WO 02/ 096803 PCT/ US02/ 14411 -1 SYNTHETI C POROUS CRYSTALLI NE MATERI AL

I TQ 13 I TS SYNTHESIS AND USE Field of the Invention [0001] This invention
rel ates twom2movseB synt hetic porous crystalline material ,Pdi@o2344110 a
met hod for its preparation and to its #e in catalytic conversion of
organi ¢ conpounds. Description of the Prior Art [0002] Zeolitic materials,
both natural and synthetic, have been denonstrated in the past to have

catal ytic properties for various types of hydrocarbon conversion. Certain
zeolitic materi aSYNFHEIHERGROUS %STMMAIEEMJ&M cates havi ng
a definite crystalline structure g er m Eégx-ray diffraction, within
which there are a | arge nunbddSe? gl ; whi ch may be

i nterconnected by a nunber of still smaller channels or pores. These
cavities and pores are uniformin size within a specific zeolitic material.
Since the g%ﬂ?ﬂ?ﬂﬁﬂﬁvgﬂhhbese pores are such as to accept for adsorption
nol ecul es ain dirnmensions while rejecting those of |arger dinensions,
these materials have come to be known as "nol ecul ar sieves"” and are

utilized in a variety of ways to take advantage of these properties.
[0003] Suci9083] ecul Bhis énvension rplates taa aevel SyBOUG ROFAIS CYSRHBICLde a wi de

i et f i i - tai nj . tall.i i.licates, h il t
can b’ desBrrtbd (13 1o ohedeot BE-iG HERSrba fd r AETeFin fOBRE, "ana ™
Periodic T : : ide, e.g., AlO4, in which th
tg[lrghlegr a@@r%%gggféﬁég&%gaﬁﬁﬁséoéIhar6i ng gf oxygen :attnomsl \(/:\/ner egy t he

ratio of the total Goup II1A elenent and silicon atons to oxygen atons is

1:2. The el ectroval ence of the tetrahedra WO 02/096803 PCT/US02/ 14411
Description of the Prior Art

[0002] Zeolitic materials, both natural and synthetic, have been
demonstrated in the past to have catalytic properties for various types of
hydrocarbon conversion. 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 SiO, and Periodic Table
Group IIIA element oxide, e.g., AlOy, in which the tetrahedra are cross-linked by
the sharing of oxygen atoms whereby the ratio of the total Group IITA element

and silicon atoms to oxygen atoms is 1:2. The electrovalence of the tetrahedra



-2 containing the Goup Il A elenent is balanced by the inclusion in the
crystal of a cation, for exanple an alkali netal or an alkaline earth
met al catwor2/03dsps can be expressed wherein the ratio of pChasS®/oupt |11 A
el enent, e.g., alumnum to the nunber of various cations, such as Cal2,
Sr/2, Na, Kor Li, is equal to unity. Ohe type of cation may be exchanged
either entirely or partially with another type of cation utilizing ion
exchange techniques in a conventional nmanner. By nmeans of such cation

exchange, é&mélﬁgaébﬁa%mm BlelRenY & ¥alhhGe PP RAY bRBidAN indhe @)@ o¥id i cate

by suitable se 1on of "the cation. The spaces between the t€trahedra are

occupi ed hyationl srdx@snpie anallelli meiador bo atlediirdrearthanetal O4tet]. Phis@andret
t echni ques have resulted in the formation of a great variety of synthetic
zeol i tes. owprgssed whersia the shtia efthedveoupdddA etementdegi, ghanawingyto thet t er or

ot her conveni ent nbol s, .as il lustrat eqlite.A (U. S, Patent

2,882, 243)13‘1@5‘81 ¢k Yaripys gatong sigh as faég%f%ﬁa% QBEIIIE%qufﬁUpémnﬁat ent
3,130, 007)¢ i - t.: . : i - . S.

Pt ot 9. Xye 565 bf Gl pl Ho BiplitieEcichpf o be iRl Aiatdmet O ) )
(U.S. Pat nge 3f ¢880R tAlizingZieA lektiganteNedihilksSin LadenntidnSidRaddd) Byeol ite
ZSM 20 (U.S. Patent 3,977,983); ZSM 35 (U.S. Patent 4,016, 245); zeolite
ZSM 23 ( U.iBeamadsitch chtionaxguaige, tdwisibeen IHORsiRR tolasy theapropertiesags, 325) ;

and zeolite MCM.35 (U.S. Patent 4,981, 663), rely to name a few. [0005]
Al t hough nEj¥en sHicgirby syitahle SRgtaTLr e Céﬂt%m P, Smeeas ketisem e many

zeolites ar nown in sil.Leat n resi.li.c exanpl e,
silicali tgtefr%ﬁ% T34y 88‘?‘831%‘%5%?%‘?%‘%%?8%)%@%pg’}ogitégegg‘éréﬁ?h' U.S. Patent
4,061, 724, whereas AMS-1B is a borosilicate form.of ZSM5 and is discl osed
in US  Patent 4,269,813. In addition, GB-A-2,024,790 discloses
bor osi | i cgip@0#pr ns Rrior aretichhigubehave lesnked ieths) fordsbn of b@redtivaeie§) and
ZSM 11 (boralite D). WD 02/ 096803 PCT/ US02/ 14411 .
of synthetic zeolites. Many of these zeolites have come to be designated by
letter or other convenient 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).



-3 [0006] Many zeolites are synthesized in the presence of an organic
directing agent, such as an organic nitrogen conpound. For exanple, ZSM5
may be swotobesdsaed in the presence of tetrapropyl amoni umCaiSoynst1and
zeolite MCM 22 may be synthesized in the presence of hexanet hyl enei m ne.
It is also known from U.S. Patent No.-35, 464,799 that zeolites EU-1 and
NU- 85 can be synthesized in the presence of hexanet honi um brom de
hexamnet hyl enebi s(tri nmet hyl amtmoni un) bromide]. [0007] It is also known to
use fluori@geepnt aiNThigz6SINES HtmilsdstRrdas thdyrbsausof diorgade, dissting

m neralizing agents in zeolite synthesis. For exanple, EP- A-337,479

di scl oses dgeat, saeh af ahydgage mitidgror éodepdumdwlbreexamplepd SM S wajibger al i ze.
silicain glass for the synthes

' f ZSM5. SUVMARY OF THE |.NV 00081
The presengynihpsizediipribe ﬁr%ﬁn@%eﬁ%ﬂgaroyymwnw §a4oRT ?&‘r é?ql}tﬂg}ig@%Ei al
ITQ 13, having, in.its cal cined f X i f £1 ACki:
 nol ud ng 18y ey amseRaf i Sid Grest e ERp e P i s b Bipigpmr o
| nvent | on Ul (A \GS 51664.700 SdrbRds B 1 REANIOLEY chd B Sn@tizédin dee

conver si on of “organi ¢ "éongounds contacted wth an active formof ITQ 13.
DESCRI PTI Qe &ncBRANNGS ef1010h Yroglidehdxansethy eobisisétinmthy lansnomningn of a
unit cell of ITQ 13, showing the positions of the tetrahedral atons

[ 0011] Fi dooemnidef.s a schematic illustration of the nine-ring channel system
of 1TQ 13, again showi ng the positions of the tetrahedral atoms. WO

02/ 096803 PCT/ US02/ 14411 -4 [0012] Figures 3 and 4 are illustrations

simlar toghpgpre 3t ffalldfnb®AtbRY MubHABREhtatYiRE LS unkdE Qubf as

hydrogen fluoride, as mineralizing agents in zeolite synthesis. For example, EP-
A-337,479 discloses the use of hydrogen fluoride in water at low pH to 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-13, 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-13 and in

the conversion of organic compounds contacted with an active form of ITQ-13.

