WD 02/ 096802 PCT/ US02/ 14410 -1- SYNTHETI C POROUS CRYSTALLI NE MATERI AL

| TQ 12, | TS SYNTHESIS AND USE Field of the Invention [0001] This invention
rel ates twom2mossk synthetic porous crystalline material, pdTGo02A44100 a

met hod for its preparation and to its_gls_e in catal ytic conversion of

organi ¢ conpounds. Description of the Prior Art [0002] Zeolitic materials,
both natural andSYWTHEBTIC POROEDERY STLIDINE BMATERMIIE(PAZL to have
catal ytic properties for various types of hydrocarbon conversion. Certain
zeolitic materials are order ddS PONJHBESKY AN USKe netal | osilicates having
a definite crystalline structure as determned by X-ray diffraction, within
which there are a | arge nunber of smaller cavities which may be
interconni.t Fg Eé q nulr]rbeg of still smaller channels or pores. These
cavities formin size within a specific zeolitic material.
Since the dinensions of these pores are such as to accept for adsorption
nol ecul es of certain dinensions while rejecting those of |arger dinensions,
t hese mat €j0i08lly haltgs dnveativo réletek towmons! $ymheticiparousiceystallinanthtemal,
utilized in a variety of ways to take advantage of these properties.

[ 00031 SucH Qdi2etup amethpd fersits prgparatianangd|to disdiseyn catdytic Cqu@r%a@og wi de
variety of positive ion-containing crystalline silicates. These silicates
can be de¥EANSHPTRROUNGS; 4i d t hr ee- di mensi onal framework of Si 04 and
Periodic Table Goup II1A elenent oxide, e.g., Al04, in which the
tetrahedra are cross-linked by the sharing of oxygen atons whereby the
rati o of thesdrivtidn sFibuPridrishtel ement and silicon atons to oxygen atons is
1: 2. The electroval ence of the tetrahedra containing the Goup IIlA

el ement is balanced by the inclusion in the crystal of a

[0002] Zeolitic materials, both natural and synthetic, have been
demonstrated in the past to have catalytic properties for various types of
hydrocarbon conversibn. Certain zeolitic materials are ordered, porous
crystalline metallosilicates having a definite crystalline structure as determined
by X-ray diffraction, within which there are a large number of smaller cavities
which may be interconnected by a number of still smaller channels or pores.
These cavities and pores are uniform in size within a specific zeolitic material.
Since the dimensions of these pores are such as to accept for adsorption
molecules of certain dimensions while rejecting those of larger dimensions,
these materials have come to be known as "molecular sieves" and are utilized in

a variety of ways to take advantage of these properties.

[0003]  Such molecular sieves, both natural and synthetic, include a wide
variety of positive ion-containing crystalline silicates. These silicates can be
described as a rigid three-dimensional framework of SiO4and Periodic Table
Group IIIA element oxide, e.g., AlO,, in which the tetrahedra are cross-linked by
the sharing of oxygen atoms whereby the ratio of the total Group IIIA element
and silicon atoms to oxygen atoms is 1:2. The electrovalence of the tetrahedra

containing the Group IIIA element is balanced by the inclusion in the crystal of a



WO 02/ 096802 PCT/ USO2/ 14410 -2- cation, for exanple an alkali netal or an
al kaline earth netal cation. This can be expressed wherein the ratio of

t he G oupwid d2Aegdoenent, e.g., alum num to the nunber of peariLgsQAati ons,
such as Ca/2, Sr/2, Na, Kor Li, is equil_ to unity. One type of cation may
be exchanged either entirely or partialfy with another type of cation
utilizing ion exchange techniques in a conventional nanner. By neans of
such cation exchange, it has, been possible to vary th roperties aof a

gi ven sil i 68li@LE9r sxamplsian alklamstepram %ﬁ@%ﬁ%@{ﬂeﬁé&gﬁgc 19 n the

tetrahedra _are occupied | | e 1.0 i.on. [ 0004]
Prior art FWﬁ?e%\gge%gbﬁ%rrggB%? E‘Eiee F%ﬁg@%m%oég?rrgﬁtb%%f%gﬂg@gﬁo vtglr@i ety of
syntheti c ﬁﬁﬁme}%vaﬁ/@wcaqfontsr@&ﬁ A0/2! 892 Ry K @MY, fsxqha] deshignat ed by

| etter or other convenient synbols, as i1llustrated by zeolite A (U S.
Patent 2, 88, t&gebf cattal iniag bé €xdhSngddhtidar eAtifdp o? pajtiallyewithtanothef U. S.
Patent 3,130,007); zeolite ZK-5 (U S. Patent,k 3,247,6195); zeolite ZK-4
(U.S. Pat efipesofptionstilizing s ¢xchapgnteshniques inpa canyeriopgb msgsst. Bolite

ccol o 2SiosD oEpch By chynem 3 Baheenadipint 18y e bR 245):
ite ZS A - : i (S
4 054, 325) MR ety PYSHTRle sB1eP B BBl e e P o e

few. [ 0005%ctAlnclinigs orespiclbyaueiiculesoicrmtet priedoi dehgtratiomsi | i cate form
many zeolites are known in silicate and borosilicate forns. For exanple,
silicalite is a silicate formof ZSM5 and is disclosed in U S. Patent

L TS T SRR B Bl o 0o
2o 11 (borLry b 2oqotant o] s ARl e hm b RAAT  cence
of an or ganitfer & befdricBAvenient symbols, as illustrated by zeolite A (U.S. Patent

2,882,243); zeolite X (U.S. Patent 2,882,244); zeolite Y (U.S. Patent 3,130,007);

zeolite ZK-5 (U.S. Patent 3,247,195); zeolite ZK-4 (U.S. Patent 3,314,752);

zeolite ZSM-5 (U.S. Patent 3,702,886); zeolite ZSM-11 (U.S. Patent 3,709,979);

zeolite ZSM-12 (U.S. Patent 3,832,449), zeolite ZSM-20 (U.S. Patent

3,972,983); ZSM-35 (U.S. Patent 4,016,245); zeolite ZSM-23 (U.S. Patent

4,076,842); zeolite MCM-22 (U.S. Patent 4,954,325); and zeolite MCM-35

(U.S. Patent 4,981,663), merely to name a few.

[0005] Although most frequently encountered in aluminosilicate form,
many zeolites are known in silicate and borosilicate forms. For example,
silicalite is a silicate form of ZSM-5 and is disclosed in U.S. Patent 4,061,724,
whereas AMS-1B is a borosilicate form of ZSM-5 and is disclosed in U.S.
Patent 4,269,813. In addition, GB-A-2,024,790 discloses borosilicate forms of
zeolite beta (boralite B), ZSM-5 (boralite C) and ZSM-11 (boralite D).

[0006] Many zeolites are synthesized in the presence of an organic directing

agent, such as an organic nitrogen compound. For example, ZSM-5 may be



agent, such as an organic nitrogen conpound. For exanple, ZSM5 may be WO
02/ 096802 PCT/ US02/ 14410 -3- synthesized in the presence of

t et r apr opwlogagmmoggorm cati ons and zeolite MCM 22 may be synidyegdozgghipn t he
presence of hexanethyleneimne. It is also knowmm fromU. S. Patent No.
5,785,947 that zeolite SSZ-32 can be Synthesized in the presence of

N, N - di i sopropyl i mdazolium hydroxide. [0007] It is also known to use

fl uori de-contai ni ng conpounds, such as hydrogen fluoride, as mneralizing
agent s i n syetiieisizedsy theprisencerafitetrpropy lmumpnium gatrousrndgrenitodsM-he use

of hydrogen flugride in.water, at |o to m.neral.ize sil.ica i,n glass for
Che. aynt hos Bagbe s AR R o VERF B OB08]. 1S AP ddiory

. Li . . ' Li cor 12
naving, | AP SreRAh & AT G MBS B caRbe TRAERIAL I IS o
val ues su g@?{cg@flw,wsdi%brgf@qmdb@omﬁﬁI}gdfo;ggé,ow. [0009] The invention

further resides in a nmethod for preparing | TQ 12 and in the conversion of
organi ¢ conpounds contacted with an active formof I1TQ 12. DESCRI PTI ON COF
DRAW NGS [0010] Figure 1 is a schematic_ illustration of unit cell of ITQ
12, showi d§007he pdtistalemknewn thase p@%ﬂ@-&pmmf&p&ﬁ@rt{m@ﬁfaw @e 2 is a
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mineralize silica in glass for the synthesis of ZSM-5.

