WD 03/ 076550 PCT/ US03/ 06557 CATALYTI C CRACKI NG PROCESS BACKGROUND TO THE

| NVENTI ON [0001] This invention relates to a process for catal ytic cracking
of hydr owarobomnssfeedst ocks t o produce an enhanced yi el d ofeCiriughs/oqs€2- C4)
olefins and in particular an enhanced yield of propyl ene. Description of
the Prior Art [0002] Catalytic cracking, and particularly fluid catalytic
cracking (FCC), is routinely used to convert heavy hydrocarbon feedstocks

to lighter products, suchcapagaseid ORARINGSPROCHESS range fractions.
Conventional processes for catafrytic cracking of heavy hydrocarbon

feedstocks to gasoline and distillate fractions typically use a large pore
nol ecul ar sieve, such as zeolite Y, as the primary cracking conponent. It
i s al so weBAGKGROUNRAJI®D IHRINNBNBIANnp| ecul ar  si eve, such as ZSM 5 and
ZSM 35, to the cracking catalyst conposition to increase the octane nunber
of the gasoline fraction (see U S. Patent No. 4,828,679). [0003] In

el oy el T or oSt SfasR @ Fbres r sRRAR cdPLel™ V07 cck

par af fi ni cy o860 AARM fReA6cIRARYBagCE M Bildited yieldiohigho(€5-) olefinact i on
rich in C4- I soal kenes and 'a C6+ liquid fraction of enhanced octane

val ue. [ 0084d iTpsrtieulas anrenbenesd yietd ofpropykineg need to enhance the yiel d of
light olefins, especially propylene, in the product slate fromcatalytic
cracking processes. Thus propylene is in high demand for a variety
commer ci al MO 03/ 076530 PCT/ US03/ 06557 -2- application, particularly in the
manuf act ur%@%@?—%—@w sopropyl al cohol, propyl ene oxide, cunene,
synt hetic glycerol, isoprene, and oxo al cohols. [0005] Co-pending U.S.

Pat ent Application Serial No. 09/866,907 describes a synthetic porous

crystal | i ngpgujer | @htalytitRrackinpharaiparsicalasiynfihid catalgtiattackingof¥e), is

routinely used to convert heavy hydrocarbon feedstocks to lighter products, such

as gasoline and distillate range fractions. Conventional processes for catalytic
cracking of heavy hydrocarbon feedstocks to gasoline and distillate fractions
typically use a large pore molecular sieve, such as zeolite Y, as the primary
cracking component. It is also well-known to add a medium pore molecular
sieve, such as ZSM-S and ZSM-35, to the cracking catalyst composition to
increase the octane number of the gasoline fraction (see U.S. Patent No.

4,828,679).

[0003] In addition, it is known from, for example, U.S. Patent No. 4,969,987
to employ medium pore molecular sieves, such as ZSM-5 and ZSM-12, to crack
paraffinic and naphthenic naphthas to produce a light olefinic fraction rich in Cy4-

C; isoalkenes and a C¢+ liquid fraction of enhanced octane value.

[0004] There is, however, an increasing need to enhance the yield of light
olefins, especially propylene, in the product slate from catalytic cracking

processes. Thus propylene is in high demand for a variety commercial



mat eri al having a uni que 3-di nensi onal channel system conprising three sets
of channels, two defined by 10-nenbered rings of tetrahedrally coordinated
atons amwotobe7d¢ske rd by 9-nmenbered rings of tetrahedral |y Pcoarsds/mased
atons. [0006] According to the presentaoinvention, it has now been found
that the porous crystalline material, 1TQ 13, is effective in producing
enhanced yi el.ds.. : i Iisdrropeiledieolpor e

nmol ecul ar @Pbsété?ﬁ’ygg%agéﬂlﬁ%megﬁa en ﬁggg%wgﬁﬁﬂﬁaphl?‘hgz and V\Een used
as a addi tﬂrMﬁ%l%ﬁé kiR clithen€ Qyattesic gl?cembl, lisapreme, gadpxoaaloohasul ar si eve
catal yst i'n e catalytic cracking of heavier hydrocarbon feedstocks, such
as vacuumgas oils. SUMVARY OF THE | NVENTI ON [ 0007] Thus, in its broadest

t, th t inventi i des |j. tal yti i f
coPect | vl PORBhay onpending b-baieek Anaticatin St 24 VoSG 00 L BikRIERSESS | N
d tal yt.i c. Ki adi L ; d : J A4 b
havi g at woldicaas By iR QA5 St s £ARER cybettage Bons
synthetic G;élg{g?%fh&&m taaﬁﬂi'{;ﬂ@3rmﬁﬁhbi@hapmbpémlﬁ conayriwg thred s¢teof ahedr al

atons bri y oxXygen atons, the tetrahedral atom framework being
defined byctanHelst twe dbfinéd by a0antmberedrmingsaoftetrahedralip weordinated BE¥RAS i n
Table 1 bel ow, wherein each coordi nate position may, vary within + 0.05
nanonet er .aﬂM&ﬁﬁd@&%nmbdmmsggwu@ﬂd{%bdﬂiorm #PMS. the synthetic
porous crystalline material has an X-ray diffraction pattern including
d-spacing and relative intensity values substantially as set forth in

Tabl e 2 be [ 0009]. .4: r; i undudat then, the

f eedst ock f(@mﬂ)ri ?écs&ﬁdlﬁggﬁ?hﬁﬁﬁgﬁtr%g%ﬁ%ﬂllri%rﬁroe‘l’ﬁggéﬁ]o? about 25C to about
225C. [ 00J b BryAtdlihé Rehealel BQ! 1] icefiectivesintprofuting enhaeced vieldstcde

f eedst ock * conpri‘ses hydrocar bon ni xture having an ipitjal, boiling point of
at | east 25QPylemeras bempared|with knowpdstermgdiaie BOreHRICIE SIS UG8 aSor e

ol ecul ar EISI%{-%, Qv%\éln r1llgsed to crack naphthas and when used as a additive catalyst in

combination with a large pore molecular sieve catalyst in the catalytic cracking

of heavier hydrocarbon feedstocks, such as vacuum gas oils.

