2 5 MAY 2005 \VC0024609) PCTIGBOU®B4 5 i CRYSTALLINE MOLECULAR SIEMESIHS
This invention relates to a famly of crystalline nolecular sieves, nore
especially zeolites, to a process for their manufacture, and to their
use in separation and conversion of organic conpounds. The term
"zeolite" is generally used for crystalline 10 nol ecul ar sieves based on
sili conwand~adoum nium but it is recognized in the PaFtCBPHAE - si | i con may
be replaced in whole or in part, in particular by germanium and that
alumnium may simlarly be replaced!in whole or in part, in particular
by boron, gallium chromum and iron, materials containing 15 such

repl acenent lattice elements also being termed zeolites, and the ternis
used in the broader sense in this ecification. Crystalline nolecul ar

si eves, both natural andCR§§ﬁ?H%PFCM WERAR AP RS utilities - Jr,
separating conponents of 20 m xtures of organic conpounds, and

catal ysing conversions of one type of organic conpound to another.

Zeolites are amLheﬁﬁﬁﬂntﬂmalkeg&&qﬂﬂtoablya Oéhasrﬁidi‘inﬁisordered
structures such as polyty ical intergrowh f _two Le.p
Zeolite b‘é‘?%PC(WJBEAsf% gﬁea‘?ﬁ’etcﬁé %%HRES pel vt yp:ggar i n{ﬁr growt hs

are exanplgs: of.the.Latler ensSuch @le#@oﬁy@ ypi eabaiat es-gredt h of rel at ed
structures 1s referred to as a "family". In a first aspect, the present

i nventi oncproviddes af Qﬂ%ﬁ@ﬂél?@Wﬁ?qﬂﬂSecular sieve famly, each nenber of
said 30 fam |y haying.a Ghat aCtserée%te% 175 haqdibEractdran:pattern

10 molecular sieves based on silicon and aluminium, but it is
recocnized in the art that silicon may be replaced in wholie
or in part, in particular by germanium, ana that aluminium
may similarly be replaced in whole or in part, in particular
by boren, callium, chremium, and iron, materiels containing

15 such replacement lattice elements also being termed zeolites,
and the term is used in the broader sense in this
specification.

Crystalline mclecular sieves, both natural and
synthetic, have variocus utilities ir ceparating componente of

20 mixtures of organic compounds, and catalysing coaversions of
one type of organic compound to another.

veolites are either crystallographically pure phases or

disordered structures such as pelytypical intergrowths of twe

-1

or more phases. Zeclite beta (*BEA topeloov) ané the FAU/ENT
25 polytypical intergrowths are examples ¢f the latter. Such &
polytypical intergrowth of related structures is referred to
as a “family”.
‘In a ret aspect, the present invention provides &
crystalline molecular sieve family, each member cof said
30 family having a characteristic X-ray diffracticn pattern
(XRD) which has, as the only sharp peaks in the Z0 {Cuka)
region extending from 3 to Z3.5, three sharp pez«s at ot
(Cuk,) of .82 + 0.1, 12.44 + 0.5 and 23.01 + 0.1. While all
members of the family arve characterized by these same three

sharp peaks In their XRD gpecirum S0me Tl rhers also have &

[ 93



(XRD) which has, as the only sharp peak
extending fromb5 to 23.5, three sharp p
12.44 + 0.5 and 23.01 + 0.1. Wile al

characterized by these sane three 35~ s
sone nenbers al so have a. 2 5 MAY 2005

fourth. $R&FH"Beak at 2C (CukKa) of 25.C2

peaks in the 2c (CuKa) region extendiyg
at 23.01 is usually acconpani ed by an
is that at 25.02.. Qther_, features of t
si eve fanfpﬁrtafgukgtpgﬁ%EﬁhE%agr%gﬂ be
6 to 8.7 whm, 8,82 £.0id § 12 44 .05
23.01 + 0.1 very 22.5t0 24.5 ms 25.0

s in the 20 (CUKO) regiof5 MAY 2005

eaks at 10 (CuKa) of 8.82 + 0.1,
menbers of the famly are

harp peaks in their XRD spectrum
160 02/16099 PCT/GBO ' 054 5 2
_0.1. ThesET&e®1{#He® only sharp

from5 to 25.5. The sharp peak

5 overlay of unresol ved peaks, as

e, spectra for. this pmplecular
I‘évg(\/@‘r&blﬁégl 2 ‘E(Sce,uﬁaj§ Tt ensi ty

Fegddh £0: 483y 2Qch £0:21.2 W

2 + 0.1 variabl®e - may or may not

be present:-.25.5 to 27 10 w = weak m= nediums = strong Figure 1 shows
t he XRD spectruqlot_a re 5§sen5atévew_z%QLgte fam |y n3¥q$%aaccording to
the present invEntSGnP PTE* heastSyrit MESFzed CHTAFETON Fhitd family

menber hasvtbeay of unresolved peaks, as is that at 25.02. Other

features of the XRD spectra for this mclecular sieve family

are set out in Table 1 below.

Table 1
29 (Cuk,) Intensity
€ to 8.7 w/m ‘
g.82 + 0.1 s J
12.44 + 0.5 . |
i¢ toc 16 r
20.4 to 21.2 w
23.01 =+ 0.1 very £
22.5 to 24.5 m/s

25.02 0.

|+

27

o

t

25.E

i
|
|
|
i
|
i
variable - may ©r may net be present |
|
i

1C weak

=

Figure 1 shows the XRD spectrum of

m = medlun

s strong

a representative

zeolite family member according to the present invention, In

the as-gsynthesized condition.

tn

fourth sharp peak at 25.02 + C.1.

Figure 1 is described in Table 2.

Triis family member has the

Tme nature of the peaks of



15 fourth sharp peak at 25.02 + 0.1. The nature of the peaks OfZZP faoue 1
is described in Table 2. 2 5 MAY 2005 CVO 02/46099 PCTi CB0110~425 Tabl e
2 L~U Intensity -- Nataro 6 to 8 .7 w m Unresol ved series of broad peaks
8.82 + 0.1 s Sharp 12.44 + 0.5 n Sharp 14 to 16 n Unresol ved series of
broad peaks 20.4 to 21.2 w Broad peak 23.01 + 0.1 ver]y s Sharp 22.5 to
24.5 il sSWORYESYl ved series of broad peaks 25.02 + 0PGleB'f§3ryh 25.5 to 27
m Unr esol ved series of broad peaks Throughout this specification,
including the clains, XRD 5 data are obtained using the Ka radiation of
copper, using an X-ray powder diffragganmgter w th Bragg-Brentano
geonetry. For conparison, it nmay be noted that the XRD of ZSM 48 _as
described in U S ZPatent No.idk <448t675 has maj Betpeaks in the 5 tp 25.5
26 region at 7.48, 8.67, 21.0E, and 22.83, .10 while ZSM 57, as described
in EP-A-174 21, &Ad §74-5, as"/™escr PBed T 58 Palent Ro.*6 136/ 290,
have nunerous; nBj of ¢@eaks in ghat reghgp Wthout wishing to be bpund by
any theorly, it is “believed that the franmework of the nol ecul ar sigve of
the 15 inveriti.gd may be represent ed of*&Pnol ecul ar scale as a seripes of
substantiial |y, par g{}lﬁ pl anar Jlayer S, U}]g%oh,?{dersgrgg RY L 3ubstantia ly

i dentical| each | provi di ng the franmewo atons for the upper|half

of a channelzpfz t be sieve |ying Broad peak
23.01 + C.1 very s Sherp
22.5 to 24.5 m/s Unresclved series of broad peaks
25.02 + 0.1 g Sharp
25.5 to 27 m Unresclved series of broad peaks

]

Throuchout this specification, including the c¢laims, XRD
5 data are chbtained using the Ko radistion of copper, using an
¥-ray powder diffractometer with Bragg-Brentano geometry.

