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woe@ia41066 t he | nvention This i nvention rel at esSPEDUS2003/032969

aromati cs conversion in the presence of a catalyst

conprising I TQ 13. 10 Description of the Prior Art

Many aromati ¢ hydrocarbons are val uabl e commerci a

products. For exanple, para-xylene is, a very

val uabl e comrerci al product useful in the production

of polyester fibers. 15 Aromatic conpounds can be

formed by cARQNATIS RBIQN W

aromati ¢ conmpounds. An exanple of such a conversion is

the dehydrocycl o-oligonerization of aliphatic

hydr ocar bons tBATRIGREUNIRTOTHE IMVENTRONCESS

typically uses an internedi ate pore size zeolite

catal yst such as ZSM5. 20 Anot her process for

ggjv i enon-aromatic conmpounds to aronmatic
%ﬁiﬁﬁé&kg%%%lves reform ng where C6 and hi gher

carbon nunber reactants, primarily paraffins and

napht henes, are converted to aromati c conpounds. This

process Thisiiowdntipnslates e aesmptics icorvarsipm iy shqppregence of a

zeglites, .suc s.zeolites L, Y, and X or

ﬁ%@ﬁﬁ&?F@ﬁgpgggﬁ%yésts whi ch can conprise a neta

oxi de support acidified by a 25 hal ogen. Also, |ess

val uabl e aromati c conpounds can be converted into nore

val uabl e Besmptios of iedbiondst Exanpl es of such

processes include the nethylation of toluene to form

] enes” aMTBGHIBHE Darmsags REsRREbEATTertR R For
Eﬁ‘%&gg%&}%&%ggﬁu%gV&yVlew Bhh{&6ial product useful in the

production of polyester fibets.

Aromatic compounds can be formed by converting non-aromatic
compounds to aromatic compounds. An example of such a conversion is the
dehydrocyclo-oligomerization of aliphatic hydrocarbons to form aromatics. This
process typically uses an intermediate pore size zeolite catalyst such as ZSM-S.
Another process for converting non-aromatic compounds to aromatic compounds
involves reforming where Cs and higher carbon number reactants, primarily
paraffins and naphthenes, are converted to aromatic compounds. This process
typically uses monofunctional large pore zeolites, such as zeolites L, Y, and X or
bifunctional catalysts which can comprise a metal oxide support acidified by a

halogen.

Also, less valuable aromatic compounds can be converted into more
valuable aromatic compounds. Examples of such processes include the
methylation of toluene to form xylenes, the disproportionation of toluene to form

xylenes and benzene, and the isomerization of xylene feedstock to produce a
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product enriched in para-xylene. These processes
typically use a catalyst conprising an internediate

w@or0a/0$i73€@ zeol ite catal yst such as ZSM 5. Co-Ppenus1ug3/032969

U S. Patent Application Serial No. 09/866,907, filed

5 May 29, 2001, now U.S. Patent 6,471,941, describes a
synthetic porous crystalli material, | TQ 13, which
is a single crystalline phaSe material having a unique
3- dinensional channel system conprising three sets of
channel's, two defined by 10- nenbered rings of

preduch heriched yincpwediiaced Témewrméses hféfplchlily dispya catalyst

9-nenbered , rin of tetrah d at ons.
R i qneraite Do S AR Al §RRGE/ARE ST

60/ 362, 100, flled March 5, 2002 PCT Publlcatlon
W03/ 076550, describes a process for cracki

hydr ocar k@men@ng@ 8. Patent ywplieasiopr PeriahgNe @@@@907, filed

S S T AR S e PES Dl B0k bt

MARKAC TTO 32 whehdis SdiASD |c§ysfaﬂ[n63ﬂﬁ§@hiaﬁén@13 BMEHS b Rique 3-
under conversion conditions and in theegesence of a

dlateaslyszﬂ chamgt systemy cqnglymgw@wecsewf&hém e definaddy 10-

h h
’&‘8 piediring® 4t PvaBectafly SO B08 e EPTHRE e RE B rmenpeed
oPfet¥RbGAIY TobRfinAGH alitnsd GperrRe RS, Pategt Afppﬁ&tlon

te rahedral |y coordi nated atons, a second set

gm% 60768100, e %ch lt'l?CTaPéblaﬁaél@n WARLT6BS0.
craEor o [ o e i £ P GRS BBt AR fR-13.

set, and a third set of generally paral | el channel s
mhlch i nt ersect mnth the channels of sald first and
second sets U MBI A ‘

9-menbered ring of t et rahedr ally coordinated 25
atons. In a preferred enbodi ment, the present

i nvention e JirkRAt GAvdnfioR isPERERSS td O prodeseriot N@omatics
f eedst ock conprising aromatic conpounds to a product

cmwprsucm yoccatasting acfeezﬂcﬂwgbln dler anpmatic efinVeisionfungas enaversion
tock., Th d t b t

ek R 58 1, LG et S

W03/ RAdTR Gatal/ H5ARRSHR3308Rnnd system comprising a ﬁrst set

of 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 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.

In a preferred embodiment, the present invention is directed to a
process for converting feedstock comprising aromatic compounds to a product
comprising aromatic compounds which differ from said feedstock. The process is

carried out by contacting the feedstock containing the aromatic compounds under
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wa@eoogioal7sé ne nat eri al

conversion conditions and in the presence of a
catal yst conposition conprising a synthetic porous

tetrahedral atons bridged by oxygen atons, the
tetrahedral atom framework being defined by a unit

cell with atom c coordinaté&s in nanoneters shown in
Table 1, wherein each 5 coordinate position may vary
within + 0.05 nanonmeter. Exanples of such processes
GRS heich PRSP bR 00 Sl DR

sistheiyr poraus cmmtaiﬁne(yiamms comlmblmgne frammlewbekt ofotatraleefdral atoms

aronmati ¢ hydrocarhons. 10 | n angqt her efer
beidsedibyentgen alomsy ihedetrherra) atom AWl @%d meg by unit

Bfi %?1? SidnRb &;%Pdﬁg;ﬁéé ﬁ&ﬂ B0 SER B ﬁp‘mﬂténﬂsw% em each
aronmati ¢ conpounds. € process is carried out

coordix@ed ipogitith emap nfaay owmitiih c1 cO.0P onandmetend Elxamph:v eqsfS isoch
condltlons and in th resence of a cataly,

Pé‘éﬁ?ﬁf(%l ipgly §P§<P 1onation : e fqleene pigy at%lue? Jspzge; gt
xg?E‘i&’lg ?yﬁb%ﬁ@re 'cﬁﬁ\%gsﬁn ftfléa ﬁ%ﬂ@hgatfbfn ﬁ(&[e@?% lql.{lé ltheaehfeﬁ%on

oXygen at ons tet atom
aﬂnmmm&dxbearbmsjefl ned by a unit cell with atomc
coordi nates in nanoneters shown in Table 1, wherein
each coordinate position may vary within + 0.05

nanonet ef, réterred emH #}lnﬁﬁp ‘fl?eé;ﬁ@%n‘c BoEaE isWhected to

catal yti c retormng of napht

adgroyess doycn®eding goneromaid compdund? tCaronaitic poatpoands. The
hydr ocar bons. 20 DESCRI PTION OF DRAWNGS Figure 1 is.a
PERAFETICAEICH ORI FoRfachRs die r@ﬂcﬂwma%mmﬂﬂﬂmﬂsw% conversion

e f
B0 DELRISERATD ey AR BBl sfinenc
;ﬁ:harsrtﬁirstzﬂkﬁet mmwﬁl cdnifRisidy a dgaicwvosin oﬂvtamghtdml LOmE tbmdged
of the tetrahedral atoms. Figures 3 and. 4

by axysen demside teirahgdssl afgum [ﬁiawpv@ﬂgb%pg defined é’b( ar%tgceug’(}th
W@fé@%%%% gjé g%{orﬁé{g%s %%ow%qnz“?go‘ié qé," ]vyl*ﬁe%m each coordinate

position may vary within + 0.05 nanometer. Examples of such processes include
the catalytic reforming of naphtha and the dehydrocyclo-oligomerization of C,-Cs
aliphatic hydrocarbons.

DESCRIPTION OF DRAWINGS

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

the positions of the tetrahedral atoms.

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

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

Figures 3 and 4 are illustrations similar to Figure 2 of the ten-ring
channel systems of ITQ-13.

conprising a franmewor k oOPCT/US2003/032969
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. of the

4 Figures 5 and 6 show the X-ray diffraction patterns
of the as- synthesized and as-cal ci ned

wherosi4oent ai ning | TQ 13 product of Exanpl e 1.PCHUSM0&032969

7 shows the X-ray diffraction patterns of the al um num

5 containing I TQ 13 product of Exanple 1. Figure 8 is

a graph depicting the test #4esults of Exanple 4.

Figure 9 shows the X-ray diffraction patterns of the

al um num 10 containing | TQ 13 product of Exanple 5.

Fi gure 10g; ' gke PErYIVgnT ] MVR;s-
R R L S S s L L

SynthkSized gt gs-calcinetl ror-agiaidigi ITOQF IRprotiect b€ Bkampledl t s

of Exanple 6. DETAI LED DESCRI PTI ON OF THE PREFERRED

EMBODI MENTS The term "aromati cs conversion", as used

herein, s r | r ' .

by the con ef%?gﬁgg%qﬁ%n%g?@ﬁ§?#§%h§gﬁgg§%ggﬁgg?%hﬁﬁmnl

éondifihg CTQoIBpudets of Hiemplenm "ar omat i cs conversi on”,

as used herein, shall also include the conversion of

feedst ock conprising aromati c conpounds to a product

conpri si ng: [ Q i ' said

feotst ook EHE PP R Rl of Bhamf i8R B2

herein, shall further include the selective 25

adsorption, of aromatic hydrocarbons, e.g., alkyl i

subst i t ut BiguseR 28A¥S hecK-gy difjacdiaepateys ofHge aluminum-

ﬁﬂgﬁgﬁglgééﬁﬁﬁ@&ﬁﬁbpgx LQus isoners of the aronatic
ydrocarbons,” e. g., separation of para-xylene from

ort ho- xyl ene and net a-xyl ene. The synthetic porous

crystalline material | TQ 13 is described in co-_30
pendi ng UFigurepty shrwsaphs| magie japaleswinming agmigyn d§¥Ropfrthe

AR sob B YR SR Bl 2 ne phase tha

has a uni que 3-di nensi onal channel system conpri sing
three sets, of channels. In particular IT§}13

conpr i sesFigare jlrise gsanh dspicias dredestyesylis af Femplannel s
each of which is defined by a 10-

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The term "aromatics conversion”, as used herein, shall mean the
production . of aromatics by the conversion of non-aromatic hydrocarbons to
aromatic compounds. The term "aromatics conversion", as used herein, shall also
include the conversion of feedstock comprising aromatic compounds to a product
comprising aromatic compounds which differ from said feedstock. The term
"aromatics conversion", as used herein, shall further include the selective
adsorption of aromatic hydrocarbons, e.g., alkyl substituted benzenes such as
xylenes, for the purpose of separating various isomers of the aromatic

hydrocarbons, e.g., separation of para-xylene from ortho-xylene and meta-xylene.

The synthetic porous crystalline material ITQ-13 is described in co-
pending U.S. Patent Application Serial No. 09/866,907, now U.S. Patent
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menbered ring of tetrahedrally coordinated atons, a
second set of generally 5 parallel channels which are

wa@bk@a/odesé ned by 10-menbered rings of tetrahedp@l/Ug2003/032969

coordi nated atons and whi ch are perpendicular to and
intersect wwth the channels of the first set, and a
third set of generally parallel channels which
intersect wwth the channel’s of said first and second
sets and each of which is defined by a 9- nenbered

ringﬁof tetrahedrally coordi nated atons. The first set
671 Pd1. ATRy1Dis a singlecaiyrialing pease il has gsyuguscl-ppsional

P TR T e R e e

aCfifd6 Set OF tdefially diarmIRE ichiteRf eacAboflitvhichOisAdbfnedbbyita 10-
5.7 A._The third set of 9-ring channels each has
manghszed simet ol trtaheriratbn soerdinasl atpwst assegond 56t abgenerally

4, .1..15 . The .st r:uct,ur f 110 ef j
sl ppmed T RtCHY Seffled Dlooalibred fofot Bihctiuy
c66AtAtddl A6ma ahd thchSdré Peperictuled rmatisteBctt wigh the channels
material. Table 1 lists the positions of each

of ¢her st setaindag rird set oheengmlly pasaliel chamnglsomkicl infersed

t et.r ahedr al i on tQ_an . S
o PRSP A i BRSPS BRRRY o o
midiebor&l HABESH BlraRddR4AlE, DBrdineNe abebl The fir@ 20 oftFerring
crystal forces (presence of inorganic or Qrganlc

chpuslsesichfls esmisrignal dimensingis @ff aboup 4 Auby abeut 5.5 A,
b Gl an b P08 D S0 sl ot dggsions of

2Bod590 04 194abole 5O ASLTRe il fbt4fB-rifs BardBh EhcB&hs cross-
0.333 T4°0.626 0.158 Q. 487 T5 0,153 0. 149 0. 781

sectional dimensions of about 4.0 A by about 4.9 A.

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 that 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.



