 1 0.06 W *shoul der [ 00351The X-ray diffraction peak at
13.150.26 A Units (A is usually not fully resolved for known MCM 49
fromthe intense peak at 12.4910.24 A and. is observed as a shoul der
of this intense peak. For this reasonyg-the precise intensity and
position of the 13.1510.26 A peak are difficult to determne within
the stated range. [0036]In its calcined form the known MCM 49

crystalline material of this invention transforns to a single crystal
phase wi t h nhateridle whicinds thetcasst faplcemparing MCM-22 with similar materials, €.£.,

MCM-49, MCM-56, and PSH-3.
[0028] It should be understood that this X-ray diffraction patiern is
characteristic of all the species of the present crystailine composition. The sodium
form as well as other cationic forms reveal substantially the same pattern with
some minor shifts in interplanar spacing and variation in relative intensity. Other
minor variations can occur, depending on the Y to X, e.g., silicon to aluminum,
ratio of the particular sample, as well as its degree of thermal (e.g., caleination).
Known MCM-22

( [0029] The known MCM-22 crystalline material has a composition

involving the molar relationship:
X20::()YOq,

wherein X is a trivalent element, such as aluminum, boron, iron and/or gallium,

preferably aluminum, Y is a tetravalent element such as silicon and/or germanium,

preferably silicon, and n is at least about 10, usually from about 10 to about 150,

more usnally from about 10 to about 60, and even more usually from about 20 to

about 40. In the as-synthesized form, the material has a formula, on an anhydrous

basis and in terms of moles of oxides per n moles of YO, as follows:

(0.005-0. M2 0:(1-49)R:X203nY O,

wherein M is an alkali or alkaline earth metal, and R is an organic moiety. The M

and R compoenents 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 (A) Relative Intensity, I'l, x 100
300x2.2 W-M
22.1+1.3 W
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whi‘ch is not readily distinguished fromthat of known MCM 22, but

di stingui shable fromthe patterns of other known crystalline
materials. The X-ray diffraction pattern of the cal ci ned form of

known MCM 49 includes the lines |istegig.n Table V below Table V

I nterpl anar d-Spacing (A) Relative Intensity, I/1. x 100 12.41 + 0. 24
VS 11.100.22 S 8.89 + 0.17 MS 6.89 + 0.13 W6.190.12 M6.01 + 0.12 W

5.56 + 0.11 W
more specifically by the lines listed in Table II below:

Table I
Interplanar d-Spacing (A) Relative Intensity, I/, x 100
30.0x2.2 W-M
221+£1.3 W
3.9140.07 M-VS

and yet more specifically by the lines listed in Table I{I below:

Table JII
Interplanar d-Spacing (A) Relative Intensity, /I, x. 100
30.04&2.2 W-M

( 2214£1.3 W

6.00+0.10 M-W . -

4.64 £ (.08 W

4.06 = 0.07 W-8

3.91 £ 0.07 M-VS

[0D31) The MCM-22 family molecular sieve composition of this invention
is characterized by at least one additional peak between 26.6 to 29° (28) in its X-
ray diffraction pattern of as-synthesized material, which is exemplified by
reference example and example 1 (Figures 1 and 2).

[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.
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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X205:(m)Y0,,
wherein X is a trivalent element, such as aluminum, boron, iron and/or gallium,
preferably aluminum; Y is a tetravalent element such as silicon and/or germanium,
preferably silicon; and n is less than about 35, e.g., from 2 to less than about 35,
usually from about 10 fo less than about 35, more usually from about 15 to about
31. Inthe as-synthesized form, the material has a formula, on an anhydrous basis
and in terms of moles of oxides per n moles of YO», as follows: )
(0.1-0.6)M,0:(1-4)R:X;0::nY 0,
wherein M is an alkali or alkaline earth metal, and R is an organjc moiety. The M
(' and R components are associated with the material as a resnlt of their presence
during crystaliization, and are easily removed by post-crystailization methods
hereinafter more particularly described.
10034] In the as-synthesized form, the known MCM-49 crystalline
material has an X-ray diffraction pattern which is distingunished from the patterns
of other known as-synthesized or thermally treated crystalline materials by the
lines listed in Table TV below:

Table IV
Interplanar d-Spacing (A) Relative Intensity, VI, 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 W
*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



3.57 0:07 WB04QB094933. 07 S-VS 3_31 + 0.06 W3.21 + 0.06 mBULR0H0020786
W3.07 + 0.06 W2.83 + 0.05 2.78 + 0.05 W
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impurity crystal phases having an X-ray diffraction pattern which is not readily
distinguished from that of known MCM-22, but distinguishable from the patterns
of other known crystalline materials. The X-ray diffraction pattern of the calcined
form of known MCM-49 includes the lines listed in Table V below:

Table V

Interplanar d-Spacing (A) Relative Intensity, I/1, x 100
12.41+0.24 VS
11.10% 022
8.8904+0.17
6.80 4+ 0.13
| 6.19£0.12
C 6.01+0.12
’ 5.56=+0.11
4962 0.10
4.67 +0.09
4.59 + 0.09
4.39 £ (.09
4,12 3=0.08
4.07 % 0.08 W-M
3.9230.08 W-M
375+ 0.07 W-M
3.57 £ 0.07
3.43x 0.07 5-VS
3314006
3.21 = 0.06
3.12:+0.06
3.07 %+ 0.06
2.83+0.05
( 2.78 £ 0.05
- 2.69+0.05
247 +£0.05
242 0.05
2.38 +0.05

e
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Formulation of the Hydrothermal Reaction Mixtures
[0037] Synthetic zeolites are often prepared from aqueous hydrothermal

reaction mixfures (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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of 't he Hydrot hermal Reaction M xtures [0037]Synthetic zeolites are
often prepared from aqueous hydrothermal reaction m xtures (or
synthesis m xture(s)/synthesis gel(s)) conprising sources of'
appropriate oxides. Organic directing.agents nmay al so be included in
t he hydrothermal reaction mxture for the purpose of influencing the
production of a zeolite having the desired structure. The use of such

directing agents is discussed - 13 - in an article by Lok et at
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Such a calcination treatment not only removes water from the crystals, but this
treatment also serves to decompose and/or oxidize the residue of the organic
directing agent which may be occluded in the pores of the crystals, possibly
occupying ion exchange sites therein.
[0040] This MCM-22 material may be -prepared from a hydrothermal
reaction mixfure containing sources of alkali or alkaline earth metal (M), e.g.,
C 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

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

following ranges:
Table VY
Reactants Useful Preferred
YO/ X0, 10 to infinity 15-50
H,0/ YO, 1-20 5-15
OH/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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Teaction mxture containing sources of alkali or alkaline ear#t ni.al(07
(M, e.g., .sodiumor potassium caReBacengntErgde of trival ent el ement

X, e.g.. aluminum an oxide of tetravalddt element Y, e.g.™ si I
an organl ¢ (R directing agent, hereinafter nore parti cul ar| y

descri b@41and \fﬁmaknovaam:ms@mhtbﬁ&lrﬁah be 'ddrfrcmmthyﬂﬂ)tﬁ'@'ﬁiaﬂﬁbaanon mixture
conposition, ,in ternms of nple railos of oxi , Wwthin the follow ng,

ranges: CqRIBININg foureascalapikall ok alkalinpeath metal (M?ZF gx2@gium of @oramgm gytion, an
A b ) b e i G 15,

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 VII

Reactants Useful Preferred

YO/ X304 12-less than 35 15-30

H,0/YO, 1-20 5-15

] OH/ YO, 0.01-0.5 0.1-0.3

( M/YO; 0.01-05 0.1-0.3
R/YO, 0.001-0.5 0.1-0.34

[0042] The sources of the various elements required in the final product may be any of thoée
in commercial use or described in the literature, 4s may the method of preparation of tﬁe
synthesns mixture. .
[0043] It will be understood by a person skilled in the art that the synthesis mixture havmg 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 suc:h
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
Q individual ingredients when the synthesié mixture was prepéred. 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, reacnng, or
by any means of providing such a mixture. .
[0044) The source of ions of trivalent element X;0s, 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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100411Thi s known MCM 49 nmaterial can be prepared from a hydrot her mal