SUMMARY OF THE INVENTION

[0008] The present invention is directed to a novel porous crystalline
material, ITQ-12, having, in its calcined form, an X-ray diffraction pattern

including values substantially as set forth in Table I below.

[0009] The invention further resides in a method for preparing ITQ-12 and
in the conversion of organic compounds contacted with an active form of ITQ-

12.

DESCRIPTION OF DRAWINGS

[0010] Figure 1 is a schematic illustration of a unit cell of ITQ-12, showing

the positions of the tetrahedral atoms

[0011] Figure 2 is a schematic illustration of the channel system of ITQ-12,
again showing the positions of the tetrahedral atoms.

[0012] Figure 3 shows the X-ray diffraction pattern of the as-synthesized
product of Example 2.



[0013] Figure 4 shows the X-ray diffraction pattern of the as-calcined
product of Exanple 2. DESCRI PTI ON OF SPECI FI C EMBODI MENTS [ 0014] The

synt het i cwooragesoer ystal line material of this invention, IPLQ/US2/14418 a
single crystalline phase which has a 2-%i mensi onal channel system
conprising two sets of intersecting chahnels wherein each channel is
defined by an 8-nenbered ring of tetrahedrally coordinated atons. One set
of 8-nmenbered ring channels each has, cross-section dine?sio s of about
3.4 Angst r H818y 4 shovs tha Xoay difiacian peHernoehide agea %ﬁe‘ﬁpﬁ?é#ﬁ%r ed
ring channet eacrﬁzhas cross-sectional dinmensions of about 2.7 Angstrom by
about 4.8 @ gé%mB * [0015] The structure of ITQ 12 may be defined by its
unit cell, which is the smallest structural unit containing all the
structural elements of the material. Table 1 lists the positions of each
t et r ahedr aDESCRIRTION© R BPECIBIC EMBODIMENGISS; each tetrahedral atomis
bonded to an oxygen atomwhich is also bonded to an adjacent tetrahedral
atom Since the tetrahedral atonms nay nove about due to other crystal

B%Eeﬁmiﬂquﬁ%ﬁieeﬁf?@ SuHERIE Boraw FLCUAI 08 Ped el algBis R R0 186513, 568
: 263

0. 236 0. 508 T5gE Itallidhae dgtlopfilyd olihipig et 5l 10 0 05

0.902 0. 28gompfsitgdad $&t9Bfirler8Sking channels wherein each channel is defined by

an 8-membered ring of tetrahedrally coordinated atoms. One set of 8-membered

ring channels each has cross-sectional dimensions of about 3.4 Angstrom by
about 4.6 Angstrom, whereas the other set of 8-membered ring channels each

has cross-sectional dimensions of about 2.7 Angstrom by about 4.8 Angstrom.

[0015]  The structure of ITQ-12 may be defined by its unit cell, which is the
smallest structural unit containing all the structural elements of the material.
Table 1 lists the positions of each tetrahedral atom in the unit cell in nanometers;
each tetrahedral atom is bonded to an oxygen atom which is also bonded to an
adjacent tetrahedral atom. Since the tetrahedral atoms may move about due to
other crystal forces (presence of inorganic or organic species, for example), a

range of + 0.05 nm is implied for each coordinate position.

Table 1

T1 0.645 0.369 0.088
T2 0.563 0.599 0.569
T3 0.547 0.598 0.263
T4 0.153 0.369 0.767
T5 0.236 0.599 0.285
T6 0.252 0.598 0.591
T7 0.153 1.132 0.767
T8 0.236 0.902 0.285
T9 0.252 0.904 0.591
T10 0.645 1.132 0.088



T10 0.645 1.132 0.088 WD 02/ 096802 PCT/ US02/ 14410 -5 Table 1(Conti nued) Ti
| 0.563 0.902 0.569 T12 0.547 0.904 0.263 T13 0.129 1.120 0.088 T14
0.046 1.3%0® 6/®d6H2 T15 0.030 1.348 0.263 T16 0.670 1.120 g1/6s02/1444d 0. 752
1.350 0.285 T18 0.769 1.348 0.591 T19_0.670 0.381 0.767 T20 0.752 0.152
0.285 T21 0.769 0.153 0.591 T22 0.129°0.381 0.088 T23 0.046 0.152 0.569
T24 0.030 0.153 0.263 [0016] ITQ 12 can be prepared in essentially pure
formwith little or no detectable inpurity crystal phases and has an X-ray
diffraction pattern which is diEabledu{(ctdingedm t he patterns of other

known as-synt hesized or t mal | r eat ystal.line materials by the
lines listed in Table 2 ﬁﬁ)w T@Bﬁ% 2 d%d%gj Rel ab’rgﬁf’g Intensities 8.31
133 0.947s- vs 0.904 0.263

b
0.2 mvs 6.750.15 vwm Bl
T13 0.129 1.120 0.088

T14 0.046 1.350 0.569
T15 0.030 1.348 0.263
T16 0.670 1.120 0.767
T17 0.752 1.350 0.285
T18 0.769 1.348 0.591
T19 0.670 0.381 0.767
T20 0.752 0.152 0.285
T21 0.769 0.153 0.591
T22 0.129 0.381 0.088
T23 0.046 0.152 0.569
T24 0.030 0.153 0.263

[0016] ITQ-12 can be prepared in essentially pure form with little or no
detectable impurity érystal phases and has an X-ray diffraction pattern which is
distinguished from the patterns of other known as-synthesized or thermally

treated crystalline materials by the lines listed in Table 2 below.

Table 2
d(A) Relative Intensities (I)

8.31+£0.2 m-vs

6.75 £0.15 VW-m
5.63+0.15 §-V§

4.98 £0.15 vWw-m
4.26+0.15 w

3.49+0.1 W

3.44+0.1 m




4.980.15 vwm 4.26 0.15w3.49 0.1 w 3.44 0.1 mW 02/096802
PCT/ US02/ 14410 -6- [0017] These X-ray diffraction data were collected with

a Sci nt agwd (jzfgbmti on system equipped with a gernmani um g@ltigsoshaf1e
detector, using copper K-alpha radiation. The diffraction data were

recorded by step-scanning at 0.02 degre@s of two-theta, where theta is the
Bragg angle, and a counting tine of 10 seconds for each step. The

i nterplanar spacing, d's, were calculated in Angstromunits, and the

rel ative i [Q04Wi t i BsesefXrinediffraetion dataovers cotlectad wdilea Shindtg diférachornsi t y

of the strongest |ine, above background, were derived with the e of
profile fw&t@mgeqwm@]én gERBRUNGOlt sate yletesfog oHSIng GPPP '4lﬂﬁ%ngi tiaes
are uncorrected f ent.z. an ol arizati f o T | at.|