T6 0.383 0.250 1.993 T7 0.473 0.153 0.071
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T13 0.626 0.980 0.487 T14 1.099 0.989 0.781 T15

0.869 0.888 1.993 Ti16 0.778 0.985 0.071 T17 0.783

0.000 1.509 T18 0.785 0.QQ0 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 0.867-0-2876-333—T26 1.099
0.149 0.78]1 T27 0.869 Q'BE®Y 1,993 T28 01778 0.153
0.071 T2910.626 Q. 7286% 5 08%alg P#% 41750 1. 579
aT35T31 0. 385 2 856+ 443 Taoh 626005727 1.588 T
0.153 0. 7181 g:x,m 0383 w28t 033 . 33
: . - Z 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
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
TI12 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 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
136 0.469 0.569 0.409
T37 0.466 0.569 0.719
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 1171
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 1.882
T50 0.383 0.319 0.893
T51 0.473 0.416 1.171
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
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T34 0.383 0.819 0.893 0.473 0.722 1.171 T36 0. 469
0.569 0.409 T37 0.466 0.569 0.719 T38 0.626 0.410
waz2@9m8417389 1.100 0.418 1.579 T40 0.867 0. 282PAT/8SB03/032969

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 1.882
T50 0.383 0.319 0.893 T51 0.473 0.416 1.171 T52

1.100 0.720 1.579 T53 0.867 0.856 1.433 T54 1.099

1171 vol360 S P atmeivd sl e S Pty no

RecBLRPRIRNLY Bry8@s Ridedlahd haiee X-esyndifirddiiohigattbe whichds
detectabl'e inpurity crystal phases and has an X-ra

distinfniabed Somphe patemswi dherikgowy iag-ﬁyrﬁ@@ﬁizaeﬁé)d thermally %@ated
BaLerns o 4% K191 A% DAL BRIGES o thermal Iy

TABLE 2
dA) Relative Intensities (I)

12.46 £ 0.2 W-VS
10.97 +0.2 m-vs
10.1240.2 VW-W
825+0.2 W
7.87+£0.2 W-VS
5.50+0.15 W-1
545+0.15 W
532+0.15 VW-W
4.7040.15 VW
422+ 0.15 w-m
4.18 £0.15 VW-W
4.14+0.15 W
3.97+£0.1 W
3.90+0.1 vW-m
3.86+0.1 m-vs
3.73+0.1 m-vs
3.66+0.1 m-s

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/, 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
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wWoreg/ 040507 0.2 mvs

5 crystalline materials by the Iines listed in Table 2
bel ow. TABLE 2 d(A) Relative Intensities 12.46 0.2

7.87 0.2 wvs 5.50 0.15 wm 5.45 0.15 vw 5.32

0.15 vww 4.70 0.15 vw 4.22 0.15wm 4.18 0.15

vww 4.14 0.15 w 3.97 081W 3.90 0.1 vwrn 3.86

0.1 mvs 3.73 0.1 mvs 3.66 0.1 ms 10 These X-ray

diffraction data were collected with a Scintag i

i ffraction system equipped with a gerpmaniumsolid
pligediior Hus %ﬂ‘\{r}plﬁ as #ige dﬁg%may ROBiSH ﬁgmuétaqlgpwﬂappmaémes

j: [ t.eps L.hg: a
AR DS, ARG Be  ge
mmg bppeanasl résobedndri pegtiliyreesofved Qinkd SBpAlS, é@ﬁtaﬂ@gﬁgphic

tep. The interplanar spacings, d's, were calculated
GIANGES o riBFHds, ey, changes eupibcall ippermeiere gaflior éschange in

i JO4 S.0ne dr. e | nsj
R e T M ey
ineluding bkangseinatlativimddrisities, 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.

Preferably, the synthetic porous crystalline material has an X-ray
diffraction pattern including d-spacing and relative intensity values substantially

as set forth in Table 2.
ITQ-13 has a composition involving the molar relationship:
XzOg:(l‘l)YOz,

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, titanium and/or germanium, preferably silicon; and n is at least about
5, such as about S to infinity, and usually from about 40 to about infinity. It will
be appreciated from the permitted values for n that ITQ-13 can be synthesized in
totally siliceous form in which the trivalent element X is absent or essentially

absent.

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:(n)YO,:(0.4-0.8)F

10.12 0.2 vww 8. 250. PCT/WS2003/032969
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w@oedoaniss i on ef fects.

fitting routine (or second derivative algorithm. The
intensities are uncorrected for Lorentz and

given in terns of the 20 synbols vs = very strong
(80-100), s = strong (60-80), m= nmedium (40-60), w =
weak (20-40), and vw = very weak (0-20). It should be
understood that diffraction WO 2004/ 041756

PCT/ US2003/ 032969 8 data |listed for this sanple as
single lines may consist of nmultiple qverl apping %% es
whi ch undderedeRiiaamorganigingietys The Reanddscomnnspisnpich atp

| i,C.. .
SSEYBIAN ORIAN G PTAER oY AP a8 ESPLKEIRT
eadign gasodnby Nistictgstalliagiorc hadtigels hercinafiér awrd particularly
paraneters and/or a change in 5 crystal symmetry,
et a change in the structure. These m nor

effects, including changes in relative intensities,
can also occur as a result of differences in cation
cont ent, Tortaerexveritkiesiospari ddpemding ai teeX ANdY Og giobe ratio of
pore filling, crystal size and shape, preferred )
thyy ineateriali GRY 9HOR &R fhe 2nanthesiggd rlgﬁhﬁﬁam b5 gerlpged in

.ahly. . iz |

ob G GiES i OE wEH R 3 o tRORCUFICEEHTL AL A6 sechanee
viltis@e digiond) OPrefinet irspading eaivink nchadeupstalsishs thydidgah ons,
as set forth in Table 2. ITQ 13 has a conposition
hiydsPEER iDRGFUFNE A8) ATIAGMEES iFs png: miytgregthereph) Wygticularly
pﬁé}g’r&i ncaéohss afe tt&bé’ealvaﬂsh et!aﬁg?e %? . @a‘t’ﬁﬂicasafﬁ{ligg] {0 R ertain

oron, iron, Tndrum "and/or gallium” preterably ,

hgeroasxbory coBvedsidrefeadticils € Mhesd MORAE hgdroPerg $arg Gash hietdand
tin, titanium and/or germanium_ preferably silicon;

ragfels of Geoups edBA, BBuV A, 4B, HBcRIEadVEp ¥l VEB; ¥1IB and VIII
0iIft éﬁgr{o\éiqb’f'awe &stﬂéaﬂ hfom about 40 to about infinity.
Wi

e apprecrated fromthe pernitted val ues for

n that 1TQ 13 can be synthesized in totally siliceous
formin which the trivalent elenent. X is absent or
essent i alThy asspathesizedJ8Q-13 may be subjected to treatment to remove
part or all of any organic constituent used in its synthesis. This is conveniently
effected by thermal treatment in which the as-synthesized material is heated at a
temperature of at least about 370°C for at least 1 minute and generally not longer
than 20 hours. While subatmospheric pressure 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.

Prior to use in the process of the invention, the ITQ-13 is preferably
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

The rel ative intensiti eBCHUS2003/032969
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Processes for synthesizing | TQ 13 enploy fluorides, in
particular HF, as a mneralizing agent and hence, in

WO t@4ast7se/nt hesi zed form 1TQ 13 has a for mul BCT/0820831032969

anhydrous basis and in terns of noles of oxides per n
nol es of Y02, as follows: 30 (0.2-0.4)R

X203: (n) Y02: (0. 4-0.8) F WO 3904/ 041756

PCT/ US2003/ 032969 9 wherein R is an organic noiety.
The R and F conponents, which are associated with the

%B@%gé}%h A%zl?g%r “Di }téirg fggitsﬁl:qa,%;,a{lfcg e\%g 8)%1;,6%u£t| rggm temperature

e e %kﬁﬁq‘% o AigHp, B £13R0 he Tolehired to ofain

m;ﬁﬁmdmtmamtbfr&h%ﬂﬁﬁdﬁ{m nolar ratio of the

material, any cations in the as-synthesized |ITQ 13 can

be replaced in accordance with techni ques well known

in the ar

ot her cat | Snare P AR o AL oo oL Y AT O replit From o

mattiah motee dvymlmgg wouroessof katcnyoptagelly pn exidesof boron, an
m.i-ons and m xtures fhereof. Particularly

u
%I%f ef Ft‘éravglg i pgent B gBost 1% e ieghing, pesnk ):af Sesrripgd
t
B ¥hd X1ub Al (6 Al realOH AEALABERY E5ibUlion, in tems of
ok rativet efloxidet, vatlon fie fb]ld\ymglrhﬂgesl VA VA, |IB, 1B,
I11B, NB, VB, VIB, VIIB and VIII of the Periodic
Tabl e of the Elenments. 15 The as-synthesized ITQ 13

may Ipe Sybjected tqg trea TO Tenov art.or gll
of any o#ﬁgﬁ?‘atscongtitue[ﬂmetgied i1 itsePerr?F’Ef'é‘si s. [This
IS convem(gn_i,zbé efif ect g@lleggtst hermal t@gqéagpm in

V\h. h ad haat ad o
|CIT Lﬁlc aS—S o—yllfll Sstzea—+Hatert al s—heatet—at—=&

t enper at h0/¥02at |least & 370Q for af-Peast 1

m nufe eral Ily not, A0 r than,20 urs.
Whi | qugﬁﬁg Aherilc pr Qéﬁ@ﬁran he emQ% d'lzg t he
t her mal tIr/e*alzrrent, at nogpheric pr essure4150 glesi réd

f or reasons-of-—Tconvenience —The

R/YO, 0.05-0.7 02-04

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.

Crystallization of ITQ-13 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 120°C to
about 160°C for a time sufficient for crystallization to occur at the temperature
used, e.g., from about 12 hours to about 30 days. Thereafter, the crystals are

separated from the liquid and recovered.
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wespeoiabéy in its netal,

thermal treatnent can be perforned at a tenperature up
to about 925C. The thermally treated product,

is particularly useful in the catalysis of certain
organic, e.g., hydrocarbon, 25 conversion reactions.
Prior to use in the processj;of the invention, the

I TQ 13 is preferably dehydrated, at |east partially.
This can be done by heating to a tenperature in the
it r BB ea Tdcthak ths e lABSBRAe componens can be

REPALTR B atbas 0SB OB AR3Uh g ryfparea cithr

patchitvise andoﬁtﬁlubosly.s.C@eﬂa}/ dizat dmdnciyatallabiicn bitne of the new
perf rmed at mte erature rely by pIaC|ngthe

rygiplime ateata) e HARY Vit thg np the repstion midyg sraloxed and
mg%ﬂ}sﬁlllﬂtl&g%ﬁﬁﬁ&ﬁt anount of dehydration. 5 The

['1"cate an orosi(icate forms of | TQ 13 can be
prepared froma reaction mxture contai n| ng sources

of water, optionally an oxide of  boran, i de_ of

t et raval e ?S%#Uy@'m dngy be feilitaisd by&@lﬂ@é’ﬁ‘?%@f at Jeast
[ I [

GOE Pordefd. REICHBHF D1Bibroc? g%%@@?ng*e“ﬁfefe‘?%l%ﬁﬂﬁﬂa%% fted

erpstals (ladsed on edtaloxeiged of emydtilline produétol | owi ng ranges: 10

React ants Useful Preferred Y02B203 at |east 5 At
| east 40 H20/Y02 2-50 5-20 OH/YO®2 0.05-0.7 0.2-0.4

F/¥02 0. 1ype 1§13 Qe in Ft?{]g g?o g ﬁgf the’ 1nQ761¥t ﬂ%’eé prl—fe?ably an

organi c directrng agent erein
:ﬁemmﬂinauelcmrb\o[rdmmmdtcem&bmefdprefmbmyhammmam?alumina
di cati on and preferabl 15 hexamet honi u

PG PR od deso fhah ADORO NPT dhgsasdicats L 13 e fegdibe 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.

The "alpha value" refers to the acid activity of a catalyst, which is
exemplified by its catalytic cracking activity. The alpha test is described in U.S.
Patent 3,354,078 and in The Journal of Catalysis, Vol. 4, pp. 522-529 (1965); Vol.
6, p. 278 (1966); and Vol. 61, p. 395 (1980), each incorporated herein by reference
as to that description. Usually, the catalyst containing the crystalline ITQ-13 will
have an alpha value in the range of from about 1 to about 900, and, more

preferably, in the range of from about 2 to about 400.

The crystalline ITQ-13 may be employed in combination with a
binder material resistant to the temperature and other conditions employed in
aromatic conversion processes. Such binder materials include synthetic or
naturally occurring substances as well as inorganic materials such as clay, silica,

alumina, and/or metal oxides. The latter may be either naturally occurring or in

hydr ogen and anmoni upCT/082083/032969
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wheogarr7rsed out at either static or stirred

prepared by anion exchange of commercially avail able
hexanmet honi um brom de. Crystallization of ITQ 13 can

in a suitable reactor vessel, such as for exanple,

pol ypropyl ene jars or 20 Teflon(r)-lined or stainless
steel autoclaves, at a te rature of about 120C to
about 160C for a tinme sufficient for crystallization
to occur at the tenperature wused, e.g., fromabout 12
hours to about 30 days. Thereafter, the crystals are
thecform afeslatinghs Prselpiipigs PE eelh dncluhipng BiEyres\ghsilica and metal

! SEh030 R HEL TR g, i s i 1

irfolyiel thest d&fythewichtibalotitteangidtaotie famiiles) which ifadilivs Xidiude
can be Pr epared _either batch-w se or_caonti nuousl é .
they Spbthentogitossang the kpglitsonmaply krown aeDstie Y eNameg-Georgia
ol ] . = - ;
LR 08, P00 W ol BB e
keslddic] diokite, nayitehs singuxife. |1StGh tRhyseyn be ubarinl tht aive dtatyyas
t he presence of at least 0.01 percent, prefer abIK )
ogiginglly axpecher initiplky; subjecied e cplcirbipmmcid, tregment o chapisy
tals (based on total weight) of crystalline
“%’{%%&@?5 10 The I TQ 13 used in the process of the
invention is preferably an alumnosilicate or
boroal um hosilicate and nore preferably has a silica

to al um ndh aaditign et the Erregaing mptarialahdhy HEHE3 may be
. L T ‘ ) . ' od of
PSR SRR PRt S EaE Sk o
alehingd siliveldludida K nslida-thiprekie, ailica-Aibniax adilidacthbyia,i eibica-
exchange of the borosilicate material with a _source
beryllig, and piliae-titamia, ay el ag fosRAEY gampesitions; gich as silicaalunaing:
CLi Vit a.C twhich s £ ed: By 1tsS..
A5 bt TS SRR EmaBRIP ] it
7Aesssi bese T0QU.35may24sddk edtimpdsidétt wathS ambthhotis hisoporous
Journal of Catalysis, Vol. 4, pp. 522-529 (1965%\' Vol .
napleqylar sjeyes FOEB RS MpM-4lopnd M_CME% 3Ggrtherg i) ITQ:A3 nay be

c'orr}l%gsq%%rv%jﬂ? gry@?ail%{enmpcllopro?ctu% " 0i6€ular sieve material. Examples of

such materials are disclosed in PCT Publication 96/16004.

The relative proportions of ITQ-13 component and binder material
will vary widely with the ITQ-13 content ranging from between about 1 to about
99 percent by weight, more preferably in the range of about 10 to about 70 percent
by weight of ITQ-13 component, and still more preferably from about 20 to about
50 percent.