_ reaction mxture containing sour ceReplacahtmtiRager al kali ne earth netal
(M, e.g., sodiumor potassium cation,-Ea oxide of trivalent-el enment

X, e.g., alumnum an oxide of tetravalent elenent Y, e.g., silicon,
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atoms. Non-limiting examples of R include cyclopentylamine, cyclohexylamine,
cycloheptylamine, hexamethyleneimine, heptamethyleneimine, homopiperazine, and
combinations thereof.
[0047] A factor affecting the cost and the product quality of the synthesis of a molecular
sieve is the amount of the directing agent. The directing agent is generally the most expcnsife
reactant(s) in the hydrothermal reaction mixture of many érystalline molecular sieves. The lowér
' the amount of the directing agent in the hydrothermal reaction mixture, the cheaper the final
( molecular sieve produced. The term “low directing agent” as used herein means the molar ratjo
of the directing agent over the tetravalent element in the hydrothermal reaction mixture is less
than 0.5, i:refcrably less thaﬁ 0.34, even more preferably less than 0.2, and most preferably:less
than 0,15, ' ‘
[0048) In one embodiment, this invention R:Y molar ratio ranges from-0.001 to 0.5,

cemo T, T A T
TR SRR

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 prefers;bly from 0.1 t0 0.15,

{0049} 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

(x reaction mixture by the total weight of the hydrothermal reaction mixture as following: -
solid- | weight of the oxides in the hydrothermal reaction mixture

= 0
content total weight of the hydrothermal reaction mixture x 100%
(%)

[OOSOj 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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general |y t Huekrably eontains thegninenpropnttion Xlesthth SCwichie)) tphefkrably lesahin on
m xt ure of 4 [].] r.sl.eyes. The | owe e, ampunt _ of
the directi %ﬁég’lﬁérﬁ %rh%?%%#egg #’ea%nlaqs kWr%'eﬁcetvl'm(’) A ?ﬁeﬁr?#ré‘%& H’és asper
the final noVideund mobtennsforatgy bess dhanThevt%6r ofi shch dimginidst inrthe MENEY2 as

used herein [ i\srecting agent aover the
tetraval ent fgﬁgﬁ‘?}% | n%lgémﬁ%? R%%%R%’%J&%ﬁlgﬁ e an e gopangd,
0.5, prefer aptightiof §spuritias apd 3ure phassMEBL-@2 farefle raldriald ess t han 0. 2,
and nost pr Qjﬁg@h&ﬁﬁf@éﬁ@@[@ 0.15. [0048] I n one enbodinment, this
invention RY nolar ratio ranges from0.001 to 0.5, preferably from
0.001 to 0.39054pr e plaveabiigeionfofche presdn crystallin® mawral cavbe carried out

referably faf Qitmé Qe tof Qied AIiHRSH R fr Q-
K0049] One fgct or affectin the@%ﬁeg g rgéﬁgﬁ%#géﬁﬁ@r ggi]fgl]\;/gxﬁmspjlfhe
sol i d- cont edttorlaves- hylde ol ruselil ranget oflotemperatiree forThystallization is from
"sol i d- cont apdut 168€ @Rk DSBS 2tk : £ Rakh

u . 2 HiR W@%}; ﬁ%@%‘fﬁﬁ%ﬁ Bk bt the

trivalent and tetraval ent oxides 1 n the reacti on
mxture. |t [EARFTHEeisedy p€d BYMAbeRYB hyurshie sheing T2 Iefurdy girbferablyv frbmnt

and tetravahpiilt 1OhSARS td Rbddt t.har ' ]

total weight of the hyérot%e?ni?ﬂ&g’a%tgirgﬁﬁrgr%%ﬁ%gpgrga')’g{qﬂé\?\ﬁﬂ%y}sh%
sol i d' wei ghtb@tt $hdwopss: dckherasfien cthp yaysialh crereseparatedt from thextiqrié and
content - Xrsk@0ed ot AW f e; 0 :nal  react | ] Xt ure
[ 0050] The tgr m " hi gh sg\ll\?gg:lgglggdnﬁgr g{aﬁﬁ%e%g%tpeﬁ s?g'ﬁ%}d?&cJﬁ Bnt
of a hydr ot FrEReEAUEcAk t proferahlyt o ai maderitelys elepated deppeherg bbefomt the

| east 15 Wt . Yydrothermal treatment (“hydrothermal reaction’) at more elevated temperature.

U

The lafter may include a period of gradual or stepwise variation in temperature,



(EMUDRUET (P} S A T O RIS ) LA N R PRI R R iR

- 16 - nore preferably at |least 18 w% even nore preferably at
_ least 20 wt.% and. nost preferabl yRgplaperagnt Psgge wt . % [ 005211t shoul d
be realized that the hydrothernal reacttlda mi xture conponents can be
supplied by nore than one source. The hydrothernmal reaction m xture

can be {jo&§dred Rortnist ofxae applicationy, tiediyidrathierdl Yeactidry istoatried (iﬁ?vﬁlhfhny type of
crystallization tine of the new crystalline material will vary with

t he nat @8HateN, £8e SHYTNEATTRHRE theausssel ampund ahorizontalsis Gembliee)t he

T oo I0S07 O B RP Rt Rl St o RPRERUR! e, r BeRPR Cycte time

i npurit laﬁ& predieh gastitANizIthd Gyérottinal fastion ftnipefaires Ml Rfh fhﬂ.{r@“@ﬁ t
f ramewor k topol ogies (e.qg. yI\/F MIW ; and/or ot her i rrpurl t I es . grealer

heavy mita 200%adnay dmaﬁﬁhtdmr@ms@amonﬂ)e hytirashenaal mcﬁmlme GeneraIly, the

e e h OV e |erel R LR LAY SnE ol BRlin S AlRbefer, Hidhef fermerature may

non- lvuvaa:aageamelexpmhwlﬁcﬁﬁg a%meﬁhfen rxﬁdﬂnﬁ'ﬁ%@f‘ﬁletﬁi@dmaﬁyf @E‘ lfi¥al product
material of thigs |nvent|on§ erably contains thé mnor proportion

(1 ess tﬁ@mmsmgmmnueﬁr efher wpny ‘highs ienapessiured astused heswin meassshelsrystallization

7 o Rl G PSS A b2 i

mat er i abEMCM 2 fasnily pivdteribdls.cent (W . % val ues are based on the
' fght of 1npurities and pure phase MCM 22 fanmily materials.

mb

gyslt gfﬂlﬂ\ﬁl i on ciﬂiaﬁ%mbnglr?muq”@wdtmmmmrth@mt pt exystalline molecular
t al { t

Condi ¢ tev proRbeed for AOGHE (B o8 pBYlp voflphe GF ' fchonBld (ARl mixture

t ot al U@B‘Llutle hamtye tirbuglgupeon per ??t f\migmr?fsmal Hydzahemfal iréaction rmﬁ:lmat(wexght

160C to, a or_.a tine u |C|ent or crystal]lization to, occu

at theolﬂ‘é‘ﬁ% ‘ﬁ*a‘f‘{%gami e ‘Ee‘gef Bhpyt th e%a rcy%J%mﬂecv lar §isye sproduced

prefer a;k&rmnitr\mmza@%melﬁgae%ﬁi f,ﬁ @@Pﬂﬁq}ﬁ'ﬁ Tﬂé}gr esfaﬁ{ead?ﬁa{mt of
ours erea t er

from about 10 hours to about 24 the dry s als ar e
separ atthd cmstaihmmmolchlar diexe dyntbesizedy the. higher the thredghpat weraﬂglthmlanalter the

t f
oder ar B SctenPelae) neBfi Eie SBOTR o 18 reine o Amithesds. cTheigiime hourly
(" hydr qnhm@mh foeal d)hﬂﬁhs)s Ay BY @al@\ll@t‘éétlﬁddﬁm@&ﬁé WeSoht 0Tethk dhélRkular sieve

may i nclude a period of gradual or stepwse variation 1n tenperature.