DESCRIPTION OF DRAWINGS

[0010] Figure 1 is a schematic illustration of a unit cell of ITQ-13, showing

the positions of the tetrahedral atoms

[0011] Figure 2 is a schematic illustration of the nine-ring channel system of

ITQ-13, again showing the positions of the tetrahedral atoms.



[0013] Figures 5 and 6 shows the X-ray diffraction patterns of the as-
synt hesi zed and as-cal ci ned products, respectively, of Exanple 2.

DESCRI PTIvoN 0@B968PECI FI C EMBODI MENTS [ 0014] The syntheti c pomawse2/cuyst al | i ne
material of this invention, ITQ 13, is a single crystalline phase which
has a uni que 3-di mensi onal channel syst%n1 conprising three sets of
channels. In particular, 1TQ 13 conprises a first set of generally
paral |l el channels each of which is defined by a 10-nenbered ring of

t et rahedr ajgoM2¢oor diigates @ @aid4are dlsaations sietilaoto enee 2 ofthpasmring|

channel s ich are also defined by 10-nenbered rings of tetrahedrally
coor di nat echamehsyserds ofhIQhl3r e perpendicular to and intersect with the
channels of the first set, and a third set of generally parallel channels
which intersect with the channels of said first and second sets and each

of which ‘Fql %i‘ ”eglgigggfe%isg@ﬁ%‘%ﬁ&\g«g thd R90f dif ra?{t]iroﬁ%%?ﬁé ¥t Rakdi nat ed

atonms. The rst s rirng channel s“each has “Cr oss- séct1 onal

di mensi onsgy@fth@hadd arfth &-Allefed Prodiciaestectvely opEkamiple Phereas the second
set of 10-ring channels each has cross-sectional dinensions of about 5.0
Angstrom by about 5.7 Angstrom The third set of 9-ring channels each has
cross- sectional dinensions of about 4.0 Angstrom by about 4.9 Angstrom
[0015] TheRESCGRIFIIONOF SPECA K EMBODIMEBNISyy its unit cell, which is
the smallest structural unit containing all the structural elenents of the
material. -Table 1 lists the positions of each tetrahedral atomin the unit
cell in nam er s; Thedn iR isti Y 13tiem
which is al so {])onde](;hto glﬁétﬁta%?‘gggﬁﬁsgag?gmag?xgﬁﬁgﬁg% ﬁ\éi&?ltclzéemtﬁg] S

t et r ahedr ah safpdererysaiiimeopteasalyhith diae atumidie DANOGRORa RGNS 11 -5

ot her crystal forces (presence of inorganic or_organic species, for

exanpl e), eompripigs thiee setsod channels; dppreirwas [EQCH eompapene 8rsisst of on.
Table 1

generally parallel channels each of which is defined by a 10-membered ring of
tetrahedrally coordinated atoms, a second set of generally parallel channels which
are also defined by 10-membered rings of tetrahedrally coordinated atoms and
which are perpendicular to and intersect with the channels of the first set, and a
third set of generally parallel channels which intersect with the channels of said
first and second sets and each of which is defined by a 9-membered ring of
tetrahedrally coordinated atoms. The first set of 10- ring channels each has cross-
sectional dimensions of about 4.8 Angstrom by about 5.5 Angstrom, whereas the
second set of 10-ring channels each has cross-sectional dimensions of about 5.0
Angstrom by about 5.7 Angstrom. The third set of 9-ring channels each has cross-

sectional dimensions of about 4.0 Angstrom by about 4.9 Angstrom.

[0015] The structure of ITQ-13 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



Ti 0.626 0.159 0.794 T2 0.151 0.151 0.478 T3 0.385 0.287 0.333 T4 0.626
0.158 0.487 T5 0.153 0.149 0.781 T6 0.383 0.250 1.993 T7 0.473 0.153
0.071 T8wO0.048%803 000 1.509 T9 0.466 0.000 1.820 T10 O. ®2G/WGYTLR1D. 794
T11 1.100 0.987 0.478 T12 0.867 0.851 0.333 T13 0.626 0.980 0.487 T14
1.099 0.989 0.781 T15 0.869 0.888 1.993 T16 0.778 0.985 0.071 T17 0.783
0.000 1.509 T18 0.785 0.000 1.820 T19 0.151 0.987 0.478 T20 0.385 0.851
_(?_23313 1331 0.153 0.989 0.781 T22 0.383 0.888 1.993 T23 0.473 0.985 0.071
. : J iQ. i ).l  T27
0-865 0. 25cghéx5c1x¥9tl. HE ot IS ced Brefn8O 6f tho?8ani0 02 B3ganie §pdci€) FoPedafpl@), 8 .
range of + 0.05 nm is implied for each coordinate position.

Table 1
T1 0.626 0.159 0.794
T2 0.151 0.151 0.478
T3 0.385 0.287 0.333
T4 0.626 0.158 0.487
TS5 0.153 0.149 0.781
T6 0.383 0.250 1.993
T7 0.473 0.153 0.071
T8 0.469 0.000 1.509
T9 0.466 0.000 1.820

T10 0.626 0.979 0.794
T11 1.100 0.987 0.478
T12 0.867 0.851 0.333
T13 0.626 0.980 0.487
T14 1.099 0.989 0.781
T135 0.869 0.888 1.993
T16 0.778 0.985 0.071
T17 0.783 0.000 1.509
T18 0.785 0.000 1.820
T19 0.151 0.987 0.478
T20 0.385 0.851 0.333
T21 0.153 0.989 0.781
T22 0.383 0.888 1.993
T23 0.473 0.985 0.071
T24 1.100 0.151 0.478
T25 0.867 0.287 0.333
T26 1.099 0.149 0.781
T27 0.869 0.250 1.993
T28 0.778 0.153 0.071
T29 0.626 0.728 1.895
T30 0.151 0.720 1.579
T31 0.385 0.856 1.433
T32 0.626 0.727 1.588
T33 0.153 0.718 1.882
T34 0.383 0.819 0.893
T35 0.473 0.722 1.171
T36 0.469 0.569 0.409
T37 0.466 0.569 0.719



T28 0.778 0.153 0.071 T29 0.626 0.728 1.895 T30 0.151 0.720 1.579 T31

0.385 0.856 1.433 T32 0.626 0.727 1.588 T33 0.153 0.718 1.882 T34 0.383
0.819 0. 886 027%0®. 473 0. 722 1.171 T36 0.469 0.569 0.409PCTARID1466 0. 569
0.719 WO 02/ 096803 PCT/ US02/ 14411 -6 Table 1 (Continued) T38 0.626 0.410
1.895 T39 1.100 0.418 1.579 T40 0.86700.282 1.433 T41 0.626 0.411 1.588
T42 1.099 0.420 1.882 T43 0.869 0.319 0.893 T44 0.778 0.416 1.171 T45