The catalyst may also include at least one hydrogenation/dehydro-
genation metal. Reference to the hydrogenation/dehydrogenation metal or metals
is intended to encompass such metal or metals in the elemental state (i.e. zero
valent) or in some other catalytically active form such as an oxide, sulfide, halide,

cartboxylate and the like. Such metals are known to persons skilled in the art and

CcPOmUs20031632969
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as to that description. Usually, the catalyst
containing the crystalline 1TQ 13 will have an al pha

wo 2004041786 t he range of from about 1 to about 9POT/USIV3/032969

nore preferably, in the range of fromabout 2 to
about 400. 25 The crystalline 1TQ 13 may be enpl oyed
in conbination with a bindggr material resistant to
the tenperature and other conditions enployed in
ar omati ¢ conversi on processes. Such binder materials

RGP Bl Ok et PR ol BERILEL CRupt BTN v,

GQL\ a) 147 i1, BNABOMIETY S, VeXvd8Sand 18 o id 184ri IBYT4MBe of the
ei t ’her hatural Ty occurring of in WO 2004/ 041756

Blemeus? B3amp B 96 suitable mistalsioclmioGrawl BT metads (i.e., Pt. Pd, Ir,

ﬁ@ﬁq Rl 8 §en a3, Suaep v ekt iy S SO Rren Rammasas
GeNBeShd &%), whd Grsdpevhﬁ%&és fi.d d, rrqhuﬁ&aﬁdﬂme 9do1é Pfétals (ie.,

hontmori | l'onite and kaolin [1es, which fam
PinBd.UdRh, m@nd%b)mmm'@spmﬁmetdhe kaol i ns commonl y
known as Di xi e, McNanee-Georgia 5 and Florida clays or
others in which the main mneral constituent is

hal | oysi t'fhe akdRhd HF hﬁ‘:tal rgééhtt f tRACLhILE Q/{ll PRAUX big tlve

Such clays can be used the raw stat originally
amoved| wdvich wilt gaidrqllssbmfremt abdutt 0.00h ke Bt |2©rpercmmt ty weight

treat 0 cal dlflctl 10 In addition_to

#Ho Prefratls %ﬁg &f Peeett et 15¢ fPuBe Wil gipbRith ol
I C

Hided of tROGRIE, 1B B the iR} (1R moCParfiSyIRy pléfinum, being

siliraidhangiths las astmelrnaalm r coni a SI l'ica-thoria,

silica- beryllia, and silica-titania, as well as
ternary conpositions, such as silica-alumna- thoria,

S| | oA AL Rl SRR LA Ryt WL ARG Rofhion

oORssi t eHxamp]es aob rq:mmaiscsmeemmsmm Spromiﬂse’s: Uklagre Shrematic
such a an I\/Cgt Further, the 1TQ 13 nmay be
TRyt @EF \RP’BYP vyt Siforent arpRatic, SPBRSURAS dcipdsy as non-

A Lk e f .es of such materials are
rglhslc?ogﬁgﬁfen P%P@&%;IQ% cation 96/ 16004.

A The isomerization of dialkyl substituted benzenes, e.g.,
xylenes. Typical reaction conditions including a temperature from
about 230°C to about 510°C, a pressure of from about 1 atmosphere
to about 50 atmospheres, a weight hourly space velocity of from
about 0.1 hr' to about 200 hr' and a hydrogen/hydrocarbon mole
ratio of from 0 (no added hydrogen) to about 100.

B) The disproportionation of monoalkyl substituted benzenes,
e.g., disproportionation of toluene to benzene and xylenes. Typical
reaction conditions including a temperature of from about 200°C. to

about 760°C., a pressure of from about atmospheric to about 60
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20 The relative proportions of |ITQ 13 conponent and
bi nder material wll vary widely with the ITQ 13

wa@ eowsemt756 angi ng from bet ween about 1 to aboutPCP9S2003/032969

percent by weight, nore preferably in the range of
about 10 to about 70 percent by weight of ITQ 13
conponent, and still nore piyeferably from about 20 to
about 50 percent. 25 The catal yst may al so i ncl ude at
| east one hydrogenati on/ dehydro- genation netal.

Ref erence, to the hydrogenati on/ dehydrqgepati on t al

or | et ol SUICPIERS AHhacN CER OGRS KGRk Bpmbont 0.08
met al s i gt heaRhedERial state (i.e. zero valent) or

in sone other catalytically active formsuch as an

oxi de, sulfide, halide, 30 carboxylate and the Iike.

and W 2065 04 TSI eSO SERPoaS R biene o Cr
TTA AR GRARaR R, Sty PReafiE ) Mot B o2
VB, VI B, oafths\MBrmaldelnelePalkylddilides] afd exypkndtbs e.g., ethers, and
e S TN T

Fe), G tal ' ° P .
mi% al s glé??l!lt\e@,or%b@aaﬁjg{lgls@ Céggp r%@grue p@?ﬂrgaﬁe%aa?@%phem
(i.e., Mio aboutaZi) Re)aspivobd, e weighi Bowrly gpace velocitPhf from

lr, Rh, (% and Ru}nh_are sonmeti nes (&ref e[fred. The anount,
of netal 3PPEsert t He caboptyst00li | hrpe 3 efhecetomatic

amount WhiogR Wbl 880608 ol

about 20 gergent 83&\Neﬁlhghatg¥m?ﬁ°%r¥%?% g?gjf&enr g%?q{?]l()f g%a?odlt
3.0 percentl.by weight. The anmount will vary with the
nature of the netal, less of the highly active netals,
particularly platinum being required than of the

Less act ¢ MelflSradsdiibiof 8 aBfhats 88mBRusiRliR S hdsence
for a variety of aromatfcs conversion processes.
Exanpl es of polyrkyatématicamppuadn Typicslaesson coligitiens include
aromati ¢ conpounds are converted to differen

t
aromat i c 2cEMPEEHES of feqmy gout240{prio abopt PPN e arpsswe of
the fol |l @¥nD9bout atmospheric to about 200 atmospheres, a weight hourly

space velocity of from about 10 hr' to about 1000 hr' and an

aromatic hydrocarbon/polyalkylaromatic hydrocarbon mole ratio of
from about 1/1 to about 16/1.

(BE) The dealkylation of alkylaromatic compounds. In the case
of ethylbenzene, the ethleenzene can be converted to benzene and
ethane. Typical reaction conditions including a temperature from
about 230°C to about 510°C, a pressure of from about 1 atmosphere
to about 50 atmospheres, a weight hourly space velocity of from
about 0.1 hr' to about 200 hr'! and a hydrogen/hydrocarbon mole
ratio of from 0 (no added hydrogen) to about 100.
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(A) The isonerization of dialkyl substituted benzenes,
e.g., 20 xylenes. Typical reaction conditions

WO p@Hodi7ng a tenperature from about 230C to abOLUS2003/032969

510C, a pressure of fromabout 1 atnosphere to about
50 atnospheres, a weight hourly space velocity of from
about 0.1 hf"1 to about 20Qshr"' and a

hydr ogen/ hydrocarbon nole ratio of fromO (no added
hydrogen) to about 100. 25 (B) The di sproportionation

of nonoal kyl s ti; d benzepes e. q.

di spr opor(ltﬁyonatl T 1%&?16%3318%60? oei%lgl}?%zggé aﬁod ];?Weﬁ%%e.nes‘
Typi cal  ERafldr9rtoadifidhs ighedd HabPérb@ire fofIMBEHALIVOEC to
of from about 200C. to about 760C., a pressure of

f r om abowgbout TA0sEHepressuraofbunrbas S 3000 mAseL HSV of
PCT/ US20 /03@923t 1@ e*;gospher es and a wei ght hourly
space vel CHYPSF P A about 0.08 hr"1 to about 20
hf 1. (C) The al kylation of aromatic conpounds, e.g.
benzene and C7 5 and C8 al kyl benzenes, in the

presence (6 an ‘Biekgdsamtion cfgatmes forghe puxploed pfisgparation of
f or mal deh[ﬁdeb al kyl halides, and oxygenates, e.g.,
ethers, and“ afcohol s. Typi cal reaction condition
include a tenperature of from about 340C. to about

500C., a pressure of fromabout atnospheric to about
200 at modpber esThea wesogistizéfnmr | yof padmligddapbilialenef e.g.,

from 10 apou r:1 to abqut 2000.hr-1 and an

aromatic £‘ﬁff%‘?’%‘3§?th%lﬁ?eal %/I%lé]?’il ngy 4 ﬂgl ISOESS; o Qf the
from abouimdthinkpthalasit isogffsl- 25@@%&%@1{&%@“& abl iy
of aromatic conpounds in the presence” 15 of

pol yal kyllateonediite i dreppnodustionTofil, 6-abpthalanddiarboxylic acid, a

Conc ) ONGSRE i, ETRSLEYT SRl (OMARRIL SCc

to about ZRMoAtdTRanidas efcludinde ippAite! Hom about 230°C to
about 510°C, a pressure of from about 1 atmosphere to about 50
atmospheres, a weight hourly space velocity of from about 0.1 hr! to
about 200 hr’ and a hydrogen/hydrocarbon mole ratio of from 0 (no
added hydrogen) to about 100.

D The disproportionation of mono-alkyl substituted
naphthalenes, e.g., disproportionation of mono-methyl naphthalene to
dimethyl-naphthalene and naphthalene. Typical reaction conditions
including a temperature of from about 200°C. to about 760°C., a
pressure of from about atmospheric to about 60 atmospheres and a

weight hourly space velocity of from about 0.08 hr™ to about 20 hr.

6)) The oxidation of alkyl substituted aromatic compounds,
e.g., conversion of para-xylene to para-terephthalic acid and the
conversion of cumene to phenol and acetone and the conversion of

2,6-dimethylnapthalene to 2,6-napthalenedicarboxylic acid.
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whyanoceasbon nole rati o of

space velocity of fromabout 10 hr-1 to about 1000
hr-1 and an aromatic hydrocarbon/ pol yal kyl aromati c

16/1. (E) The deal kyl ati on of al kyl aromati c conpounds.
In the case of ethylbenzene, the ethyl benzene can be
converted to benzene and etéhane. Typical reaction
conditions including a tenperature from 25 about 230C
to about 510C, a pressure of from about 1 atnosphere

to about e Qﬁug
vel ocity (;ig) ?Eﬂg%ﬁ go&ﬁ@es 1%%1?@% 0 g&ts%g&ﬁlbf cgﬁverted
toy diffegent /ahyratacemigoondobe ther ocess @ff the preséht (mentio @dtlude
%%rﬁ%;n) to about 100. . WO 2004/ 041756

PUBIBB3/ 032969 15 (F) The isonerization of
et hyl benzene to form xyl enes. Exenplary conditions
include a tenperature from about 300C to about 550C,
a pregA)r e nfnotyohimnalkiytadmait dodnmlOdppieseraadbyathe Hsvhudd:
fromabout 1 to about 20. 5 (G The adsorption of

xyl enes for the pur pose of separag on of the i soners.
yl mapht hal ene, e.g., 10
ax xture of isoners. O

(H) The isonerization
the di met hyl napt hal ene ifsopexks,

di nmet hyl napht hal ene, to

Typi cal reaction conditiong yding a tenperature
from about 230C to 15 about .~ a pressure of from
abetsin:1 at nosphere to about 50 atnobspheres, a weight
hourly space \{el ocity of fromabout 0.1 hr-1 to about

200 hr-1 affd Ra, #ddR otje idependsaty Becterbiremrthe groupfeonsisiing
gf flycﬁogen and an alkyl or alkenyl group having 1 to about 12 carbon atoms, and,

preferably 1 to 4 carbon atoms; and,

(B)  bicyclic alkylaromatic compounds represented by the formula:

wherein:
R? and R* are independently selected from thé group consisting of
hydrogen and an alkyl or alkenyl group having 1 to about 12 carbon
atoms, and, preferably 1 to 4 carbon atoms:
Y is an integer of from 0 to 2; and

Z is an integer of from 0 to 2.

20 from about 1/1 POT/ERZMN3/032969
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added hydrogen) to about 100. 20 (1) The
di sproportionation of nono-al kyl substituted

woaphhebenes, e.g., disproportionation of nMONPETESINYS/032969

napht hal ene to di net hyl - napht hal ene and napht hal ene.
Typi cal reaction conditions including a tenperature
of from about 200C. to aboyt 760C., a pressure of
from about atnospheric to about 60 at nbospheres and a
25 wei ght hourly space velocity of from about 0.08

hr-1 to about, 20 . hr- 3J) @.0xi dat. | .
substit ug&ma]reﬁ HERI R ’&in]éo &H%?‘ ing ‘?‘g‘? %t}ag@ﬁggpgbﬁéh&ned
- XYV, t ra térakich afdugls aneluti®@nethyl, ethyl,
al%\%c}(s%ug%%fgqgﬁﬁnén-gxtglglggﬁenol an é_lgsét on:e1 ande t}tlwe o
ethgleuer sipropydf is@dory],6 paipyteneyy nrkiylh dsenéyl; dutylene or any

2, 6-napt hal e i carboxylic aci WO 2004/ 041756
C(PWWD@SWG%%@@Q’W i%e‘i(@ﬂ‘-lli’ }SrH“%P}ﬁlg exanpl es of

aromati ¢ conmpounds that can be converted to different
aromati c conpounds by the process of the present
i nvent i ofixamples @€ monheyclio klkylarergatiGeqaounds eeryespending to

TR SO e ehentod it De. AL
i nd I € . . h f ,4-
swlrl]c!}l dz?sg;gag% ngﬁgéﬂaoz‘ﬁ{aoﬁ%%@, S ORLfabBE/ | GO BRI MBLGlch Bith 41

or al kenyl group having 1 to
didiioibentene; at,Datiethylbergeneanahd 185dipthatbenzanky trimethylpenzenes

N
u%ngl!hgf@enzene), and pseudocumene (1,2,4-trimethylbenzene), ethylioluenes,
triethylbenzenes  such as  1,3,5-triethylbenzene, methylpropylbenzenes,
ethylpropylbenzenes, dipropylbenzenes, diisopropylbenzenes,
triisopropylbenzenes, and the like.

Examples of bicyclic alkylaromatic compounds corresponding to
formular I include 1-methylnaphthalene, 2-methylnaphthalene,
dialkylnaphthalenes such as 1,2-dimethylnaphthalene, 1,2-diethylnaphthalene 2,3-
dimethylnaphtha-lene, 2,3-dipropy1naphthaiene 2,6-dimethylnaphthalene, 2,6-
dibutyl-naphthalene, and the like.