"L mlminceﬁl in ﬂmc}nqdecﬁﬂka&@mnhd peesuct affer crpo@lization driegtat @bouthi20°C) with the

| t
P L 5 of e SR WISREE bod U SAGALCRR U sty dBiate
hori zorikcstle a»msre(qhuad) Fornthy crys@0BLkioNY). f Tné oyclatihrcieybied fo7 thy Bﬁaﬁﬁi@non is

of a d.L?ular S|ev or ex rr&lle cycle.tine and, product quality, is
Lhe. hy dP6 ARG Teapireck ot the forp 8F thelreaslio( ¢ pswbvémlepe) urgley the crystaihzanon

eat er,
S et Elohiions Wi 85 A4FASIBE it U BRI e AU Pt
the cr ymecmrd:,l filtering; washéng, Hovlediying ey lperduce miBirea valumerhpurdia tageghpie for a

expensi Vv l.r ect whi ch nmay inpact the product quality,
e.g., 15 ?1?)1558&8%&318:}#?81“% i mpurities. The term "high
tenperature" as used herein neans the crystallization tenperature in
the range of from about 160 to about 250C for the synthesis of a

mol ecul selugiedpuriyf _JVCNAOMM efthe ynaletudarisidve pradieed {drted a8 ebent 120°C)

"t hroughp W
si eve proghrgggﬁpd‘gr uni £YalPRe of the Jwdr Lreagtion mpxiprex (gycle ime
hydr ot hermal reaction m xture (volunme hourly throughput) or per unit
wei ght of the hydrothermal reaction mxture (weight hourly

t hroughput). The hi gher the throughput, the nore crystalline

nol ecul ar sieve produced per unit volunme of the reactor and per unit
anount of tinme. Therefore, for the sane anount of the crystalline




[ 0058] The WaIOAG67/096%%7| v t hr oughput for a synthesis may hecrwaseutmbesl
by dividing the weight of the nolecular sieve produced in the dried
cake (the solid product after crystallization dried at about 1200
with the weight of the hydrothermal reaction mxture and the cycle
tinme required for the crystallization ag.follow ng: throughput

(wei ght of the hydrothermal reaction mxture) x (cycle time) [0059]In
one aspect of this invention, the weight hourly throughput for this
invention is at least 0.001 hr, preferably at |east 0.002 Inc% nore
preferably at |east 0.004 hfl, and nost preferably at |east 0.008

h](‘j I £0368] TResRei ght Tim:jydaighttﬁm;udytghqmughpnt tﬂﬁ afssynﬂabﬁshﬁym}cam}ated by
adj ust e . i d-conten anmoun £e eqd i e ..
syjnt hesi s ée‘?‘%%@ g’ﬁ% zte?? it%en °z‘°'r?6 StUF 8,’0‘#)‘%‘3%%‘? lﬁ%ﬁgﬁ% Hlﬁﬁ?lfdon,
and/ or any qwodichaiftepncrystelliestfon Bhied vati giviut NI2OPC) vty eheg Ripdightastl the

t hese para ntLoned abhave are.interrel ated. angi ng ope .
par amelto er %ﬁé‘ﬁlﬁ%& %ﬁaﬁg?n Lé’f'}éﬁ?e @[ﬂ’ CEGP DeTrALed t&%g&g@&z%on

wei ght hour lag follovanghput of a synthesis under certain crystallization
conditions, e.g., crystallization tenperature and tine, the

0061 11 one "SHBBAPRLt —of +HPE H/BRERIFRIS e el (Gecad ™o

manuf act uri ng ahmugleotl ar eV-e—6 =M !'-' ‘

conprises a step to recove ‘Wi%h ; _ ‘ _ ; TRy

& ove pr 0audi%ng et oo H5pist of hie SPVHBHRRI B Sisiath Sy UEPEORst fo
crystal | i zatthisimveltien iseatdesst 000U hi & qirkPHbROANEasR0.00D UE", T0bre tpréBraBRY
be reused a h ir.echi ng agent . n, anot her thesis. The

f1 ashi ng/ co%&féaﬁ%iogdgor‘ﬁrrgy’aﬁ%%%ﬁ%eiﬁré‘hﬁlagkﬁgﬁ%% o by opening a val ve
on the aut od0e6f used Therwdifie Isymlyhihsiughpwtasfdensitigisansy 66laipeteing

vapor rel eased from,the autoclave i.n | i u*’r&' hase. . The condensed
vapor cont aicﬁ%]E1 & podidson nUOEF??LBﬁ °3Fe‘%'r1'ésagé %f’i"#bes‘asg%eﬁﬁ %ﬁtﬂ?’ﬁ“{q’i‘e
aut ocl ave whenaperatase, Benerfori egatafiipatisy, tnbes aSy cofbiaf@oreMeadr Bt wafht
this invention | east. 50 .% preferably at | egst 80 wt.% of -
19 - the d;h?léﬂclf ?‘?%E;"“&@%‘Ht aﬂ%}tl\ﬁlF‘Wc @Bﬁyfaé?%omgquﬁ% V& c ffCa nterredaigd.

pr oduc_t, rrawj:ohob@'ngom_ypml letmy ntalyeah rf\feé:ﬁﬂhﬁﬂ]guﬁiljﬁm@m sjnpgg, S @fer@ksinighi S
i nventi on. i ana ot.her reaction m xture ppy
contain see%’ eﬁ%b{g@i&% %“P'[‘glﬁ’é&\ﬂglal {li‘BWI “Pﬁ%tce%’@o‘irﬁﬂgﬂzﬂﬂﬁewm=

Si eveI synt he.gi,szrydt?il_izatm' nl;]temgttami'_ ¢ l;(ndlﬁ@ebﬂﬁ?ﬁiiﬁ-b@xhteﬂ&ixﬁmr&he fa_ﬁgl_mt of )
exanple in gontr ing.the particle size of the product, avoiding the
need for angec‘)arﬁgcgﬂlaér? Ve dé‘,m%?'é‘%eel erating synthesis, and inproving

t he proport [@61bf prolhorst erbbratimiest aifthis igventiss nhke probese oF wWnlafdciipRg | N

ne enbodi [ ' nt hesi.s.of the crystalline
ol coul ar ofaaltbubysivk MERICHR, Tl FRuGHD: Afen Sraites o Bpo
W . % pref ere&bveyirﬁbtbﬁ)ﬂirw_ttin%agmw mshirgrmblcyn&nﬁixgwhe &igeoﬁmg Bgdi (ko
Crystal s bassqrited iffths Bhbouterd sBe MRl MY walerr ot Biiffmerantc.
[0063] | n oreectémvbodktmenefiert rystatizetiad.| i Tie reobeted directingyegent ayhiédis
i nvention c | I f.. 22, MCME49, .MCM 56, .and,_a
n x- phase o%%fkb\ﬁggéﬂ %?h%dﬁ%g[%%hﬁ@ﬂa%ﬁm S:an The
i nproved f oflzshingfdopderistrg may beasnyediaglyaperfivmed blyaspeaingyve valive MaMne 2
famly matef] (£.9- MM 49, .and/ pr 56) by the
conbi nat i ongdcg?él%feg'ﬁsegﬁ i %Q(\:%ﬁﬁﬂgﬁl?’, cqnéﬁfiséﬁgr %’l‘f? ¢ ﬁ%p%srﬁf‘jﬁs,edaﬁfﬁﬂ
optional | y teedforigvain a liguid phasec (Thetcahddnzal vapor enitalhd atdest h pediediony
hi gh t enper irri .and gpti.onal ]y, recaverin recycli.ng, and
reusing t he@lé ilfétg%l? ﬁﬁn% E‘%égng%% - %’37 TR, Viigh mRyhs) paup ,ibra‘l?(é&’re@&s ig
t he direct i my cagmdimerit lof thy thvetitier, mhleastSQot i % nprafexdtity et kst 180ivE. % of
i nvention uses much less of the costly and toxic directing agent