Mo t1 edigiony; The AREERlfy B0 PR E0R B LS ing AR DEBERES 100y
= strong ( | ' andeAko Tdsver

weak (0- 20??“?@2?%%‘3@5% s PBrifd angle, aprdouniipithe o0 sebOIS/OTY |
sanpl e as firngich stép)eBhehiterptuia Spacihg,ndik ) weteecalanated dp pimpgtroimesitsyhi ch

under certain conditions, such as differences in crystallographic_changes,
may aplolear and Eh@@éatmdmtﬁnsms woif dhe {inesd4), iscena-hyrdredthmfighe anteysity of

crystal |l ographi han I ncl ud ' h | ' | |

Ol RS S el PR s e A i 48 Jriogye P2 ot er
These i nopGld Rffifhe (0P Se8AUMrARDE Bfedrfinfr) 3hb iffehihiBNiHd iftorrdeAdy al SO

occur as a re erences In cation Content, framework composition,
nature anghrdegiege Aid pslaBzdtidn éffiests. CTHS rélbtise aRemdMiessirendverpirefeems ed

orientation and thernal and/or hydrothermal history. [0018] The

crystal | i nef that symitadls ok =t veirg sirong §80-d00h = atr@ngrfﬁﬂggt')),m = medium (40-
60), w = weak (20-40), and vw = very weak (0-20). It should be understood that
diffraction data listed for this sample as single lines may consist of multiple
overlapping lines which under certain conditions, such as differences in
crystallographic changes, may appear as resolved or partially resolved lines.
Typically, crystallographic changes can include minor changes in unit cell
parameters and/or a change in crystal symmetry, without a change in the
structure. These minor effects, including changes in relative intensities, can also
occur as a result of differences in cation content, framework composition, nature

and degree of pore filling, crystal size and shape, preferred orientation and

thermal and/or hydrothermal history.

[0018] The crystalline material of this invention has a composition

involving the molar relationship:
X203I(H)Y02,

wherein X is a trivalent element, such as aluminum, boron, iron, indium, and/or
gallium, preferably boron; Y is a tetravalent element such as silicon, tin, titanjum
and/or germanium, preferably silicon; and n is at least 5, such as about 5 to oo,

and usually from about 40 to co. It will be appreciated from the permitted values



involving the nolar relationship: X203: (n)YQ2, wherein X is a trivalent

el enent, such as alum num boron, iron, indium and/or gallium preferably
boron; Y WO @/metoeaval ent el ement such as silicon, tin, tirGEWSei4and/ or
germanium preferably silicon; and n is7at | east 5, such as about 5 to co,
and usually from about 40 to co. It will be appreciated fromthe perntted
val ues WO 02/ 096802 PCT/ US02/ 14410 -7- for n that ITQ 12 can be synthesi zed
intotally siliceous formin which the i val.ent el enent )1( absent or

t
essent i al 1pr aghahkT Qf1g0aay bwni@ﬂzeérlaé@@yéf\él GHOUS PR B3 ﬂigaﬁeTQ 12 have
| oyed fl.uori i ticular HE i i zi t and h ,
P72 e Rlane et RO R s s Re P o o ae annydr ous baci <

and in terns of noles of oxides per n noles of Y02, as follows:
(0.4-0.7)R X203 : (n)Y®2: (0.4-0.7)F wherein Ris an organic noiety. The R

and F conpjoogs} s, Cuirah proecsassioe sithdsizinigtITQ-12 Inme enpbyablaorndss,| t of
their presence during crystallization, are easily renoved by
post - cr ystialpgartieulan s oumeralizangagans endbeace dn disastsypfiesed dpiBed.

0020] Th talli terial of .the . t] is t | | t.abl d i
{he-onl of TR IS s BTG o 41 atvdimhasted ets Ph R ol et Sear bon
sorption C@ﬁ%ﬁéééﬁy&gﬁs’tﬁlg&éhe extent desired and dependi ng on the

X203/ YO2 nD io e rmaterial, any cations in the as-synthesized
| TQ 12 can be replaced in accordance with techni ques well known in the

art by ion exchange wi th g her7)Rea,NR)YH,0ac0.93F repl aci ng cations
i nclude netal ions, hydrogen ions, hydrogen precursor, e.g., ammbni umions
and m xtures thereof. Particularly preferred cations are those which

tailor theyhéteit Rtis@nasrighnictiioietyr. Tles Raind Fydmpoaemsywhich are associated
with the material as a result of their presence during crystallization, are easily

removed by post-crystallization methods hereinafter more particularly described.

[0020] The crystalline material of the invention is thermally stable and in
the calcined form exhibits a high surface area and significant hydrocarbon

sorption capacity.

[0021] To the extent desired and depending on the X,05/YO, molar ratio of
the material, any cations in the as-synthesized ITQ-12 can be replaced in
accordance with techniques well known in the art by ion exchange with other
cations. Preferred replacing cations include metal ions, hydrogen ions, hydrogen
precursor, e.g., ammonium ions and mixtures thereof. Particularly preferred
cations are those which tailor the catalytic activity for certain hydrocarbon
conversion reactions. These include hydrogen, rare earth metals and metals of
Groups IIA, IIIA, IVA, VA, IB, IIB, 1IIB, IVB, VB, VIB, VIIB and VIII of the
Periodic Table of the Elements.

[0022] The crystalline material of the invention may be subjected to

treatment to remove part or all of any organic constituent. This is conveniently



conversion reactions. These include hydrogen, rare earth netals and netal s
of Goups IIA IIIA VA VA IB IIB, 1I1B 1VB VB, VIB, VIIB and VIII

of the Pgig@dogsodabl e of the El enments. [0022] The cryst algdimesopaigoi al of
the invention may be subjected to treatnent to renove part or all of any
organic constituent. This is conveni ent&’y WO 02/ 096802 PCT/ US02/ 14410 -8
effected by thermal treatnent in which the as-synthesized nmaterial is

heated at a tenperature of at |east about 370C for at least 1 minute and
general | y effectédbydherntdl areapfetidnvéniciviftiel as-syutihesieeshbmetdrial py kested & @an be
enpl oyed for the thermal treat '

t, atnmpspheri.c pressure i.s desired for
reasons of tCEMSTAATGOL leasi@bpuks Qp for ableagint miEp e@@dp%ernpgﬁlﬁé%o%j?n%er (

t enperaturg upnt;0._about, .925C. . The er r jally in
to et al D) A 0Gua NP oot Rk gl BR LRI GHE e fRAGEL B
catal ysi s ' B& is dERETBRIARBNS of BOWRMRB. TRRCL i ONS.
[ 0023] Theﬁéﬁtﬁgﬁgﬁt@r?gﬁ mat e@ieglﬁngfls?he I nvent i orr11S gan be intimtely conbi ned
wi th a hydheganiatrédtthenoomobe performed atsa teumgerheme updoabouny2570l yBaenum
rhenium nickel, cobalt, chrom um manganese, or._ a noble netal such as

pl ati num othepapily teaipdpreductaesneaiadlyan asiaetabdwdaesriesnd AHMANINEL i on is to
be perforpged. Such.c onent .can be . i.n .the ¢ osition b of

cocrystal | H“;‘é‘?i ‘érﬂarg%ggﬂﬁd\éa{:ql Mt ﬂ’et %aIX%ﬁﬁgﬁﬁgﬁhOfﬁ%an 8‘%)&%?%51)@’0 up
[1TTA ele l.upi num is in the structure, inpregnated therein or
I nti mat el ;f@dhézﬁ?g?lgg?a[cﬁogg.‘m xed therewith. Such conponent can be inpregnated

in or onto it such as, for exanple, by, in the case of platinum treating
the silicate with a solution containing a platinumnetal -containing ion.