SUMMARY OF THE INVENTION

[0007] Thus, in its broadest aspect, the present invention resides in a catalytic
cracking process for selectively producing C; to C4 olefins, the process
comprising contacting, under catalytic cracking conditions, a feedstock
containing hydrocarbons having at least 5 carbon atoms with a catalyst
composition comprising a synthetic porous crystalline material comprising a
framework of tetrahedral atoms bridged by oxygen atoms, the tetrahedral atom
framework being defined by a unit cell with atomic coordinates in nanometers

shown in Table 1 below, wherein each coordinate position may vary within +

0.05 nanometer.



a pore size greater than 6 Angstrom DESCRI PTI ON OF DRAW NGS [0011] Fi gures
1 and 2 are X-ray diffraction patterns of the boron-containing and the

al um numwonBareassng | TQ- 13 products respectively of ExanmpCe/uso3/0dd3ETAl LED
DESCRI PTI ON OF THE PREFERRED EMBCDI MENT$H.[0012] The present invention

provi des a process for converting feedstock hydrocarbon conpounds to
product hy rb i : a0 hhs &mXBrdyhe

f eedst ock ﬂ{/@?ﬁca;Pé%in%?%gggbuﬂ(i}g%X{sﬂ.helhg\f%g%gi%?gﬁﬁrﬁ?%r esent i n\yg_nti on
provi des adipfaeesspitesrndatiating d-spicing uad kélativairtyusitycealbemsubstaasially k
having at |east 5 carbon atons to selectively produce C2 to C4 ol efins, and
in parti cad sot foxsh swTable 2/ belpwpr oduce propyl ene. The process of the
invention enploys a catal yst conposition conprising the synthetic porous
crystalline material 1TQ 13 and, optionally, a large pore nol ecul ar sieve

" T30 1 5RigieR 3p R Rl EhRiaRIERE A e, o R el Tine
material | J(%gl%%%ée?ag ggﬁaha Bedink Builing GAngeaitimt YSSC teabent 225941 cat i on

Serial No and is a singlé crystalline phase that has a uni que
3-di nensi onal channel system conprising three sets of channels. In

particular, 1TQ 13 conprises a first set of neral |, aral L el .channels
each of whl0M0]s def fistheppreferred ﬁ@i’@é%@ﬁmrqf&ge (ypveng%lp, gﬁe@?‘hﬁ?%

coordi nated atans,, a, second set of e . . . owviceh are
al so def i neQIBYSEE -WHB%@’QH Tpux Sh(?%{ke%f%%%l&gqlﬁﬁyé?ggrﬁz? %g 2 4%%  and
whi ch are ' 3ich | %ﬁ?ﬁ’i i 11 B ¢ hasle@tlar sievé hevihpr st
set, and %@ﬁﬁ%ﬁ@g%@% goenéra {gé pa aISIeeI ckgg%erl s which intersectg W th
the channeh off sizé gtehtér thah 6akegstemand sets and each of which is defined by
a 9-nmenbered ring of tetrahedrally coordinated atons. The first set of 10-

ring channels each has cross-sectional dinensions of about 4.8 Angstrom by

about 5.5 Aagelt 3N OF DRAWINGS

[0011] Figures 1 and 2 are X-ray diffraction patterns of the boron-containing

and the aluminum-containing ITQ-13 products respectively of Example 1.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0012] The present invention provides a process for converting feedstock
hydrocarbon compounds to product hydrocarbon compounds of lower molecular
weight than the feedstock hydrocarbon compounds. In particular, the present
invention provides a process for catalytically cracking a hydrocarbon feedstock
having at least 5 carbon atoms to selectively produce C; to C4 olefins, and in
particular to selectively produce propylene. The process of the invention
employs a catalyst composition comprising the synthetic porous crystalline

material ITQ-13 and, optionally, a large pore molecular sieve having a pore size

greater than 6 Angstrom.



whereas the second set of 10-ring channels each has cross-sectional

di mensi ons of about 5.0 Angstrom by about 5.7 Angstrom The third set of
9-ri ng chaomalozsseach has cross-sectional dinensions of alpeWtuUsds/@sAngst rom
by about 4.9 Angstrom [00141 The strycture of ITQ 13 naybe defined by its
unit cell, which is the smallest structural unit containing all the

structurale] eARALS z&{CB%O[Eéte” al. Table 1 lists the positions of each
tetrahedr;@aivm— el | in nanoneters; each tetrahedral atomis
bonded to an oxygen atomthat is also bonded to an adjacent tetrahedral
atom Sinqeoise t Theahediett parausscrysiyllinevaateialITQS isalesotibest icoyrst al

forces (presence of inorganic or organic _specie or exanp)
+ 0. 05 nmdospénding &6S f Batentadnplieasian %%F@%Iﬁ@él%@z?f)?/@a&sg? ea, a range of

oTes 5 iyt i bl Hedes Shetoiod e ot 173,
V820 1 1 wspotiiadels” Jalticulan JT0:EF ogbs 4 Gt et OPpoh ARy Vst
0.333  T13,R28d&hAnSd8 elci 87 whidhisdeliRed byB90-tctibered HingloB69 0. 888 1. 993

tetrahedrally coordinated atoms, a second set of generally parallel channels

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

each has cross-sectional dimensions of about 4.0 Angstrom by about 4.9

Angstrom.