0.783 0.569 0.409 T46 0.785 0.569 0.719 T47 0.151 0.418 1.579 T48 0.385
0.282 1.433 T49 0.153 0.420 1. 88&ble I{Cdhtidfied). 319 0.893 T51 0.473 0.416

LA T38 0.626 0.410 1.895
T39 1.100 0.418 1.579
T40 0.867 0.282 1.433
T41 0.626 0.411 1.588
T42 1.099 0.420 1.882
T43 0.869 0.319 0.893
T44 0.778 0.416 1.171
T45 0.783 0.569 0.409
T46 0.785 0.569 0.719
T47 0.151 0.418 1.579
T438 0.385 0.282 1.433
T49 0.153 0.420 1.882
T50 0.383 0.319 0.893
T51 0.473 0416 1.171
T52 1.100 0.720 1.579
T53 0.867 0.856 1.433
T54 1.099 0.718 1.882

- TS5 0.869 0.819 0.893
T56 0.778 0.722 1.171

[0016] ITQ-13 can be prepared in essentially pure form with little or no
detectable impurity crystal 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)
12.46 £ 0.2 W-VS
10.97£0.2 m-vs
10.12+£0.2 VW-W
8.25+£0.2 VW
7.87+0.2 W-VS
5.50%+0.15 w-m
5.45+0.15 VW
5.32£0.15 VW-W
470+ 0.15 VW
422 £0.15 w-m




T52 1.100 0.720 1.579 T53 0.867 0.856 1.433 T54 1.099 0.718 1.882 T55
0.869 0.819 0.893 T56 0.778 0.722 1.171 [0016] ITQ 13 can be prepared in
essenti alwpposaosormwith [ittle or no detectable inpuriPCy/usoyst4al phases
and has an X-ray diffraction pattern which is distinguished fromthe
patterns of other known as-synthesizedr thermally treated crystalline
materials by the lines listed in Table 2 below. Table 2 d(A) Rel ative
Intensities I 12.46 0.2 wvs 10.97 0.2 mvs 10.120.2 vww 8.250.2 vw
7.87 0.2 wvs 5.500.15 wm 5-"1%1e@-(€5m\ﬂhueﬂ)320- 15 vww 4.70 0.15 vw
7

4.22 0.15 w m WD 02/096803 PCF-USO2{ 14411 —7 Fable—2—(Cont i nued)
4.180.15 vww 4.140.]15 %183 @15 0. 1|w VW-W

4.14+0.15 w

3.97+0.1 N4

3.90+0.1 vw-m

3.86£0.1 m-vs

3.73+£0.1 m-vs

3.66 +0.1 m-s

[0017] These X-ray diffraction data were collected with a Scintag diffraction
system, equipped with a germanium solid state detector, using copper K-alpha
radiation. The diffraction data were recorded by step-scanning at 0.02 degrees of
two-theta, where theta is the Bragg angle, and a counting time of 10 seconds for
each step. The interplanar spacings, d’s, were calculated in Angstrom units, and
the relative intensities of the lines, I/I, is one-hundredth of the intensity of the
strongest line, above background, were derived with the use of a profile fitting
routine (or second derivative algorithm). The intensities are uncorrected for
Lorentz and polarization effects. The relative intensities are given in terms of the
symbols vs = very strong (80-100), s = strong (60-80), 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.



390 0.1 vwm 3.860.1 mvs 3.730.1 mvs 3.66 0.1 ms [0017] These
X-ray diffraction data were collected with a Scintag diffraction system
equi pped wintok/0gs8ger mani um sol i d state detector, using copper/usoaiqana

radi ati on. The diffraction data were recorded by step-scanning at 0.02
degrees of two-theta, where theta is -t8re Bragg angle, and a counting tinme
of 10 seconds for each step. The interplanar spacings, d's, were
calculated in Angstromunits, and the relative intensities of the |ines,

/10 is onpohgndr edtie &fystalliénd Maesil bFthdd inveatios hae agesipdsitive, inableey
background, were derived with the use of a profile fitting routine (or
second dertheamolaerelpgonshipim) . The intensities are uncorrected for Lorentz
and pol arization effects. The relative intensities are given in terns of
the synbols vs = very strong (80-3%00)n)¥,strong (60-80), in = nmedium
(40-60), w = weak (20-40), and vw = very weak (0-20). It should be
understood that diffraction data |isted for this sanple as single |ines

may consi sywhefeinX iisisplrigratert elapaitngichias @tumising fborodeiron.eintiaimm andsati ti ons,
such as differences in crystallographic changes, nmay appear as_ resolved or
partial |y gadbemypreferabés bomyyileid 4 tetragalpst elemegt syl as siipemdss tiéaumine| ude

o TG BNt SOl RRLATRLS S 20 o 5 SPRNAR S Lk B UL
inrelati Vtge%r?c? ﬁ#‘%g%ﬁ%%foi@ﬁ%b% aBGa4h. BSwill Bgﬁgf)%ecﬂ{te&iﬁfo fignces in

cation con osrtron, nature an egree of pore filling,

crystal  spehifedlvahiap Sor ml@itQTrQSqB oiin B baithesizedth tdigllysilicandy fokm in
hydr ot hermal hi story. WD 02/ 096803 PCT/ US02/ 14411 -8 [0018] The

cryst al | i nehichttbe tavaleft ¢laimeni Kvisabsent ohasseatigbymabsénti on i nvol ving the
nmol ar rel ationshi p:

[0019] Processes for synthesizing ITQ-13 employ fluorides, in particular HF,
as a mineralizing agent and hence, in its as-synthesized form, ITQ-13 has a
formula, on an anhydrous basis and in terms of moles of oxides per n moles of

YO,, as follows:

(0.2-0.4)R: X,05:(0)Y05:(0.4-0.8)F

wherein R is an organic moiety. The R and F components, which 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-13 can be replaced in
accordance with techniques well known in the art, at least in part, by ion exchange

with other cations. Preferred replacing cations include metal ions, hydrogen ions,



X203: (n) YO2, wherein Xis a trivalent elenment, such as al um num boron,
iron, indium and/or gallium preferably boron; Y is a tetraval ent el enent
such as swbioeomsos i n, titanium and/or germani um preferapcy/esotiaon; and n
is at | east about 5, such as about 5 to, oo, and usually from about 40 to
about o0o. It wll be appreciated fromthe permtted values for n that I TQ
13 can be synthesized in totally siliceous formin which the trival ent

el enent X is absent or essentially absent. [0019] Processes for

synt hesi zi hydiog€n pBecainguirpg. gf, lanomoniies idns apdmixtwresthdiof. Bartigulariyer al i zi ng
agent and hence, in its as-synthesized form ITQ 13 has a formula, on an
anhydr ous Peederedipaiions are thaseorhigh tatordhe gatabdic activity igpredaiss  vo2, as

foll : .2-0.4) R X203.: YO2: {0.4-0..8 [ R i [

ot ety o Eogiibon Bt ieacgRy. (Fhst g Bad hydfbEst frf el Ml dRRL’ o
| t ' [ [ i j | b

et s or vt LIS oF CROGAENACTAC T0A, VACHRIUBZAIB IV VB, S8, WIB LATEL by

[ 0020] Theoftheskaiddi® TabletdrtheEl@hetitee i nvention is thermally stable and in
the calcined formexhibits a high surface area and significant hydrocarbon