Thus, sui t @923] pl atTheuenystdipomatesial of theninyeption ear be irtimatelxeembiisdat i ni ¢
B At iR B hydogeatng Cotmponent Sich & RGHAR S h by SR, 2t U
rhenium, nickel, cobalt, chromium, manganese, or a noble metal such as
platinum or palladium where a hydrogenation-dehydrogenation function is to be
performed. Such component can be in the composition by way of
cocrystallization, exchanged into the composition to the extent a Group IIIA
element, e.g., aluminum, is in the structure, impregnated therein or intimately
physically admixed therewith. Such component can be impregnated in or on to
it such e;s, 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, platinous chloride and

various compounds containing the platinum amine complex.

[0024] The crystalline material of this invention, when employed either as
an adsorbent or as a catalyst in an organic compound conversion process should
be dehydrated, at least partially. This can be done by heating to a temperature in
the range of 200°C to about 370°C in an atmosphere such as air, nitrogen, etc.,
and at atmospheric, subatmospheric or superatmospheric pressures for between

30 minutes and 48 hours. Dehydration can also be performed at room



[0024] The crystalline material of this invention, when enployed either as
an adsorbent or as a catalyst in an organi c conpound conversion process
shoul d bwodelhyekoat ed, at |east partially. This can be dorreThySobeatidbng to a
tenperature in the range of 200C to a?out 370C in an at nosphere such as
air, nitrogen, etc., and at atnospheri’c, subatnospheric or

super at nospheri c pressures for between 30 m nutes and 48 hours.
Dehydration can also b erf or.nme m WO 02/ 096802 PCT/ US02/ 14410 - 9-

t enper at urlBMREFAEILE Iﬁ?e‘fﬂ gﬁipéﬁcllﬂ&giqaﬁé‘ig mﬁVé%%??Hfaﬂﬁnge& "nler tinme is

required to obtain.a suffie ent ation. [0025] The
crystalli r{ngﬁ?ﬁq %tf a@ﬁ?‘l‘@ﬁ%@ﬁ?@ﬁﬁggg%}gg%&épar ed froma reaction

m xture contai ni ng sources of water, optionally an oxide of trivalent

el ement X, e.g., alum numor boron, an oxide of tetraval ent elenent Y,
e.g., sil[oops], a dheesystalineganteritRf the inesttiontet epepasmddrdhwor i de i ons,
said reaction mxture having a conposition, in terms of nple ratios of

oxi des, wirskdtipninixturetarsasning seurgessol wetgstantopally enaxige ef Fadent vo2/ x203

t | t 5 At | t 40, H20/ YO2,2-50 5-20 Y! 0 - 1.0.4-0.8 F/Y02
8. 1 _eai O.eAQIB.e@%?%'gOZ"IW?Qm 91 §O1P1g 28 OFH%?Z%%TC%H‘S%SPB%W%&F &&i ng agent R

used her ei ;i . - ggeis ol e @ !.?"’e{ﬂd:ﬂ%. y is
1,3,5-tri r?e%%‘%’%%ggggggge{% oxi@?& 11, 3, b rinmet d;/r]‘i’ci’l‘ena ai%ﬁghﬁ{?g‘regxi de can
readily benRhepdaethdy cofpobitionl irrRndk of enstersticy dfoxided, lvaithia the or

5-nmet hyl i madazole with nethyl 1odide followed by ani on exchange of the

resul t ant foll8wing ranges:hyl i madazol e

Reactants Useful Preferred
YO,/X50; at least 5 At least 40
H,0/YO, . 2-50 5-20
OH/YO2 0.1-1 04-08
F/YO, 0.1-1 0.4-0.8
R/YO, 0.1-1 0.4-0.8

[0026] The organic directing agent R used herein is the 1,3,5-
trimethylimadazolium cation and preferably is 1,3,5-trimethylimadazole
hydroxide. 1,3,5-Trimethylimadazole hydroxide can readily be prepared by
methylation of commercially available 4- or 5-methylimadazole with methyl
iodide followed by anion exchange of the resultant 1,3,5-trimethylimadazole

iodide.

[0027] Crystallization of ITQ-12 can be carried out at either static or stirred
conditions in a suitable reactor vessel, such as for example, polypropylene jars or
teflon lined or stainless steel autoclaves, at a temperature of about 150°C to

about 200°C for a time sufficient for crystallization to occur at the temperature



i odide. [0027] Crystallization of ITQ 12 can be carried out at either
static or stirred conditions in a suitable reactor vessel, such as for
exanpl e, pa ozmoesoyl ene jars or teflon lined or stainl ess KiT@edo2autiocl aves,
at a tenperature of about 150C to about 200C for a time sufficient for
crystallization to occur at the tenperatlure WO 02/ 096802 PCT/ US02/ 14410
-10- used, e.g., fromabout 12 hours to about 30 days. Thereafter, the
crystals are separated fromthe liquid and recovered. [0028] It should be
realized thedd, e, fremctbionn 18ibouws ® sy G0etatys. Thardadter, shppkystalsye nore t han
one source. The reaction m xture can be prepared either batch-w se or -
cont i nuouspspargeqddram the heuidandgegeverefi zati on tine of the new crystalline
material will vary with the nature of the reaction m xture enployed and
the crystallization conditions. [0029] Synthesis of the new crystals may be

facilltatefpiigne RIHSORGR x%fag?éd et B rdcdn Hﬁ&@%gpgg@gﬁgﬂ%%m 0.10

percent an | nore pretera percent, see baseg on total

wei ght) of sgfpifddethy idee tHaddird sour &3 e rEbetic rdttatscar eppradrdyeitiiee i nst ant
invention can be shaped into a wde variety of particle sizes. Generally

speaki ng, bhiehpaiseioricestinwonshe Crysthksizé andreystadlizadimactimenigheneve, or a

nol ded product, such as an_extrudate having article size sufficient to
pass throu@WSSanZnWFFT(&fW@r‘P%é’Y‘g]%ﬁleaIFﬂfu‘E?eOfrtg? HrArEeNIRX redgjgp]i%{g (Tyl er)

screen. Ingﬁgglgescry?tﬁflgzaéigﬁcﬁ%ﬁl t is nolded, such as by extrusion, the
extrude

crystals c efore drying or partially dried and then
extruded. [0031] The crystalline material of this invention can be used as
an adsorbent or, particularly inits alumnosilicate form as a catalyst
to catal yz§0@29}i de Symthess pf die néwmrgsblsoawee Sicditapadone teepresencewdiabg many
of present .
P least 0.01 percent, preferably 0.10 percent and still more preferably 1 percent,

seed crystals (based on total weight) of crystalline product.

[0030] The crystals prepared by the instant invention can be shaped into a
wide variety of particle sizes. Generally speaking, the particles can be in the
form of a powder, a granule, or a molded product, such as an extrudate having
particle size sufficient to pass through a 2 mesh (Tyler) screen and be retained on
a 400 mesh (Tyler) screen. In cases where the catalyst is molded, such as by
extrusion, the crystals can be extruded before drying or partially dried and then
extruded.