Cat al ysi's abD 204¥0mp37 on [ 0066] To t he extent desired, howreveszo0ttRo73
original nmetal cations of the as-synthesized material can be replaced
i n accordance with techniques well known in the art, at least in
part, by ion exchange with other cations. Preferred replacing cations
include netal ions, hydrogen ions, hydrggen precursor, e.g.,

ammoni um ions and m xtures thereof. Particularly preferred cations
are those which tailor the catalytic activity for certain hydrocarbon
conversion reactions. These include hydrogen, rare earth netals and
met al s of Gibepdirdcting agbhtAnotI irl&prp'ﬁ&,ted iB,thd mdieculdyBsiardpMdhtt, ahayt Be

Periodic Ta I UPAC 20 Q67] The MCM 22 fam |
mol ecul ar s:}]eg%‘%g {E&ﬁl S |nv ?1 dﬁ?é?ﬁ%?ﬁp?%&?dnﬁt’f*ﬂ%r as an Y

adsor bent or[0862]a cat aDpisdnailn the Iqﬂgnﬂmrﬁxabmﬁbﬁldmﬁm%@l Edhtih Ofe§ S
s .can, be done by

is ideally ratd at..l.east a
heating to }?}b%rrper t e e }&“‘P‘ﬁg eadlb‘?g%‘@éef"bla%%@lsﬁn@ﬁm mixture
at nospher e sirsuentdy hasrbenafidislognts, ﬁr@xaxﬁﬂ!é iRborRtdMMEPIAe bhfticle size of the
subat m)spheéh_0 or, suogfrahﬁ %r&a i C pressures for between 30 m nutes
and 48 hour FTOB BANE 5% i fos Fob erEgie HemHels. arceltina @WS&% an@
nerely 3y plimprowdng lie p:::bomah@flpi’ocawv ﬂﬁu?méf ﬂuémﬁn&éanﬂ%(e)\ié%
required to obtain .a s ent _anmount o ration
used as a catsl ysl{ dn{l?fg ‘ﬁé@fé&‘“’fl&ﬂ?ﬂ W%F‘é@gpércrﬁt%lyée BEF"I?%‘?%' sieve s
invention i Saqlietel @bthe menesbeat feast OG0B, %rﬁ%ﬁﬁ‘m& otomr\emvgmp@rt
- all of a canstituent. cul ar sieve
an al so be usﬂ%gggbgl (‘:"'(';alt/s 2157SP RS Pﬁ%‘?’ﬁ@ﬁﬁ'ﬁt{gﬁgﬂ’ﬁ Pk ¥ to about
thr_ogenatl ﬂ@w@ﬁpmbé:arysmlxﬁah sasoﬁtmgsieﬁ@to\mﬂdﬂrﬂtmcdﬁgi ﬁébaﬂjﬂmil xtureh
rheni um ni coba ro anese 0 met al _suc
as plati num or éal I adlﬂ"Ummq olaégh?ﬂiaggﬁn% Wﬁe’l’i‘?&"d&’én‘%ﬁ%ﬁ’ f this
function i sinventen pemposesedt. 1e&nmemﬂmman MOIMES®, INICM186,CARIPS Skl ON

by way of c ﬁé@é%tfﬁibi"f%'ﬂpf‘dﬁéch%gﬁ%ﬁ o the conposition to the

ext ent aGr ernen is in the structure,
i mpr egnat ed [Qﬂﬁeﬂ ein oWe rmsumae&yaxph;tm&ﬂl forRdRtixe dfck @k RhéthrinSUC h

conponent cgn r.on to.,it suc far exanple by,
in the case ofl&%fdrrgf)eﬁ%gn‘{%??rfo ily dmeferipls £¢-8-» \?ﬁléﬁ 48 and/or
cont ai ni ng M@/Iaiﬁ)rhmﬂwmmﬂbmamhaoﬂmgg sbBEd contBitS lovs H[rbélhlgeagéh@h&déum
conmpounds f 05; ki3n BH}' RO gl .ude chl or oglblatl nic agid, _platinous
chlori de an rous “co rﬁ?@%& TRBFIVAE nfrEf e R 8?‘?qﬁmsaiﬁcﬁ%h%ﬁﬂhex
[ 0069] The atmmram mmﬁwgn Jn;d roplienallya recbivenies, _&Eﬁﬁﬂgaunﬂ kdhsinoS the
anot her  For gt oL ™) MEh BinE < SRkt a0 i o e gioms the
general |y pbydroﬂlmalbyadmmnng:mmﬁﬂnﬁ inveasen G2k Muchllest dARP Qb HIA O
2; | east 37{2,91‘9‘(8{:6(:3{1%5%6“ e, me\@zte and general ly not |onger than 20

urs. Wil e subatno ure can be enployed for the thernmal
treat ment, EOfBkpheri é gmssturr@? ite niekacnledsrhws HEHAOAS1ieds, in tcrms of

conveni enc h e d at a.t ure
up to about(:ap Sg{%&d& ﬁfoﬁﬂtg%%rg?ﬁ% e eglq%ﬁflf"% I’sa%r;g“

in the cat athyshoskofMelscrlar Bidvpsl r—oP,lamdypins @6 rﬁmthesxs mrﬂemhnﬁdsmonThg{
thermally t d u c its r and
anmoni umyf ossﬁn%l{a% }ssﬁ)%gfr%%%% ear?% Egge?% fﬂn IIOH% %&?&Fy@%‘é’nggﬁﬁ% Dai TR
organi c, e.aditian & coelepder sicwer/ earaérphouse attdrialss . chhdmjr kiligh,! Alg@ninum
exanpl es of th S in Pat ent

Moo s 054 SEUESAERRRIANT ob2E LR HOR IS LR RBEs sy comyst Sipporis,
4,982, 033 34 npgrbep BY long- RN BEhnigua9 ﬂkﬁ@fr,ay @;ﬁﬁg #88hg ApR8ziad and
4,983, 276; e&u%gi%npﬂegre b%eg %d %g’eg belﬁg %ged to pfoduce 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



e U B F (PEAT WSS R R

5, 000, 839; 5,001, 296; 4, 986,894; 5,001, 295; 5,001, 283; 5,012, 033;
.5,019, 670; 5,019, 665; 5,019, 664; artephcemantPage each incorporated

" herein by reference as to the descriptie20-of said catalytic
reactions. [0070] The crystals prepared by the instant invention can

be shapegnieRbRanpe W Afuitarelof tRiseRBeHnidie® i$ HeRAbed R eCatalpit MARAKIITe,” A. B.
t he partigl esmg%ﬁ be }ln tdﬁg fornsfof ac;f)dgvmller, a %ranul gd,ay)gtr a rmcggﬁ’ A.B

product ,StietandsE AwrKeshi Masced Dekker; NewsYoukei 295 he catal yst is nol ded,
such as extrusion, the crystals can be extruded before drying or
parti al |%¥§é—éﬂ—§¢m 18 o extruded. [0071] The MCM 22 fanily nol ecul ar
si eve ofiphéd]s | "FE M eRteAPYediedUBBevérS (R oASMAT h‘g:gﬁl’caﬁHﬁ? ofShé %-stsfﬁigesized

separating at |east one conponent from a m xture conponents in
vapor ormétemalicdn bk asmaded\in mgeatidrfcervetit teahniguesprélbknoiraivethe art] st lesst in part, by

with respect ,to the 22 . fam nol,ecul ar sieve ,of this invention. .
Ther ef o chhaes St SafipocPE R TBBIAEA8 ERSATR NGRS Metal dors, vdipien fons,
total Iy 13aRpeapRstutdof 8.8, BEnfldHiemOlons 300 ADRRIS MekbRY P%{cfyjﬁ&ng{sggﬁe}fgg cations

sorption“characteristicsS with respect to the MCM22 fam
si eve ofare those which tailonthe catabticagtivitn forateitaip hydeooarbanunoavedsion resxions. These

MCM 22 f.am | ecul ar si.eve of this |nvention.to I I vel o

the. one ‘BOMSREROER 186 ST el Pl SRRy Hi A A ol g iR, 1VB and
i nvent i oriikjfeha/B&iddic 7able aF teyBlembAls AUPAIE 20@nge of processes,

i ncl udi ng separati on processes and hydrocarbon conversi on processes.