sorption capacity. [0021] To the extent desired and depending on the
X203/ YO2 | ar..ratig of the material . any cations in the gs- t hesi zed
I TQ 13 cgﬁ)@g] r eplﬁé"eﬁyﬁﬁ 1%@8?%53@@% e?%%maé(J&S%?&e@f%%ﬁgﬁﬁnf he
art, at |least, i | ' I ' R r
repl aci ng €0a ef%dr}’s? rii?a%% ruﬁgogg aﬁ@%ﬁg?&ﬁﬁgﬂ#éﬁgégﬁ?ﬁﬁf : W%Q}%SE%%?M%F’
PCT/ US02/ 1d#ihal trEathiet BORMidH BeWsShtheRiZed masHahis hivatedng a@thprathiy es
thereof. Particularly preferred cations are those which tailor the
cat al yti c afat leastybbotr 3 HBE far at leaydl ovantsandgenerallyi not longet tham20 These
i ncl ude hyd th netal d
$netude yhél?rgs?r{?Vhlrlg rs&ba%%rospher;?c Sressm?rg can be employed for the thermal treatment,
atmospheric pressure is desired for reasons of convenience. The thermal treatment
can be performed at a temperature up to about 925°C. The thermally treated
product, especially in its metal, hydrogen and ammonium forms, is particularly

useful in the catalysis of certain organic, e.g., hydrocarbon, conversion reactions.

[0023] The crystalline material of the invention can be intimately combined
with a hydrogenating component such as tungsten, vanadium, molybdenum,
rhenium, nickel, cobalt, chromium, manganese, or a noble metal such as platinum
or palladium where a hydrogenation-dehydrogenation function is to be performed.
Such component can be in the composition by way of cocrystallization, exchanged
into the composition to the extent a Group IIIA element, e.g., aluminum, is in the
structure, impregnated therein or intimately physically admixed therewith. Such
component can be impregnated in or on to it such as, for example, in the case of
platinum, by 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.



metals of Goups IIA I1II1A VA VA IB I1IB [1IB, 1VB, VB, VIB, VIIB and

VIIl of the Periodic Table of the Elenents. [0022] The crystalline
mat eri al Wb oghgssphventi on may be subjected to treatnent ®PoTrESDvE1Ipart or
all of any organic constituent. This is conveniently effected by thernal

treatnment in which the as-synthesized maferial is heated at a tenperature
of at | east about 370C for at least 1 mnute and generally not |onger than
20 hours. Wile subatnospheric pressure can be enployed for the thernal

t reat nent ,[00241os pHEte erypabeungteiial detis xvehtion,nebsmesphfyedmithenpeaee. The
thermal treatnment can be perforned at a terrpgrature, up to abﬁut 25C. The
t her mal | y adsertesd or ps 8datalyst &t pe orSanis compPEBd RERYATSIOR PP SRS awid ni um

forms, is rticularl useful in.the catal ysi . C i Is e.g.,
nyclr osar bl BbHbL St PRSIy o o B8 9Pnd Rl heflul B § RifioflafBRIf g % e
i nvention hRdd B ' PafifrB8eit @R oAERNAt Such
as tungster%ﬁg?/ggggpudm%%m %gggﬁ%pgﬂﬁﬁé%@ne?e gr}iydgil’(%%ﬁ ’cogag%, chrom um
manganese, 3ifiosphi9d)] sabiBicEpheti€ br sgpdrh@hdsphiric ressates4di batwieard a
hydr ogenat i on- dehydr ogenat i on function is to be performed. Such conponent
can be i n mheiteompb4s hiours. Hyehyalyatidn cacalye balpertpamied af reciempe@iuient o t he
conposition to the extent Gqup II1A elenent, e.qg., alumnu is . Ln the
struct ur e, MEFRhY @Qdﬁ?‘éﬁgghﬁeﬁ&ﬂgdp g Yﬁquﬁﬁ}%‘? aéﬂ]}%qrg%ﬁ“? & %&m@&o Pﬁ?r“éwi th.
Such conponent . ¢ ' inor onto it such as, for exanple, in
the case ot bettﬁ%%gﬁ%%n%;glg?rslga[ﬁ‘tﬁ%l't he silicate with a solution containing
a platinumnetal - containing ion. Thus, suitable platinum conpounds for
this purpose include chloroplatinic acid, platinous chloride and various
compounds [@025Ri ni rithd dikcatplkad borosikerte omenpf die crywtrlbincogssnal of the
PCT/ US02/ 14411 -10 [0024] The crystalline material .of this iﬁr%vearéti on, when
enpl oyed einVPRIOREAR e PEPSBIbEAM Hreagtion TRIFHEFOPIEIHNE SOBFSE I W Bhpound
converst on, fiona %rsansg)?lgcle gf Bgron, an oxide of tetravalent element Y, e.g., silicon, a

directing agent (R) as described below and fluoride ions, said reaction mixture

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

ranges:
Reactants Useful Preferred
YO,/B,0O at least 5 at least 40
H,0/YO, 2-50 5-20
OH./YO, 0.05-0.7 02-04
F/YO, 0.1-1 04-0.38
R/YO, 0.05-0.7 02-04
[0026] The organic directing agent R used herein is the hexamethonium

[hexamethylenebis(trimethylammonium) dication and preferably is
hexamethonium dihydroxide. Hexamethonium dihydroxide can readily be

prepared by anion exchange of commercially available hexamethonium bromide.



dehydrated, at least partially. This can be done by heating to a
tenperature in the range of 200C to about 370C in an at nbsphere such as
air, nitrwgan/evx., and at atnospheric, subatnospheric ®@CT/US02/14411
super at nospheric pressures for between 0 m nut es ‘and 48 hours. Dehydration
can al so be perfornmed at roomterrperatt} merely by placing the ITQ 13 in
a vacuum but a longer tine is required to obtain a sufficient anpount of
dehydration. [0025] The silicate and borosilicate forns of the crystalline
material of00RNE i n@entdllizativarofdd @drande darded eutat@ithenstatic or gtitred

contai ning sources of water, optionally_an oxide of baoron, etn oxi de of

t et raval emor@u@mtn arsuigable reagiarivessel, %whcﬁsr @E?X%plﬁgﬁ?wp(’%)y SRC HESeY bed

bel ow and e i,ons aid.r

ter ][nsl of n{ﬁ?fio Lingd oaﬁtaéélp%gee uttt%(iﬁvefsh ?fﬁ%?}{?a‘?fbengﬁ %‘%’gnﬁ%%ttét ant s
Usefu I / oHIYO?
0.05-0. 7 Oitgfu(fselgo EHop BhurhiGRAL 10t FstaiPHiof bo obBf/al Bt fn 45?%%26] The
organi ¢ diyeat £ka RESHbIRt U3 dduitetoaibout S0tdags. h@hmftﬁo wheionystals are

[ hexanet hyl enebi s(trinmethyl anmoni un) dication and preferably is

hexanet honieparated firmo thelequitiend reconenédim di hydr oxi de can readily be

prepared by ani on exchange of comrercially avail abl e hexanmet honi um br om de.
WO 02/ 096803 PCT/ US02/ 14411 -11 [0027] Crystallization of ITQ 13 can be

carried ou ei the t t ' reactor

vessel , @Rigl %(l(g{rlrlglgg%gﬁ S ﬂhlé{ ﬁ\%er relgaﬂgir Itéqlngtp% ng?ﬁ%%éfﬂr% eﬁ ﬁed or

stainles S siipgﬁbd&uy RetaHas, on@tsoardee rme rédation Mixtafeain Be2fephred either
batch-wise or continuously. Crystal size and crystallization time of the new
crystalline material will vary with the nature of the reaction mixture employed and

the crystallization conditions.