[0031] The crystalline material of this invention can be used as an adsorbent
or, particularly in its aluminosilicate form, as a catalyst to catalyze a wide
variety of chemical conversion processes including many of present
commercial/industrial importance. Examples of chemical conversion processes
which are effectively catalyzed by the crystalline material of this invention, by
itself or in combination with one or more other catalytically active substances
including other crystalline catalysts, include those requiring a catalyst with acid

activity. An example of a reaction for which ITQ-12 is particularly suitable is



commercial /industrial inportance. Exanples of chem cal conversion processes
which are effectively catalyzed by the crystalline nmaterial of this

i nvent i onwdxs/ooédosel f or in conmbination with one or nore Gidiauso2/14410
catalytically active substances inclu '&ng ot her crystalline catalysts,

I nclude those requiring a catalyst wwih*acid activity. An exanple of a
reaction for which ITQ 12 is particularly suitable is WD 02/ 096802

PCT/ US02/ 14410 -11- the conversion of nmethanol to ol efins and ot her

cheni cal s the cosuetsiamotmethanpbiesolefing pudipther ghemigady afi igpetion copditigrh about

?%?g EZ nE;Eﬂ?gﬁidéééggg@a?@%?fﬁﬁ%éw%@ﬁr 5 ?gﬁﬁ%&%@ﬁ@ﬁ@?@%ﬁﬂ*@%ﬂ?oggg] “As
rf%x%aanﬂﬁ)(). & ?dé Xﬁﬁﬁ%phbltes r@}ﬁ r?t)@?%%? hé&l?t EB&% vd16&P O Betfrechne new

crystal wi ef  material “‘resista eratures and ot her

condi ti onsyRMRI00Y 86d hPo@r[WANi ¢ 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 netal oxides

such as alum na. The latter y be either .paturally.occurr.ing or in the
form of gel0882hous Apitierasapbdagy C@Eﬂﬁ)ﬁs’f?ﬂ&%it??gé%frﬁgf?r@s‘n‘é‘?rpgfa}t?ca and

nmetal oxides. Use of ;a.,material _jin ' | ' tal, i.e.,
e O U5 el S B e AR N B Gt 1o
|'s active, dyfiisnd &n%h}?@ﬂﬁ‘n bhoniC CONRESbAProtdbey. Shahicrialyinefudehe
catalyst in certaln organi c conversion processes. Inactive materials

sui tably sgtive anel idattivninatdrialcant syaithétieommaurallyodccunimy eeclitenas wel gi ven

process so that products can be ogbtained in an ec?no }c and orderly manner
Wi t hout ergslioprgapiomeaseriate aweh asplays silics andder wekal pxides such apaimiga. These

AR T M e T
conmer ci al , 0peiatdty FAOHchidAS miRAires FPifith 3h§ mdtalfoxidés. AWse oP¥1 des, etc.,
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 control the amount of
conversion in a given process so that products can be obtained in an economic
and orderly manner 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, i.e., 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 and/or
oxide binders have been employed normally only for the purpose of improving

the crush strength of the catalyst.

[0033] Naturally occurring clays which can be composited with the new

crystal include the montmorillonite and kaolin family, which families include the



function as binders for the catalyst. It is desirable to provide a catal yst
havi ng good crush strength because in commercial use it is desirable to
prevent tWw® o2oatsabyst from breaki ng down into powder-|i ke raaresozasdo These
clay and/or oxide binders have been egBoned normal ly only for the purpose
of inproving the crush strength of the“catalyst. [0033] Naturally
occurring clays which can be conposited with the new crystal include the

nmontnorillonite and kaolin famly, h famlies (nclude the WO 02/096802
PCT/ US02/ 1wlvbentomtes sﬂ]lﬁb@ﬁtk@ﬁllﬂ%gomﬁ}% h@owa@s 16 dAFRANGCKASI%s Di xi e,
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subj ect ed tination, acid treatnent or emcal nodification. Binders

usef ul  f oro@NRANG inin8d opiitikiallpeulpeeednd calcysdtivn, atigldreatmehtigiechiensicgani ¢
oxi des, such as silica, zirconia, titania, rraagem a, beryllia al um na,

and mi xt urmedifieatioof Bindesajsefu foreiimpesiting witethepresssi ﬁ@’st?éta&?pl als, the

new cryst al be ited with_a parous trix _materi as
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silica- ber&rﬂl}m a?ldlrhﬁamtersttﬂé}'e& as well as ternary conpositions such as
na-

silica-al ’horia i'ca-alum na-zirconia silica-alum na-nmagnesia and
silica-magnesi a-zirconia. [0035] The relative proportions of finely
divided crystalline material and inorganic oxide matrix vary widely, with
t he cryst d0084ht entlnragdifiomtof the fomigoing matelrrals;bhﬂme\smyﬁald@mbeby wei ght and
nore usual ly, particularly when the co 05|te p aredJntheformof
beads, i n OFaPeAiegavith aqsEes matr wBtRsial § EC aesl ?‘%‘é‘ﬁg@n?l 158 t he

conposi t e. IQI[’\ 35% 12L& ik il fokidl Eichde¥sifaalifich ifadla by wRrirl]s the

i nvention
ternary compositions such as silica-alumina-thoria, silica-alumina-zirconia

silica-alumina-magnesia and silica-magnesia-zirconia.

[0035] The relative proportions of finely divided crystalline material 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
composite is prepared in the form of beads, in the range of about 2 to about 80

weight percent of the composite.

[0036] In order to more fully illustrate the nature of the invention and the

manner of practicing same, the following examples are presented.

Example 1 - Preparation of 1.3.5-Trimethylimidazole hydroxide.

[0037] 11.5 g of 4(5)-methylimidazole (98%) and 45.36 g of K,CO3-1/2
H,O were suspended in 250 g of chloroform. 78 g of methyl iodide were added
dropwise to the resultant slurry under continuous stirring and the mixture was

stirred for 3-4 days at room temperature. A second addition of 78 g of methyl



manner of practicing sane, the follow ng exanples are presented. Exanple 1
- Preparation of 1,3,5-Trinethylimdazol e hydroxide. [0037] 11.5 g of

4(5) - met hwla omodesool e (98% and 45.36 g of K2C03-1/2 H2O werrusegpanded in
250 g of chloroform 78 g of nethyl io?#de were added dropwi se to the
resultant slurry under continuous stirrirng and the mxture was stirred for
3-4 days at roomtenperature. A second addition of 78 g of nethyl WO

02/ 096802 PCT/ US02/ 14410 - 13- i odi de was [mde, ac?ﬁ)i@n under cont i ncg&us
stirring, igdiderwies mpde.aeainEBdetGoniBHOROIITIALT G HIEMIKTHER Was SPECGHI it i on

was then recovered, b Ll tratiaon shed w t r :
rotary-evdp eé§ %Xgi Itfhtel‘f'gﬁktbqrb‘gﬁ%srg% V%?%Pg@&é@{)rlg’v\gwgﬁ%h resul ting
solid was Slmﬁ“a 2| ' lalremdped.ysi s and
t he 1W NNF?ﬁﬁﬁlg)?ca e‘@i@tr ﬁ%ﬁ?% Kﬂgﬁm%%%%@%&grﬁg{éﬁm?dazol e 1odide.
[0038] 1, 3rke tdshiRigdlidvsewakigedwithethaendascpuaphiell e diensntalani oni ¢
exchange fromthe |odild(-;-,r using a resin, Dowex (Si gma , .as the }l}jydroxi de
source, t hemalysis mdithei B NYER indicaied thatithe snlid was d B, wdtigethylirdageleyse
until the . er was at a pH of 7. The procedure involved dissolving 31.1
Qg of 1, 3,99G% | net hyl i mi dazole iodide in 75 gal distilled water and

contacting the resulting solution with 150 g of Dowex resin for 12 hours
under mechanical stirring. After filtration and washing the resin with the

| east anoygp3gf waiey,shfimhPN@idazoshydibxidasyds ftepartedi byedinydtiamiadic ol e
hydr oxi de,” the sol ution was Totary- evaporated at 50C for 1 hour. Titration
with 0. 1N éxctlanghfrom thedodideatsovgea resig DowexrESigya) nasddiedivelronide oxi de
concentration of the final soluti Oﬂ &:ogge .ag l{it1 10" 3 . m%l [ g of ]ts | ution.
Exanpl e 2 sougyaihreesin bavipg bery washeq Wit % ValH HEST 1G1ee Ut Besi s gel
used for tv@%te% ¥vr;1tsra]1 asllp?-l Q? 9 Lﬁ'l% ﬁr8£é<ﬂl% %o@écﬂiissolving 31.10g of 1,3,5-

trimethylimidazole iodide in 75 gal distilled water and contacting the resulting

solution with 150 g of Dowex resin for 12 hours under mechanical stirring.