Examples of aromatic compounds to be converted and resulting

products are shown below in the table:
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W 25 wherein: R3 and R4 are independently sel ected
fromthe group consisting of hydrogen and an al kyl or

w@bkdoatoyl7sgr oup having 1 to about 12 carbon at POEUSZN)32969

preferably 1 to 4 carbon atons: Y is an integer of
fromO to 2, and 30 Zis an integer of fromO to 2.
WO 2004/ 041756 PCT/ US2003/ Q82969 17 Exanples of R
R1, R2, R3, and R4 include straight or branch chai ned
al kyl and al kenyl groups. Exanpl es of such groups

i nclude nethyl, ethyl, ethylene, n-propyl, isopropyl,
propyl ene, n-butyl, isobutyl, butylene or any

conmbi nat i ogydhbligiceof . The Ip&gp\%lﬁ&@ gr oupadosndmet hyl. 5
Exanpl es of, i, @8&80|IC ahg%_ pnatic COMRYYNYs
n

correspon rmul a ncl ude, for "exanpl e,

benzeng to?lﬁ'gwséonet hyl benzene, styrene, xyl exs such
S paFa=—XYeher—ortho-xylene—and neta-xylone

di or hyl berB@K68e such as 1Ethylers et hyl benZdhgbenzene

1, 2- di et hyl'ddeerneene, and 1M3thdlutdt hyl benzeXdgene isomers

tr| nmet hyl b¥yleemes 10-such as nesi tyl ene Different

(1, 3, 5-triis@héy) bgnzene), hem el litene dolbiaadion of xylene

trinmet hyl bergergeys, rand pseudocunene isomers, e.g. 23:57:20

(1,2,4-tri IIth% ge), ethyltol uenes,
triethyl ben enes suq}%ﬁl as 1,3,5-triethyl bvgtngatm()f

nmet hyl pro I benzenes et hyl propyl benze agamet% ortho
di propyl b ¥, diisopropyl benzenes, bDenzeneand xylenes
triisopro Iﬁéﬁ%enes andiPPdens ke, 15 ExyRpieandof
bi cyclic al kyl aromati ¢ conpounds correspbwdpmgylbmzene
formul ar ITolbersl ude 1- nethgpyleneht hal ene, Cymene isomers
2- et hyl napht hal ene, di al kyl napht hal enes such as
1, 2-di et hyl napht hal ene, 1, 2-di et hyl napht hal ene 2, 3-
di net hyl napht ha-| ene, 2, 3-di propyl napht hal ene
2, 6- di et hyl napht hal ene, 2, 6-
Examples of aromatics conversion processes where non-aromatic

compounds are converted to aromatic compounds include, as non-limiting

examples, the following:

A) The conversion of light paraffins to aromatics and olefins.
Typical reaction conditions include a temperature from about 375°C

to about 760°C and a pressure from about 10 to about 2000 psig.

(B) The conversion of light olefins to aromatics. Exemplary
reaction conditions include a temperature from about 175°C to about

760°C and a pressure from about 100 to about 2000 psig

© The conversion of naphtha, e.g., Cs-Cio, and similar
mixtures to highly aromatic mixtures. Thus, normal and slightly
branched chained hydrocarbons, preferably having a boiling range
above about 40°C, and less than about 200°C, can be converted to

products having a substantial higher octane aromatics content.



20 di butyl - napht hal ene, and the |ike. Exanples of
aromati ¢ conpounds to be converted and resulting
w@e@dioet’se are shown below in the table: 25 30P&WDUS2003/032969
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2004/ 041756 PCT/ US2003/ 032969 18 Aromatics

Non- Aromati c Aromatic To Undergo Reactants Product
Conversion 5 Benzene Ethyl goe Et hyl benzene Tol uene
Met hanol Xyl ene isoners Xylene --- Different

i somers, e.g., conbination of xylene 10 9:73:18 w.

210 b Bl g: Hp Bt 1 U5, BB bERe s
xyl enes 4Be‘m;z &N60PCY gydf@aﬂy@smm 850Cl2 pressure in the range
di i sopropyl benzene ol uene Prgmall ene Q/mane I somers

Exanpl es Apaghicss teofldrsi erd diquick doudy wipeee velocities
non-aro converted to aromatic
corrpound th 3 g?nrgg g)slﬁa Iﬁi ting exanples, the

fol | ow ng: (A) The conversion of light paraffins to
aromatics_and ol efins. Typical reaction conditions
i ncl ude &D) enpekhst d@lyd:qggmt@bm;ft G}QREEphEQES thavinlgofitmember

760C and a Bgb’ efSLi'cga? react 1rgnac%%gttlor119 it tem%grgglrg of $rom

about 300°C. to about 700°C., a pressure of from about 0.1 to about

10 atmospheres, a weight hourly space velocity of from about 0.1 hr
to about 20 hr,

(E) The conversion of alcohols, e.g., methanol, or ethers,
dimethylether, or mixtures thereof to aromatics. Typical reaction
conditions include a temperature of from about 275°C. to about
600°C., a pressure of from about 0.5 to about 50 atmospheres, a
LHSV of from about 0.5 hr! to about 50 hr™. Examples of such
processes are disclosed in U. S. Patent 4,088,706, which is hereby

incorporated by reference.

(F) The dehydration of alcohols to form aromatics, such as the

dehydration of cyclohexane-triol to form benzene.

Reaction conditions for aromatics conversion include, in general, a
temperature of from about 200°C. to about 760°C., a pressure of from about
atmospheric to about 200 atmospheres, and a weight hourly space velocity of from
about 0.08™ to about 2000 hr™’.

The catalyst comprising the ITQ-13 can be selectivated with a
selectivating agent when used in aromatics conversion, e.g., toluene

disproportionation, xylenes isomerization, aromatics alkylation, light olefin
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wo paioayout 175C t o about

(B) The conversion of light olefins to aromati cs.
Exenplary reaction conditions include a tenperature

about 100 to about 2000 psig 30 (C) The conversion of
naphtha, e.g., C6-Cl0, and simlar mxtures to highly
aromati ¢ m xtures. Thus, n@omal and slightly branched
chai ned hydrocarbons, preferably having a boiling
range above about 40C, and | ess than about 200C, can

rt 3 d Lha A ant1 al .,
R REP! o fubdoro T IRE MR, TR LN SRR AT AR is usea
H%EEHI %ﬁﬂﬁlﬁf@ﬁﬁ%ﬂces TPhidly il McréRe Bicl PBSe-EM6dtvES (@8 gara-
ngerature in the range of from about™ 400C to 6 o)

cstiahaof $hed30E13.0Ths Q@alyst q@néo§§gl|eet1\ratﬁdtb}etr¢aémgéhe surtane

GBS il RuitOpn o ARpherEh ol S oY Bar Presgh s
em@mne leRgle Ardtd] QRidek, £y.¢taaluhPhaté, %agﬂeymﬁgox@dé*%fé) dre earth
rings. Typical reaction conditions 1nclude a

melah exides rlantbanuig cmmdea rodt otBOODetadl @xiiss LH!JCHOISO)qmla oxide,

essure of fro ut 0.1 to ab phere
ity B Doy s or T ST 1o 41501 Be
Rcﬁbﬁé&b}?&pﬁimﬁg céld on'the cﬁtﬁlgrgte rsion of alcohols,
e.g., nethanol, or ethers net hyl et her, or m xtures

thereof to aromatics. Typi cal reaction condi ti ons

i ncl ude e .of . from about 27 to about 15
500C . = IBFOSEITE SIccHTHIRLEBe Boempls iaﬁéla?lgs%gmﬂ icon
c}'@)hﬁ%ﬁﬂﬁe e or@anohﬂﬂ%yn QbmbseBs 3R onthrrRe gbg&ﬂ& dlng

50 hr-1. Exanples of suc processes ar
silicoge ambsiloxenes, 9813 Ak indudihg disildves eﬂu;/alkomdamr at ed
by reference.

Organosilicon compounds include siloxanes which can be

represented by the general formula:

Ry

S Oo—]

wherein R; is hydrogen, halogen, hydroxyl, alkyl, halogenated alkyl, aryl aralkyl,

RZ n

halogenated aralkyl, alkaryl, or halogenated alkaryl. The hydrocarbon substituents
generally contain from 1 to about 10 carbon atoms, preferably methyl, ethyl, or
phenyl groups. R; is selected from the same group as Ry, and n is an integer of at
least 2 and generally in the range of 3 to about 1000. The molecular weight of the
silicone compound employed is generally between about 80 to about 20,000 and
preferably about 150 to about 10,000. Representative silicone compounds include
dimethyl silicone, diethyl silicone, phenylmethyl silicone, methylhydrogen
silicone, ethylhydrogen silicone, phenylhydrogen silicone, methylethyl silicone,

760C and a pressur eP€T/UR2003/032969
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20 (F) The dehydration of alcohols to formaromati cs,
such as the dehydration of cycl ohexane-triol to form

whemwamnyse Reacti on conditions for aromati cs coP@BUS1008/032969

include, in general, a tenperature of from about
200C. to about 760C., a pressure of from about 25

at nospheric to about 200 atgospheres, and a wei ght
hourly space velocity of from about 0.08"1 to about
2000 hr" 1. The catal yst conprising the 1TQ 13 can be

SRR R W g T TR R

ctHyBtRnaBRHEdN atilisdh 1988 5otlhyd OGBIchAA kfachiBfpRBh1ESthyl
alyﬁglatgfygnpgllg“ efe?ugvxo 004/ 041756 bty

Sﬁ@tl@;sz@tmmgﬂwyleﬂwl c cilicons;i otetxtadﬂequhaUlpdlsnyla nellicdns,
e.term' Sﬁwictlv tln ent, I s used

e LS b SInRLY Hisope sdBpg Heed nbt be

lﬁ@ﬁpﬁn%ﬁé byelit Yas ((6r Qxamﬂ@h@xan%&hﬁ%bl‘éh{sﬂbxﬁfe bBGmethyl
TQ 1 he catal yst can be sel ectlivated by treating

cwﬂeteﬁaélt@s@xge of hekaphenylal ysctyclmtmmloxmepounasd of octaphenyl

us andg/l.or varjqus net al o i des su
o BRI T NRhyes ot Biede E5mBow s i bt G oRRaas well as
STROAGSH b A% AfetidHal grot §e earth netal oxides,
| ant hanum oxi de, and ot met al oxi des such as boron

oxi de, titania, antlnnny oxi de, and nanganese oxi de.
The cat al Et ﬁn al so bed sel t|v ted §¥ |t|n§h
coke on t Ry PO %d’i“i“ %’i: F%éH as
t&PiIndIBo:AC GAMRY, | e diddsivRT yRligRNos *I'hbé?so RisefGP ”Jif? OSomtaing

The organosilicon compounds may conprise polysiloxane
selectivating ggends include eilanesl clsirhaxrined by teangknarad fdrenuda:

i ncl udi ng disilanes and al koxysi |l anes. O ganosilicon
conpounds i nclude sil oxanes which can be 15
represented by the generaliéornula: Rl Ste- 0- 20 R2

|

R Si R,

|

Ry

wherein R, Ry, R; and R3 are independently selected from the group consisting of
hydrogen, hydroxyl, halogen, alkyl, halogenated alkyl, alkoxy, aryl, halogenated
alkaryl groups. Mixtures of these compounds can also be used.

Preferred  silicon-containing  selectivating  agents  include
dimethylphenylmethyl polysiloxane (e.g., Dow-550) and phenylmethyl
polysiloxane (e.g., Dow-710). Dow-550 and Dow-710 are available from Dow
Chemical Co., Midland, Mich.

Examples of suitable carriers for the selectivating silicon compound

include linear, branched, and cyclic alkane having five or more carbons. In the
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wherein Rl is hydrogen, hal ogen, hydroxyl, alkyl,
hal ogenated al kyl, aryl aral kyl, 25 hal ogenated

wae@kkyl7se al karyl , or hal ogenat ed al karyl. ThePCT/US2003/032969

hydr ocar bon substituents generally contain from1l to
about 10 carbon atons, preferably nethyl, ethyl, or

phenyl groups. R2 is selecied fromthe sane group as
R1, and n is an integer of at |east 2 and generally
in the range of 3 to about 1000. The nol ecul ar wei ght

gthodb e BOPETs IRGROBAL 15 GTTan s o BE PR, U, fineer
pAREA, br Qv ﬁﬁegﬁéf haﬂv%gog%ﬂﬁgwﬁtegkm mnsabbucwe: and

conpounds I'nc di met hyl i cone, diethyl

nfoist |peefa@blypbmmmmgt Gydr wmtd cahens. w@mgﬂnhlgédrmg@wes of low
sil.i.cone, ethylh ogen sili.cone dro

Vg}ap]lgfoquampr@pﬁg;p%qc{ﬁy& i'<15|hé’81f?é>r 65651 11,1% employed

Q:%Z G/ IQ&%?%? erreddoRRRMHLRY RydroddrbdrCangers 8f heiyhting

SI I'cone, trifluoropropyl” silicone,
agérhyhrbrdeéénemndpibmq@yhe silicone, polydinethyl silicone,
t et rachl orophenyl net hyl silicone,
tetrachlorophenylethyl silicone,

tetrachl grfy %‘3 % f’ﬁled&yslele%ﬁ‘ba{t&%‘}esm%_l%tf Rdityd18 Weatments with
ethy

silicone an vinyl silicone he silicone
aqmmbwgdnmlmmmompbmcﬁml d Inpad ciouier, sagh %@tmgrl@,tlhemgggllqa‘md

le h t hyl | ;
byl B ion e, e raied MO s Bt bRt phers, (The
cgfé %P D;ﬁ'g%ﬁo béjéle‘fe%cﬂ{fz?c d @%th b8HAsBea '(Md&bléé es of these

may al so be used as wel | silicones with
ther funct| onal groups 10 O her si I i con conpounds,
i ncl udin i | anes, kox si.l an ch _as e
tetramet h P‘@P?Sér?éah%BW ?i’rtéﬁveé’goﬁt }DI%P ?ﬁlcul’?ﬁ ggplication m
18 ©TydborS! hl'xacsgn “dt atléﬁl Rt iYRehd!d 2GRABK S vapsd Uigase
SI | anes aracte y the general fornula: R, R Si

cﬁ?é’prbpd?hoﬁﬁlmnmmeﬁcoﬂgtm@% faed malar eoniainjop deltens hyder

selected fromthe group consisting. Iﬁiﬁ %gsgnﬁgi oduct

disprpRoayipnaties) C@@@HOH%WEP st)@omvgas Nyt 1O APRAR
)éﬁln‘e Qfﬁlcﬂgg&ﬁﬁﬁs%s a mixture of unreacted (unconverted) toluene and

benzene and xylene.