Speci fi d006Jhnp| dhedviCh-a2 demily ancleatiararievent this dueantion, whert tmployed either as an

€ o3 S AP SN S ) e,
cat al yt lensi partielbt. i Ples catbbd doreesy lhda::ifﬁ A ensfichbiredh Yised ahgd 8£200°C to 595°C in an
i

catal ysts, ipclude the fall ow ng: allcylation of aromatic .
hydr ocafiFeRieherg sych ag)giz, piffagemh; &f¢, at mesphescefybatmospheric orsuperatomspheric

ol ef i n, i ' C i nelwding

about " sBEhfes SEUChAC80 dithi@D ani 1R bith 20 DR ARG S 680 Y pdftingg g room
1cPa- a, tenpesitgiet mérely by plapiagdhe silioate tity aohcdumyrbut ladotge? tinde is requisdddotobtain a
2000 hi' and an araq Ei céggldrocarbon/ol efin nole ratio of fromabout = -
11l to ﬁ‘fﬁﬁ'ten%ﬂ?‘ﬁ‘fmgg ehvgratag. | ong chain alkyl aromatics which can be
subsequaibely SulfiRRAised o % émmggmsmm;z fantiR} Rio%hla? siedk | dPthR!inGhtion is

of aromatic” hydrocarbons w th gaseous ol efins to provide short chain
al kyl apefrably subiepod el thermaltreatmiont Wl tepioxe ipert cpfalloefranyrrgaiic konstituent. The

propyl e {rC ' n i ction _conditions.i.ncluding.a,. .
Fenpor a2 ity RoTRR Sisu ohe s 198 o8 VA5 A5 By dign vith o
101 to hjlnhu_gen%ﬁr?ﬁ ng%aan?nfsaam agnhuﬁgsmm_ tviagadimdrS gm%ﬁnaﬁ?:lwkllgﬂmﬁudtouk*m, cobait,
space vel ocity 0 ro i' tq abaqut ;..allcylation q L
r ef or naﬁgow,amﬁwge% 8% ﬁawgleameab 35 Riatingyn e palkadinrg iyshere p JyReogenation-

ith f U&hﬁ@&ﬁ@ﬂn@iﬂ&% i Bk Eéljf&ﬁlehp .S‘ﬁﬁlﬁ’g@'ﬂﬁoneh%ﬂ befinitfe cﬂ%@i%{x way

iral I cyl a h reaction conditions inc g a tenperature
about 3ab@crystallization/&&bangedoints she eormpositiamntoathe ubxt@d AOGtmipalibi telehiad, e.g.,
1cPa-a, ,a VWHSV-.ol.efin of from aboutepogg‘%he' to,a

bout 0.8 hi', .
Whovr of SR JF i i sisoue. Thiiesiaed Hisslt os LPREN:PHYsi5aLY Alupradthgremith
from abowh dontpdr@nPedn BelimpRlgnhid8! indASod @8 % 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,



(iv) allcyl &Y®aW709493F omati c hydrocarbons, e.g., benzenepcruszmrnenzoe7s
xyl'ene and napht hal ene, with long chain olefins, e.g., Ca olefin, to
provi de al kyl ated aromati c tube base stocks with reaction conditions
i ncluding a tenperature Repl acenent Page -23- of from about 160C to
about 260C and a pressure of from about,;2600 to 3500 kPa-a; (V)

al kyl ati on of phenols with olefins or equival ent alcohols to provide
| ong chain al kyl phenols with reaction conditions including a
tenperature of from about 200C to about 250C, a pressure of from
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[0073] I A anveodosasstt, the MCM 22 fam |y nol ecul ar si evest/o$§20dinioesors
invention may be used in processes that co-produce phenol and ketones
t hat proceed through benzene al kylation, followed by fornmation of the
al | cyl benzene hydroperoxi de and cl eavage of the allcyl benzene

hydr oper oxi de i nto phenol and ketone. _Ln such processes, the MCM 22
fam |y nol ecul ar sieves of this invention are used in the first step,
that is, benzene al kylation. Exanples of such processes incl udes
processes in which benzene and propyl ene are converted to phenol and
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[0081] In these exanples, the XRD diffraction patterns of the
. as-synthesized materials were recorded on an X-Ray Powder

Diffractoneter using copper Ka radi g 20 range of 2 to 40
degrees. [0082] The SEM i mages WereIR(E)é aQQméx(E}ﬁag a H TACH 54800 Field

Em ssion Scanning El ectron Mcr oscope ( . [0083] The yields were

esti mat ed bas on_an assunption that all alum num and about 85 wt . % '
oF siTi con we dramabis SAaC abaut ﬁan@amsurg.o@ﬁenmmaaéoo tPrAS00 KPa-3;

| |
onpt at A n g GHAIREHE EnGft S HieARE'd chiiilett ool 3o e Jopg clpin alky!
the sum of t tphehold with naahﬂksondm&lsaﬁ@luaﬁg(ﬁ&}npefahn*eftﬁ' ma‘bbutt ZUO"C to about

same peaks in the standard (reference exanple), multiplied
Conpar ati ve I@)@Q@I@T?F@%? rAgrheuh 5 Gthio %&R and & tetak V of from about 2

prepared from, H—@ﬁlarrethyl eneimne (HM) (Sigma-Aldrich
Conpany), si I I ca %B‘frasHTM Degussa Corp.), 45 w. % sodi um

al uni nat(e) solcuhversion aﬂﬁgl&q)ardff ¥e soslefing ddaromiates whh vdcfibn cditiitions mcludmg a
m Xxture had the follo osition: - 28 - Reference

nol ar CcO
Exanpl e Mbl aterRRTpYs V% §Am @M/‘Rﬁ%@ abont 176607 and gopressyre obiirensiabout 170 to
-0.17 NG Si Q861itY 5660 kPa-a;

(vii) conversion of light olefins to gasoline, distillate and lube range hydrocarbons with
reaction conditions including a temperature of from about 175°C to about 375°C and a
< pressure of from about 800 to about 15000 kPa-a; |
(viii) two-stage hydrocracking for upgrading hydrocarbon streams having initial boiling points
above about 260°C. to premiunm distillate and gasoline boiling range products in a first
stage using the MCM-22 family molecular sieve of this invention in combination with a
Group VIII metal as catalyst with effluent therefrom being reaction in a second stage
using zeolite Beta, also in combination with a Group 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 a mixture
Q of such catalyst and zeolite Bet_a, with reaction conditions including a temperature of ﬁém
about 350°C to about 400°C, a pressure of from about 10000 to about 11000 kPa-a, an a
LHSV of from about 0.4 to-about 0.6hr™" 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



[1ivit/S102WO oBB4ET| i d-content (w.% Crystallizati onPeDosionT/@ms:s
Tenperature CC) 150 Stirling speed (RPM 250 Time (hr) 72 Estinmated
Yield (Wt.% - 11.7 XRD Result Pure Phase MCM 22 Crystallinity (%
100 Si 02/ Al 203 (rmolar ratio) - 23 Total Surface Area (nR/g) 653

M cropore Surface Area (m/g) 530 9.