After filtration and washing the resin with the least amount of water to recover

most of the 1,3,5-trimethylimidazole hydroxide, the solution was rotary-

evaporated at 50°C for 1 hour. Titration with 0.1N hydrochloric acid showed the

trimethylimidazole hydroxide concentration of the final solution to be about 10°

mol/g of solution.

Example 2 - Synthesis of purely siliceous ITQ-12

[0039] The synthesis gel used for the synthesis had the following molar

composition:

1 Si02: 0.56 R(OH): 0.56 HF: 7 H,O

where R(OH) is 1,3,5-trimethylimidazole hydroxide.

[0040] The synthesis gel was produced by hydrolyzing 20.83 g of
tetraethylorthosilicate (TEOS) in 55.54 g of the 1,3,5-trimethylimidazole



conposition: 1 Si02: 0.56 R(OH): 0.56 HF: 7 HRO where R(OH) is
1,3,5-trinethylimdazol e hydroxi de. [0040] The synthesis gel was produced
by hydrol wo ixgo@0283 g of tetraethylorthosilicate (TEOS) rar/G28419 of the
1,3,5-trinethylimdazol e WO 02/ 096802 PCT/ US02/ 14410 - 14 hydroxi de
sol ution produced in Exanple 1 under cdfiti nuous mechani cal stirring at 200
rpmuntil the ethanol and an appropriate anount of water were evaporated
to yield the above gel mixture. Then, a solution of 2.33g of HF (48 W% in
wat er) anchyldrgxitfe sedutéon pradustdin Fxamplepkunder qonéinuows Siechamselgirtingdazol e
silicate solution. The resultant m xture was nmechanj cal | évand fi natel

déel was

manual 1y  at300 wan yatl the sthaned gad 88 FPPEIIAIR SMOYRLRIGWAEE v eIE SYPPA

very thick as. consequence ,of t S t. Th I
vvasyaut oclt&}élakgtlhe a%?g%gg 148Gy erb%?@h@%ﬁ%‘é%%?@fﬁﬁjﬁg%a 60 T Smge
The pH of ' QT f A | - HCY solid
oroduct 1T bR L8 waleP WS IOy dropbét P 1S BurthPlididabof sol |

filtrationgjlisaehetltitnt M ®kiltdednisaterwasmhecidntchlbt and findlpvemmalipt . The
occluded 1, 3,5-trinmethylimdazole and fluoride ions were renoved by
cal ci nat i ostiraed 68GIC: hemagendows gebwas dprmedk- Thg resuftmeageli wes v thigkds of the

& T bapect? CENFIHRRCSHONR SRR BV Rt s o e s E AR 8P4 °
(A) 100171 pBsoc Byl @a@rs fhddr cé&in&u@%ti}ﬁng at é(?rﬂiﬁo The pH of the final gel
(prior to filtration) was 8.3- 8.6. The solid product, the novel crystalline material
ITQ-12, was recovered by filtration, washed with distilled water and dried at
100°C overnight. The occluded 1,3,5-trimethylimidazole and fluoride ions were
removed by calcination at 650°C in air for 10 hours. X-ray diffraction analysis
of the as-synthesized and calcined samples gave the results listed in Tables 3 and

4, respectively and shown in Figures 3 and 4, respectively.

Table 3
o (A)  100Ly/Lex

8.48 20
8.33 40
6.77 18
5.62 100
4.97 10
4.48 10
4.25 20
4.18 15
4.14 10
3.89 15
3.88 10
3.80 15
3.75 5
3.70 15
3.48 20
3.43 45
3.37 50




4.97 10 4.48 10 4.25 20 4.18 15 4.14 10 3.89 15 3.88 10 3.80 15
3.75 5 3.70 15 3.48 20 3.43 45 3.37 50 WD 02/096802 PCT/ US02/ 14410 -
15 Tabl e wQ(@maédomued) 3.36 25 3.27 15 3.26 10 2.89 5Pc/@02181102. 86 10
2.81 20 2.80 10 2.78 10 2.70 5 2. 6?5 10

Table 3 (Continued)

3.36 25
3.27 15
3.26 10
2.89 S
2.87 15
2.86 10
2.81 20
2.80 10
2.78 10
2.70 5
2.69 10
2.67 5
2.64 10
2.63 5
2.50 5
1.87 10
Table 4
dug (A) 10010/ ax

8.28 100
7.50 15
6.73 40
5.63 80
4.99 25
4.90 30
4.46 5
4.27 20
4.19 5
4.16 10
3.87 10
3.77 10
3.75 10
3.71 15
3.50 20
3.44 50
3.37 10
3.33 30




2.675 2.64 10 2.63 5 2.505 1.87 10 Table 4 dhkl (A) 100I./Imax 8.28
100 7.50 15 6.73 40 5.63 80 4.99 25 4.90 30 4.46 5 4.27 20 4.19 5
4.16 10 waB2/0068023. 77 10 3.75 10 3.71 15 3.50 20 3. 4L2@E0US03/18i010
3.33 30 WD 02/096802 PCT/ US02/ 14410 - 1?-6

Table 4 (Continued)
3.24 10
2.87 15
2.82 10
2.70 10
2.66 5
2.63 5
2.44 , 5
1.89 5

2.405 5.0

Example 3 - Synthesis of purely siliceous ITQ-12

[0041] The process of Example 2 was repeated with the varying water/silica
molar ratios and crystallization times listed in Table 5 below but with all other
parameters remaining unchanged. In each case the synthesis yielded the novel

crystalline material ITQ-12.

Table 5
Water/Silica Crystallization time (days)
3,4 5
34 7
3,4 9
4 12
7 13

Example 4 - Synthesis of purely siliceous ITQ-12

[0042]  The process of Example 1 was again repeated with the varying

water/silica molar ratios, crystallization temperatures and crystallization times



Table 4 (Continued) 3.24 10 2.87 15 2.82 10 2.70 10 2.66 5 2.63 5
2.445 1.89 5 2.405 5.0 Exanple 3 - Synthesis of purely siliceous ITQ 12
[ 00411 Thwoonavews of Exanple 2 was repeated with the varyamguseatiendsilica
nolar ratios and crystallization timss1 isted in Table 5 below but with all
ot her paraneters renai ni ng unchanged.” *I'n each case the synthesis vyielded
the novel <crystalline material ITQ 12. Table 5 Water/Silica
Crystallization tineesédays) 3,45 3,47 3,49 4,12 7 13 Ex le 4 -
Synt hesi s bstegim drblest Pelosbbiat withallotherperamaiges 1ompiBag Wic &‘?Fﬁl 1 was

o at r BRTaNe B AR e (R Rk b RBRa B B R a0 a7

Table 6
Water/ Silica Crystallization time Crystallization

(days) Temperature, °C

15 36 135

15 49 135

4 20 150

4 18 135

4 40 135

4 7 150

4 9 150

Example 5 - Synthesis of borosilicate ITQ-12

[0043] The synthesis gel used for this synthesis had the following molar

composition:

1 SiO,: 0.02 B,05: 0.60 R(OH) 0.72 HF: 8H,0

where R(OH) is 1,3,5-trimethylimidazole hydroxide and 4 wt% of the SiO, was
added as ITQ-12 seeds.