In a preferred embodiment, the catalyst is selectivated to produce
enhanced amounts of para-xylene. When coke is the selectivating agent,
selectivation may be accomplished by exposing the catalyst in a reactor bed to a
thermally decomposable organic compound, e.g., toluene, at a temperature in
excess of the decomposition temperature of said compound, e.g., from about
480°C to about 650°C, more preferably 540°C to 650°C, at a WHSV in the range
of from about 0.1 to 20 Ibs of feed per pound of catalyst per hour, at a pressure in
the range of from about 1 to 100 atmospheres, and in the presence of 0 to about 2
moles of hydrogen, more preferably from about 0.1 to about 2 moles of hydrogen
per mole of organic compound, and optionally in the presence of 0-10 moles of

nitrogen or another inert gas per mole of organic compound. This process is
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al karyl groups. M xtures of these conpounds can al so
be used. Preferred silicon-containing selectivating

wa@g@anst7seicl ude 25 di met hyl phenyl met hyl pol ysP¢Dx82063/032969

(e.g., Dow 550) and phenyl net hyl polysil oxane (e.g.,
Dow 710) . Dow 550 and Dow 710 are avail abl e from Dow
Chem cal Co., Mdland, Moh. Exanples of suitable
carriers for the selectivating silicon conpound 30

i nclude linear, branched, and cyclic al kane having

five or. nore, carbons. .In the. 0 :
copdetbn o Bisd o gt Bl poandy f didhas deposited on

L toat I echohd1Rt att1BRt GBSt 2% Hyewsight Mehmore preferably
th%f%%@ﬁgg@&of’gyé%i@lekane havi ng a bgiling poi nt
fregnedbers torebouitda by #e@hf obenke. nost preferably

containing 6 or nore carbons. Optionally, m xtures of
low volatility organi c conpounds, such as

hydr ocr a%ﬁgfdisfp‘? ChdhaBbn is GamIgeceARl ouedt Somditions which
carriers. The st preferred |ow volatilit

inljide acempentrabeivees abdut SF6Ee end §50°hg maxg @%;qf@ralalw@etween
d d d . .Th t al yst . '

s D) OO 4 AP ErCEFB R BT iy S ST 1 e So.

plFHAN03 ieM%ﬁ%bBWPHﬁ@S i,Ad ndrk PHifSkaBB FdreAboaChto 1, at
rea n e d

ing foll owe 10 by calcination of the
ples@at detweeh abbal 1 maaphays wodh 08 ehnesphetieg and HBLEASNEHSY
The cat.al yst c%n al so be selectivated with both
ofbetween ahnyit O5k®d >Phe process of the present invention

finds particular application in the vapor phase

di sproportionati on of toluene. Such vapor phase 15 .
di spr oporTtie alisprommticatipn psessscway he tcondjicieds ased| bafeh, sgpi-
cont ai ni ng tol uene under di spr rtionation Nt |
oo R e ST AL 0 SR oRaT SARLL B0 BRI a0
d”h&‘s‘it%& ey ?&%hcfo(x’ MPd. SePhé HalstBaPibeinégaciard after coke
f nconverted) toluene and benzene and xylene. 20 In . a

des@ivatioe By duhang offthe coltectocamdesingd textent depw exyapatceBtaing
produce enhanced anpunts of ai[n%bé | ene. When coke is
|

atmesphierec eleyaled Hgang s as kg i“on may be

acconpl i shed by exposing the catalyst in a reactor bed
to a

The process of the present invention finds particular application in a
process for the production of alkylated aromatic compounds, e.g., Xylenes, by
alkylating aromatic compounds, e.g., benzene or toluene, with an alkylating agent
in the presence of a catalyst comprising ITQ-13. Examples of suitable aromatic
compounds include benzene, toluene, ortho-xylene, metaxylene, para-xylene,
ethylbenzene, ortho-ethyltoluene, meta-ethyltoluene, para-ethyltoluene, 1,2,3-
trimethylbenzene, 1,2,4-trimethylbenzene, and 1,3,5-trimethylbenzene. Higher

molecular weight alkylaromatic compounds are also suitable.

Alkylating agents suitable for use in the present invention are olefins,
alcohols, alkenes, alkynes, aldehydes, ethers, acetylenes, and any other acyclic
compounds having at least one reactive alkyl group. Suitable alcohols include

methanol, ethanol, n-propoanol, and isopropanol. The olefins can be C; to Cyg



10

15

20

25

30

thermal | y deconposabl e organi ¢ conpound, e.g.,
toluene, at a tenperature in excess of the

walewainposé t i on tenperature of said conpound, ePQI/USINg082969

about 25 480C to about 650C, nore preferably 540C to
650C, at a WHSV in the range of fromabout 0.1 to 20
| bs of feed per pound of c24alyst per hour, at a
pressure in the range of fromabout 1 to 100

at nospheres, and in the presence of 0 to about 2

nggjlélg,f pr%%eﬁ%q%id;(gb 0ld rseinefuﬁ%lgl?(ﬁ%%éleglgf B} ARRM ffmd thiPeof.

hydrogen = pe organi c
FoP BRUPR, saifblopldfianaltd ythilné, heropyless riutylafe, Gsabatytmep -
of 30 nitrogen or another inert gas per nole _of .

pentgani ehewnpoliaxerthcxclohesenss methyl\qyclbhgagmg 2:Astmethyl-1-
PCT/ US2003/ 032969, .23 f [ [
RHIERY: 120901 PRToRR e FED e 5 L feber, B6UReEE & b BR:
the catal yst surface, generally at |east about 2% by

wei ght and nore preferably fromabout 8 to about QEW
by wei ghtWbén dlok eronsitivrempiogpd do dret plkratedols tolueng g4 @e

Tod out. at > . .
Sl5isepeSis P RRT s BB G, o0p REMEBHL AP E et
3bRih AAesaniidRhiol vilizaiodydr dgamihed byl @esles wblmethanol

ratio of fromO to about 10, preferably between about,
@ntertad)l / Kmates oforydensr forraedabmoles ehbeysne formed).o Benzege 18

a ressure between about .1 .

St B Sol 0T FlY RIBHE fopl B IR EiSBBPhiohdfon of foluene
tQ-x%leﬁQ R®enddd@. di sproportionation process may be
conducted as a batch, sem - conti nuous or conti nuous

operation using a fixed or noving bed catal yst system

d [ ' ) bed. Th 2 :
rcgoner at BAAPRERE foRerd Bl BIF oGRO A SlioMin T bo cpicd

S By GOlEavE QistlIokes. Ik 18 eRbctive ddilRKYYE As asudl lekdin,ngeans
atnbsphere at el evated tenperatures_as known in the

the tprodTictiop o desired girodush e csdenes; Whidn consHrrenthpEemoving the
articular application,n a .process:f.ar.. »
BPOtSTrE.R GROT g ol Al ORm T Lo se Rl G, os used

%éféiﬁp Sfoand¥ ARl Ky batdhintheasremBlits (€ QRPEEE ddnvesion, e.g.,
enzene or toluene, wth an al kylating agent in the

heneyare cofitacted it tieynsesenesrfia eitdlyst cPOPLSNgEXQn} egreduce
t%lél Elgs?rle Srrogucf Ie(.:g., xylenes, and from which the desired product is

withdrawn.

The reactive distillation reaction is preferably carried out in a
reaction/distillation column. In this embodiment, the aromatics to undergo
conversion, e.g., toluene, are usually fed continuously to the reaction/distillation
column and the resulting product is continuously withdrawn from the bottom of
the reaction/distillation column. In this embodiment, the continuous removal of
the desired product from the reaction/distillation column increases the extent of
reaction achieved within the column, thus providing very high conversion along
with low by-product formation. Equipment suitable for carrying out reactive

distillation is disclosed in PCT Publication No. WO 99/38823.
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conpounds i ncl ude benzene, toluene, ortho-xyl ene,
net axyl ene, para-xylene, ethyl benzene,

woriho4eshyl t ol uene, neta-ethyltol uene, PCT/US2003/032969

par a- et hyl t ol uene, 1,2,3- trinethyl benzene,
1,2,4-trinethyl benzene, and 1, 3,5-trinethyl benzene.

Hi gher 25 nol ecul ar wei ghpsal kyl aromati ¢ conpounds
are also suitable. Al kylating agents suitable for use
in the present invention are olefins, alcohols,

oy ot herhesyRR lr?v%%ﬁﬁ%aﬁasﬁnﬁ%&%ﬁﬁcug?“t% 105 70 o process
fOEREIEMSind bhy br ﬁfo@éwyle@&ls&ﬁé}k ¢h 2lcg hphaicl faed té%tﬁ& ortho-

met hanol , “et hanol , n-propoanol, and i sopropanol
ro¢ted, ramspuaﬂcytmem atrmmmrmmg@w epditgium value. In partlculal‘
PCT/ US2003/ 032969 Zg ol efi.ns,. Flr ef.erably C2:Cl12

LPi MR i1 gUSRbr e COURBEIOa e d FERAREION, @FSETS. [0

U RERhA. xyAsHel q*e,k exfhAL, Im)ra&?opﬂl@%exe 1e1fa:r19 axﬁ&s@cg

butyl ene, i1sobutyl ene, 1- pentene, hexene,
agohitisesteras; nnat bylrecwtadhemngqqro&s&deyh ﬂhe art, e.g.,

entene, 1-pctene, dii_sobut lene 1-nonene a
o SR GRR o otG, The AUl i ShFot ectad B Flone
iSRABPMAGN {nBifiofl Y| REBR bitnd-0\tARS A yéﬂaﬁylenes o g fear

0

al kyl ati ng agent is nethanol, pre | east
eqmlfonummtlhalaibylbeszeue fry the tfeed is ethdraemoxed formshe stream or is
utilization is. determ ned | es

Aottt BRcE o/ et bt e BIeR Gr Bl shsreed
@fdlaﬁﬁﬁeﬁeme ﬁgzsﬁf&ate %851@38 v&dﬁ,bﬂ&hsfu@& 5 RE6HE QofBined stream

account for any xylene
idlidsstitle do trermned heavyodndt lidht éxyqarodlmtm y Thaeeqltast Ggaroamtics

Bot h .t ol uene di.sprop ation and aromatics al kyl ati on
S@'ﬁﬂnﬂ%%@’éﬁ‘ﬁy‘é}&d g eﬁ);fler@’ﬁgpti ve distillation. The term
"reactive distillation", as used herein, nmeans 15 the

producti on of desired product, e.g., xylenes, while
concur r ednl §her emwi plopse, hmiqabladisotneﬁzm'mna comhtionsoinclude a
zone. The te on/distill as used
FEPERIe el amne Bt TR ek aohe S0y B TEG:  restine in
HO B89 SOBY G b préferdibly 101-03UGRLabs2

ﬂ gresence§&§ ggtg l'ys5t conp??g?ﬁ &%%%SE%ﬂﬁ%aﬁ&ébmm
\m‘tC@quWHS‘ﬁ)sofdéi; |tas €00, [preferably,0.£1g50. Optiewmdly, isamerifatiomin
t¥}ln| ch the desired product is

e vapor phase 1s conducted in the presence of 0.1 to 30.0 moles of hydrogen per

mole of alkylbenzene.

The xylene isomerization reaction is usually be carried out in a fixed
bed reactor containing the catalyst comprising ITQ-13. The xylene isomerization
reaction can also be carried out in sequential beds using two catalysts. In this
embodiment, each catalyst is in a separate bed or one of the catalysts forms one
part of a bed while the second catalyst form the remaining part of the bed and is
located downstream with respect to the first catalyst. The first catalyst is used
primarily for ethylbenzene conversion while the second catalyst is used primarily
for xylene isomerization. In this embodiment, the catalyst comprising ITQ-13 is

preferably the second catalyst and the first catalyst is one that is specifically
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20 withdrawn. The reactive distillation reaction is
preferably carried out in a reaction/distillation

conversion, e.g., toluene, are usually fed
continuously to the reaction/distillation 25 col um
and the resulting product i continuously w thdrawn
fromthe bottomof the reaction/distillation columm.
In this enbodi nent, the continuous renoval of the

desired product fromthe reacticQp/kdi st i '

P B e Rere v rpony EBC 7oA S klh byl thetll 1
8Rd BiBodilieds B eMhkiNe YR ITaY 18 ariesrefetdblytomprise from
with | ow by-product formation. Equi pnent suitable for
elout §9 perconttio pbews O0\psrcegofdhebed Yodemen i s di scl osed in
PCT Publication No. WD 99/38823. WD 2004/ 041756

PCT/ US2003/ 032969 25 The present invention also finds
parti cul agyiRARIsbE &S isRhekite Fecll 06@8HIingf @hylb&aRE, thé balyst
one or nore xylene isoners in a C8 aromatic feed to

oiill pieferably kontain aideagt gnediydroganadionyn@ddle in a ratio
approaching the equilibriumvalue. In particular,

xyl ene isonerization is used in conjunction with a

separ at i OTpPHAGRSSof thePproReAt indehtidre kG @arﬁwl_@ﬁ@éﬂﬁmon in
exanple, a portion of the para-xylene in a m xed C8

shearemsilkgladorn efpnlyalylemate eompendss Thg gpdased fethe process
known in the art, e.qg. crystallization, adsorptiqn
Sl Uil perderiss e oF ot e ROFRRINS o RIRERE 4 et ©
BRI dt8RE 1 ARhC AN dhtdigmet 1,3, SHiRERyDehie), Hiede . (124]5-
paraxyl enes to a near equilibriumratio. Ethylbenzene
itetrantethyitesderied, chantigrellitenro v, $tmmethiibeszaneh mpseudogumene

DA G 3 L B e 58
I(.0BL RbBmbylYeanahes] anti ti3 5-tReyIb@eshaanThe fagd 6ad1idTBSone

stteam is distilled to renove heavy and |ight '
lwgnipinggpuct snulliredkyleserhatios; C8.guw onwen@smethylrbeggenss  with

then recycled to.repeat th cle. 15.1n the .va :
vsbeIcfiey) naprbRaR: . BrifosiPtio i erivd onBride Q- i
LeMBRIAI W 4 MyliRRchAlEe canftiaent, 600k, asPpREBAADIKIZRGE or
- 550C, a presSure in the range 0.5 - 50 atm abs,

phefien abidyis 16ed inZbe eatalytib sonvarstbreofifeitytlkylawnratip copgeends,

either alone or in the presence of toluene and/or benzene, to produce xylenes.