[0029] Synthesis of the new crystals may be facilitated by the presence of at
least 0.01 percent, preferably 0.10 percent and still more preferably 1 percent, seed
crystals (based on total weight) of crystalline product.

[0030] Aluminosilicate ITQ-13 can readily be produced from the silicate and
borosilicate forms by post-synthesis methods well-known in the art, for example

by ion exchange of the borosilicate material with a source of aluminum ions.

[0031] 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.



about 160C for a tine sufficient for crystallization to occur at the
tenperature wused, e.g., fromabout 12 hours to about 30 days. Thereafter,
t he crystwba2a06803 separated fromthe |iquid and recover ed PCT0(G28]44it shoul d
be realized that the reaction m xture conponents can be supplied by nore
than one source. The reaction mxture-&an be prepared either batch-w se or
continuously. Crystal size and crystallization tine of the new crystalline
material will vary with the nature of the reaction m xture enpl oyed and

the crystghbszpt i omignagstallititsmatePiAP8] thiy iiveatios cah be hieedayvar aissrbbix nmay be
facilitated by the presénce of at |east 0.01 percent, preferably 0.10

percent arot, pasticularby & s elfuerinbdilicdte femeeasta catekyst tocsajalyat 8 Wideserieyn t ot al
wei ght) of crystalline product. [003Q] Alum nosjlicate |TQ 13 can readily
be producedf GheBHfalONYEersion PEOCSSHES INGHG®E) Py ef PEssRRt O@yﬂﬁsgce@@g}awggfs

t hod |1 -k i th f | '
bor osi 11 cAPBaARER: draypiitof diea SAVBsEon MasPOnd T 3RS HER 1yt ar
prepar ed tb)étélgéed Bﬁtﬂ"i‘é‘ﬁ)jsfh\rﬁx% mafer26f Bfs SRAREN BY As@f oWirtl@otiBlration Of
particle sizes. Geherall’y speaking, the particles tcan be in the form of a

powder, a withoukor oerecotherd chtalyticaltiuadtivessnbltansesimchding dttee chystalhge
particle size sufficient to pass through a 2 nmesh (Tyler) screen and be
ret ai ned catalygtspinchiterthpsyregpirings saalyst Wideassd aghefe the catal yst is
nol ded, such as by extrusion, the crystals can be extruded before drying
or partially dried and then extruded. WO 02/096803 PCT/ US02/ 14411 -12

[0032] Thgqgsypt al |A§§1 {Etcgﬁé 8t m%ﬁy??taﬁét%‘sifﬁag?t%e@ﬁa% tH%ﬁ@o}?éra@@ the

adsorbent "or," particularly 1nits n orm as a tatalyst to
catal yze aei 88svarvih ¥nothbr alaestat adsistamverthe emperangssasd otiek udi ng many of

present comrercial/industrial inportance. Exanples of chem cal_ conversion
processes osmiditiorsr employedtin vrgapic cenversion prosgessese Brojisnaleriglangudsr i al  of
this | nver;tciti(\)lg an yinélétlsveel rilat%rfiaisnan%osnyt%litﬂ]e%tci grnnaturally occurring zeolites as well

as inorganic materials such as clays, silica and/or metal oxides such as alumina.

The latter may be either naturally occurring or in the form of gelatinous

. precipitates or gels including mixtures of silica and metal oxides. Use of a

material in conjunction with the new crystal, i.e., combined therewith or present

during synthesis of the new crystal, which is active, tends to change the

conversion and/or selectivity of the catalyst in certain organic conversion

processes. Inactive materials suitably serve as diluents to 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 nafurally 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.



with one or nore other catalytically active substances including other
crystalline catalysts, include those requiring a catalyst with acid
activity.wpoo®3soAs in the case of many catal ysts, it nayPoa/usesi«abl e to
incorporate the new crystal with another material resistant to the
tenperatures and other conditions enpll%yed in organi c conversion
processes. Such materials include active and inactive materials and
synthetic or naturally occurring zeolites as well as inorganic materials
such as clf@934] si | iNauealty occurghgklagx wdéch sarche asmplositédwith thbaewat t er may
be either naturally occurring or in the formof_ gelatinous, precipitates or
gel s i ncl weiysigl iokide e rapntenonilienitg-andiksolin fawiilye svhick famgilies nghadetheal in

' [ i h al, e, nbi th ;t h
Cor et Rl ek AR LB IAEl B oty EROPR SRS MR GRUEAEN | e
conver si Nt Ua3Rrfthbiih%Ath HEmEANALEA ddhsBRIGRISHAIFAREC conver sion

processes. Inactl errals surtably serve as uents to-control the

amount of kpimyer 8lckite] Radite] redmapkide eSaclsolayh atn peaded iistheanwigatohtai ned
in an econom c and orderly nmanner w thout enploying other neans for
cont rol | i nerigihelly misedbr initislly enbjecttd és ealeinagionapeidrirgatment orcdhepuealt ed i nto

Crush st § eRgaticaopBinteimyetll froGmetsis il hegRert FhGTIaRa PEBIE. sai d
material s, |..€e. . , i .. e : c1i.0 i o f t he
catal yst. 1P%) r%eay%égf&%g,bs‘u%ﬁtagesg%c&%lg%onéé,gc gc F‘Qayglaﬁﬁﬁw Qggggbad a&%@ﬁ’ %l%dr engt h

because i nmeaIFRItEERLFfUSE it is desirable to prevent the catalyst from
breaking down into powder-like materials. These clay and/or oxide binders
have been enployed nornmally only for the purpose of inproving the crush
strength of the catalyst. WO 02/096803 PCT/ USQ2/ 14411 -13 [0034]

Nat ur al | y 19883k r i ndn@dgitzone; ths feregome malerals (RONGY CHYHHCaBAR cryst al

i ncl ude t hc%mnf))(pstite "Wich %rBotrgusarrr]l%tr&a&lajteQiai A ¥ sfﬁ%h-%li'u&lﬁ{g, Isfll%ﬁ—l}l%eléﬁ? the

silica-zirconia, silica-thoria, silica-beryllia and silica-titania as well as ternary

compositions such as silica-alumina-thoria, silica-alumina-zirconia, silica-

alumina-magnesia and silica-magnesia-zirconia.

[0036] 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.

[0037] 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 Hexamethonium Dihydroxide.