For comparison, it may be noted that the XRD of Z8M-48
ac described in U.S. Patent No. 4 448 €75 has majcr peaks in
the 5 to 25.5 26 region at 7.48, 8.¢7, 21.06, and 22.63,

10 while Z8M-57, as described in EP-A-174¢ 121, ana IM-5, &s
described in U.S. Patent No. & 136 290, have numerous ma or
peakes in that region.

Without wishing tc be bound by any theory, it is
believed that the framework of the mclecular sieve of the

15 invention may be represented on a molecular scale as a series
of substantially parallel planar layers, the layers beirg
substantiaily identical, each layer providing the framework
atoms for the upper half of a channel of the sieve 1ying
helow it and for the lower half of & channel lying above it.

20 The atoms of the layer may be linked to the atoms of an
adjacent layer in a number of different ways. On a somewhat
larger scale, a number of such layers form a lamella a Zfew
nanometers in thickness and adjacent lzmellize may have

different crystal structures cr orienteticns, the gbructures



below it and for the |lower half of a channel lying above it. 20 TieMgt 9855
of the layer may be linked to the atons of an adjacent |ayer in a nunber
of different ways. On a sonmewhat |arger scale, a nunber of such |ayers
forma lanella a few nanoneters in thickness and adjacent |anellae may
have different crystal structures or orientations, the structures 2 5
MAY 2005WOCv/®082/ 46099 PCTI GBOL/ 05125 bei ng rel at ed Bol'tBH{U At er gr owt hs
are possible, several Ilanellae formng a flake-1like particle. The
structure of a given product of a faﬁily menber will accordingly be

di sordered, but in a relatjvely systematic way. This is_2 | ected in
the XRD ofP%f8 PF ,SOV\,EI"%h *H'étéj‘)ég*ﬂ‘ Ted*© SrSrbgDrfedf "EHS?%{ peaks,

repr esent ifngch hee pakiniok EhelStarstiak pstductur ethbadtisreoanen 2o al |l

fam |y nenbers, and a nanber of unresolvable series of broad peaks, each
peak repr asienni pgodudte ofart foti phactpystal L lSEEGRT &I thBE vari es
according .0 10 _the nmanner | i j acant o S, angrlaned | ae are

| i nked. rlasr?srm“zées?brr?auél gét%}n tgpgs o%@cee(qeglnEllr\:/)%g‘?%s- gi;n?hesi zed and
cal ci ned saymlkesecofid heienmhbced athescevésctof whhehi hwert ilomitednfirnms the
presence of thin flakes and shows various internal si a%léi NG, a1

i rregul ar iTI@EToPL t ATEY PERAFI i TR PAGRY §S 1 SWPEAT it HE S FRKRE ™ TEM

m crographs weke, obtained Bymm&meddl ngrddia s aapbess | ndceyhivtoaesin (LR
Wiite Hard Grade by the London Resin Conpany) using vacuum inpregnation

fol | owed hyf theesalvae ngrats 8ECLrPRe mBeddedchabeti AFPFESS U™ nt o

Usi ng a PHHT B AR I TTERT Bar ARG At 1300 Ko B e o & TEM
m cr ographef raneakcimedisanptescent layers and lamellae are linked.

Transmission Electron Microscopy (TEM) of as-synthesized
and calcined samples of the molecular sieves of the invention
confirms the presence of thin flakes and shows varicus
internal stacking irregularities of the crystalline layers

15 within the flakes. TEM micrographs were obtained by
embedding the samples in acrylic resin (LR White Hard Grade
by the London Resin Ccmpany) using vacuum impregnalion
followed by thermal curing et 80°C. The embedded materizl is
cut into thin slices using an ultra-microtcme. TEM analvels

20 is carried out uging a Philips CM-12T TEM cperating at 120
kv,

Figure 2 is a TEM micrograph of a calcined sample,
showing a flake-shaped particle. The lattice fringes
indicate that the flake is crystalline. The crystal plznes

25 forming the lattice fringes are sometimes split c¢r bent.

Figure 3 is a further TEM micrograph of the calcined
sample, showing a flake-shaped particle. This image shows
twe different lattice fringe structures, &s indicated by the
schematic representations (b) and {c}. This indicates that

30 thies flake consists of two layers with different cryste.
structures or different crystal orientations.

Figure 4 is a TEM micrograph of the calcined sample,
showing a flake-shaped particle. This imace shows thres

different .attice imace structures, as indicated by the



showi ng a fl ake-shaped particle. The lattice fringes indicate thaf MMEI;
flake is crystalline. The crystal planes 25 formng the lattice fringes
are sonetines split or bent. Figure 3 is a further TEM m crograph of the
calcined sanple, showi ng a flake-shaped particle. This inmge shows two
different lattice fringe structures, as indicated by the schematic

r epr esent¥&i2eive® (b) and (c). This indicates that 30 Phi/6Bfliake consi sts
of two layers with different crystal structures or different crystal
orientations. Figure 4 is a TEN m crograph of the cal ci ned sanpl e,

showi ng a fl ake-shaped particle. This inmage shaws three. different
lattice i mEGETEFF Gt TR S NE T HA & ed By T V5 MY 668 °XND 02/ 46009
PCT/ GBOI ! 09125 + %1 SChEL® icGnkepr £santatEoNeddk (€)h and seeenThi s indicates
that this flake consists of three lavers with different crystal

st ruct ur escxstdilf fereritunssy or af i fdieirent at ol BstBNYeTIQpEdi ffracti on
observat i ons aeg*ﬁhfﬁlgwlﬂcggg :M§¢EBQ§r$ 5 %tgn&hg&e%?ﬁ f1ake-shaped
particles of the- mater al tare bull t up of layers of a few nanoneters in
t hi ckness.ogEhevst i ugs uieliwizt Bi fha lthyefldse-hibgbky prderédsand the
crystalline. This leads to the sharp peaks qbserved in X-ray 10

di ffracti oWrtSatEerAES RaHd tt 8Pt Me ‘GWEEF et & rH§¢t UFE°TTEGE Wit hin the

| avers obsgl;vgd.Lp. TEM m crographs. Layers of different orientations or
different structures may be stacked to forma flake, This |eads to the
broad peaks obbervexadturg- wayhidi fof Aagey off pasbeéynercsssd £6< 15 vari ati ons

in i mage Séfy%%%fi%ngpsefh\é%d1£3£]dsTEtl\<4 %gr%&p@%aks observed in X-ray
10 diffraction patterns, and to the ordered structure image
within the layers observed in TEM micrographs.