ether (MTBE) and/or t-amyl methyl ether (TAM) with conversion
conditions including a temperature of from about 20°C to about 200°C, a
pressure of from 200 to about 20000 kPa-a, 2 WHSV (gram-~olefin per
hour gram-zeolite) of from about 0.1 hr' to about 200 hr! and an alcohol
1o olefin molar feed ratio of from about 0.1/1 to about 5/1; |

(xi) toluene disproportionations with Cgs+ aromatics as co-feed with reaction
conditions including a temperature of from about 315°C to about 595°C, a
pressure of from about 101 to about 7200 kPa-a, a hydrogen/hydrocarbon
mole ratio of from about 0 (no added hydrogen) to about 10 and a WHSV

( of from about 0.1 hr? to about 30 hr');

(xii) preparation of the pharmaceutically-active compound 2-(4-isobutylphenyl)
propionic acid, i.e. ibuprofen, by reacting isobutylbenzene with propylene
oxide to provide the intermediate 2-(4-isobutylphenyl) propanol followed
by oxidation of the alcohol to the corresponding carboxylic acid;

(xiii) use as an acid-binding agent in the reaction of amines with heterocyclic
fiber-reactive components in preparation of dyes to prepare practically
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-TDY) 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-

Q TD1Y 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
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autoclave with stirring at 250 rotation per mnute (RPM for 72
hours. After crystallization, the hydrgthermal reaction mxture
slurry was filtered, washed with deionized (1)1) water and dried at
120C. The as-synthesized material had an XRD patterns (Fig. 1)
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are used in the first step, that is, benzene alkylation. Examples of such processes
includes processes in which benzene and propylene are converted to phenol and
acetone, benzene and C4 olefins are converted to phenol and methyl ethyl ketone,
such as those described for example in international application
PCT/EP2005/008557, benzene, propylene and C4 olefins are converted to phenol,
acetone and methyl 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 is converted to phenol and
cyclohexanone, or benzene and ethylene are converted 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 ‘monoalkyibenzene 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 velacity (WHSV)



Si 02/ Al 203 WBQREDM#30/ Si 02 -13 14.6 OH7 Si 02 -0.15 0. 15d¥as26i7082073
-0.15 0.15 HM/Si02 - 0.2 0.2 Solid-content (wm.% -20 18
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based on C4 alkylating agent of from about 0.1 to 50 hr”! and a molar ratic of
benzene to C4 alkylating agent from about 1 to about 50.
[0075}) The MCM-22 family molecular sieves of this invention are also
useful catalyst for transalkylations, such as, for example, polyalkylbenzene
transalkylations.
[0076) In the case of many catalysts, it is desired to incorporate the new
crystal with another material resistant to the temperatures and other conditions
employed in organic conversion processes. Such materials include active and
inactive materials and synthetic or naturally occurring zeolites as well as inorganic
(‘ materials such as clays, silica and/or metal oxides such as alumina. The latter may
be either paturally occurring or in the form of gelatinous precipitates or gels
including mixtures of silica and metal oxides. Use of a material in conjunction
with the new crystal, i.e. combined therewith or present during synthesis of the
new crystal, which is active, tends to change the conversion and/or selectivity of
the catalyst in certain organic conversion processes. Inactive materials suitably
serve as diluents to conirol the amount of conversion in a given process so that
products can be obtained economically and orderly without employing other
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
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‘Stirring speed (RPM 250 350 Tine gglrﬂ)e?m 12 Estimated Yield (w.% -

. 16.7 -

15.3 XRD Result MCM 22 MCM gRagni ARG ty (% 105 100

Si 2/ Al 203 (nolar ratio) -24 - 23 Wi ght27Mour |y Throughput (1tl)
0.0082 0.015 Mesitylene uptake (ng/g) 24.7

modification. Binders useful for compositing with the present crystal also include inorganic
oxides, notably alumina. |

[0078] In addition to the foregoing materials, the new crystal can be composited with a
porous matrix material such as silica-alumina, silica-magnesia, silica-zirconia, silica-thoria,
silica-beryilia, silica-titania as well as ternary compositions such as silica-alumina-thoria, silica-
alumina-zirconia silica-alumina-magnesia and silica-magnesia-zirconia. |

[06079] The relative proportions of finely divided MCM-22 family molecular sieve and
inorganic oxide matrix vary widely, with the crystal content ranging from about 1 to about 90
percent by weight and more usually, particularly when the compaosite is prepared in the form of -
beads, in the range of about 2 to about 80 wt.% of the composite.

Examples '

[0080] The following examples illustrate exemplary preferred embodiments: :
[0081] In these examples, the XRD diffraction pattemns of the as-synthesized materials were
recorded on an X-Ray Powder Diffractometer using copper Ko radiation in the 20 range of 2 to
40 degrees.

[0082] The SEM images were obtained on a HITACHI 84800 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 temp]atmg agent.

[0084] The crystallinity is defined as the ratio of the sum of the two main peaks, 7.1 and 26

(20), to the sum of the same peaks in the standard (reference example), muluphed by 100.- |

Comparative Example ‘

[0085] A hydrothermal reaction mixture was prepared from water, Hexamethyleneimine

(HMI) (Sipma-Aldrich Company), silica (Ultrasil™, Degussa Corp.), 45 wt.% sodium aluminate

solution, and 50 wt.% sodium hydroxide solution. The mixture had the following molar

composition:
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1 was crystallized at 170C in an autoclave with stirring at 250
rotation per mnute (RPM for 24 hours. After crystallization, the
hydr ot hermal reaction m xture slurry of exanple I was filtered,
washed with deionized (D) water and dP ed at 120C. The

as-synt hesi zed material had an XRD patferns (Fig. 2) substantially as
shown in Table | and Table Il and an additional peak (26.9, between
26.6 to 29 (20) as conparing to the exanple 1 (reference exanple).
The resulting MCM 22 crystals had crystallinity of 105% which is
measured byjthe ratio of the sumof THe TWO NMARL e EAatmbIel /- L anmy
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conposi t i orratio 8 6243A1.2MBe2%lcined 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 pm. 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
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30 1120/5102 13 12.81 0117 5102 O. i{? ﬁc éﬂl}ig 8102 0.15 0.175
_HVIT/SIi02 0.18 0.18 Solid-content evt -20 Crystallization
condi tions Tenperature (C) 170 170 Sti T ng speed (RPM 250

reaction mixture) was about 11.7 wt.%. The weight hourly throughput was about 0.0019
hr', |
Examples 1-2

[0087} A hydrothermal reaction mixture were prepared from water,

Hexamethyleneimine (HMI) (Sigma-Aldrich Company), silica (Ultrasii™, Degussa
Corp.), 45 wt.% sodium aluminate solution, and 50 wt.% sodium hydroxide solution.

The mixtures had the following molar compositions:

Example 1 Example 2
Molar composition '
Si0y)/AlLO; ~ 30 35
H,0/ 8i0; ~13 14.6
: OHY/ S8i0, - ~015 0.15
' { Na'/ SiO, ~0.15 0.15
HMI/Si0, : ~0.2 0.2
Solid-content (wt.%) ~20 18
Cmtglhz&t;gn conditions ' ‘
Temperature (°C) 170 180
Stirring speed (RPM) 250 350
Time (hr) 24 12
Estimated Yield (wt.%) ~16.7 ~15.3
XRD Result MCM-22 MCM-22
Crystallinity (%) 105 - 100
Si0y/AlLO; (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 T was crystallized at 170°C in an autoclave with
stiring at 250 rotation per minute (RPM) for 24 hours. Afier 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 Tablé 1 and Table II 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 (26 at 7.1 and 26) to the sum of the same peaks in the example |
(reference example). The resulting MCM-22 crystals had a SiO2/Al0; molar ratio of ~
24/1. The calcined MCM-22 crystals had a surface area of 612 mzfg (micropore surface
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100% crystallinity. The XRD patterns of the as-synthesized naterials
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which is similar as the reference example. The calcined material had a mesitylene
uptake of about 24.7 mg/g and a mesitylene sorption rate of about 45 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 reaction
{ mixture} was about 16.7 wt.%. The weight hourly throughput was about 0.0082
br'. The weight hourly throughput of example 1 was ‘about 525% of the
comparative example.
[0089] The mixture of example 2 was crystallized at 180°C in an
autoclave with stirring at 350 rotation per minute (RPM) for 12 howss. After
crystallization, the hydrothermal reaction mixture shurry of example 2 was filtered,
washed with deionized (DY) water and dried at 120°C, The XRD patterns of the
as-synthesized material showed the typical pure phase of MCM-22 topology. The
resulting MCM-22 crystals had a Si0y/A1,05 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:



| LM) (Si gwr Rbgédssdr Conpany), silica (UtrasilTm mgu§%ﬁ[;§gg 03073
E15 ‘Wt . % sodi um al ur ni nate sol ution, and 50 wt. % sodi um hydr oxi cf&eb

sol uti on.