[0038] Hexamethonium dihydroxide was prepared by direct anionic exchange

using a resin, Amberlite IRN-78, as hydroxide source, the resin having been



subbentonites, and the kaolins commonly known as Di xi e, McNanee, Georgia
and Florida clays or others in which the main mneral constituent is

hal | oysi twp 02kgasbs nite, dickite, nacrite, or anauxite. SuekTalsaysiecan be
used in the raw state as originally mned or initially subjected to

cal cination, acid treatment or chenical4-nodification. Binders useful for
conpositing with the present crystal also include inorganic oxides, such
as silica, zirconia, titania, magnesia, beryllia, alumna, and m xtures

t hereof . [WASEN Wwih didilledomateoptibetd weagnil tig: wateewasl & ,a pHefeWher yst al can
be conposited with a porous matrix material such as silica-alum na

si |i ca- magrresedure isyolved dissebong 36.22i § o examsihenius) dibsemids i 1202 ahd
silica-titani. S |1 .as ternar composi tions suc ) .
oi 11 ca. al uhiilled Walst and Sontacking] theresltng saliion wafh b of Ampbsilits R Nesi a
and silic i i I . el afl i, A L nel
di vi ded c(rar{/s aﬂﬁdnrg-zzn%@gg?gﬁeﬁnggﬁ@ﬁ%aﬁggﬁiq@'ox| %g sﬁ%rg}%)gﬁé\:/g?§m\% g%Fy, \>/l\,1 th
the cryst afijigeata@althé pexan ReshePMitbouter to yiell abslutioAdMerkagRthdayumei ght and
more usual ly, particularly when the conposite is prepared in the form of
beads, i n dihgdroxndgs vdficlbastthen tatagbeveposdedet HOIC frchour. TBitratine with

e,the nature of th

ovent LE'%&&Oﬁ’ffll;o&{ia%%Saﬁidoéh°o@y”%£ﬁxe51”e¥f‘a%@h{9b?€r%r y@wgwdwcsﬁgmgﬂr e
_ ) - 4 i Di i de. [0038
ﬂ;i;ﬁg{ ﬁon@gﬁfn%?ﬁ@HﬁBQit(&&g\%grgﬁﬁggggédEﬁg}%ﬁ%@@l% oni)é (rag)élhaﬁge[ usi ]ng a

resin, Anberlite IRN-78, as hydroxi de source, the resin having been WO

02/ 096803 RAhpIROP. S¢dthdsis oFPureisBillcadusTTd-$8i 1 1 ed water prior to use
7

until the water was at a pH of The procedure invol ved dissolving 36.22
g of hexamet honiumdibromde in 120 g of distilled water and contacting

: h . , . -
he resul t[IOr(])g9]SOI utfh%nsyvr\ftﬁegiszge wded ffor’A‘E 1sesry|nltﬁeesisI hRa’ﬁ the following molar

composition :

1 SiO,: 0.28 R(OH),: 0.56 HF: 7 H,O

where R(OH); is hexamethonium dihydroxide.

[0040] The synthesis gel was produced by hydrolyzing 17.33 g of
tetracthylorthosilicate (TEOS) with 74.6 g of the hexamethonium dihydroxide
solution of Example 1 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. Then, a solution of 1.94 g of HF (48 wt% in water) and 1 g
of water was slowly added to the resultant hexamethonium silicate solution. The
reaction mixture was mechanically and finally manually stirred until a -
homogeneous gel was formed. The resulting gel was very thick as consequence of
the small amount of water present. The gel was autoclaved at 135°C for 28 days
under continuous stirring at 60 rpm. The pH of the final gel (prior to filtration)
was 7.3- 7.8. The solid product, the novel crystalline material ITQ-13, was

recovered by filtration, washed with distilled water and dried at 100°C overnight.



78 resin for 12 hours under nechanical stirring. After stirring, the

m xture was filtered and the resin washed with water to yield a solution
of hexanmewboniogssn3 di hydr oxi de, whi ch was then rotary-evap@catisd2/at4160C f or
1 hour. Titration with 0.1N hydrochloric acid showed the hexanet honi um
di hydr oxi de concentration of the fi naldsol ution to be about 6.25x10-4

nol /g of solution. Exanple 2 - Synthesis of Purely Siliceous |ITQ 13 [0039)
The synthesis gel used for this synthesis had the follow ng nol ar

conposi ti oThe odcledéRhexan2Bhoioh) 2nd BubfidtfonsAvdda @mmived drdRg @ fradsict
hexanet honi um di hydr oxi de. [ 00401 The synthesis was produced_b :
hydr ol yzi rhy heatB® the producs froze rogindemperatineda 40 G}E@éj’cmtmumdﬁréﬂ Q¥ the

mehani calCQmmPRTRY Dhe SORPSERLAAR KePhE S hbie! NRdt AGCUSDFODMHR: o
Then,  a sdftcics B SRS W@%ﬁ“ﬂ%*ﬁl&f.&ﬁ%@@ A R R

sl oWy addggrs th bhRr E@Bﬁ'ﬂﬁf @ﬂ'tth@ﬁ@iﬁﬁﬁiﬂ‘%)wguﬁicsIXJr@ﬁﬁﬁ‘fﬁa@huhla@agsiﬁhﬁ‘the
reaction mxture was nechanically and nally manual ly stirred until a
honbgeneous- s;eﬂthwmdfamndm&bm&'cheamptaslgawagh@msulmhstﬁény Trabiles3 ard donsequence
of the small anount of water_present. The gel.was autoclaved at 135C for
28 days ukeRactysht IxLEesvsin Figurgs 28né6, FeSRECHHeY pH of the final gel
(prior to filtration) was 7.3- 7.8. The solid product, the novel
crystalline material ITQ 13, was recovered by filtration, washed with
distilled water and dried at 100C ovgppieaht. WO 02/ 096803 PCT/ US02/ 14411

-15 The occl uded hexanet honium and fluoride ions were renoved fromthe
product by heating the prodlgt(Ahrom ropm t erifd@igbyre to |540C at 1 Cnin
under N2 flow (60 nml{m). THe fzenperatfire was kgpt at 540C under N2 for 3
hours and t hen,
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the flow was switched to air and the tenperature kept at 540C for a further
3 hours in order to bumoff the remaining organic. X-ray diffraction

anal ysi s wbD ologssons- synt hesi zed and cal ci ned sanpl es gave PCiaSopsuiit s
listed in Tables 3 and 4, respectively and shown in Figures 5 and 6,
respectively. Table 3 dhkl (A) 100l o/ Fdx 12.43 20 10.93 50 10.07 15
8.23 10 7.84 35 6.15 20 5.48 30 5.43 10 5.31 10 5.18 10 4.68 10
4.20 40 4.17 15 4.12 30 4.10 20 3.96 30 3.89 50 3.85 100 3.74 60

3.66 60 3.34 15 Table 4
e (A) 1001,/Tme
12.48 100
11.01 60
10.16 35
8.27 15
7.89 70
6.27 10
5.72 25
5.52 40
545 10
5.33 25
4.72 10
4.23 20
4.19 15
4.15 20
3.98 20
391 40
3.87 95
3.73 50
3.66 45
340 10
3.36 20
3.23 20
3.14 15
2.94 5
2.88 10
2.80 10

Example 3 - Synthesis of Purely Siliceous ITQ-13

[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 yiclded the novel

crystalline material ITQ-13.



3.22 20 3.12 10 2.88 15 2.87 15 2.78 10 WO 02/096803 PCT/ US02/ 14411
-16 Table 4 dhkl (A) 100lo/Imax 12.48 100 11.01 60 10.16 35 8.27 15
7.89 70 W02Z/094803 5. 72 25 5.52 40 5.45 10 5.33 25 4. 72CTS0A1431 20
4.19 15 4.15 20 3.98 20 3.91 40 3.87 95 3.73 50

Table 5
Water/Silica Crystallization time (days)
7 6
7 10
7 21
7 13
7 17
4 14.5
10 21

Example 4 - Synthesis of Borosilicate ITQ-13

[0042] The synthesis gel used for this synthesis had the following molar

composition:

where R(OH); is hexamethonium dihydroxide and 4 wt% of the SiO, was added

as ITQ-13 as seeds to accelerate the crystallization.