Layers of difrferent orientaticns or diiferent structures
mey be stacked to form a flake. This leacs to the broad
peaks observed in X-ray diffraction patterns, &nd to

15 wvariaticns in imege structure cbserved in TEM micrographs.

The individual layers may have different internal
crystal structures, however, the structureg are releted such
that intergrowths of different layers zre possible.

ifferent stacking sequences of such related layers will lead
20 to different, albeit related, materials. Hence the material
ig properly described g a family of crystal structures.

The molecular sieve family of the invention is
identified as COK-E.

in a second zspect of the invention, there is provided &

crystalline molecular sieve having a refined constraint

%
N

index, CI°, in the range of from 2.5 to 3 and an =0 criterion
in the range of from z to 3. The measurement of refined
constraint index ig described by P.A. Jaccbks and J.A.
Martens, Pure & Applied Chem., 1886, 58, 1329, and

30 measurement of EQg is described by J.A. Martens, M. Tielen,
P.A. Jacobs and J. Weitkamp, Zeclites 1984, 4, 98.
advantagecusly, the crystalline molecular sieve also has @&
dimensionality index greater than 5. Some family members

have a dimensiocrality index in the range of from 17 tc 18.



The individual |ayers may have different internal crystal strucg !@%ﬁ
however, the structures are related such that intergrowths of oM Bt

| ayers are possible. Different stacking sequences of such related | ayers
will lead 20 to different, albeit related, materials. Hence the materi al
is properly described as a famly of crystal structures. The nol ecul ar
sieve fanbhyco® the invention is identified as COK-B.T/4WIE“Second aspect
of the invention, there is provided a 25 crystalline nolecular sieve
having a refined constraint index, Cf, in t he range of from 2. 5 to 3 and

an EC8 cr| erion in the range of fro to_3. measur refined
const r ai nf EnGEYERS FEddrY et By LP. %@*Jﬁﬁ%bg L ?ﬂ $ ﬁ Pure &

Appl i ed Chgites 1566:c 581 1328y and 30t aeasufenBit fo:EC8=iis dessribed by
J.A. Martens, M Tielen, "P.A Jacobs and J. V@ltkanp, Zeolites 1984, 4,

98. AdvaﬁﬂagéoueWyBaﬂﬂeoe$y§t&HI|We1nﬂﬁecﬁﬁar sieve also has a

di mensionality_ind r.eat er than_ 39 ) her s, -have a
dlnen3|onalltyT|nd§§1%h £ range of rg%$i$ %¥g%n§u Ek%ﬁﬁygbg WO
02/ 16098 E@VhQBQ&LQ5425e6uL£h%1@weem&hﬁmakhEychmﬂﬁxEmssdeésned in MM .

A ken and J.M Garces, Proc. 9" Intern. Zeolite erence, Montreal,
1992, edfeRinNe@nvBAl FRb65CEE 4P, thpI L1t 28B6C- |3t ‘"‘tﬁ?r Gdpect of the

invention,.there %F%H) ggg&gﬁgtOStgéyggéyﬁﬂ ne,opl ecul ar sieve having the

characterlsflcs reference to the first aspect and al so these
defined with radexenrgecuel Yheﬁsecoﬂet@uﬁmaetmOA@V&@tageeﬂ%ly, t he

CryStalllnecg?éggglar ﬁﬁ aspeces of the invention, when in the form

10 of an alumincsilicate, has a mclar ratio of SiC, : Al.O;
within the range of frem 2C to 70:1, and preferably within
the range of from 20 to 60:1.

is indicated zhove, silicon may be replaced in whole cr
in part by germanium, and aluminium may likewise be replaced,

15 preferably by gallium.

The inventicn also provides a process for the
manufacture of the cryscalline mclecular sieve oI the
invention which comprises subjecting tc hydrothermal
treatment & synthesis mimiure having & compositiorn within tne

20 molar ranges of

15 to 5 8i0;  : R1.C:
20 to 60 H.0 : 510,
0.1 to 0.2 ¥ i S1GC;

together with an organic structure cirecting agent

(template), advantagecusly within the melar ranges ©

40 to 70 E8iC; 1 21,0

6.27 to 0.34 M : 8iC

together with an crganic structure-directing agent, &nd

preferably within the melar wanges of



according to all aspects of the invention, when in the form 10 of Q
alumnosilicate, has a nolar ratio of SiQ2 : A1203 wthin the rbﬁ&@ LR
from2Cto 70:" , and preferably within the range of from20 to 60:1. As
i ndi cated above, silicon may be replaced in whole or in part by
germani um and alum niummay |ikew se be replaced, 15 preferably by

gal | i umwdteescémventi on al so provi des a process for tHg/Chvfutact ure of
the crystalline nol ecular sieve of the invention which conprises

subj ecting to hydrothermal treatment’a synthesis mixture having a
ccmpositicn within the 2C nolar ranges of 15 to 95 Si2 : AI2C3 20 to
60 HRO: SIS 0.1 to 0.4 D' SiC2 25 together wth an organic structure
directing agent (tgnpLate)a;advaniggeously within the nolar ranges of

40 to 70 SiC2 A1203 30 35 to 40 HRO'SFIC2 0.27 to 0.34 1,1' SiC2 t oget her
with an organi c acésé- tcafa@ Hprefer@bdzy within the nolar ranges of 2 5 MAY
2005 WD 02/ 46099 %CE%C BQ%%QS%-ZSSS‘I to 66 Si 02 A1203 38 to 40 H2O
Sic2 0.29 to 0.32 %W &o>°>% tOQeyﬁer wi th an organic
structuge-directing agent.

tocgether with an crganic structure-directing agent.

The invention further provides a process for the
manufacture of a crystalline molecular sieve which comprises
subjecting to hydrothermal treatment & symthesis mixture

10 having a composition within the molar ranges of

40 to 70 30, : Al:0;
35 to 39.5 H;0 : 810,
0.27 to 0.3¢ M : Si0,,

15

advantageously within the molar ranges of

57 to 66 €:0, : Al:0:
38 to 3%.5 H.0 : 81C;

20 0.29 to 0.32 W : S10;

together with an organic structure-directing agent.

M represents en alkall metal, advanta ecusly sodium.