[0014]  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.
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T3 0.385 0.287 0.333
T4 0.626 0.158 0.487
TS5 0.153 0.149 0.781
T6 0.383 0.250 1.993
T7 0.473 0.153 0.071
T8 0.469 | 0.000 1.509
T9 0.466 0.000 1.820
T10 0.626 0.979 0.794
T11 1.100 | 0.987 0.478
T12 0.867 | 0.851 0.333
T13 0.626 | 0.980 0.487
T14 1.099 0.989 0.781
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 0473 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
127 0.869 0.250 1.993
T28 0.778 0.153 0.071
T29 0.626 0.728 1.895
T30 0.151 0.720 1.579
T31 0.385 0.856 1.433
T32 0.626 0.727 1.588
T33 0.153 0.718 1.882
T34 0.383 0.819 0.893
T35 0.473 0.722 1.171
T36 0.469 0.569 0.409
T37 0.466 0.569 0.719
T38 0.626 0.410 1.895
T39 1.100 0418 1.579
T40 0.867 | 0.282 1.433
T41 0.626 0411 1.588

1.579 T31 0.385 0.856 1.433
40383081

9 0.893 T35
9 T38 0.626
0.626 0.411

0. 383
0. 287
0: 071
T32
0.473
0. 410
1.588



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. 88D 030%35®. 383 0. 319 0.893 T51 0.473 0.416 1.171PCTAB03/06580 0. 720
1.579 T53 0.867 0.856 1.433 T54 1.0994Q 718 1.882 T55 0.869 0.819 0.893

T56 0.778 0.722 1.171 [0015]
detectable inpurity crystal

formwith little or no

| TQ 13 can be prepared in essentially pure
phases and has an X-ray

diffraction pattern whic

known as-synt hesi zed or

lines listed in Table 2
0.2 wvs 10.97 0.2 myvs

0.15 wm 5.45 0.15 vw

TB4D d stigw@ui Shedoh ' oml'fggg p;ltter_nsI of ot hﬁr
AR E AT T S e i P
42 [ 005778y 0.41650 2.34h 7. 87 0.2 wvs 5.50
5. 349. 16 OW83 4.(0569 0| 18.408 .

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

TS50 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

[0015]

ITQ-13 can be prepared in essentially pure form with little or no

detectable impurity crystal phases and has an X-ray diffraction pattern which is |

distinguished from the patterns of other known as-synthesized or thermally

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

TABLE 2
d(A) Relative Intensities (I)
12,46 £ 0.2 wW-Vs
10.97 £ 0.2 m-vs
10.12+£0.2 VW-W
8.25+0.2 VW
7.87+£0.2 W-VS
5.50%£0.15 w-m
5.45+0.15 VW
5.32+£0.15 VW-W
470+0.15 VW
422 +0.15 w-m
4.18 £0.15 VW-W
4.14 +£0.15 w
3.97+0.1 w




4.22 0.15 wm 4.180.15 vww 4.14 0.15 w 3.970.1 w WO 03/ 076550

PCT/ US03/ 06557 -7- 3.90 0.1 vwm 3.860.1 mvs 3.73 0.1 mvs 3.66 0.1
ms [0016yOoDhemEsK-ray diffraction data were coll ected w PRTASBY0GISAQ
diffraction system equipped with a gerpaniumsolid state detector, using
copper K-alpha radiation. The diffraction data were recorded by
step-scanning at 0.02 deqgr fTwWo-rheta,” WRgf &, theta 1s| the Bragg

angl e, and a counting ._i_n@g@jiz‘lmm ds—Fer—each—step—The i nterpl anar
spacings, d's, were calcul 3t8dt0d Angstrom uni t™8;V8 and the yel ative
intensities of the lines, B/3+0ils ong- hundredtih-w&f the intensity of the
strongest |ine, above aCKg[ﬁ%u_jg,Lwere derived w.th the usejof a profile
fitting routine (or setenrd—Hertvative—atgorithm—The TTtensities are
uncorrected for Lorentz and polarization effects. The relative intensities
are given in terns of the synbols vs = very strong (80-100), s = strong
(60-80), i [;)016pedi1umsé 30ray6@iffrastion detakvere @oleyted avith # Wcintagdiffrastien ( 0- 20) .
It shoul d be understood that diffraction data |isted for thi l e as
singl e | i nesterayequppedwitia genmaniim sobidstate gpteRtpr: FHBE CRAPEHST certain
conditions, such as differences in crystalloaraphi ppear as
resol ved ofadiion. o eyd‘rfgélﬁﬁl% a‘]aivﬁ"erg.regofgﬁﬁibgl qugpéca?’fllg{%qgg% zcalp |g§changes
can include,nin LN Bl %ﬂ)é” t i of 10RkaeERIsi N
crystal syﬁﬁ?'@etgmngﬁ%%ﬁhgﬁéﬁgﬁr%%%at e ’@F%u‘g{lﬁl}%gq#ﬁéese m nor effects,