[0043] The gel was prepared by hydrolyzing 13.87 g of TEOS in 62.18 g of
the hexamethonium dihydroxide solution of Example 1 containing 0.083 g of boric
acid. The hydrolysis was effected under continuous mechanical stirring at 200
rpm, until the ethanol and an appropriate amount of water were evaporated to yield
the above gel reaction mixture. After the hydrolysis step, a suspension of 0.16 g
of as-synthesized ITQ-13 in 3.2 g of water was added as seeds and then a solution
of 1.78 g of HF (48 wt% in water) and 1 g of water were slowly added to produce
the required reaction mixture. The reaction mixture was mechanically and finally

manually stirred until a homogeneous gel was formed. The resulting gel was very



3.66 45 3.40' 10 3.36 20 3.23 20 3.14 15 2.94 5 2.88 10 2.80 10
Exanple 3 - Synthesis of Purely Siliceous ITQ 13 [00411 The process of
Exanpl e 2weag/ooaspeated with the varying water/silica nol &Tresn/osg1and
crystallization tinmes listed in Table 5 below but with all other
paraneters remai ni ng unchanged. In eactk® ctase the synthesis yielded the
novel crystalline material 1TQ 13. WD 02/ 096803 PCT/ US02/ 14411 -17 Table
5 Water/Silica Crystallization time (days) 76 7 10 7 21 7 13 7 17 4

14.5 10 ZgickBxantdmeduencyotithe singll @nds@t 08 inatdrqiresdnl QThe %e@%@] The
synthesis gel used for this synthesis had the follow ng nolar conposition:
autoclaved at 135°C for 21 days under continuous stirring at 60 rpm. The pH of
the final gel (prior of filtration) was 6.5-7.5. The solid was recovered by filtration,
washed with distilled water and dried at 100°C, overnight. The occluded
hexamethonium and fluoride ions were removed by the thermal treatment
described in Example 2. X-ray analysis showed the calcined and as-synthesized to
be pure ITQ-13, whereas boron analysis indicated the Si/B atomic ratio of the final

solid to be about 60.

Example 5 - Synthesis of Borosilicate ITQ-13

[0044] The process of Example 4 was repeated with the varying
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-13 with the Si/B atomic ratio given in Table 6.

Table 6
Si/B atomic ratio Crystallization time (days)
67, 69, 102 19
48 7
62 14
59 21
54 16
59% 23

* This borosilicate ITQ-13 sample was used in Example 7 below.



1 Si02: 0.01 B203: 0.29 R(OH)2: 0.64 HF : 7 H20 where R(OH) 2 is

hexamet honi um di hydroxi de and 4 wt % of the Si02 was added as ITQ 13 as
seeds to woaelesat e the crystallization. [0043] The gel wasTarsepawed by
hydrol yzing 13.87 g of TECS in 62.18 g of the hexanet honi um di hydr oxi de
sol ution of Exanple 1 containing 0.0831§-of boric acid. The hydrol ysis was
ef fected under continuous nechanical stirring at 200 rpm until the

et hanol and an appropriate amount of water were evaporated to yield the
above gel Egagble®- Bixihdkis of Bdrokiliche IMi1®!l ysis step, a suspension of 0.16
g of as-synthesized ITQ 13 1n 3.2 g of water was added as seeds and then a
solution of 1.78 g of HF (48 % in water) and 1 g of water were slowy

mechani cal 1948hd MR PPCCHPBF DI WRBEDGHER DUl TGO A s
mechani ca i was
formed. The r.esul t4 r 2/ 096803 PCT/ US02/ 14411 -18 thick
as a cons%éﬁ%ﬁleoﬁo%ﬁgﬁéﬁi&?rgﬁgéﬂ%@8 "water present. The gel was

aut ocl aved at 135C for 21 days under continuous stirring at 60 rpm The pH
of the final gel (pgi 0 i |eh 1St | " . olid was
recovered by filtrat ilosr?,bz' %)?Eéédz(\% P%I S@I iﬁézy'é%tﬁg'ﬁalﬁaédri ed at 100C,

overni ght. The occluded hexanethonium and fluoride ions were renoved by
the ther mejyhbicaRtOMMis heLHAEMBAHI AiHERBUE add PWiRYofaR8ISYS) fashadwd t he

cal cined and as-synthesized to be pure ITQ 13, whereas boron anal ysis

i ndi cat ed 4shid'(Bil3BeedonCrystatizatiaf wakeofdurstd atsH 5@ for viaeioabbintes60. Exanpl e
5 - Synthesis of Borosilicate 1TQ 13 gom The,%lro,zgss of Exanple 4 was
repeat ed vipatiweend apdrdd days andgave Qa8 pseductsvdth $i58 adomie rpies 85 5 bel ow
but with all othe.f tﬁan7arrr3t ers remaining unchanged. I n each case the

synt hesi s ihiogfndl@d 1He ‘hovel crystalline material 1TQ 13 with the Si/B
atomc ratio given in Table 6.

Table 7
Si/B atomic ratio Crystallization time (days)
90 7
74 14
71 21

Example 7 - Synthesis of Aluminosilicate ITQ-13

[0046] The synthesis of aluminum-containing ITQ-13 was carried out by Al

exchange of borosilicate ITQ-13 zeolite using the procedure described below.

[0047] 14.08 g of AI(NOs);.9H,0 were dissolved in 85.92 g of water to
yield a solution containing 8wt% AI(NOs);. 0.74 g of calcined B-1TQ-13 from
Example 5 were suspended in 10.5 g of the above Al(NO,); solution under
stirring and the suspension was transferred to autoclaves and heated at 135°C for

3 days under continuous stirring at 60 rpm. The resulting solid was filtered,



Table 6 Si/B atomc ratio Crystallization time (days) 67, 69, 102 19 48 7
62 14 59 21 54 16 59* 23 * This borosilicate ITQ 13 sanple was used in
Exanpl e WbakowasodNO 02/ 096803 PCT/ US02/ 14411 - 19 Exanpl e PETAUSBYM4hESi s Of
Borosilicate | TQ 13 [0045] The process %f_ Exanpl e 4 was repeated but with
t he synthesis gel having the follow ng7‘ mol ar composition: 1 Si02: 0.005
B203: 0.285 R(OH)2 : 0.60 HF: 7 H20O where R(OH) 2 i s hexanet honi um

di hydroxi de and 4 wt % of the Si02 was added as ITQ 13 seeds.

Cryst al | i zweshad with digiladcwvaier antih teovater wag et peraliphd and We A06°Gnd 21
days and gave | 13 products with Si/B atomic ratios as shown in Table 7.
Table 7 SI?¥M&Wic ratio Crystallization time (days) 90 7 74 14 71 21
Exanple 7 - Synthesis of Alum nosilicate 1 TQ 13 [0046] The synt hesis of

al um numcontaining 1TQ 13 was carried out by Al  exchange of borosilicate

| TQ 13 zeoj(048) usi NE-rahenpyekesiuhe rekesiant PRdubedh@iwed it to be pure ITQ-13.
Chemical analysis indicated the product to have a Si/Al atomic ratio of 80 and a

Si/B atomic ratio greater than 500.