0

25 Advantageously, in each case, the template is present in &
mclay proportion of 0.07 to 0.20:1 bzsed cn Si0;, preferably
0.08 to 0.12 : 1, most preferably 0.0% to ©.10:1, ard
typically about 0.094:1. RAdvantagecusly, the template is a
compound having & cation of the general formala

30 RIRPRN'RMN'RPR®R’, end an anicn of the formula R®'r% wherein K
represents a preferably linear alkylene radical having from 4
to 6, advantageously 5, carbon atoms, r?, =%, %, R%, &R and R,
independertly represent an alkyl radical raving 1 to 4,

; - - . -
preferakly 2, carbon atoms, anc R and R’ represgsent a counter



The invention further provides a process for the manufacture of a
crystalline nol ecul ar sieve which conprises subjecting to hydrothéﬁ#ﬁﬂ%ﬁ
treatment a synthesis mxture 10 having a conposition within the nol ar
ranges of 40 to 70 S-402 A1203 35 to 39.5 H20: Si02 0.27 to 0.34 A {
Si 02, 15 advantageously within the nolar ranges of 57 to 66 5 02 : A1203
38 to 3WEGHE@SIO_ 20 0.29 to 0.32 11' Si 02 toget h&GT/4fH-an organic
structure-directing agent. Mrepresents an al kali netal, advantageously
sodium . 25 Advantageously, in each tase, the tenplate is present in a
mol ar proportion of Q.07 tg 0.20:1 based on_Si 2, prefer 08 to 0.12
T st PR P aTEIT 0000 T 56T 1T A 1 8 cali Y bost 0 B9A T
Advant agequsl y, - ¢t de@MphpdeodiiSicacr corpoundgbaving a ealidn, of the genera
formul a 30 RRBRAN+RIN+RSR6R7 and an anion of the fornula R -F5- .. wherein
Rl represerfsrabpr ééMabfy |inear al kyl ene radical having from4 to 6,
advant ageous! ypp, - Gaihon.al Ay, Q1 8, ANd.Rdcc R fRcand K7 | 1 ndependent | y
represent an aFkYI radi cal having 1 to 4, preferably 2, carbon atoms, and
R8 and RO diepmesamt lmlddunt &rs khoMAYa200FuatvD, 246099 PCT1eGBn1105.,5 a
bal anci ng ani on. The anion nmay be, for exanple, carboxylate, e.g.,
acetate; HydfoXrde or, advantageously, a halide, preferably bromni de.
Hydrothermal treatment may be carried out under the

1l
H
m

usual zeclite synthesis conditions. Advantageously used
temperatures within the range of from 100°C to 200°C,
10 preferably from 125°C to 175°C, and convenlently at about

150°C. Temperature may be increasec, gradually or stepwise,

[}

during treatment. Advantageously, & time within the rance ©
from 100 to 200 hours, preferably within the rance oI from
150 to 250 hours, and conveniently from 7 to 10 days is

15 employed, lcwer temperatures corresponcing tec longer times.

Treatment may be carried ocut with or without asgitation,

=
o

o T Y -~ =
inc the vesge Lout

—

)
(T

for example stirring or tumbling {(rotea

10

y carried out with

ot
n
=t

=z horizentzl axis), but is advantasgeo
agitation.

20 The procedure may include an ageing perica, either &t
room tenperature or, preferably, at a moderately eilevated
temperature, lower than that used for the hydrothermal
treatment.

The sources of the variousg elements required in the

25 final product may be any of those in commercial use or

described in the literature, as may the method of preparation

th
it

cZ the gynthesis mixture.

For example, the scurce cf silicen may ke a silicate,

e.g., an alkali metzl silicate, a tetrzaikyl crthoeilicate,

Fh

310 or an aguecus colloidal suspension oI gilica, ZIor example one
sold by E.I. du Pont de Nemours uncer the trade name Tudox.
Ludox ES-40 is a sodium-containing product while Ludox

ES-40, which is presently preferred, contains little sodium.



Preferred is a N,N,N,N1, N1, N heraethyl pentane 5 di amoni um halide, also
known as Diquat-5, preferably the bronide. Hydrothermal treatngdtMAYellibe
carried out under the wusual zeclite synthesis conditions. Advantageously
used are tenperatures within the range of from 100C to 200C, 10
preferably from 125C to 175C, and conveniently at about 150C. Tenperature
may be iwengas®wd, gradually or stepw se, during trebETgpss
Advant ageously, a tinme within the ranee of from 100 to 300 hours,
preferably within the ranee of from 50 to 250 hours, and conveni ently
from?7 to 10 days is 15 enployed,.|ower t er.at u cory onding to
| onger tines. af'ﬁﬁeﬁ?%ﬁ Ogﬁg%él%lalﬂ ilé‘dpcrjg W%qﬁ é?gﬁﬁcﬁoﬁﬁgg% ation, for
exanpl e stbF rddrgver s widHdRg (ookat a1t hewvessel-eaboutl uda, hdeir zont al
axis) , but is advantageously carried out with agitation. 20 The
procedur e E¥aiPlienchuthet T SAg8Phg Periisd Meft Her Cal - - rooifiténper ature or,
pref er abl ye, 8l 2 oder 4l el ghevated . ! eIRel Al ecobayph Lbanyd hat used
for the hydrothermal treatnent. The sources of the various el enents
requi red ialddie:iu@bniial, pr.oductn ndy: Berany: ofhiftlfese in commerci al use or
described in the Ii?se_ratur_ ., a8 (ra% the nmethod of preparation r_ the
synthesi s m xt dré. @ 5‘?‘Je>fr5§ﬁllefol‘]ﬁ ¥ soufcedof“si T con nay be a silicate,
e.g., an ahkaldxipet al siédigatevmendtet.raal kyl orthosilicate, 30 or an
aqueous colloidal suspensionn of silica, for examle one sold by E.l1. du
Pont de Nenour $hendePPiHe tFadevAamSCudd). SUTtd6R FS-G4 £°3™ ©F
sodi um cont ai ni ng, Rr ]thqﬁltio\{spi | e Ludes. AS-40, which is presently
preferred, contains ITittle sodi um

10 The synthesis may be aiced by seeds Irom a previou

0]

synthesis, the seeds being advantagecusly collcidal or near-
colloidal, znd advantageously present in a propeorticn of from
0.001% to 1% ky weignt, based c¢n the tctal weight oI

synthesis mixture.

—
n

The direct prcduct of the synthesis described above may
be calcined, cation-exchanged, and otherwise trezted as 1is
known in the art. 2Alkali metal cations in the as-prepared or
calcined form may be removed, for example by treatment with
concentrated acids, e.g., HCl, or with a fugitive base, e.g.,
20 an ammonium ccmpound, to provide the material in its hyarogen
form. The XRD pattern of COK-5 is preservec, possibly witnh
some minor chifte and intensity changes, through ion exchiange
and “hermal treatment. Other mircr variations mey resu-:
from changes in stoichicmetry.

25 Tne crystalline mclecular sieve of the inveation, CTOK-5,
forms ag flake-like particles.

The products of the invention, if reguired after caticn
exchance and/cr calcining, have utility as catalyst
precursors, catalysts, and separaticn and absorption media.