The m xtures had the follow ng nolar conpositions: - 32 -

Exanple 5 6 7 Mol ar conposition Si G2/ Al 203 35 -3L4 - 31.5 1120/
Si02 12.65 -6.85 - 12.7 011/502 0.175 -3?.— 15 -0.15 Na/ Si02

Example Example 3 Example 4
Molar composition
Si0/ALO; 25 30
H,Of 810, 13 12.81
QHY7 Si0; 0.15 0.175
Na'/ SiO, 0.15 0.175
HMI/Si0; 0.18 - 0.18
Solid-content (wt.%) ~20 ~20
Crystallization conditions
Temperature (°C) 170 170
Stirring speed (RPM) 250 250
Time (hr) 16, 18, 20, 22, 24 18, 20, 22
Estimated Yield (wt.%) - ~17 ~17
XRD Result MCM-22/MCM-49 MCM-22/MCM-49
Crystallinity (%) 89,91, 100, 100, 100 100, 100, 100
Si0,/ALO; (molar ratio)
Weight Hourly Throughput 0.01 0.011
(br™)
[0091} The products were filtered, washed with dejonized (DI) water and

dried at 120°C. The XRD patterns of the as-synthesized materials {example 3)
after 16, 18, 20, 22, and 24 hours showed MCM-22/MCM-49 topology with 89%,
91%, 100%, 100%, and 100% crystallinity. The XRD patterns of the as-
synthesijzed imaterials after 18, 20, and 22 hours (example 4) showed the MCM-
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

[009Zj Three mixtures were prepared from .Water, Hexamethyleneimine
(HMI) (Sigma-Aldrich Company), silica (Ultrasil™, Degussa Corp.), 45 wt.%
sodium aluminate solution, and 50 wt.% sodinm hydroxide solution. The

mixtures had the following molar compositions:



0.175 - 0. 15wghododadd;/ Si 02 0.18 -0.2 -0.2 Solid-content ped$horoosdds-
Tenperature (C) 170 170 205

Stirring speed (RPM 250 60 250 Tinme (hr)

30 =-20 Crystallization conditions

“32.
Example 5 6 7
Molar composition
St0z/ALOs 35 ~31.4 ~31.5
H0/8i0, 12.65 ~6.85 ~12.7
OHY/ 8i0, 0.175 ~0.15 ~0.15
Na'/ SiO. 0.175 ~0.15 ~0.15
HMY/Si0, 0.18 ~0.2 ~0,2
Solid-content (wt.%) ~20 ~ 30 ~ 20
Crystallization conditions
Temperature (°C) 170 170 205
Stirring speed (RPM) 250 60 - 250
1 Time (hr) 24 20 20
( Estimated Yield (Wt.%) <171 <355 ~17
XRD Result MCM-22 MCM-22 MCM-22 with
ZSM-5 (<10%)
Crystallinity (%) 100 100 100
8i0s/AL,03 (molar ratio) 27.5 24
We%ght Hourly Throughput 0.008 0.015 0.01
(hr”’)

[0093]

The products were filtered, washed with deionized (DI) water and

dried at 120°C., The XRD patterns of the as-synthesized material {example 5)
showed the pure phase MCM-22 topology. The XRD pattems of the as-
synthesized material (example 6) showed the pure phase of MCM-22 topology.
The resulting MICM-22 crystals (example 6) had a Si0./AL 05 molar ratio of 27.5.
The XRD patterns of the as-synthesized material (example 7) showed the MCM-
22 topology with ZSM-5 impwity. ZSM-5 impurity was estimated fo be < 10 %
in the resulting product. The resulting MCM-22 crystals (example 7) had a
Si0O2/Al;O;3; molar ratio of ~ 24. The estimated yields of MCM-22 material were h
about 17.1 wt.% (example 5), about 25.5 wi.% (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%
(example 7) of the comparative example.

 Example §

[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
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Si 02/ Al 203 (nolar ratio) 27.5 24 Wi ght Hourly Throughp
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ut (he")

300) on the dry basis. Water was added to the mixture to allow the resulting
catalyst to be formed into extrudates. The prepared extrudates were dried at
120°C before use. The catalyst was activated by calcining in nitrogen at 540°C,

followed by aqueouns ammonium nitrate exchange and calcining in air at 540°C.
Example 9
[0095) The catalyst prepared in Example 8 is tested for benzene alkylation

with propylene in a 300 ml! autoclave. The finished catalyst was

transferred into

the catalyst basket and then dried in an oven at 260°C for about 16 hours. This
catalyst basket was then transferred into a 300 ml autoclave quickly with
( minimum exposure to ambient atmosphere. The catalyst was then purged with
dry nitrogen for 2 hours at 181°C inside the reactor to removed air and moisture

from the reactor. One hundred fifty six grams of benzene was transferred to the

reactor under nitrogen and equilibrated with the catalyst for 1

hour at 130°C.

Twenty eight grams of propylene was transferred into reactor under 2170 KPa-a

of nitrogen pressure.

[0096] The reaction started as soon as propylene was added and a constant
pressure of 2170 KPa-a nitrogen blanketed the autoclave. The reaction was

allowed to run for four hours and propylene was completely consumed during 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
Q performance was assessed by a kinetic activity rate parameter base on propylene

and benzene conversion. Cumene selectivity was calculated from

of DIPB/ cumene (expressed as percentage). The calculation

the weight ratio

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

-~



0.01 [0093Mmimeoopomdircts were filtered, washed w th dei optzee200tAo2073
water and dried at 120C. The XRD patterns of the as-synthesized

mat eri al (exanple 5) showed the pure phase MCM 22 topol ogy. The XRD
patterns of the as-synthesized naterial (exanple 6) showed the pure
phase of MCM 22 topol ogy. The resultln% MCM 22 crystal s (exanple 6)
had a Si 02/ Al 203 nolar ratio of 27.5 he XRD patterns of the
as-synt hesi zed material (exanple 7) showed the MCM22 topology with
ZSM'S inpurity. ZSMS5 inpurity was estimated to be < 10 %in the
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to the mxture to allow the resulting cataFyst to be fornmed into
extrudates. The prepared extudates were dried at 120C before use. The
catal yst was activated by calcining in nitrogen at 540C, followed by

ueous ammoni um nitrate exchange and calcining in air at 540C.

canpl e 9 [0095] The catal yst prepared in Exanple 8 is tested for
benzene al kylation wth propylene in a 300 nl autoclave. The
finished catal yst was transferred into the catal yst basket and then
dried in an oven at 260C for about 16 hours. This catal yst basket was
then transferred into a 300 m autoclave quickly with m ni num
exposure to anbi ent atnosphere. The catal yst was then purged with thy
nitrogen for 2 hours at 181C inside the reactor to renoved air and
noi sture fromthe reactor. One hundred fifty six granms of benzene was
transferred to the reactor under nitrogen and equilibrated with the
catalyst for 1. hour at 130C. Twenty ei ght grams of propyl ene was
transferred into reactor under 2170 KPa-a of nitrogen pressure.
[ 0096] The reaction started as soon as propyl ene was added and a
constant pressure of 2170 KPa-a nitrogen bl anketed the autoclave. The
reaction was allowed to run for four hours and propyl ene was
Compl etely consuned during this period. Small sanples of liquid were
wi thdrawn fromthe autoclave at regular interval for analysis of
propyl ene, benzene, cunene (IPB), dlisopropyl benzene(s) (DIM, and

i i sopropyl benzene(s) (TIPS), using gas chromatography. Catal yst
Ezrfornance was assessed by a kinetic activity rate paraneter base on
propyl ene and benzene conversion. Cunene selectivity was cal cul ated
fromthe weight ratio of DI P13/ cunehe (expressed as percentage). The
cal cul ation nmethod was as referenced in WO 03/006160. The results
were as shown in the followng table. Catalyst Activity Selectivity
Di 113/ Cunene (/0) Exanple 8 370 13 [0097] The catal yst showed both
activity and selectivity* for benzene allcylation reaction.