[0044) The synthesis gel was produced by hydrolyzing 9.71g of TEOS in 21
81g of the 1,3,5-trimethylimidazole hydroxide solution produced in Example 1
and which also contained 0.115 g of boric acid. The hydrolysis was effected
under continuous mechanical stirring at 200 rpm, until the ethanol and the
appropriate amount of water were evaporated to yield the above gel reaction

mixture. After the hydrolysis step, a solution of 1146 g of HF (48 wt% in water)



listed in Table 6 below but with all other paraneters remaini ng unchanged.
In each case the synthesis yielded the novel crystalline material |1TQ 12.
Tabl e 6 Walged/oo&doki ca Crystallization time Crystallizati orper(ekdygl4io
Tenperature, C 15 36 135 15 49 135 4 _20 150 4 18 135 4 40 135 4 7 150
4 9 150 Exanple 5 - Synthesis of bor osilBi-cat e | TQ 12 [0043] The synthesis
gel used for this synthesis had the follow ng nolar conposition: 1 Si02:
0.02 B203: 0.60 R(OH) 0.72 HF: 8H20 where R(OH) is 1,3,5-trinmethylimdazole
hydr oxi de @rti0A3vg of whtear veasSloglynaddeddddeP gof thrd 3 5-tevathylinudazyle The

synt hesis gel was_produced b drol yzi n

, h 9.71 f. TEOS | f th
1, 3, 5- t r i nlipgteiseiu WQd&@ﬁ%d@s‘é&eﬂﬁ a@f&%ﬁgggga&pﬁe@l{gﬁﬁg-ﬁl gd the

hieE . | . . ;
inder contPrac ! HetkaHEeRily B sty aBoURres [ DYSEfUehf piystfafion® O°, 1
appropri at eg.p‘?%%treﬁ’étiddri\gtﬁﬁftuwgs &%@Hﬁii@%lﬁdaﬁ@ﬁﬂgw thahballolameda@til react i on

m xture. At e hy ysis step, a solution of 1146 g of HF (48 W% in
wat er) WO REh0RERUsRET IsBoRed AT he redifitingigd] Wa88eny thickvwast &consagueiapnl y

added to 2.29 g of the 1,3,5-trinethylimdazole
of the small amount of water presenf. The gel was autoclaved at 175°C for 5

days under continuous stirring at 60 rpm. The pH of the final gel (prior to
filtration) was 7.5-7.8. The solid was recovered by filtration, washed with
distilled water and dried at 100°C, overnight. The occluded 1,3,5-
trimethylimidazole and fluoride ions were removed by calcination at 650°C in
air for 10 hours. X-ray diffraction analysis of the calcined and as-synthesized
samples gave the results summarized in Tables 3 and 4 respectively and showed
the product to be pure ITQ-12. Boron analysis gave a Si/B atomic ratio of 200
for the final product.

[0045]  Similar results were obtained when the crystallization time was

extended to 8 and 14 days.

Example 6 - Synthesis of borosilicate ITQ-12

[0046]  The process of Example 5 was repeated but with the synthesis gel

having the following molar composition:
1 Si0,: 0.005 B,0s: 0.57 R(OH) 0.61 HF: 7H,0

where R(OH) is 1,3,5-trimethylimidazole hydroxide and 4 wt% of the SiO, was
added as ITQ-12 seeds. Crystallization was conducted at 175°C for various
times between 5 and 14 days and gave ITQ-12 products with Si/B atomic ratios

varying between 296 and 357.



silicate solution forned. Then, a suspension of 0.04 g of as-prepared

ITQ 12 in 0.76 g of water was added as seeds to accel erate the subsequent
crystal | | wat 020096808t ep. The reaction m xture was mechani calHor/esed/iidimal |y
manual |y stirred until a hom)geneousnggl is formed. The resulting gel was
very thick as a consequence of the stafll anount of water present. The gel
was autocl aved at 175C for 5 days under continuous stirring at 60 rpm The
pH of the final gel (prlor to filtration) was 7.5-7.8. The solid was
recover ed Itya et 1 & aepdbetospicaie L HOskd | | ed water and dried at 100C,
overni ght. The occl uded 1, 3 5- tr| met hyl i m dazol e and fluoride ions were
renmoved by calcination at 650C in air for 10 hours. X-ray diffraction
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summari ze ely an showe pro t to be
pure | TQ %Vlg){m(ﬁwlﬁgllﬁolgﬁy@nﬁoﬁhbﬁ atomc ratio of 200 for the final
product. [004 Simlar results were obtai ned when the crystallization tine
was extended to 8 and 14 days. Exanple 6 - Synthesis of borosilicate

| TQ- 12 [0046] The procdssiOnf 0.8 Byl;e03REOHPeedt HE: BHLOW t h t he synt hesi s
gel having the follow ng nolar conposition: 1 Si02: 0.005 B203: 0.57 R(OH)
0.61 HF: 7H20 where R(OH) is 1,3,5-trinmethylimdazol e hydroxide and 4 wt %
of the Si OfhemsR(QHjedl,3s5- tlTI@@tj_lyhg&émle hy@mxaqle ambfhwiﬁ?l phthecfMr@sed at
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process of? repea nt hesi

Example 8 - Synthesis of aluminosilicate ITQ-12

[0048] The synthesis gel used for this synthesis had the following molar

composition:

1 Si0,: 0.005 A1,05: 0.57 R(OH) 0.61 HF : 5.3 H,O

where R(OH) is 1,3,5-trimethylimidazole hydroxide and 4 wt% of the Si0, was
added as ITQ-12 seeds.

[0049] The synthesis gel was produced by hydrolyzing 10.42 g of TEOS in
29.04 g of the 1,3,5-trimethylimidazole hydroxide solution produced in Example
1 and which also contained 0.0135 g of metallic aluminum. The hydrolysis was
effected under continuous mechanical stirring at 200 rpm, until the ethanol and
the appropriate amount of water were evaporated to yield the above gel reaction
mixture. After the hydrolysis step, a solution of 0.32g of HF (48 wt% in water)
and 0.41 g of water was slowly added to 220 g of the 1,3,5-trimethylimidazole
silicate solution formed. Then, a suspension of 0.04 g of as-prepared ITQ-12 in
0.73 g of water was added as seeds and the resultant mixture was mechanically

and finally manually stirred until 2 homogeneous gel is formed. The resulting



having the follow ng nolar conmposition: 1 Si02: 0.01 B203: 0.58 R(OH) 0.65
HF: 7H20 where R(OH) is 1,3,5-trinethylimdazole hydroxide and 4 w % of the
Si 02 was wadadésags | TQ 12 seeds. Crystallization was condwdtaasoati44if5C f or
5 and 9 days and gave ITQ 12 products,yith Si/B atomc ratios of 258 and
254 respectively. Exanple 8 - Synt hesfS of al uninosilicate | TQ- 12 [ 00481
The synthesis gel used for this synthesis had the foll ow ng nol ar
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RO . gty gk A8 PCRIA PE B el Rl G BRI RESanb 2T BES afen ab
| T 12 ) 0049 hesi E dral i 10. 42
o rEe | rRitagabet s et A e SontiRn R ALREH i et BE, O0- 42 9
produced i@ﬁgﬁﬁgglﬁﬁgpri%r%@itﬁéfﬂbﬁ?w%b 55.-¢ N PRESli Pwdd BleoveRdd Bipt al | i c

al um num ofysis was effected under continuous nmechanical stirring

at 200 r pnfiltrafioh] whbigedewitardistilbsdvatehenddpiedpt il 00%C coveunighaf Thett er wer e
evaporated to yield the above gel reaction .m xture. After the hydrolysis

step, a sobadluded bB,Btrangthylimigazol gnddhirridevipnewere mraoeday eploingdter was
| ow dd . 220 th 3, 5-tkinethylim.d | i1 | uti
o 280805, 22008 B 1S U et 2oL o
t . ] h&al | d
7 e i S S ok . ey ()

finally na nogeneou ormed. The resulting
WO 02/ 09680 1Y4sl bAR02 K1/4d Blomiratig&lf 188fov thigyfindliprdast. a result of the
smal | amount ‘of water present. The gel was autoclaved at 175C for 5 days
under continuous stirring at 60 rpm The pH of the final gel (prior to

titration) was 7.5-7.8. The solid was recovered by filtration, washed with
i stilled WBRH  asimilat exgulis weso ebiaged Whigh tc epgtallization e Was

extended to 7 and 14 days.