30 They are especially useiul in numercus hydrocarbon
conversions, separations and absorptions. They ray be used
alcne, or in admixture with other meoleculer sieves, in

articulate form, supported or unsupporced, ©r Int

a sugported layer., Hydérocarbon conversiong LIn



2 5 MAY 2005 WO 02/46099 PCT/C 13011054 25 9 The source of alumniumis
preferably hydrated alum na or sodium acum nate. other alumlﬂzgqﬂ@qmges

i nclude, for exanple, a water-soluble alum niumsalt, e.

g., alum nium

sul phate, or an al koxi de, e.g., alumniumisopropoxide, or 5 alum nium
:'fetal, e.g., in the formof chips. The alkali netal source is
advant ag¥8ist¥?sodi um hydroxi de or sodi um al uni nat ePCTRN{&RDl ate is

advant aceously supplied in the forn1%% an aqueous sol uti
synthesis may be aided by seeds from™a previous synthesi

on. 10 The
s, the seeds

bei ng advantagegusly satLoi dalc,of neat, calloidal,.and. advant ageousl y
ro

present in a proportion of

m 07001%to by Wwei ght, based on the octal

wei ght of oisyntbesis iminxtiare., 15 -Thed diviget iproduct cotecihelisyat hesis
descri bed ab%ve 5%%’ be _cal ci ned, cation-exchan and ot herwi se treated

Fhe

as is kn

= & qed7 = =}
25 2 AP KIS THEP at t eati ORECi %“:‘feﬁéaa?— prepared or

treat nent oWsteriza€mi, nedctioOrmnayn bedd.enuvigd, addmyexantd & by

concentrated acids, e. or with a .fugitive base,

e.q., 20 an

.eg., HA, ]
ammoni ufm cenpoundepitdipievi Haht kachaber iTC FR ¢ ST Fipdr 09 U6rm  The

XP.:.' patlq

i ntensity charges, throug

QLM O -23bbis PrEsga ey, Passirbhyi 4y s 50Me mnor shifts and
h Oﬁy ¥ ﬁ Fon xcha%ge aﬁd thermal treatnent. O her

m nor var idisiponsoneereestn- of rigorehangesd nTstodeiiiowet r Ot 'E8 The
crystalline mplecular, sheve 9l Lhe L INeNtd 90pons¥clen SPHEASg

flake- | | KEPAFET Bras T 106E

the conversion of oxygenates tc hydrocarbons.
10

Exzmples

Trne following rnumbered examples, in which all pa

percen-ages are by weight unless otherwise Indicated

15 illustrzte the invention.

Example A - Synthesis of Template

1 mole of 1,5-dibromopentane and 2 moles of

20 triethyiamine are dissclved in ethanol and refluxec

ris and

L

overnight. The resulting solution was concentrated and

finally evapcrated to dryness under vacuum at 35°C.

m

The

vhite product wes recrystallized frecm ether and identifiec as

i, N, N -hexaethylpentane diarmmcnium dibremide

—
p=an
-
—
=
-
Z
L=

25

22 parts of colloicdal silica (Ludox AS-40), 1.5

sodium hydroxide (99%) and 26 parts water were fcrmed into

(HEPDD) .

parts

o
o

20 initisl mixture by stirring for 15 minutes. A sclution oI

0.42 parts of sodium aluminate (Riecdel-De Haen: 54% Rl;Cs;

41% Na,0; 4.98 H;0) in 2€ parts of water was added to the

‘pnitial mixture, &nd stirred for 10 minutes. A scluticn of



The products of the invention, if required after cation

exchange and/ or

calcining, have utility as catalyst precursors, catalysts, andj§ewgr@gi on
and absorption nmedia. 30 They are especially useful in numerous
hydr ocarbon conversi ons, separations and absorptions. They may be used

alone, or in adm xture with other nol ecul ar sieves, in

articulate form

suppor t edOdf-ipsupported, or the of a supported | ay&tT'CE/drbcar bon
conversions include for 2 5 MAY 2005 . WO 02! 46099 PCT/ GBO ! 05425 10

exanpl e, cracking, reform ng, hydrofi%}nc, aronmati zati on,

ol i goneri zati on

(e.g., di%:%n%SEE%gff;%%%%ggg ﬁfggﬁkg!By @Evn@ké@i8§@@@NEBQE§ {0 6 carbon

atons, nore’e

I Meri zation), isomeriZation, dewaxing,

and hydr ogmackiingube (endy.chenaphdha sl ightiioltefEnsy Lthieghérrt 85 | ower
nol ecul ar wei ght. hydrocarbons, al kyl.ation., transal kyl ati on,

di spr opor tT-GiatEoh® i¥1 Y% GnBPT 2t OR 6 ~arondti cs) . Ot her

conver si ons

i nclude the reaction of alcohols with olefins and the conversion of
oxygenates to hydrocarbons. 10 Exanples T- e foll ow ng nunbered exanpl es,
in whick all paft8§iand lpkifent agds Nae@ by wei YhttTunl 888 oitver wi se
indicated, 15 illustrate the invention. Exanple A - Synthesis of Tenplate
1 nole of 1,5-dibronopentane and 2 noles of 20 triethylamne are

di ssol ved i n etrhanglnanhisehluxest wevepnight inThearssulticrng sotalti on was
concentrated and finally evaporated to dryness under vacuum at. 35C. The

sutoclave and heated in a 150°C overn for 10 days.

The sclid

product was recovered Zrom the reaction mixiure, washed, and

10 dried in a 60°C oven for 3 hcurs.

An XRD of the as-synthesized material is shown in

i

|~||

18]

[oF

1. Tn: “rum was recorded cn & SCINTAG X2 ¥RD
1. This spectr

{ffractometer with Bragg-Brentano geometry, using the X

radiation of copper, a 2 mm/4 mm divergence 5lits assemkly, a

15 0.5/0.2 mm receiving slits assembly and a diffractometer

radius of 25 cm. The spectrum was recorded with a step size

of 0.010°, a count time of 0.300 sec, & range OI 2.00-4€.00°

a

néd z continuous scan rate of .00 dacrees per minute.

Those skilled in the art will recognize on examinaticn

1 P 3

: 1 j - rezvry veaks in the 28
20 of the ¥XRD of FPig. 1 that its only sharp peeks 1n the 2€

(Cu¥,) recion extending from 5 <o 23.% are those at -B8.&2,

W8]
1y

{1

. The sharp peaks of Fig. 1 are such t

~1 4, and ~2
~2 2.

(8]

0

. . a LR ~ - - o
their heights subtended by a 26 range of 0.2° is

(N}
52}
“
I
o
0
ot
fu
]
T
[
W
fmd
'._.l

L

g
H
m
Al
t
(]
=
ot
oy
fu
o
-
oy

ol
!r}
[
i1y

XRD of Fig. I contains a number ci

.01, there being & further sharp pes

2% the part o

® peaks

iy

vailing noise level., The

either individual or in the form of an unresolved series,

A portion of the sample was sulzjectec to

thermogravimetric analysis (TGA) znd showed a welght loss of

20 B.3% between 270 and 650°C. A further portion was calcined

1

at 550°C, initially under nitrogen for 2 hours then under

cxyeen for a further § hours. Cremical enalysis of

calcired sample gave in molar ratios:



white product was recrystallized fromether and identifien as 2.5 M

N, N, N, N1, N1, N1- hexaet hyl pent ane di ar nmoni um di br om de ( HEPED) 5% E&§W%Ie
1 22 parts of colloidal silica (Ludox AS-40), 1.5 parts sodi um hydroxide
(99% and 26 parts water were fcrmed into an 30 initial mxture by
stirring for 15 mnutes. A solution of 0.42 parts of sodium al um nate