Such conversion is typically effected at a temperature of from about 650 to about
950°F (340 to 510°C), and preferably from about 750 to about 850°F (400 to
450°C), a pressure of from about 100 to about 600 psig (790 to 4240kPa), and
preferably from about 200 to about 500 psig (1480 to 3550kPa), a weight hourly
space velocity (WHSV) of between about 0.1 and about 200 hr', and preferably
between about 0.5 and about 20 hr'', and a hydrogen, H,, to hydrocarbon, HC,
molar ratio of between about 1 and about 5, and preferably from about 1 to about
3.

Typically, the reaction temperature will preferably range from about
340°C to 500°C to maintain at least a partial liquid phase, and the pressure will be

the aromati cs to POMERLP03/032969
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velocity (WHSV) of 0.1 to 100, preferably 0.5 to 50.
Optionally, isonerization in the vapor phase is

w@ordiet’eel i n the presence of 0.1 to 30.0 nol eBCD1US2003/032969

hydrogen per 20 nole of al kyl benzene. The xyl ene

i sonerization reaction is usually be carried out in a
fixed bed reactor containi2yg the catal yst conprising
| TQ 13. The xylene isonerization reaction can also be
carried out in sequential beds using two catal ysts. In

hi . dj S
BRI 5y R o G050 p 2 101650 pbiE piarByEig BRO B 600
bl ane aenwei gt spdoevalochy wik faiga frog gbaut 0.0fto 1be bed
an

dis located downstreamwith respect to the first
catalyst. The first catalyst is used primarily for

O DN B LR i th Breklleify b1t 3HAC B EAbR afealh for

used pri ene i'soneri za

BR0GEHBEBA of temEEd bMPbuRNGY tRi dhylirbyclS-oligorization of
preferably the second catalyst and the first catal yst |
aliphetie hyhwcanbenss geeteining 2| tp wioup (o 4abhen Atems. The aliphatic

/ US2003/ 032969 6. adapt t ik
o v oben AR SRR Wy B el BIE FF e soppara
tidatur 860 Qi ABitturet bethe albatbe S Exe@pRr ¢54udB hydfdcddons kdclude
preferably conprise from about 10 percent. to about 90
pbanse ethydsnes brophesd prepylens, nShuinen ndxitanes, o solytansy isebutene,
fee cont ai nj ng..et hyl benzene he ca o W
PR G0 BBLORR batteRe 2ERRr hetguRo BRI et
The process of the present invention finds particular
application in the transal kyl ati on of. ) )
pol yal ky| Zherdshydroeysigreligeiserizatien fesaditigse dypigallihdnclude a

B0t ot bl Rt SRR 05 Bl SR SR AL o
BBSut LY |aﬁﬁ@slp(b13rc§,, DwhbighB&K HREZ eaedity (WHSEWE of Fod ghodt 0.2

tetranet hyl benzene), hemnellitene _ ) )
folal®us St Mhawataisbesedandhe prosessduidlprefseably contain gallium, zine

%%h%ktgretgf Ec}ielrrr?ec{‘iﬁﬂ?]ﬁgé rG?E ghié)lﬁartyle@%{&%&g)ﬁgated into the ITQ-13 during
byntRes 6~ it ldyBRENbRRAZApregiBd or otherwise incorporated into
1,3,5-triethyl benzene. The feed can al so be one 15

tenTQ-13 afjerrayhthiesial Rydferablyn80P de 10gangl most preferably 0.1 to 2.0

i erlibat Ao rapaaiey. HEERIRR St compr ! si ng
ITQ 13 is

The process of the present invention finds particular application in a
catalytic reforming process where Cs: aliphatic hydrocarbons, preferably Ce-Cs
hydrocarbons, are converted to aromatic compounds. The process is carried out
by passing the Cg: aliphatic hydrocarbons under conversion conditions over a
catalyst comprising ITQ-13 and a dehydrogenation metal such as a Group VII

metal such as platinum.

The ITQ-13 finds application for selectively separating aromatic
hydrocarbons, e.g., alkyl substituted benzenes. An example of such a separation is

Cg isomer, e.g., para-xylene, separation. During the separation process, i.e.,
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conmbi ned with a hydrogenati on conponent, such as
pl ati num palladiumor rhenium and is used in the

w@ at0aloyt7s€ conver si on of C9+ al kyl aromati ¢ conpOIYOIERN3/032969

either alone or in the presence of toluene and/or
benzene, to produce xylenes. 20 Such conversion s
typically effected at a tempgerature of from about 650
to about 950F (340 to 510C), and preferably from
about 750 to about 850F (400 to 450C), a pressure of

fBRLBROHS PP st ShuBRR bt il shheyllie A0 Gho- PRk,
305 0k Penvertad wedthditisdineis,| o/g., spagglerel ocity (WHSV) of

bet ween about 0.1 and about 200 hfl1l, and preferably 25
bet ween about 0.5 and about 20 hr- 1, and a hydrogen,

H2, to hydrocarbon I ratil Q. of

" and abonts RO shisess HRp s blichnlis EtHE SpRAf ne
FombuPihgalobatbokd) @xIsBAE kither dseiTpy Atbideorwhlxed Phase rwith the
ran%e from about 340C to 500C to maintain at |east a .
BB alfon jsyfficienshtims, tangeledievelyr eslaerbe thi | prefsaredyparomatic

P 3G RO GTEeR BaiAge R ife BERLgP shdFye of

% IrQ}-23600he ReMPonditél of e Waix@Ht th@tUsideyndpakerbed may be
velocity will range fromabout 0.1 to 10. The process

pdnveried (e edleorbatilevsamers rduringdeoniaet twiu e THRPS: c dibe orkyl

far.. he prodycti.on of .arg i ] h

iy S G GP G eSias B eRh e, RARY Rl pd€ Srrure
HYGE ITOL BYISof PitidhAll dForBidptecdiles.6 carbon atons. The
al i phatic "hydrocarbons may be open chain, straight

chain, or cyclic and may be saturated, wunsaturated,
or a mxture of the above. Exanple of such i
hydr ocar bdhs tempsraigee atavlrigh e adseptiemprocpisdp gerducted is not

I . n-b ..n- but ' i
BRI EDGhe B AR 10 B GRARL B0 B0 S e o
HR*A1R6Hed IBAPHEARN Faeferdd®), AR YEHcORYiE cOn@Idt@DAES itddbdrattre
condi ti ons typical lf/ i nclude a tenperature of from

hetoigen 3mbient andzabout IS950C, a pressure of from about 1
to about 20 atnospheres, a weight hourly space
velocity (WHSV) of from about 0.2 15 to about 5. The

catal yst upeeliowihdexaiplesisiastvitd theRfivehesmbl y contain
gallium zinc

EXAMPLE 1

Borosilicate ITQ-13 was synthesized from a gel having the following

molar composition:
1Si0;: 0.01B;05:0.073R(0OH);:0.22R'(NMey), 1.05HF:7.0H,0
where R(OH), is hexamethonium dihydroxide, R'(NMez); is N,N,N',N'-

tetramethylhexane-1,6-diamine, and 4 wt% of the SiO, was added as ITQ-13 seeds

to accelerate the crystallization. The hexamethonium dihydroxide employed in the
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or m xtures thereof. Glliumor zinc may be
incorporated into the ITQ 13 during synthesis or it

worey4loe176xchanged or i npregnated or ot herw se PCT/US2003/032969

incorporated into the ITQ 13 after synthesis.
Preferably, 0.05 to 10, and nost preferably 0.1 to 2.0
wt.%galliumor zinc is asgociated with the catal yst.
20 The process of the present invention finds
particul ar application in a catalytic reform ng
process where C6+ aliphatjc hydrocarpons, pr.eferahl
odb5 @8 pleparede by boiest ARENISo SYUINEY Plo COPLMEFiALy Availible
conpaunds. The Dracess L, Cahbkat W78 h¥ ipassidgotie.
he@ﬁ@gg olnbtﬁléflﬂ; OIﬂi;& %g@g?g%ﬁ% ‘%{ﬁger? conver’si gﬁ condi ti ons
over a 25 catalyst conprising ITQ 13 and a

dehydrogenati on netal such as a G oyp Vi met al .sug¢
as pl ati dbensymthesis el peast prsaared oy iagglflg o%dof gams of “silic

l.ectd vel i 0 G [QC , oh
RS Sy Fre i i) ehf B I, S EVRIGCgRRANSE 5o dueigh
pSRART Hdx@Meihdniud0 BRirbSaseKoluton, , 9PAr gramyd enf, N,N,N'N
separation. During the separati ono/pr ogﬁss, I . %{Eﬁ V\g)6 01
tpaoetigiierase- beHiugme o)k aues of A8 weignhpergent Hifgnd O-
al kyl itute e ) I a 1
sBii e Pl PR Timofry T s e

wais ShakeAF6E30MIrRRS. ThE@Hasishe pisitare wasdcsEhd it wes placed
contacting a m xture contai ning the r

5 tiC ..
intp cr Dt Boteclave AN hraigf B | GARIRG Biyadnd pekuAtd 2:C for 21

m xe hase, ~w.th t ny . bGi 'H en
AR 28 PSR ot oD s T aling AL ot s
AR GRS IRQNWitle wikter a8l Klyled 31BET0 toudaadtahiewzighte, Thé wieight of
the internal pore structure of the | T?és. . The ¢
thoapsméresized matarial wes 52 srams. TheeXray difactiopagttnrg ke

converted to adsorbabl.e d. rs during contact with
@ﬁ%n&we%@amigl%?%ﬁlﬁy@gggtitut ed benzene sorbed is
thereafter recovered fromthe internal pore structure

of the I TQ 13 by conventional desorbing techni ques. 2
The t enpeFletagrsynthesivad materiplavassabnndias @ ﬂ?}‘PﬁE@ N(fi g/em’)

conducted i.s not.~CONS| it 0ok 25C/ktin to
BYSTARAIRG él‘l“ﬂ@oﬁbglcé@l? ﬁ%cﬁgggr% léll%g ?ié%%rg’r at ur e of

540°C, and holding 8 hours. The gas was then switched to dry air, and the sample
held 8 hours at 540°C, then cooled under dry air. The X-ray diffraction pattem.of
the calcined material is shown in Figure 6. Boron NMR Analysis indicated the

boron content was 800 ppm.

The calcined material was converted from the boron to the aluminum
form by mixing 45 grams of the calcined ITQ-13, 98.3 grams of AI(NOs); H,0
and 540 grams H,0 in a PFA bottle. The bottle was placed in a 2L autoclave and
heated 1°C/min to 135°C, and held at 135°C for 3 days. The product was filtered,
washed with H,O until the wash water had a pH of greater than 5, then dried to
constant weight at 80°C. The amount of material produced was 43 grams. The X-
ray diffraction (Figure 7) showed the calcined product to be ITQ-13 containing
some 1-2 weight percent ZSM-50 impurity. Aluminum NMR analysis indicated
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15 the adsorbed conponent. Preferably, the process is
conducted at a tenperature between anbi ent and about

wa@o4iibe fol |l owi ng exanples illustrate the | POBENE1008032969

20 EXAMPLE | Borosilicate 1TQ 13 was synt hesized from
a gel having the followng nolar conposition: 25 1

Si 02: 0.01B203: 0. 073R( OH) 230. 22R (N11Vle2) 2

1. 05HF: 7. OH20 where R(OH)2 i s hexanet honi um

di hydroxide, R (NMe2)2 is N NN ,N -

t et ramet hyl hexape- 1, 6-di am and 4 %_of '
thiaBrodueiei T b peg 5t ied ob S e At Vele & e Pt
' Lon. The hexanet honi um di hydroxi de

v%%%%%@%gkﬁﬁs?ﬁe WD 2004/ 041756 PCT/ US2003/ 032969 29
gel was prepared by direct anionic exchange of
comercially avail abl e oni um di brom de usi ng
a resin, Anberlite IRNﬁ?ggﬁﬂﬂﬁigdroxide source. The
synthesis gel was prepared by addi ng 300 grans of

silica 5 (Aldrich-Syton HT-50) 3.09 grans of boric
aci d, 78.X{emgsdssneaizatidn Vapeagistl in pefixadrhed downflow reactor

S LT N N -
Rkt cé‘;ﬁ{’{ai}&\@d ggbwéi?ﬁtc fen't"%f RABE- G arfdl 2rFeight pkbent Drtho-
S A (pe

see to a uor oal kyoxyl - Tefl on) bottle. The
Bdrtel Thewasditibikion teaest3fclndadua empethae pF369°C, hgressure of

i xt 7.3. The bottl d. 10 | .
G 30, T oL 5, w92 L RGat AL  yo
22% Tﬁé&ﬁs‘%{fﬂ@ms@ Qﬁé§hﬁv%h vkl @renefmt his tinme the pH

€ m xture was The solid was then filtered,
washed with water and dried at 80C to constant weight.