i ncl udi ng £/33A6K StepD TIRY Midrpuniap bpatsihgs, €%, wae calcatatedirAngsisom umdtsul t  of

differences in cation content, framework conposition natilur,e and 9egree of
pore fillimg fherpghdtne intensitiesdfsheines, pefsconesaunsiredthy ofiths intgpsity o

the strongest line, above background, were derived with the use of a profile

AR AAR A%

fitting routine (or second derivative algorithm). The intensities are uncorrected
for Lorentz and polarization effects. The relative intensities are given in terms
of the symbols vs = very strong (80-100), s = strong (60-80), m = medium (40-
60), w = weak (20-40), and vw = very weak (0-20). It should be understood that
diffraction data listed for this sample as single lines may consist of multiple
overlapping lines which under certain conditions, such as differences in
crystallographic changes, may appear as resolved or partially resolved lines.
Typically, crystallographic changes can include minor changes in unit cell
parameters and/or a change in crystal symmetry, without a change in the
structure. These minor effects, including changes in relative intensities, can also
occur as a result of differences in cation content, framework composition, nature
and degree of pore filling, crystal size and shape, preferred orientation and

thermal and/or hydrothermal history.

[0017] ITQ-13 has a composition involving the molar relationship:

X203:(n)YOy,



thermal and/or hydrothermal history. [0017] ITQ 13 has a conposition

I nvol ving the nolar relationship: X203:(n)Y®2, WO 03/076550 PCT/ US03/ 06557
- 8- wher eWp 0X0765@ trival ent el enent, such as al um num beCenS3/06387

indium and/or gallium preferably bogan; Y is a tetraval ent el ement such
as silicon, tin, titanium and/or germanium preferably silicon; and nis
at | east about. - S nAfgmu 0, Yroh! @idiamound/é0 to
about oo.W?‘PIW%ISbéJe&&)agé%%@%}P%%éﬁ@n?sfﬁg pernffs??d’val ues f.o(r;)_n t hat

1 TQ 13 Ca@aﬁﬁ:@?i‘éfé?z%l&%rbﬂ Y 9% akdtyavaldnit ebomnentfsucinas siliooni tih, titasivmi val ent
el ement X®I's absent or~essentially absent. [0018] Process

synt hesi z pag/ot E@midhiany prgfefdbipsilves; andinpant leash ahoutf, Suégasgﬁcﬁrﬂuﬁértal i zi ng
Ayl oUs b asiisisuly fiore apewe A Bicus or ot seemREr e ren 86 ™\ G, “as
The R and PRTEBIRIOHIVRSION RN 1 d Saali s H A o SR o T Sl
post - or vs T B O i o |y descr i bed.

[0019] To the extent desired and dependi ng on the X203/ YO2 nol ar ratio of

the material, any cations in the_a_s-s;pt hesi zrgd |.TQ.,13 .can be reﬁ aced in
accor danc400i8]h tProteasses der siithesizingd TQq13 sapiey flugpt F%dgtpaftﬁmﬂﬁrr Y2 by ion

exchange with other .cations. Preferred replacingd £aLl0 3 met al
ions, hy@p8JBRCIYHANg ﬁg?ﬂtc?é‘élr}"eﬂrcg’c]&rlggoq’sf 3@?%‘5%5%“%‘.’ tﬁ}?ﬁq g%? Hgﬁd m xt ures
t her eof . artic I § ts exser odid &0 hivled ofe

catal ytic fglé?‘r‘\?r #é%gﬁhgégﬁgaggh% rlgggl?%%?lﬁg%)nver Si oné“{]%act i ons. These

i ncl ude hwanogRFollp@se earth netals and metals of Goups I1A TIIA 1VA
VA, 1B, II'B,”I'lB, IVB, VB, VIB, VIIB and VIl of the Periodic Table of
the El enents. [0020] The as-synthesized I TQ 13 nay be subjected to
treatment to renove (0.2-0.4)R: X,05:(n)Y0,:(0.4-0.8)F

wherein R is an organic moiety. The R and F components, which are associated
with the material as a result of their presence during crystallization, are easily

removed by post-crystallization methods hereinafter more particularly described.

[0019] To the extent desired and depending on the X;03/YO, molar ratio of
the material, any cations in the as-synthesized ITQ-13 can be replaced in
accordance with techniques well known in the art, at least in part, by ion
exchange with other cations. Preferred replacing cations include metal ions,
hydrogen ions, hydrogen precursor, €.g., ammonium ions and mixtures thereof.
Particularly preferred cations are those which tailor the catalytic activity for
certain hydrocarbon conversion reactions. These include hydrogen, rare earth
metals and metals of Groups IIA, IIIA, IVA, VA, IB, IIB, 1IIB, IVB, VB, VIB,
VIIB and VIII of the Periodic Table of the Elements.