(R edel ~TVH44EH: 54% Al 20, 4' 1% Na2Q, 4. 98 H20) i n 8/ PHMY0f water was
added to the initial mxture, and stErred for 10 minutes. A solution 2 5
MAY 2005 WD 02/46(199 PCT/ G801/ 05425“11 5.9 parts of HEPDD in 3E parts
of water was slowy added to the m xture and the final resulting m xture
stirred for 13 mnutes to give anolar conposition of: 5 66 Si02 : 1 A1203
: 9.6 Na20 : 6d% HEPDD :: 23434 H2Q Jh&8ynthesis m xture was poured into a
stainl ess steel autoclave and heated in a 150C oven for 10 days. The
solid product was recovered fromthe reaction m xture, washed, and 10
dried in a 60GQvepetorid hauss: AeXRE of pbhei@aswsypthesilzadematerial is
shown in Fig. This spectrumwas recorded on a SCI NTAG X2 X=

di ffr act oneter:ai twasBmagg:Bréemtanot Gemrerdgorpisiongathé’ Ku  Fhadi ati on of
copper, a_2 mm 4 nmdivergence slits assenbl a 15 0.5/0.2 mmreceiving

- - = ~ - li iy yw!' -3 % :
slits ass&fbl S aitfeadfffratromeld®: ﬁgaiggfdfcigp%ﬁ$‘fﬁé“fpa% rum was
recorded wiih @ step size of 0.010, a count tine of 0.300 sec, a range of

2.00-46.00" and a continuous scan rate of 2.00 decrees kaﬁqknute. Those

skilled in the*ara=biicnl of edsyicz 8Y O TXefinatTionf Was rixe
KE>, made into a wafer, and the FTIR spectrum anaiysed.

10 Bands at 569 cm™ and 545 cm™*, characteristic of pertasil
vibrations, and at 3734 cm?, characteristic of surface SiCH
groups, were noted.

Scanning electicn ricroscopy (SEM) ci both as-

synthesized and calcined samples indicated that the samples

15 were flakes of thickness about 0.1lpum.
Exemole 2

The hydrogen fcrm ¢i the new zeollte, COK-5, wes

j—!

ned semple was

(W

20 obtained as follows. A portion oif the calc
refluxed with a molar ammonium acetate soluticn fcr 8 Lours,
filtered, washed with distilled water and dried at 60°C fcr 2
hours; this procedure wss repeated three tires. The final
dried material wzs calcined at £50°C, initially for 2 hours

25 under nitrogen and finally under oxygen for & hours.

Various characteristice of the hvdrocer form of the new
zeolite were determired by the n-decane catalyiic conversion
test after :mpregnating z sample with PC(NH;).Cl; to obtain a
¢.5% Pt loading, the Pt-loaded zeclite firet beirg heated st

3¢ 4$00°C under oxycen then hydrogen for 1 hcur.

The decane test was performed as described in

J.A. Marters and F.A. Jacobs, Zeolites 1866, 6, 234;
)

i}

Martens, M. Tielen, F.A. Jacops anc J. Welthkamp

Vi Verr

Zeglites 1684, 4, SE; and W. Souveriing,



20 of the XRD of Pig. = that its only sharp peaks in the 2P (Cukd) MAEGilbn
extending from5 to 23.5 are these at -B.62, 2.44, and -23.01, there being
a further sharp peak at -25.02. The sharp peaks of Fig. | are such that
the par: of their heights subtended by a 20 ranee of 0.2 is 25
substantially greater than the prevailjng noise level. h XRD of Fig. I
contains a nunber of additional broad peaks, either individual or in the
formof an unnesoIVﬁg ser
I

J: C jes,_ A portion of the sanpl $ _Ssubjected to
t her nogravi MetT e a y%ié'(ﬁ%ﬁ&“aﬁdcgﬁoaeﬁ'agﬁEPgﬁt ?Oggngfh §%“%13@6
bet ween 270, ang-650C. A furtheg;portion was calcined at 550C initially
under nitrogen for 2 hours then under oxygen for a further 8 hours.
C-em cal analyisé ssofhplbectcabki hedrsaapte gaveebnrnbkdr ctatvicosic2 5 MAY
2005 1V0 02/46099 PCT, GB01/054" 12 48.4_Si Oz A12U3 : U 9 Na2U The
speci fi CHWMIERES Wkl OF &Y ppPPl ovE f 2P hel CdlEi hed =5 rateri &l WS
measured by nitrogen adsorption at 77 K _The. @EI sgrfa%eﬁareqkwag 345
m / g, 5 arftP e ®i Y opdr e~ YoF une WasStB241  nt g A portion 6f thEas™
synthesized sanpl.g was,mxed w Bre.dmde into a-wafers andcthe FTIR
spectru&%%néﬁ?g%asi%gCE2E§§'é?h%%b(%ﬁ$$ and 545 %n}E, Eharacterisgic of
pent asi lshiibrat i oasleandsatc3734 cm |, characteristic of surface SiCH
groups, were noted. Scanning election mcroscopy (SEX) of both as-

synt hesi zed and cal ci ned sanples indicated that the sanples 15 were

1 noace abat N 1
fl akes of—thickness—about—0-—1tm

Takle 5 i
Zeclite Structure Type ox1° EC DI i
Z5M-35 FER 10.3 0 13 '
ZSM-22 TON 14.5 0 19 }
MCM-22 MW 4,6 0.7 1z i
Eeta *2ER 1.4 7.1 { 1.¢C
ZSM-57 MFS 3.0 1 1.7 ! 15.2
Z5M-12 MTW 2. | 5 ] 13
ygy } TR 1.8 | 1.6 E ¢
Morderite MOR 1.8 | £.¢ | 33 j
COK-C E - 2.7 2.5 1 17.9
CI®: Refined Constraint Index
10 DI: Dimensicneality Index EC:;: Ethyloctane Index

Examp_e 2

This examples describes a further synthesis of COX-%.

15 Z soluticn of .53 parts NzOH (RLCCR, S&.8%) and 0.E51
pzrts of ARl{OF); in 40.0& parts of weter was pregarsc %
template solution ceataining &.16 parts of HEZPDD in 20.20
parts of water was also preparsi. Thes template solution wWag
=dded to a mixture of 230.05 parts cf colloidzl s:licz {(Luaox

20 BS-40) and 32.14 parts of water together with 11.53 p&rts ol

vinge water and stirred until homogenecus. The

sodium/aluminium sclution was then adced wilh §.E83 peris Ol



Exanpl e 2 The hydrogen form of the new zeolite, CUK-5, was 20 obtained as
follows. A portion of the calcined sanple was refluxed with azstﬂlmaqqgﬁ
ammoni um acetate solution for s hours, filtered, washed with distilled
water and dried at 60C for 2 hours; this procedure was repeated three
times. The final dried material was calcined at 450C initially for 2
hours 25V@pdér?ni trogen and finally under oxygen forP@/®Weu#s® vari ous
characteristics of the hydrogen form.of the new zeolite were determ ned
by the n-decane catal ytic conversion-"test after inpregnating a sanple
with Pt(NH3)4C 2 to obtain.a_.0.5% Pt loading, d.zeolite
first bei ﬁé)lhea‘fctd" Taf' 304 68 unc e‘lrDt §f3gehgghe%%%§§%85§§g’?‘ % hour. The
decane teshawease penter sedhastdeseribed in J. A Martens and P. A Jacobs,
Zeolites 1956, 6, 3.34; J.A Mrtens, M Tielen, F. A Jacobs and J.