[0047] 14.08 g of AI(NGB)3.9H20 were dissolved in 85.92 g of water to

yield a solution containing 8w % Al (NG3)3. 0.74 g of calcined B-1TQ 13 from
Exanpl e SwaeemIsospended in 10.5 g of the above Al (NO3) 3 aratSorn4under
stirring and the suspension was transferred to autocl aves and heated at
135C for 3 days under continuous sti r|2i1ng at 60 rpm The resulting solid
was filtered, WO 02/096803 PCT/US02/ 14411 -20 washed with distilled water
until the water was at neutral pH and dried at 100C, overnight. 100481
X-ray anal@gepASMS: t he resultant product showed it to be pure I TQ 13.

Chem cal analysis indicated the product to have a Si/Al atomc ratio of 80
and a Si/B atomic ratio greater than 500. WD 02/ 096803 PCT/ US02/ 14411

-21- CLAIMS: 1. A synthetic porous crystalline materjal. hayjng a 3-
di nensi onal channel " $yst rﬂ”&tg‘ﬁ{l? PSTOHS cgygt]ailg)te f%&eflaihag"éﬂ%@a% y parall el

channel s ' [ [ = i rally
coor di nat e(gﬁl%gf ggn%mg&{s}lggg %%e@%&%ggﬁfﬁ%@gégﬁrgw%ﬁgﬁlﬁg?fsléﬁ%h are
al so def i na@hyf WRich T8 ABBA&TLY b NOSmembepdd BNE OF dttaheaAIIdbrlipdtat ons and
which intersect with the channels of the first set, and a third set of
gener al | y giemal 4 secaritasen ef gendraliy parabtet chautelsvwhicht dre atdvadefedes! yf 184i d

first and second sets apnd each of whigh is defined by a 9-nenbered ring of
t et r ahedr anFDeEt BRERe LW ahedrally soondmated pgqme agg Vduch EpeLseeh Wltﬁ &%t eri al

i Si f k .of i . , h
P hhour hidnnblsUERAL e dkr BRGNP abbeaBaly hafie Qe eORRd o e
coordi nat Eiﬁtérébd@%ﬂ?ﬁ%}e?dlﬁgn%l@ g\g@aidnﬁﬁaah@ sdoondNRELid @RGHL GRSt e

position nmay vary wthin
defined by a 9-membered ring of tetrahedrally coordinated atoms.

2. A synthetic porous crystalline material comprising a
framework of tetrahedral atoms bridged by oxygen atoms, the tetrahedral atom
framework being defined by a unit cell with atomic coordinates in nanometers
shown in Table 1, wherein each coordinate position may vary within + 0.05

nanometer.

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

specification.

4.  The crystalline material of Claim 3 having a composition
comprising the molar relationship:

X2031(H)Y02,

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

element.



nanoneter. 3. A synthetic porous crystalline material characterized by an
X- ray diffraction pattern including values substantially as set forth in
Tabl e 2 oWotoawssspeci fication. 4. The crystalline materi alPCafUusC/ai4m 3

havi ng a conposition conprising the moplar relationship: X203:(n)YQ2,
wherein n is at least about 5, X is a-t¥ivalent elenent, and Y is a
tetravalent elenent. WO 02/096803 PCT/ US02/ 14411 -22 5. The crystalline
material of Claim4 having a conposition, on an anhydrous basis and in
ternms of noles of oxtdesThetrystalidhematsrial@? Claigxphasigch bymbpbsitibar onl a:
(0.2-0.4)R X203:(n)YQO2:(0.4-0.8)F wherein Ris an organic noiety. 6. The
crystal | i nen agltyedrioab besis @andiimigmarndmaoles odiodidrs penpmeles of ¥ Gexanet honi um
dication. 7. The qqr}yﬁ{atlﬂl ine material of Caim4 wherein Xis a trivalent
el enent  sePEEEEEdHHhe ‘émﬂleaoup consi sting of boron, iron, indium gallium
al um num and a conbination thereof; and Y is a tetraval ent el enent

selected fromthe group S Al £, SUH nkhy, titanium gernmani um
and a conbi nation thereoﬁ?ga'%gg%c?mmzl ﬁgl %? rial of Claim4 wherein
X conprises boron or alum numand Y conprises silicon. 9. A siliceous form

of the crystaldij T{eisrﬂi‘lt&rgiaﬁfc.lﬁf)ig%ﬁi m4. 10. A nethod for synthesizing a

crystalline material as“claine

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

a hexamethonium dication.

7.  The crystalline material of Claim 4 wherein X is a trivalent
element selected from the group consisting of boron, iron, indium, gallium,
aluminum, and a combination thereof; and Y is a tetravalent element selected
from the group consisting of silicon, tin, titanium, germanium, and a

combination thereof.

8.  The crystalline material of Claim 4 wherein X comprises

boron or aluminum and Y comprises silicon.
9. Asiliceous form of the crystalline material of Claim 4.

10. A method for synthesizing a crystalline material as claimed in
Claim 3 which comprises (i) preparing a mixture capable of forming said
material, said mixture comprising sources of water, optionally an oxide of boron,
an oxide of tetravalent element Y, a directing agent (R) and fluoride ions,
wherein R is a hexamethonium dication, said reaction mixture having a

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



Claim3 which conprises (i) preparing a m xture capable of formng said
material, said m xture conprising sources of water, optionally an oxide of
boron, awoamziogsonf tetraval ent elenment Y, a directing ageatr/ysR)y/i14amnd
fluoride ions, wherein Ris a hexanethoniumdication, said reaction

m xture having a conposition, in termg3of nole ratios of oxides, wthin
the foll owi ng ranges: WO 02/ 096803 PCT/ US02/ 14411 -23 Y02/ B203 at | east 5
H20/ Y02 2-50 OH/YQ2 0.05- 0.7 F/ Y02 0.1-1 R/ Y02 0.05- 0.7 (ii)

mai nt ai ni ng said m xture undeyOgB,O;5ci ent catridagtisons i ncluding a
tenperature of fromabout 120C to about 160C until crystals of said 4
material are forned; and (iil)O/d3pvering 2aid@ crystalline material from
step (ii). 11 The method of claim 10 wherei h i xture has a
conposition, in terns of nol eéﬁa&‘ S, Wt hiélro%hé-r/mol | owi ng ranges:

Y02/ B203 at | east 40 H20/ Yozm%? OH/YO2 §1210. 4 F/ Y02 0.4-0.8 R/ Y02
0.2-0.4 12. A process for convertiing a feedStock conprising organic
conpounds to conversion prodygty@hi ch conprgggsocont acting said feedstock
at organi c conmpound conversion conditions with a catal yst conprising an
active formof the synthetic porous crystalline material of CaimS3.

(ii) maintaining said mixture under sufficient conditions including a temperature
of from about 120°C to about 160°C until crystals of said material are formed;

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

11 The method of claim 10 wherein the mixture has a

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

YO,/B,05 at least 40
H,0/YO, 5-20
OH/YO, 02-04
F/YO, 0.4-0.8
R/YO, 02-04

12. 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 3.