[0020] The as-synthesized ITQ-13 may be subjected to treatment to remove

part or all of any organic constituent used in its synthesis. This is conveniently



part or all of any organic constituent used in its synthesis. This is
conveniently WO 03/ 076550 PCT/ US03/ 06557 -9- effected by thernmal treatnent
i n whi ch wbha3assynt hesi zed material is heated at a tenp@Catusn&0ass7 at

| east about 370C for at |east 1 mnutegand generally not |onger than 20
hours. Wil e subat nospheric pressure can be enpl oyed for the thermnal

1 eat ment o (AL IDSANAelhaPHERRUE id Wil didhdspationttepial Rl nce. The

thermal trF e performed at a tenperature up to about 925C. The
t her mal | y 14 168t8teRI ol Usist aABGRETI08C fyr atieasts mixwte antygpnorpdly motdorgeroni um
forms, is particularly useful in the catalysis of certain organic, e.g.,
hydr ocar bakan 20 biouss, sWirilersahetmaospherif posssurereanche emplased; for ﬂwet?lsn%les s of
the invention, the ITQ 13 is preferably. deh drateﬂ at | east rtially.
Thi s can Beeatioeet, BimasRherisressuse SIasERd for 1asons QheonveEnCE: 1350c t o about

370C in an, at here such as air |t moggeheri c,
subat mspﬁg?@zfeagﬁﬁﬁf%"%%Bﬁg?%e éted;%gﬁ{gaﬁfugé? \%Eglrl]@%%chi nutes and 48
hours. De ' ACL Aétal, dgdré gopaichdmronioanel y by

pl aci ng tEéwgﬁgei&%aﬁ%%}dﬁpggﬁwéﬂ%nger time 1s required to obtain a
suf f i ci entfoafBUBipasicul@fly dseful anthe[@ERPss O eesain wrgericand. dyidsetarbent e
forms of 1 TQ 13 can be prepared froma reaction mxture containing

sour ces ofconarersion tgaciionsl |y an oxi de of boron, an oxide of tetraval ent
elenent Y, e.g., silicon, a directing agent (R) as described bel ow and
fluoride ions, said reaction m xture having a conposition, in terns of

I ti ' L At | ' ' I
74 TR 5o ML Ot gty IEIS SRS,

0.05-0.7 QichyBrdted Ht YOt Pariallyl Thidcln Be doh¥0F Kealiiglo A tompetature in

the range of 200°C to about 370°C in an atmosphere such as air, nitrogen, etc.,

and at atmospheric, subatmospheric or superatmospheric pressures for between
30 minutes and 48 hours. Dehydration can also be performed at room
temperature merely by placing the ITQ-13 in a vacuum, but a longer time is

required to obtain a sufficient amount of dehydration.

[0022] The silicate and borosilicate forms of ITQ-13 can be prepared from a
reaction mixture containing sources of water, optionally an oxide of boron, an
oxide of tetravalent element Y, e.g., silicon, a directing agent (R) as described
below and fluoride ions, said reaction mixture having a composition, in terms of

mole ratios of oxides, within the following ranges:

Reactants Useful Preferred
YO,/B,03 at least 5 At least 40
H,0/YO, 2-50 5-20
OH/YO, 0.05-0.7 02-04
F/YO, 0.1-1 0.4-0.8
R/YO, 0.05-0.7 02-04




WO 03/ 076550 PCT/ US03/ 06557 -10- [0023] The organic directing agent R used
herein is the hexanet honi um [hexanethyl enebis(trinmethylanmoniun)] dication
and pref ewal®Bp7dsso hxamet honi um di hydr oxi de. Hexanet honi ulPCaiUusysioesxT de can
readily be prepared by ani on exchange- d-commercially avail abl e

hexanet honi um brom de. [0024] Crystallization of 1TQ 13 can be carried out
at either $0023]c oThebigandeldireciihi AdeddR hdbdchepeintis MehéeasdtRonivassel , such
as for exanple, polypropylene jars or Teflon(r)-lined or stainless steel
aut ocl aves [hexamethglepebialtuimetiylammaonivagdication and prefesdly fior a ti ne

sufficient for cprystallj.zation tq_occur_ at, the_t erature used, e.g.,

f r om about hf’éa%ﬂ%é“% dé’éffffpxg]@' g’é?@mefh‘é?% g@yarn‘ip’ﬂée sy seaghly Qt?% e

separ at ed |1 aui ered. - oul e realized that
the reacti g’%%é@ﬁygh@#n%%ﬁgﬁgé 8@%‘“ EEQCIQBg%l%?ﬂé%ﬂ%y%?rﬁ&‘gﬁ}o%ﬂp%ﬁ%mg rce.
The reaction m xture can be prepared either batch-w se or continuously.
Crystal size and crystallization time of the new crystalline material wll
vary with {0@24jat uCeystdllizdteonr eRIRQ-d3 candexariedpudyeeithersthtiche stirred

crystalli zat@%&n_ conditions. [0026] Synthesis of 1TQ 13 may be facilitated
by the pre§eneidiogs ixa spiakle reactar vessels sweh agfosfexpmpls; m@lvproppiess jars Md

oot ant e TREBhe AR BRI Reel S5 B mph R Bl R 0L b
i's pref erably@fpocal fh iRsd kﬁiﬁﬁie&t Bor Eﬁﬁhi&%oﬂ%ﬁ'dc}zg@éﬁpﬁgﬁng%u 1000,

preferably has a silica to alumna nofar ratio of

Al um nosi | used, @.4. TfoABalsan 12daaird to dour3odisged Thegsfteh etheickystals arénd
borosilicate forns by post-synthesis nmethods well-known in the art, for
exanpl e bys¢pmated dremdhe bquidrandrecowtredcate material with a source of
al um numions. WO 03/076550 PCT/US03/ 06557 -11- Optional Large Pore
Cracki ng Conponent

[0025] It should be realized that the reaction mixture components can be

(@)=

supplied by more than one source. The reaction mixture can be prepared either
batch-wise or continuously. Crystal size and crystallization time of the new
crystalline material will vary with the nature of the reaction mixture employed

and the crystallization conditions.