Wi tkanp, Zeolites 1954, 4, 9E; and W Souverijns v;. Verrelst 2 5 MAY
2005 13 G Vanput sehe,. J. /j}\l d\{artgnﬁg andoP, A . g&;a@gbsp J.24€hemo Soc.

Chem Comrun., 1994, i671. The sanpl e of COK-5 prepared as descri bed
above was corrpared wi th other zeoli tes and found to exhibit a unique 5
conmbi nation of_refined constraint in, E

1n auio v) WI{SO‘) DverCE
criterion of 2% §r?d“?85d?3r%”n§*°‘5n5?‘fli ~ |n88x %T ”11f g - shown i n Tabl e

5 below. %aplers Zeel hhenStimiet g{&ﬂé&p%%@:&&&ﬂmzwﬁ@a@lﬁa& 20.3 0 13
i4.5 0 19
60 rpw for 168 hours.

The resulting sclié product was washed and dried, and

10 ccnfirmed by XRD as being identical tc that of Example 1.



ZSM -22 TONJ MM 22 h.;w4.6 0.7 12 Beta EEA 1. 7. 1 c ZSI’Z’LSSMM\/ﬁg
3.0 1.7 15.2 ZSM 12 h:TW2. 4 6 13 USY .Au 6 O Nbrdenite ?CR 6
COK-5 - 2.7 2.5 17.9 C: Refined Constraint index 10 DI : Dinensionality

| ndex EC8: Ethyloctane Index Exanple 3 This exanples describes a further
synthesis of COK-5. 15 A Solution O 2.53 parts NaCH ALCCA,  98. 5% and
0.51 -arV¥QO0%H™ & (O, ~in 40.05 Darts of water was éﬂr“g” .

tenplate solution containing 8.16 parts of HEPDD in 30 20 parts of wat er
was al so prepare:. The tenplate sol “ution was added to a mixture of 30.05
parts of.;eellkoi daI silica (Ludox 20 AS-40) and 32.14 parts o' _ water
together With 11.53 parts of rinse water and stirred until honpgeneous.
The sodi unt al um ni um sol utlon was then c-ddec with 9.83 2 5 MAY 2005 WO
02/ 46099 PCT| GBQJ/ 054" ; ri ter and st rred The [esuSI tJI ng honobgeneous
T Xt Ur 6 1< had e 767 af 1% GIGEPt Font 802 ¢ TPS1203 779, 75 Na20 :

5. E8 HE&DQG.V gﬂﬁ?raldzg}m%a?h@raomp}@s) ~mr¢hvva55 he:a;t ettei arBN @utrocl ave to
150C over 2 hours, and mmi nt ai ned at that tenperature wth tumbl i ng at

60 rp ferx<i68 Howr §5 (CuK,) region extending from 5 to Z2.5, three

0.5 anc 23.C1

13
1Y

sharp peaks at 26 (Cuk,) cf .82 - 0.1, 12.

+ 0.1,

2. R crystailine molecular sieve as claimed in claim 1
10 which has, as the only sharp peaks in the 28 {(Culi) region
extending from 5 to 25.5, four sharp pezks at 2€ {CuKy) of

g.82 + 0.1, 12.44 + 0.3, 23.01 =+ 0.1 and 25.02 + 0.1,

3. A crystalline molecular sieve having a cheracteristic
18 X-ray diffraction tattern (XRC) &s set out in Teble 1 belov.
Table 1

28 (CuK,) Intenzity ‘
€ to 6.7 W/
g.82 + 0.1 s

o 12.44 + 0.5 m

l i4 Toc 16 T !

23.01 + C.1 VELrY S
22.5 to Z24.5 5 my &
25.0z + 0.1 | variable; mav or may nct be present
25.5 to 27 m
w = weak m = medium g = strong
20 4. A sieve as clzimed in any one of claims 1 to 3, which is
an aluminosilicate havirg a molar ratic of Si10, @ R10; witnin

the range of from zZC te 73:1, edventagecusly from 20 tc 60:1.



The resulting solid product was washed and
as being identical to that of Exanple 1. 2

dried, and 10 confirned
5 MAY 2005 WO 02/ 16099

MRy 0

PCUGBOLro425 C CLAIMS: 1. A crystalline nolecular sieve having a

Characteristic X-ray diffraction pattern

(XRD) which has, as the only

sharp 5 peaks in the 2c (CUKa)
sharp peaks at 26 (CuKa) of 8.82

regi on,extending from5 to 23.5,

t hr ee

0.1, °12. 44 -

0.5 and 23.C1

ne nDIecuIar

sie

+ 0.1. 2. A

crystall €;as clalng I
only sha%p pedks it fig 53 %uﬁ reggon

sharp peaksthéthaﬁrGQHKaEOQE 8. 82 T 0.1,

Llaim &_1719 which, has, ; as the
exten ng fron15 to 25.5, four
12.44 + 0.5, 23.01 + 0.1 and

25.02 + . 3. crystal line nol ecul ar sieve having a characteristic 15
X-ray dlffractlon pattern (XRD) as set out in Table 1 below. Table 1 26
(QU0) 3Ll 800 T Mg 8 Bz 00 3, AR5 02 At tpto T
var _ahl e,.qrrgéétor\,u)é Ret-+25.5 to 27 w = Weak m = rredl ums = strong 20 4. A
si eve "as cl ai ned’in any one of claims ' to 3, whichis an L _..." 11 Cate
having a nolar ratio of SIQ2 : A 203 w thin.

7. A sieve &t claimed in any one cf claims 1 to 6, heving e

vefirned constraint index of frem 2.5 to 3 and an ECe of from

2 to 3.

10
8. L sieve zg claimed in cleim 7, having a refined
conetraint index of about 2.7 &nd an ECe cf eabout 2.5
G . 5 cieve z= claimed in cla:im 7 or claim 8, wnich 2lg0 nas

15 2 dimensionality index greater thzn 5.
1¢. 2 sieﬁe 2g cleimed in.claim &, which has &
dirensicnality index of from 17 to 1%

20 11 2 rrocess for the manufacture of & crvstealiirse wolecular
sieve as d=fined in claim 1, which corprises Suljectini TO
hydrothermal treatment a synthesis mixture navirg a
composition within the molar ranges oI

25 15 to 90 Si0, £1-0:

20 to &0 FHo0O 51C:

C.1 to C.£ N S1C
rogether with an crganic structure CLTECTING &Nk, merein 0
recresents an alkeli meteal.