The weight of the as-sy I zed material was 151.9
granms. The X-ray diffrac?ﬁagf?slbgttern of the

ASosyELhesT zeg material 1§ snowj in Figure %. 15 e
as-synt hesi zed nmateri al s falg¢indd as & thin8laver4
-Xyfgnein P, ; .
},(A y,@,lp gylu?ﬁ‘l@) by, & aﬂm!ar.'ag under N2 20/ M n,£0)230C, | 34
MR R odéer, HYUTNS, TANPTNg 4 NN to
4.8 4.9 5.0 5.1 5.1 52 5.2
O-Xylene in Product, wt%
1.3 1.3 1.3 12 1.3 1.2 1.2
Total Xylenes, wt%
9.7 9.7 9.7 9.8 9.8 9.8 9.8
P-Xylene in Xylenes, wt% .
3.6% 3.6% 3.5% 3.5% 3.4% 3.5% 3.4%
Xylene loss, wt%
1% 1% 0% 0% 0% .0% 0%
C5- Yield, wi%
0 0 0 0 0 0 0
C9+ Yield, wt%
0 0 0 0 0 0 0

The data in Table III shows that xylenes isomerization using a
catalyst comprising ITQ-13 produced a near equilibrium xylenes mixture with low

xylenes loss and steady catalyst performance for 24 hours.
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540C, and hol ding 8 hours. The gas was then sw tched
to dry air, and the sanple held 8 hours at 540C, then

weowkedi7acnder dry air. The X-ray diffracti on pBCT/E82008632969

20 the calcined material is shown in Figure 6. Boron
NMR Anal ysis indicated the boron content was 800 ppm
The cal cined material was c3inverted fromthe boron to
the alum num formby m xing 45 grans of the cal ci ned

I TQ 13, 98.3 granms of AI(N®B)3 H20 25 and 540 grans
H20 in a PFA bottle. s placed in a 2L

aut ocl ave and heat ed 1@ ?LEI%?C and held at 135C
for 3 days. The product vvas filtered, washed with H2O
until the_wash water, had a pH of greater, than 5, then
dried to Xybnst mnwa@m/efayl 8@@16 W?@V%rﬁlsenwa%fcamed m a

FRAEBAE boERAP S8R0 S Moo TSnte LRS! (I
Eeahplerti wigh 3Qylsndrteed i1t voitgintd pe mght p&&ﬂtb@me@myléﬁeyand

Al um num NVR anal ysi s indi cated WO 2004/ 041756
preists porsew Hodrnzens. (e qonditions used i dhcstest epre ghe same as

Kl ST, 1 o

|sorrer| zation was carried in a fixed-bed downfl ow
reactor and over the alum.nosilicate catal yst
conposi tion of Exarrpl e 1 labll\y xyl ene feed that
cont ai ned—98wei gm percent of meta- xytene andy 2
wei ght perc t ho: xyl en The condiftions for the
testg ingl udgln ec’ngtreea’(rrrtlj}elra%/ure%of 360C. a pregsure of 10
200 psig,| a H2 to hydrocarbon npl ar ratjio of 2| and a
wei ght hour S[Bﬂﬁl@tm‘d@j ocity eof 2. The riesukts of the
t est s ar eg—shown—betowin—Tabte i+t TaWTiWE on
Stream hr_0 2 6 E; 4 P-Xyl ene iin Produlct %

P-Xylene in Xylenes, wi% 3.5%

3.8% 2°/

EB Conversion, wt% 8% 8% 7.9%
Total Xylenes, wt% 9.8 8.8 54
Toluene plus C9+, wt% .6 9 .6

The data in Table IV shows that xylenes isomerization using a
catalyst comprising ITQ-13 produced a near equilibrium xylenes mixture with

good ethylbenzene conversion.

EXAMPLE 4

Toluene methylation was carried in a fixed-bed downflow reactor
and over two grams of the aluminosilicate catalyst composition of Example 1.
The test was carried out under the following operating conditions, unless

otherwise noted: Temperature = 600°C, Pressure = 15 psig, Hy/hydrocarbon molar
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3
4
wa?z
9
3

.53.53.53.43.43.43.4 MXylene in Product, w%
.84.95 0515 15.25.2 OXylene in Product, w%
®40435d. 3 1.2 1.3 1.2 1.2 Total Xylenes, wWeC4/852003/032969
.7 9.7 9.8 9.8 9.8 9.8 P-Xylene in Xylenes, W% 3.6%
.6% 3.5% 3.5% 3.4% 3.5% 3. 4% Xylene loss, W% . 1%

.1%.0%.0%.0%.0%.0% C52Yield wt%.0 .0 .0 .0 .0
.0 .0 C9+ Yield, w#%.0 .0 .0 .0 .0 .0 .0 15 The data
in Table I'll shows that xylenes isonerization using a

&?i]%a—l 3L &r%’lﬂéthaﬁioi‘?%d ﬁaﬂie}é f@{d&%‘t‘?%dmélap?ﬁir , QAESY DI bym
Xyl enes Reare Wi ow xyl'enes’oss ana’ <t eady

Thé adtylgst 18T Way RNThe oot resiftishidel pi2iphid Wifde 2 (04/i0 Fighn6S.
PCT/ US2003/ 032969 31 EXAMPLE 3 Xyl enes

i soneri zation/ et hyl benzene conversion was carried in a

fi xed-bed [ .
| X€ et Tﬂg gl\[{g{éﬁsg%f[ogvﬁggt:tﬁé %%ggnt%\f%lué%fecon%erggg rvrvpals ef1r05}1 22-

al um nosil'ic¢ osition

26 fpbreantx yCemerdi@eof theahetbavl avadeld0Jeronat gkt 70 peeritt oftthis
met a- xyl ene and 10 wei ght percent ethyl benzene. The,
BUIFVEFsiT rYéasy §x kylanes: hBox éstl :apelay Heed gpixtuge, oy apaxinaum

%%rgz[gg?ﬁ gfstgiu%ﬁe ﬁfexﬁ&?edttg%tesabgﬁt%ﬁ)aovm in Table N
EXAMPLE 5

Aluminosilicate ITQ-13 was synthesized from a gel having the

following molar composition:
0.004A1,05:1810,:0.0227Ge0,:0.151 5R(OH),:0.3788HF:4.09H,0

where R(OH); is hexamethonium dihydroxide and 3 wt% of the Si0, was added as
ITQ-13 seeds to accelerate the crystallization. The hexamethonium dihydroxide
employed in the gel was prepared by direct anionic exchange of commercially
available hexamethonium dibromide using a resin, Amberlite IRN-78, as

hydroxide source.

The synthesis gel was prepared by adding 119 grams of silica
(Aldrich-Syton VN 3SP-PM), 4.71 grams of GeO, (Aldrich), 5.63 grams of
aluminum nitrate nonahydrate (Aldrich), 129.2 grams of 54.9 weight percent
hexamethonium hydroxide solution, 3.61 grams of ITQ-13 seeds, 68.9 grams of
water, and 31.3 grams of 48% weight percent HF to a 1 liter PFA
(perfluoroalkyoxyl-Teflon) bottle.

The bottle was shaken and then placed into a 2 liter autoclave at a

pressure of 300psi and heated at 1°C/min to 140°C and held at 140°C for 14 days.
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Time on Stream hr 0 0 O Tenperature, C 60 00 50
P- Xyl ene in Xyl enes, wt% 3.5% 3. 8% 4. 2% EB Conver si on,

WOReG 08066 8% 7. 9% Total Xyl enes, w % 9.8 8. 8 BCHUS2003/032969

Tol uene plus C+, W% .6 .9 .6 10 The data in Table N
shows that xylenes isomerization using a catalyst
conprising I TQ 13 producedysa near equilibrium xylenes
m xture with good ethyl benzene conversion. 15 EXAMPLE
4 Tol uene nethylation was carried in a fixed-bed
downf | ow r eact or

a t f.th e
Aol br oL ARG BB O BRe o a2 £ disg
t S ' : :
Bt S THP LSl it B i g gt
2882:/ OZrlsgzurpgT/:UéS psi g, H2/ hydrocarbon nolar WO
2003/ 032969 32 io.5 0. '
met hanol ARABE 12 g&ms qt{etgasas-ézynti}g%zqﬁjglﬁllgﬁ%npla%psg ?algblﬁé@asz a

31 Yy by rai ﬁg tﬁé”te?lga'e%&udeoﬁ@/ﬁﬁﬁ?t@sa)°CTlhﬁef as aif, Gpuihg 1
are gra%hl caFly presented in Figure 8. The results
helramidtthat cédimgaopeom taniperainge efiameokng 1A swmss ¢fmaterial

e e o oo eby £t it B R S e P
e G G e
aﬁ%ﬁ}ﬁhﬁﬁﬁﬁteﬁ&n&yﬂmﬂ @Aldrichptrerd Iqdedovths bettlet hEbe z@grure
was heatgd %te 135°aC\,/ Iann thtreeeday];.o Lflhg\évelts%ﬂinrénrlnggﬂ:ﬁov%oﬁtcetrlecf ashed
copiously with water and dried in an oven for 2 hours at 135°C, then cooled under
dry air. The X-ray diffraction pattern of the material (Figure 9) showed the
product to be ITQ-13 substantially free of impurities. Magic angle spinning
aluminum NMR (Figure 10) showed an expected peak at 53.1 ppm relative to
aluminum nitrate in aqueous solution. Integration of this NMR spectrum against a

weighed standard material indicated the concentration of aluminum was 2800

ppm. The alpha value of the material was determined to be 39.

EXAMPLE 6

Toluene methylation was carried in a fixed-bed downflow reactor
and over two grams of aluminosilicate catalyst composition of Example 5. The
conditions for the test included a temperature of 500°C, a pressure of 15 psig, a Hy
to hydrocarbon molar ratio of 0.8, and a weight hour space velocity of 3.9 hr!
based on the catalyst for the first seventy-five hours of the test and thereafter a
weight hour space velocity of 5.07 hr! based on the catalyst, and a methanol to
toluene mole ratio of 1:3. After running the test for about 110 hours, the catalyst
was regenerated. The regeneration was carried out by first heating the catalyst
under air flow of 50cc/min. from room temperature to 530°C and at a rate

3°C/min. The catalyst was maintained at 500°C for 10 hours and then cooled to
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wobk@re4R6OH) 2 1s hexamet honi um di hydr oxi de andPGr/s2632969

the Si02 was added as |1TQ 13 seeds to accelerate the
crystallization. The hexanet honi um di hydr oxi de

enpl oyed in the gel was prgpared by direct anionic
exchange of conmercially avail abl e hexanet honi um

di bromide using a resin, Anberlite IRN-78, as 20

hydr oxi de source. The synt hesi el wa repared
r@éditﬂ@lpitﬁglf@r aker F 1} |f¥1@ar f?%f dﬁ’i"&ﬁ%@*ﬂ% ﬁ“%ﬁ“%‘gp?‘ﬁwe

4.71. . i f -
il s, P UL P ey 2 SRR e yoe

rABT OB thp edseet sitfwrhieFagoee hbni um hydr oxi de sol ution
3.61 grans of ITQ 13 seeds, 68.9 grans of water, and
31.3 grans of 48% wei ght percent HF to a 1 liter PFA
(perfluoroal kyoxyl - Tefl on) bottle. The bottle was
shaken and then placed into a 2 liter autoclave at a
30 pressure of 300psi and heated at 1C mn to 140C and
hel d at 140C for 14 days. WD 2004/ 041756
PCT/ US2003/ 032969 33 After cooling, the material was
filtered, washed copiously with water and air dried
under a heat |anp. The wei ght of the as-synthesized
mat erial was 136 grans. About 125 grans of the
as-synthesi zed material was calcined as a 5 thin | ayer
by raising the tenperature 1'C mn to 540C under dry
air, holding 1 hour and then cooling to room
tenperature. After cooling, 104 grans of nmaterial was
obtai ned. A sanple of 45.1 grans was placed into a 1
liter PFA (perfluoroal kyoxyl-Teflon) bottle. Next,
532.5 grans of water and 98.46 grans of al um num
nitrate nonahydrate (Al drich) were added to the
bottle. The m xture 10 was heated at 135C, and three
days. The resulting material was filtered, washed
copiously with water and dried in an oven for 2 hours
at 135C, then cooled under dry air. The X-ray
diffraction pattern of the material (Figure 9) showed
t he
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product to be ITQ 13 substantially free of inpurities.
Magi ¢ angl e spinning alum num NVR (Figure 10) showed

wamoanpess ed peak at 53.1 ppmrelative to 15 abOmusams/032969

nitrate in aqueous solution. Integration of this NWR
spectrum agai nst a wei ghed standard materi al
i ndi cated the concentratigg of alum numwas 2800 ppm
The al pha value of the naterial was determ ned to be
39. EXAMPLE 6 20 Toluene nethylation was carried in a
fi xed-bed downfl ow reactor and over two grans of
Whptigiclisged iscat e cat al yst conposition of Exanple 5. The
conditions for the test included a tenperature of
500C, a pressure of 15 psig, a H2 to hydrocarbon
1.mol ap rpabddeds ofor O afdmating eorwersgm dovprisiga cenipelings i ll?/d

f 3,91u1.250b ;

o ST s bosedon The SeUa Al et gt
1

c%%ly 39 yg}lﬁ%léfnﬁgaogﬁﬁnlgyﬁgﬂ‘ghé % 11§1e91¥at&ﬁa1 Hadsed Pdintehsiona

toluene nole ratio of

cHanBel s%ﬁeﬁf conuitingge fifsesdt @ gedavallppaaliel thennslsigash of which
cat al was regenera

B3 O Ll M PRSOSE hg cp
of Al BRGAOMAmdS GRORE AGTRGERHUR 10 cEHOReaebs0f

e catalyst was maintai ned at 500C
tdtahed@ilf Obdrdinated admenarcowhiel mmrs\m w0 tlgepehprmgs of the first

PCT/ US2003/ 032969 34 r omt FOI‘
setob a oeiehph eaneialy pHAEERNR PRI ARG oL oNUb e thrpes

oE 5B T8 dnl SOl GBS b PPhctide it Ao O I m@n}ﬁ@%ng of

resu e tests are shown in Fi gure 11.
@é@h@&l@.ﬂ&@é&&ﬁﬁwﬂ@wm&oos/ 032969 35 Wat is clained

is: 1. A process for aromatics conversion conprising
contacting, under conversion conditions, a feedstock

Suitahbe fof RVGhSiefsald kfhtReticpotaiisadrysidlline
Con‘pr I}HQF ﬁ)ro gssglregn? ekllcééla%gr ous gr yst al f}ll ne ﬁ%t eria

ﬂﬁ&ﬁﬂ&:@p’irsés mm of tetrahedral atoms bridged by oxygen atoms,
the tetrahedral atom framework being defined by a umit cell with atomic
coordinates in nanometers shown in Table 1, wherein each coordinate position

may vary within + 0.05 nanometer.

3. The process recited in Claim 1 or 2, wherein the synthetic porous
crystalline material has an X-ray diffraction pattern including d-spacing and

relative intensity values substantially as set forth in Table 2.