[0098] While the illustrative enbodi nents of this invention have been
.described with particularity, it will be understood that various

other nodifications -34 - wll be appg?gr_lt to and can be readily

.made by those skilled in the art w thouf departing fromthe spirit

and scope of this invention. Accordingly, it is not intended that the
scope of the clains appended hereto be limted to the exanples and

descri pticopgmeet forth herein but rather that the clainms be construed

as enconpassing all the features of patentable novelty which reside

in the pr¥sé&aiminvention, including all features which would be

treated as equival ents thereof by those skilled in the art to which

this invention pertains. - 35 - Cains: W Caim 1. A nethod of

maki ng a 1nohesthéd oSedag @imdlbenldeddve 21 HaICkd-2MTG ly, ekiBR thethod comprises:
conprises: a. providi n%ﬁg m xture conprising at | east one source o

i ons of tetraval @nPrevidiggpumixgire cemprisiogat kasione sercapkinns ofrtatralvalent element,
hydr oxi de, at | eas r n iLon t

| east one source oTEl ?%%ts&{gf&) ﬁ%%@%%f*gyn@%% Xlgg’l glgagit(%? gr %{Pigna&ent’ watet,
the foll owi ng nole an@rqmsniihoat 1e6sX2ad Gotue i off dofié tof tHAed leiren? Gaid mixture
011: Si=0.001 to 2 M, Si= (I')Ol to 2 R Si=0.001 to 0.34 wherein Yis a
tetraval ent el errentha“}%glﬂée%’ E’WFW@WCO@P@%‘H’@ Mis an alkali netal

and Ris a directi gent; b trg m xture at

crystallization CO%IX ions for Iess tﬁ%&% hours to forma treated

m xture conprisi ngHReig nol ecul ar 1stb@@e, wherein the crystallization
conditions conpris J.emperature in.the range of from 160C to 250C

and c. recovering m#’ml ecular Oed;’el ; The nethod of claim1,
characterized by awpegght hourly tohjoaughput of at |east 0.001 hr-i.

3. The nethod of anédé)recedl ng clai mwherein step (b) is perforned in

the presence of seéd®krystals. 4. PHYIneORBdd of claim 3, wherein the

synthesis mxture %%gpenll %(e§s Ii t&ravalenp Oljément 2)9 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 hours 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-l

3. The method of any preceding claim wherein step (b) is performed in the presence of
seed crystals.

4. The method of claim 3, wherein the synthesis mixture comprises from 0.0001 to 20

wt.% based on the total weight of said mixture of seed crystals or a source thereof.

5. The method of any preceding claim wherein step (b) is performed at a temperature in
the range of from 165°C to 210°C and/or for a crystallization time of less than 48

hours.



wt . % based on the total weight of said m xture of seed crystals or a

, source thereof 5.The nethod of any preceding claimwherein step (b)

is perforned at a tenperature in the range of from 165C to 210C

,and/or for a crystallization tine of |ess than 48 hours. - 36 - 6.

“The nmethod of claim5 wherein step (b) is perfornmed at a tenperature

in the range of from 170C ton 210C and/or for a crystallization tine

of |ess an f I

Step (B) ol e o e R o P R PR Porc A bl of
precedi ng cl aifrm AZ0° Cacddi2fl D8 ahd/gr boarprysaéliszatibnatin'eaﬁ\lﬁsyhamfzzleitoulmast

a portion of the directing-agent. 9. The nmethod of claim@8, wherein

the directing-agent recovery conprises the steps of: (a) flashing at

| east a porti otheOfmetde 6 RBEtirBGAARE Blairh N WHBRH s%aﬁ% frcRAAkS r&Eﬂ:&l’uon of the
treated mxture; and (b) condensing the vapor phase directing-agent

10. The net hod m}Pimiﬁy preceding claim wherein the nolecul ar sieve has

a conposition conprising the nole relationship on an anhydrous basis

of : X203: (n) Y02 wherein nis from10 to 150, X conprises a trivalent

el ement 8nd Y ThymietlpdsoSady pRoedidd cbiie tAgt éﬂ@lﬁicﬁfaﬂﬁr&émﬁﬁ&eﬂk%cowr of at
claim wherein the nol ecul ar_sieve conprises at |east one of MCM 2

MCM 49, NCMSéGaShaH@I%OBﬁﬁé}@(B#eCNWa@tand MCOM 49, a mi x- phase of
MCM 22 and MCM 56, a m x- phase of MCM 56 and MCM 49, and a m x- phase
of MCM 22, MCM49 and MCM 56. 12. The nethod according to any one of
t he precé@di ng Thkanatsodvibr g@img t\i’i&r&'nlthaiﬁracﬁng-egéntmécow&@/ coyrprisesths steps of:
m xture (being.t r.cent wej ght_. of tetr.aval ent el enent oxi de
and, when pr eg@n 1{}&|aéﬂg35é| go@f g’@ ‘iEIFFCPH% -2gHt We¥snor Rhgsg, figm the
based on the total tﬁe@ﬂeg%mﬁﬁ-etaﬁg synthesis mixture) is at |least 12
w.% 13. The nethod of any Er ‘eceding claim wherein said nol ecul ar
sieve formed (W st epndepyingshevapor phase diregtiferagenbf non- MOM 22 fanily
material (s). - 37 -

10.  The method of any preceding claim, wherein the molecular sieve has a composition

comprising the mole relationship on an anhydrous basis of:
X203Z(1‘1)Y02

wherein n is from 10 to 150, X comprises a trivalent element and Y comprises silicon.

11.  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.

12.  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.%.

13.  The method of any preceding claim, wherein said molecular sieve forrned in step (b)

is substantially free of non-MCM-22 family material(s).



14. An MCM 22 fam |y nol ecul ar sieve 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 and at |east one additional peak between 26.6 and
29 (20).. 1 5. A hydrocarbon conversion process conprising the steps
of : (a) contacting a hydrocarbon feedstock with a nol ecul ar sieve
according to claim 14 or manufactured by the nethod of any of clains

1 to 13 under gaMENMDRRTablReidlécRns steve ha¥iflk an N-BHUEFraclBA phtdm including d-
wi t hdrawi ng sai d product. 16. The Erocess of claim 15, wherein the

hydr ocar bon cCRYERS ME¥iNa ahl kgHRALP.oh S Gr0-BLAREAS2H0OR Hnesppmsrradtag least one
formcumene. . 44i0nal peak between 26.6° and 29° (26)..

15 A hydrocarbon conversion process comprising the steps of:
(a) confacting a hydrocarbon feedstock with a molecular sieve according to claim
14 or manufactured by the method of any of claims 1 to 13 under conversion
conditions to form a product; and

®) withdrawing said product.

16, The process of claim 15, wherein the hydrocarbon conversion is alkylation of benzene

with propylene to form cumene.