Example 9 - Synthesis of aluminosilicate ITQ-12

[0051] The process of Example 8 was repeated but with the synthesis gel

having the following molar composition:
1 Si0,: 0.01 ALOs: 0.58 R(OH) 0.65 HF: 7TH,0

where R(OH) is 1,3,5-trimethylimidazole hydroxide and 4 wt% of the SiO, was
added as ITQ-12 seeds. Crystallization was conducted at 175°C for 7 days and
gave ITQ-12 products with a Si/Al atomic ratio of 182.



occluded 1, 3,5-trimethylimdazol and fluoride ions were renoved by
calcining at 650C in air for 10 hours. X-ray diffraction analysis of the
cal ci ned wah2a96803ynt hesi zed sanpl es showed the product tedeupane1dbTQ 12
and al um num analysis gave a Si/Al at rfic ratio of 188 for the final
product. [0050] Simlar results were obtdai ned when the crystallization tine
was extended to 7 and 14 days. Exanple 9 - Synthesis of alum nosilicate

| TQ 12 [0051] The process of Exanple 8 was repeated but with the synthesis
gel havi ngLAIMS:0l | owi ng nol ar conposition: 1 Si02: 0.01 A1203: 0.58 R(OH)
0.65 HF: 7H20 where R(OH) is 1,3,5-trinmethylimdazol e hydroxide and 4 wt %
of the Si02 was added as | TQ 12 seeds. Crystallization was conducted at

175C for 7 days and ; gav . i L Q@ G, ratio of 182.
WO 021 096802 beT! USoby 143 ST @E&?#@&Emnk@%ﬁf’%‘e%@%‘% s crystalline
material CRURWRIROf fotrdHed i \WRGKs Bidped bltkyEéd aRfnTEhO tdtthedradutomnygen
atons, the tetrahedral atom franework being defined by a unit cell wth

at om ¢ coofrdineatoels bemgndeforedt ey s ungteelirwiihnatbatit eodrdinkkes e narebtetoor di nat e
position may vary within_ 0.05 npanoneter. 2. A syntheti¢_poraqu

cryst al | i nehaven &t Tabledhavhsseiarqash gopydinate ROSION IAY VABE WG §2)t-6%r n

i ncl udi ng val ue%esubstanti ally as set forth in Table 2 of the

speci fi cat PIIPNEC-The crystaliine material of Caim2 having a conposition
conprising the nolar relationship X203:(n)YQ2,

2. A synthetic porous crystalline material characterized by an X-
ray diffraction pattern including values substantially as set forth in Table 2 of the

specification.

3.  The crystalline material of Claim 2 having a composition

comprising the molar relationship
XzOg,Z(Il)YOz,

wherein n is at least 5, X is a trivalent element, and Y is a tetravalent element.

4. The crystalline material of Claim 3 having a composition, on
an anhydrous basis and in terms of moles of oxides per n moles of YO,,

expressed by the formula:
(0.4-0.7)R: X,03:(n)Y0,:(0.4-0.7)F

wherein R is an organic moiety.

5.  The crystalline material of Claim 4 wherein said R comprises

a 1,3,5-trimethylimadazolium cation.

6. The crystalline material of Claim 3 wherein X is a trivalent

element selected from the group consisting of boron, iron, indium, gallium,



wherein nis at least 5 X is a trivalent elenent, and Y is a tetraval ent
element. 4. The crystalline material of Claim 3 having a conposition, on
an anhydrewso2maesog and in terns of noles of oxides per n rREdTASS00f144Y02,
expressed by the fornula: (0.4-0.7)R )3:(n) Y02: (0.4-0.7)F wherein Ris
an organic noiety. 5. The crystalline rfdterial of Caim4 wherein said R
conprises a 1,3,5-trinethylinmdazoliumcation. 6. The crystalline nmateri al

of Cdaim3 erein X.is a trival ent | e t selected fromth rQu
oonsi at | ngaBIoBERb Aadie GambRAER HCraal ARG g S AoH Sy HSREeISTHE PSR 14410
-22 alumn d s i enf ;.. Y iS.3 raval ent el ement
sel ected ?%%aﬁ%l%gﬁ %&ghg@%%?’gts %lﬁghbﬁﬁ’stft?ﬁgl%,ée?p ?[nfu[ i ’taglrﬁjm ger mani um

and a conppppinRidbnitiefeef. 7. The crystalline material of Caim3 wherein
X conprises boron or alum numand Y conprises silicon. 8 A siliceous form
of the crystalline material of Claim3. 9. A nethod for synthesizing the
crystalline material of Claim2_ which conprises (i) preparing.a mxture
capabl e of forming sdid Wﬁ@ém%ﬂlllngm%eﬂq‘h‘)fﬁl?l@éo\ﬁ%‘?rﬁ@? ERIA¥Es of

wat er, opt ibonal Ily an.oxi de Oﬁf( trival enll. el enment X, an oxide of tetraval ent
el enent Y, PTG QT PRHRI R Al Y CRMIPIRGS FHIG8P5 de i ons, wherein Ris a
1,3,5-trinethylimdazoliumcation, said reaction m xture having a
conposition, in terns of nole ratios of oxides, within the follow ng

ranges: Y02/ X203 at BeasA $licddi2B/¥ER o thdcrySidllinihaterial of Claim 3.

9. A method for synthesizing the crystalline material of Claim 2
which comprises (i) preparing a mixture capable of forming said material, said
mixture comprising sources of water, optionally an oxide of trivalent element X,
an oxide of tetravalent element Y, a directing agent (R) and fluoride ions,
wherein R is a 1,3,5-trimethylimadazolium cation, said reaction mixture having

a composition, in terms of mole ratios of oxides, within the following ranges:

Y0,/X,03 at least 5
H,0/YO, 2-50
OH/YO, 0.1-1
F/YO, 0.1-1
R/YO, 0.1-1

(ii) maintaining said mixture under sufficient conditions including a temperature
of from about 150°C to about 200°C until crystals of said material are formed,

and (iii) recovering said crystalline material from step (ii).

10. The method of claim 9 wherein the mixture has a

composition, in terms of mole ratios, within the following ranges:



F/Y02 0.1 - 1 RY02 0.1 - 1 (ii) rmaintaining said m xture under sufficient
conditions including a tenperature of from about 150C to about 200C unti l
crystal s oo ®avekorat erial are fornmed; and (iii) recoveri IRECTIES00/14410
crystalline material fromstep (ii). 1Q. The nethod of claim9 wherein the
m xture has a conposition, in ternms Of 3ol e ratios, within the foll ow ng
ranges: WD 02/ 096802 PCT/ US02/ 14410 -23 Y02/ X203 at least 5 Y02/ X203 at
| east 40 H2Q' Y02 5-20 OH'/Y02 0.4-0.8 F/ Y02 0.4-0.8 R YOQ2 0.4-0.8 11.
A process for converting/@/Ke@Hst ock conpri si n@tlﬁa@b ic conpounds to
conver si on product whi Cg{é /gggdses contacting ség {2@dstock at organic
conpound conversi on con B WWMth a catal yst iﬁ?ﬁ ing an active form
of the synthetic porous I_qurd/sgfégl ine material ofs Ggim 2.

OH/YO, 04-0.8
F/YO, 04-0.8
R/YO, 0.4-0.8

11. A process for converting a feedstock comprising organic
compounds to conversion product which comprises contacting said feedstock at
organic compound conversion conditions with a catalyst comprising an active

form of the synthetic porous crystalline material of Claim 2.