4. The process recited in any preceding Claim, wherein the synthetic porous

crystalline material has a composition comprising the molar relationship
X203 Z(n)Y02

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

element.
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channel system conprising a first set of generally
paral l el channels each of which is defined by a

waeoamestiss ed ring of tetrahedrally coordi nat edP@EL/OREN3/682969

second set of generally parallel channels which are
al so defined by 10-nmenbered rings of tetrahedrally
coordi nated atons and whi cBgi ntersect with the
channel s of the first 10 set, and a third set of
generally parallel channels which intersect with the

e e SR SRR, 5 R0 AR it

fhfeh MR ?ij&ﬁd |c¥ns‘fs@i% diBéree, abAMEndidn, EHIEuM; AbesBum, and a
recite a|n1 wherein said synthetlc por ous

compstiatiohi thereoft sandel eisi altemwm slsment fselgatedoliemothe group
tet.rahe t bri dged t
P A e L

cell with atomc coordinates in nanoneters shown in
Table 1, wherein each coordinate position my vary

6ai t hi The poo®Ss meitesinipt@rim SowBereirhy compeisesoreit Pt dyminim
Claim2l or 2,..wherein the synthetic porous
%WetP%mP?ﬁﬁsﬂﬁ?%rlal has an X-ray diffraction pattern

i ncluding d-spacing and relative intensity val ues
substantially as set forth in Table 2. 4. The process
T.eci t heiprocasyrepitadde dilaig @ivaiengin WhisrealimingMe synt heti ¢
porous 25 crystalline material has a conposition
conprising the molar relationship X203:(n)YQ2 wherein

§ 1S P 1%1%@(%& r&R6¥n Claink 7l ¥hareld th¥ 8ilRAto AhRiRhelaitio bf
I's a tetraval ent 30 el enment. WD 2004/ 041756

AT yUBRAO POABIR 068tallRe nEateridl és lopoibar $00kcited in Claim
4, wherein Xis a trivalent elenment selected fromthe
group consisting of boron, iron, indium gallium

@l um T‘H:f%ro@@s@ reoited A R ‘”i‘)tréc@ﬂl %r@lﬁﬁ@fwh@éiﬂ sYidl Gatadyst further
tetrav nt el ement se ect ed fromthe group

congisss birlgast bnshydrogenatien/dehytiogamitionatiqyemetehi um and a
conbi nation thereof. 5 6. The process recited in Claim
5, wherein X conprises boron or al um num

10. The process recited in Claim 9, wherein said at least one
hydrogenation/dehydrogenation metal is selected from the group consisting of a
Group VII metal and a Group VIIB metal.

11.  The process recited in any preceding Claim, wherein said aromatics
conversion comprises converting feedstock comprising aromatic compounds to a

product comprising aromatic compounds which differ from said feedstock.

12.  The process recited in Claim 11, wherein said feedstock comprises at least

one aromatic compound selected from the group consisting of:
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and Y conprises silicon. 7. The process recited in
Caim6, wherein Xis alumnum 10 8. The process

wo eupedséi n Claim 7, wherein the silica to al uPdTES2003/032969

nolar ratio of said synthetic porous crystalline
material is I ess than 1000. 9. The process recited in
any preceding Caim wherei3¥ said catalyst further 15
conprises at |east one

hydr ogenat i on/ dehydr ogenati onati on netal. 10. The

proce re : : &mﬁ{ R
hydr ogg)nat @Shﬁ%éhg r %gdr%%fcon 0t a(llIh Ii%?egeel?éedc]%yzgéf?? om
the group consisting of a Goup VIII netal and a
Goup VIIB netal. 20 11. The process recited in any
preceding Claim wherein said arogatics conversion
conprises converting cgnprising aromatic
conpounds to a product ©ohpriXxing aromati c conpounds
which differ fromsaid f

at least one aromatic cdnpoufd)sel ected fromthe
group consisting of: 30 W 4/ 041756

PCT/ US2003/ 032969 37 (A m Lic al kylaromatic
conmpounds represented by the'forffula: RL R5 1. OR2
wheregi:n: 10 R Rl, and R2 are independently sel ected
fromthe group.consisting of hydrogen and an al kyl or
al ken Rys cup Rawe rigdependendlyoselected Bambiba siewmsonsigmg, of

pref eil?c?rkgenlantdoand'allgyfi‘ ()lb %T{CI?'};I%I‘WOBIIIP l%r\]fgrig 1 to about 12 carbon atoms,
and, preferably 1 to 4 carbon atoms; and,

(B)  bicyclic alkylaromatic compounds represented by the formula:

3 4
R(Y) R(Z)

wherein:
R? and R* are independently selected from the group consisting of
hydrogen and an alkyl or alkenyl group having 1 to about 4 carbon atoms;
Y is an integer of from O to 2; and

Z is an integer of from 0 to 2.

13. The process recited in Claim 12, wherein R, Rl, R2, R3, and R* are
independently selected from the group consisting of hydrogen, methyl, ethyl, n-
propyl, isopropyl, and n-butyl.
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(B) bicyclic al kyl aromati c conmpounds represented by
the formula: 15 1l. R3(y) 0 o Ri(z) W 20 wherein:

wRDo0andi7R4 are i ndependently sel ected from t hePQr/usgw03/032969

consi sting of hydrogen and an al kyl or al kenyl group
having 1 to about 4 carbon atons; Y is an integer of
fromO to 2; and Z is an ipgeger of fromO to 2. 25
13. The process recited in Caim1l2, wherein R Ri,
R2, R3, and R4 are independently selected fromthe

roup_,consi stin f drogen, neth hy! - .
1 opyrte s e i T35 0o L e Qi pufprises at fast
RETR20ARR8 3 foptuledt antiR, RY, GOERY an@ @t 26l idep&ldehily
13, wherein said feedstock conprises at | east one
saleoted tfrom dergroprndnsistifaefhydeogenaneth®] angethyk2, R3, and
R4 are independently selected fromthe group
consi sting of hydrogen, nmethyl and ethyl. 5 15. The

1%, 0Cepr §r8&dst Reitbdin@ RN 1 lwhwerr Rid fesddtstkf Ragniseckt least
conprises at | east one aromatic conpound sel ected

drecarmbic gompeundoselictedi fiigmahe Igeanpesnnsistieg gb henzene, toluene
thyl b . St , | 1, 4-di.et hyl :

SR R e S IEets, LAERSREETS: 15

thinfetRbdnzE%s hyh bengai@nylberede, 1 i INEL1ANhbRNBRRLNe L, 31,5,5-

triet’hyl benzene, "net hyl propyl benzenes, )
teibthylhenoang) netizdpropylbeizonesp atsdproellbenzenasy dipropylbenzenes,

| i sopropyl benzenes, and.tiisopropyl benzenes. 16. The
%}SBE@le%Fé%ﬁr’?sean‘?Wliﬂpéque erei n sai d feedstock
conprises at |east one aromatic conpound sel ected

fromthe group consisting of 1- nethyl naphthal ene,
5. et Tiyd papéss hevited &) Clajii-1di wietejd seap Frefsipedneomprisps at least

one aromatic compound selected from the group consisting of I-
methylnaphthalene,  2-methylnaphthalene,  1,2-dimethylnaphthalene, — 1,2-
diethylnaphthalene  2,3-dimethylnaphthalene, 2,3-dipropylnaphthalene  2,6-
dimethylnaphthalene, and 2,6-dibutyl-naphthalene.

17.  The process recited in Claim 11, wherein said at least one aromatic
compound present in said feedstock is selected from the group consisting of

benzene, toluene, Xylenes, and mixtures thereof.

18.  The process recited in Claim 11, wherein said aromatics conversion is
selected from the group consisting of the isomerization of dialkyl substituted .
benzenes, the disproportionation of monoalkyl substituted benzenes, the alkylation
of aromatic compounds, the transalkylation of aromatic compounds in the
presence of polyalkylaromatic compounds, the dealkylation of alkylaromatic
compounds, the isomerization of ethylbenzene to form xylenes, the isomerization

of dialkylnaphthalenes.
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15 di et hyl napht hal ene 2, 3-di net hyl napht hal ene,
2, 3-di propyl napht hal ene 2, 6- di net hyl napht hal ene, and

WQ2@404086 vl - napht hal ene. 17. The process reciP€dUs1903/032969

Claim1l, wherein said at |east one aromatic conpound
present in said feedstock is selected fromthe group
consisting of 20 benzene, 390l uene, xyl enes, and

m xtures thereof. 18. The process recited in Caiml1l1l,
wherein said aromatics conversion is selected from

e grpup _consisti the isonmerization af di .
b Tft P orsiedh th St Th SAMEIRL AR ofdpfliss svEon is
§E00 Kydm SHBS bidult echdtinEeeStonidle a@lpsbétionstiosy ©flenes
aromati c conpounds, the transal kylation of aromatic
isompuzativy, and ar¢reatiqsraledaivn. of pol yal kyl aromati c
conpounds, the deal kyl ati on of al kylaromatic
conmpounds, the isonerization of ethylbenzene to form

Y| enehe ptdeBssl BOHRT inZ €14iMB 110fo 10, aklkarbif aRb thheduenesmpM¥ds
2004/041956 PCT/ US2003/ 032969 39 19. The process

xgemnased in Claim 11, wherein said aromatics conversion
is selected fromthe group consisting of tol uene
di sproportionation, xylenes isonerization, and

81 onatrh & Sroadds Yéoell @DanybprébdinbhElaih,0feséin kaid ich@lst firther
Clains 11 to 19, wherei'n the product conprises

sythpnigss a seléctivatieg pgambess recited in any preceding
Claim wherein said catalyst further conprises a
sel ectivating agent. 10 22. The process of Caim 21,

wher efThe prjcehs B2 IRk ygt\izmeiﬁg@iatseiesﬁmhﬁ aped i saetted fem
group consisting of silica, coke, phosphorus, alkaline
ther grbupreonsistiog iofl silicraeake, phosphoms alkalipei caeh metalneride unte

oxi,de oraon oxid titania, ,anti nD ide, .. .
Rty el P ERpa i §0uf o, REE RiPbqptimeey Hgrice
I8 HE S8 e, 04 B hiktbfediFeotl to 22, wherein said
aronati cs conver sl on

23.  The process recited in Claims 11 to 22, wherein said aromatics conversion

is aromatics alkylation or toluene disproportionation.

24.  The process recited in Claims 11 to 22, wherein said aromatics conversion

is xylenes conversion/ethylbenzene conversion.

25.  The process recited in Claim 24, wherein said feedstock is a Cg mixture
containing ethylbenzene and xylenes in which the para-xylene is less than
thermodynamic equilibrium and said xylenes conversion/ethylbenzene conversion
is carried out by contacting said Cg mixture with a catalyst suitable for
ethylbenzene conversion to form a ethylbenzene depleted product and contacting

said ethylbenzene depleted product with said catalyst comprising ITQ-13,

26. The process recited in Claim 25, wherein said catalyst suitable for

ethylbenzene conversion comprises ZSM-5.
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is aromatics al kyl ation or toluene di sproportionation.
24. The process recited in Cains 11 to 22, wherein

w@ alod/oar7eérat i cs conversion 20 is xyl enes PCT/US2003/032969

conver si on/ et hyl benzene conversion. 25. The process
recited in Claim24, wherein said feedstock is a C8

m xture containing ethyl beA@ene and xyl enes in which
the para-xylene is |l ess than thernodynamc

equi li brium and sai d xyl enes conversi on/ et hyl benzene
QINV erhic PRocss feitdBh C18ENOML tol2, GPBIAL §did Gropitids EShversion
mxture With a catal yst suitablé for ethyl benzene

aoiine dorsiation voxylonen by the megthybative nétodespeet ed product and
contacting said ethylbenzene depleted product with
said catalyst conprising ITQ 13. 26. The process ‘
PECi t ghe ipfocehsebitetin (AR 87, NyiRAb hif el yistin SA%FMQ hthanol
for 30 ethyl benzene conver’si on conprises §

20041 194st 36 feiedt/dfS2id03stbaRd BTon4@ted7. The process
recited in Clainms 11 to 22, wherein said aromatics
conversion is the formation of xylenes by the

ot hylaki 9ocRt feohd®ne Cidfn THNEwIRIOAGESIq rRGhhEG b6hver31on
Cai m27,” where said nethylating agent is nethanol 5
annhpaseslceamm@mpemmanc cbmpainds tesroamatt compouniser t ed.
29. The process recited in Caim1ll, wherein said
aromati cs conversion conprises converting

RON- arQERIrbEess Qse?@anﬁsciaﬁnazw%&éin GRRPRYRARes tohviBion is
The process recited in Oaim29, wherein said

aclectad from the gmelpspnsnstug ofdhé emtverdiohral ightyeargfifins po aromatics

consij st i of the c rs ht paraffins t
GRSl At Sy eBtaur thiznt oleds Gravendicsn Bercony ghion of naphtia

% efdniict,ané ﬁ@ﬁ%ﬁ‘bé‘eﬁa’u&h 8f Eﬁ‘iﬁéﬁgﬁé’cﬁ’é‘ h‘a(/mg APheher Hiflgs, the

aromati cs, the dehydrogenation of cycl oali phatics

mawangomofmrygematestngsqmatfw conversi on of oxygenates

to aromatics. 15 31. The process recited in Caim29

or 30, wherein the product of the aromatics

aqnvergi ob&ssl%’:i?&f %1 G 2o gy %O%éfélﬂSL ? iéﬂggu&f of the

benzene, toluene, xylenes, and m Xtures t
aromatics conversion is selected from the group consisting of benzene, toluene,

xylenes, and mixtures thereof.

32.  The process recited in preceding Claim, wherein said aromatics conversion
is carried at conditions comprising a temperature of from about 200°C. to about
760°C., a pressure of from about atmospheric to about 200 atmospheres, and a

weight hourly space velocity of from about 0.08™! to about 2000 hr™.

33. A process for aromatics conversion as recited in Claims 1 to 10,
comprising selectively separating an aromatic hydrocarbon having a critical
dimension less than the pore size of ITQ-13 in admixture with other aromatic

hydrocarbons, which process comprises contacting the admixture with ITQ-13.



20 32. The process recited in preceding Caim wherein
said aromatics conversion is carried at conditions
weopnisseng a tenperature of from about 200C. POT/ERZN03/032969

760C., a pressure of from about atnospheric to about

200 at nospheres, and a weight hourly space velocity

of fromabout 0.08-1 to abddt 2000 hr4. 25 33. A

process for aromatics conversion as recited in Cains

1 to 10, conprising selectively separating an

?zLO”HA r}fm&xg rQ5Ra1A rt:ia&ﬂ '3'3% véhefdih tsh1@la§elec€ikféf%8}ﬁdr5’c[bn| RSt
an the pore size of in adm xture with other

selavtiod isepardtionr mf:aafao:ryhnevﬁwm renpadigisse comprisingsCs aromatic

contacting.the adnin xture with I TQ 13. WO 2004/ 041756

iSORPISSOERIREIPEBEEYICRA 34. A process recited in Caim

33, wherein said selective separation is the

sel ective separation of para-xylene froman adm xture

conprising C8 aromatic isoners containing

par a- xyl ene. 5