[0026] Synthesis of ITQ-13 may be facilitated by the presence of at least 0.01
percent, preferably 0.10 percent and still more preferably 1 percent, seed crystals

(based on totai weigiit) of crystalline product.

[0027]  The ITQ-13 used in the process of the invention is preferably an
aluminosilicate or boroaluminosilicate and more preferably has a silica to
alumina molar ratio of less than about 1000. Aluminosilicate ITQ-13 can readily
be produced from the silicate and borosilicate forms by post-synthesis methods
well-known in the art, for example by ion exchange of the borosilicate material

with a source of aluminum ions.



[0028] Particularly when enployed to crack heavy hydro

such as those having an initial boiling point 01}/ a%outcg(r)gg,nst];]gegi gft:t

conposi t iwo a®edsi n the process of the invention conprisegca/usas/gesspore

nol ecul ar sieve having a pore size greagfer than 6 Angstrom and preferably

greater than 7 Angstrom in addltlon to 1 TQ 13. Typically, where the

::_zla_bal)llgtt St S|evebthe wei ght ratio of the
eve is about 0.005 t

about 0.1 to 1.0. [0029] The Iar ge- pore cracki ng conponent %gobep;ﬁ;erabl y

convention

greater thair?zgmng%ﬂrl y%u n%l&gggF??ﬂgb%&(%egﬁ%hygﬁégﬁtﬂlzsfg%ﬁgcgg ZeREX;
zeolite Y LS tﬁéé@ﬁévm%aﬁ?zﬂntﬁ%bﬂnigl poiasofdbont 200%0) theeatalisy) (

Pat ent 3, 449, 070 Rare Earth exchanged Y (REY) (U S Patent 4, 415 438)

Rare Eart hc@mpbatlgﬂdlseﬂsm theREOSSS; ofmbamenﬁan@@m e Al
3,442,792; U S. Patent 4, 331, 694 Utra 6o r|(sc al"g)eRoFFZ gat ggtent
?U4g 1, E,E’?) mcdimﬂ@rsw%bﬂ\ﬂﬁg AROBE Sige|STealeL dﬁ%ﬁsbfﬁ%? ‘i‘é‘ggﬁ%m LZ- 210
at ent 78 Zeol | :
ZK-4 (U.S. gte&?f‘éﬁb 1%;3"1&% ﬂ?@ﬁ@o%(@é%%m@eﬁ %’33@% 983) : zlegt?: ItteeBeta

(U.S. Pat e%ntﬁlrﬁ%sllﬁgcgﬂo@lﬁoleéﬁﬁk kie¥e LtheWdighfiatiordfthd I'PQ6-1386 thaithrge

4.701, 315) s natural occurring zeolites such as fauj

asite,
nor deni t e pafk fbkeculds Siovyis abont (h1605|$@60 fieareblyrabont 0 o 1dhy beJ subj ect ed
to conventional treatnents, such as inpregnation or ion exchange with rare
earths to increase stabi I|ty The preferred | arge pore nolecul ar sieve of

t hose |listed ab I
(0630] ornlh li‘m?tva '%la?aéeﬁreb%?l@ﬂ@s%ﬁm%ﬁi&% arfy boivEntionddf o7 105
silica
lec Eneﬁf:l Hich hﬁf&%cgﬁn% Q{;}W&H‘Q?B@él@é @t thadl6Pigsirom

ALPO4- 8, V0 SAP 5, SAPO 37, SAPO
31,
SAPO- 40; ang-\¥in@HeBRRPRUPSTPAEAE2,862,842); REXonbalite AE(EIS. Patent

A OO 0.007); Ultemstable ¥ zeotite (USY) (U5, Patent 5 449.070); Rare Bith
exchanged Y (REY) (U.S. Patent 4,415,438); Rare Earth exchanged USY
(REUSY); Dealuminated Y (DeAl'Y) (U.S. Patent 3,442,792; U.S. Patent
4,331,694); Ultrahydrophobic Y (UHPY) (U.S. Patent 4,401,556); and/or
dealuminated silicon-enriched zeolites, e.g., LZ-210 (U .S. Patent 4,678,765).
Zeolite ZK-5 (U.S. Patent 3,247,195); zeolite ZK-4 (U.S. Patent 3,314,752);
ZSM-20 (U.S. Patent 3,972,983); zeolite Beta (U.S. Patent 3,308,069) and
zeolite L (U.S. Patents 3,216,789 and 4.701,3 15), as well as naturally occurring

zeolites such as faujasite, mordenite and the like may also be used. These

materials may be subjected to conventional treatments, such as impregnation or
jon exchange with rare earths to increase stability. The preferred large pore

molecular sieve of those listed above is a zeolite Y, more preferably an REY,

USY or REUSY.