the range of from2C to 72:1, advantageously iron 30 to 60:1. 2 5 %@N ﬁgOS
5. Asieve-as Clained it. any one o: clains 1 to 4, which is inl P !
hydrogen form 6. A sieve as clained in any one of clains 1 to 5, which is
5in catalytic form 7. A sieve as clained In any one of clainms | to 6,
..aging a refined constraint index -from2.5 to 3 and a;: 50E of from
2 to 3. 10 8 Asieve as claimed in claim7, having a refined constraint

i ndex of, about,_2 d_an_.EC.s.of ;aboyt:2 -5 .9, A sieveas,glained in
clain1g“%r g%a?ﬁ? e%ﬁi&ﬁ §F§6§ﬁés‘Jlgyé‘§iﬁéhsfﬁnélity ind§§ dﬁgiter t han
5. 10. Asieve nsschacardoknriehaimr9inwbhehrhas rarzinndexodf fro- 17 to
19. 20 11. A process for the manufacture of a crystalline nolecular sieve
as defined in claim1, which conprises subjecting to hydrothernal
treatment a synthggisﬁngxture haying a ,conposition within the nolar
ranges of 25 15 t6°96°5182 . .. “n20 Si¢ :°20 to 60 0.i Lo C._ G

together with a..zgrgankg structure direebing’ agent wherein 6:

represents an alkali nmetal. 30 2 5 MAY 2005 12 . A process as craned in
claim 1' , wherebn2t ecsynthesi ¥ m xtureChas a conposition within the
nol ar ranges of

13. A process as claimed in claim 12, wherein the molar
ratio of H,0:5iC, is within the range of 35 to 2&.35:1.

10
14. A process as claimed in claim 11, wherein the synthesis
mixture has a compcosition within the molar ranges of

57 to &6 SiCa : R1,0-
15 38 to £0 =-C £10;
.28 to 0.2 Mo S10;.
15 R process &s cleimed in claim 14, wherein the moiar
yatio of F-0:81i0, ig witnin the rarnge ©f & Lo z2.Z2:1%.

20
16. A process as claimed in eny ong of clalims 11 O 13,
wherein M represents socium.

17. & process as cleimed Iin any one of claims 11 to 1g,

55 wherein the organic structure cirecting agent is present in e
molar proporiion of (.08 to 0.12 1, bazsed on £i0;, &nd 1s &
compeund having a ce-icn ¢f the general formula
SRR RINTRERIRT and  an anion of the formala RURT wherein R
represents an alkylene radical having from 4 to & carbon

2n aroms, R, RY,RY,R%,R® and B, incependently represent an alnvl

; N - e
radical naving 1 tc ¢ carbon atems, and X5 oand kK

‘independently represent hydroxide cr a hzlogen.



40 to 70 Si2 : A1203 35 to 40 -,r : 5102 0.27 to 0.34 hi SiO13. A
process as claimed in claim12, 'wherein the nolar ratio of HZO NG s
within the range of 35 to 3.5:1. 10 14. A process as clained in claim 11,
wherein the synthesis mxture has a conposition within the nolar ranges
of 57 to 66 SIC, : Al202 38 to 40 2G:Si2 0.29 to 0.32 h:' : S . 15.
A process as clainmed in claim14, ',:herein the nolar ratio of HC S
is the faneepof3-4Q:2955c1:1r2@ 16. cAzprogesswasrelial medrépraeyrnene of c
ains 11 to 15, wherein Mrepresents sodium 17. A process as clained .n
any oneaoif ickarnslk}itaclBzc25awhenrei WEEREI6r ganke St ructdherditecting
agent is resent in a nolar _proporti ﬁr) or 0 Q%ctQP.Q.:%‘Z%,Mb‘acs:eg .on % 2,
and is BEPEBABOUNGTh&VIHg a°cafron thE geh‘e?él “formila®™, 2 3P " E+e F

"N LN RpRyRsangh an_aniaek 0kt hgneClienr@nR8-RAaMheei n RL

repr eseﬂﬁsﬁéh%éf\ky?e%e ?géi gal }ha\?ilgg from4 to 6 carbon j:) atons, F2,
t~' .3 RaaCerablyi ntependentiey represent an al kyl radical havinc 1 to
carbon atons, and and R independently represent hydroxide or a hal ogen 2
5 MAY 2005 18. A process as clainmed in claim17, wherein k- represents a
| i near al kyl ene _radi_cal _and_wher:ei .t o.R7 .i:ndependent:| r.epresent an
et hyl ré%li’caf‘, *’t‘ﬁé‘%tsgrrﬁlsa?gQ\zglg\‘/:gnt‘ggg%ﬁls?y, bei %g% o LR

~

carried cut for 7 to 10 dzys &b & temperature within tre

rarce of frem 100°C to 200°C, advantacsously In an autcclzve
10 with agitation.
20 L process ag craimed in any one ¢f claims 11 To 1%,
whnerein the syrthesis proluct is calclired, LCn-€XCnangel oY
freed frem alksali mecal cations
i5
Z1. R process of crcanic separation, adsorption or catalyses
rezction, carried cut in the presence of a crystelline
molecular sieve as cilaimed in any one of clzims 1 to 10 or
the product of a procgess &s Cclaimed 1n any Tne of Tlaims il
20 to Z0.
22 A procesc as cleimed in claim 21, whereln the procsss 1
dewaxina, olefin cligecmerication, CI LYCTrOTIrsCH1ng
25 23. A crvstzlliins moleculzr sieve heving an ARrD
substantially &s shown in Fig. 1 hereln
24 A crystallline wOleCUlar Sleve Neving & reilineq
constraint index in the rznge cof from 2.5 to 3 &nd &n oy 10
30 the range of Ifrom 2 ro 2
25 Z sieve &5 claimed in claim 24, naving a rellneod



a NN, N,NL ,N1 ,N -hexaet hyl pentane di ammoni um halide, 5 preferably the
brom de. 19. A process as clainmed in any one of clainms =_ to 1Ej Y gaf 10%ed
out for 7 to 10 days at a tenperature within the range of from 00c to
200C, advantageously in an autoclave 10 with agitation. 20. A process as
claimed in any one of clainms 11 to 19,,¢ wherein the synthesis product is
cal ci ned, ion-exchanged or freed fromalkali nmetal cations. _s 21. A
process 20f onganies Separatdieihe adsafptirore orocat bd ysers, reaction scarri ed
out in the presence of a crystalline nolecular sieve as clainmed any one
of claiims_at olib@roriortdle pr odukst: of & Process? a5 claimed in any one of
clainms 'l 20 to 20. 22. A process as clained in claim?2l, wherein the
process is dewaxing, olefin oligonerization, or hydrocracking. 25 23. A
crystal L ne rvppISeCéJjear Sieve having an X R subﬁgantlggl ky as shown in Fig.
1 herein. A ‘crystalline nol ecul ar sieve having a refined constraint
i ndexs i @1&’(’@6}9’_@ﬂ@ﬂ]ﬂf‘_ firam:2.5 ttoh 8 mntanc E& T 30 theifanee of from 2
to 3. 25. A sieve as clained in claim24, raven. a refined constraint

i ndex of about 2.7 and an EC8 of about 2.-. 2 5 MAY 2005 9 26. A sieve as
claimed in claim 24 or claim25, which also has a dinensionality index
greater than 5. 27. A sieve as clained in claim 26, ,:hick has a 5

di rensionality index in the rance of from17 to 19.