[0030]  Other suitable large-pore crystalline molecular sieves include pillared
silicates and/or clays; aluminophosphates, e.g., ALPO4-5, ALPO4-8, VPI-5;
silicoaluminophosphates, e.g., SAPO-5, SAPO-37, SAPO-31, SAPO-40; and



4,310, 440; 4,440, 871; 4,554,143; 4,567,029; 4,666,875, 4,742, 033;

4,880,611; 4,859,314; and 4,791,083. Catalyst Matrix [0031] The cracking
cat al yst woloB/ozdss® normal |y contain one or nore matrix or PCiusd®o6ssmt eri al s
that are resistant to the tenperatures_gnd other conditions e.g.,

mechani cal attrition, which occur during cracking. Were the cracking

catalyst ook 315 B0  Pikafo ShANEIL Rodilll 81 SOphIRS. ¢ he

matrix materia pe u 0O CO Si'eves’in each

catal yst paf3810,480; A4HOBTAL 4\53UyL43, A5 6T0ED; U,666,8T RIA£T42, 0881 4,88071¢! | al s
can be used to produce separate particles containing the large pore

mol ecul ar 4,893 3addandh4,70TMO8B3 respectively. In the latter case, the

di fferent catal yst conponents can be arranged in separate catal yst beds.
[0032] The matrix may fulfill both physical and catalytic functions. Mtrix

materi al s gﬁggga gg}l ve or inactive inorganic materials such as clays,
and/or net uch as alumna or silica, titania, zirconia, or
magnesi a. The nmetal oxide may be in the formof a sol or a gel atinous
precipitate or gel. [0033] Naturally occurring clays that can be enpl oyed
in the catg0031] i nThadeackiife camlyistrovill lalsomdrmadlycddantaihioneforthoicanatx

i ncl ude the subbentonites, and the kaolins comonly known as_Di xi e,
McNarmee, Glurdgranatedials| that arg resigtant toy thedemperatines whil othereonditionsd.ger al

constituent_ig halloysite, kaolinite, .dickite crite or auxi t.e. Such
clays can Bgeqiga&pa}l ﬁ%flhgn’r‘é(\ﬁmg‘t QfcHT EEHBE icﬁ%ﬂg'y%%%gle %ﬁa"ﬁn‘ilgtqaéﬂlb’?

subj ect ed ' ' ' t, Ofi: 63! [ £i ' . 1[ 0034]
" mddi 1 o oG s Ml Bre ARACAL AT ot RTEGUATRA HisEX biferiall

mat ri x nat eaaypbe asedtacobinebbtRmuledidar sievésCia-oabH Ratilyst pattidlga- zi r coni a,

silica WD 03/076550 PCT/US03/06557 -13 thoria, silica-beryllia,

si | i ca-tit ddlfernatieclyethe samet @ diffleyentanairixahatesialsicaasesisedda-produce

alum na-thoria, sili.ca-alum na- quégagni a, Si Io'hca- al um na- ymagnesi a, silica-

magnesi a- ziSPRYAICPAFAES cRPIAINING 8P ROFHBOIGSUIAT sHeve e ITR-IBxt ure of
these respectively. In the latter case, the different catalyst components can be

arranged in separate catalyst beds.

[0032] The matrix may fulfill both physical and catalytic functions. Matrix
materials include active or inactive inorganic materials such as clays, and/or
metal oxides such as alumina or silica, titania, zirconia, or magnesia. The metal
oxide may be in the form of a sol or a gelatinous precipitate or gel.

[0033] Naturaily occurring clays that caii be employed in the cataiyst include
the montmorillonite and kaolin families which include the subbentonites, and the
kaolins commonly known as Dixie, McNamee, Georgia and Florida clays or
others in which the main mineral constituent is halloysite, kaolinite, dickite,
nacrite or anauxite. Such clays can be used in the raw state as originally mined

or initially subjected to calcination, acid treatment or chemical modification.

[0034] In addition to the foregoing materials, catalyst can include a porous

matrix material such as silica-alumina, silica-magnesia, silica-zirconia, silica-



conponents can al so be used. [0035] In general, the relative proportions of
nol ecul ar si eve conponent(s) and inorganic oxide matrix vary widely, with
t he nol ecwbapB/0%is6we content ranging from about 1 to aboutCIWSPEOESENt by
wei ght, and nore usually from about 2-1®»-about 80 wei ght percent of the
conposi te. Feedstock [0036] The feedstock enployed in the process of the

invention geemd,issiesa-BeS11i silieEgtafiad bo GrlloRnerdagy nitderddls saéts &s Silicar bon
atoms. [0037] I'n one preferred embodi ment, the feedstock conprises a

napht ha halhimimaathiogial sﬂmgaraémgmaemmm;tsﬂmealumm@mag@m@ﬁﬂ- preferably a

boiling range of 25C to 125C. The naphth an b er ked or a
catal yti ca/M3gnesRcIABePHAp Hig anatrx oan éﬁ%ﬁ?}'&hog% Cﬂg‘gf \lga Fnogﬁlg,ese
appropriate sourc for1 they can be derived fromthe fluid

catal ytic EPHRONS %soﬁ?ng%(g oils and resids, or they can be derived
from del ayed or qurd coking of resids. It is preferred that the naphtha
streans be derived fromthe fluid catalytic cracking of gas oils and

resids. Suqoo3sipht hngerural, thﬁotectz&i\re;pmpomonrs ofmedliecslansigte congionknt(s)s and
relatively lean in paraffins. [0038] In a further preferred enbodi ment of
the i nvent iand, inotgantceeride sadTixEmRpMidey, wﬂntbe slePar siexe geeAkyi ng an

cracked mayandibe foun sorup gt aboit Sthpssar by NGt e Mol BRGlTah” 12 i
o nveau $8Belt o I ARty PG RRsE @bove VO 0307050

at |l east 315C. The feedstock may al so i nclude vacuum gas oils, thermal
oils, residual oils, cycle stocks, whole top crudes, tar sand oils, shale
oi | s, synt Feedstoékiel s, heavy hydrocarbon fractions derived fromthe
destructive hydrogenation of coal, tar, pitches, asphalts, hydrotreated

f eedst ocks derived fromany of the foregoing, and the like. As wll be

recogni zedyop e di §hi stk Ghpldl 88 tRYProba JihE Hvdion comprises one

or more hydrocarbons having at least 5 carbon atoms.

[0037] In one preferred embodiment, the feedstock comprises a naphtha
having a boiling range of about 25°C to about225°C and preferably a boiling
range of 25°C to 125°C. The naphtha can be a thermally cracked or a
catalytically cracked naphtha. Such streams can be derived from any appropriate
source, for example, they can be derived from the fluid catalytic cracking (FCC)
of gas oils and resids, oi they can be derived frvin deiayed or fluid coking of
resids. It is preferred that the naphtha streams be derived from the fluid catalytic
cracking of gas oils and resids. Such naphthas are typically rich in olefins and/or

diolefins and relatively lean in paraffins.

[0038] In a further preferred embodiment of the invention, the feedstock
comprises a hydrocarbon mixture having an initial boiling point of about 200°C.
The hydrocarbon feedstock to be cracked may include, in whole or in part, a gas

oil (e.g., light, medium, or heavy gas oil) having an initial boiling point above



fractions above about 400C nust be carried out under vacuumin order to
avoid thermal cracking. The boiling tenperatures utilized herein are

expr essedwbas/o7assnveni ence in terns of the boiling point ®oTrEses/est o

at nospheric pressure. Resids or deeperl4cut gas oils with high netals
contents can al so be cracked using the process of the invention. Catalytic

Cracki ng PQQQ?H%eir(g?%?emT??aPﬁhﬁ'm°€ SideakéPpoino o€ asleadt 315eC. Bient i on can

operate at s from about 200C to about 870C under reduced,

at mospher i goc@Etock WReY alsourdIhes vacume gasiodls, titenalatibl wsiduap odseeyclean be

ei ther fixed bed, noving bed or fluidized bed and the hydrocarbon flow may
be either stookywlole topcrudsstersand eidsshalg Otﬂﬁiesﬁlih%ﬂl%/gtelsral VY The process

of the i ti : . . : ) :

o actfng“mee“ peaboRdiRans Ve diodh Qs i by eenEitn PERSLLIALT ¢ ¢
acking (T progesses. T ' oT%ld

wher ein thggggﬁsaﬁ afﬁgsﬁw{{)g? étghsfgé;%(taoc(%? d%g@‘lég?go I%r%ngeadsé ﬁgsgﬁgggﬁlﬁg\?:?age

particle syzajed ALK BYYRCEEMLYd, the distillation ofdidlew bollingpérolénm ve, hot

cat al yst beads progress downwardly cocurrent with a hydrocarbon charge

st ock’ t hr oggbtignealRske atdut 46620 emust boearricthautyndien vacthon ip oudtrde avaide

separated fromthe coked catal yst and recovered, whereas the cqked
catal yst i thermabumdking rTheboilingdempaeatars utikized herein Are,Grsessgh dor

é%‘j@?222@%@{%&%&%%&@%%80“ ipmpe@iie BRodiB R hBERES" nou
; catalyst/ oi [ RAG
vel ocity okéﬁlts%lw df\éﬁ%u‘gﬁg?? nggﬁ g‘oﬁl&?ﬁ#étﬁ %,chd-h;té’tpcg'rc]!gn rglesg;cl eh?ge(?ﬁg feed

ratio of Otﬁé)%&laﬁégoﬂhéiﬁyéﬁﬁ@ﬁ? . [0041] The process of the invention is
particularly applicable to fluid catalytic cracking (FCC), in which the

cracking catalyst is typically a fine powder with a particle size of about
10 to 200 microns. This powder is generally suspended in the feed and
propel | ed C fwa zone. Arelatively

[0039]  The catalytic cracking process of the invention can operate at
temperatures from about 200°C to about 870°C under reduced, atmospheric or
superatmospheric pressure. The catalytic process can be either fixed bed,
moving bed or fluidized bed and the hydrocarbon flow may be either concurrent
or countercurrent to the catalyst flow. The process of the invention is
particularly applicable to the Fluid Catalytic Cracking (FCC) or moving bed
processes such as the Thermofor Catalytic Cracking (TCC) processes.

[0040] The TCC process is a moving bed process wherein the catalyst is in
the shape of pellets or beads having an average particle size of about one sixty-
fourth to one-fourth inch. Active, hot catalyst beads progress downwardly
cocurrent with a hydrocarbon charge stock through a cracking reaction zone.
The hydrocarbon products are separated from the coked catalyst and recovered,
whereas the coked catalyst is removed from the lower end of the reaction zone

and regenerated. Typically TCC conversion conditions include an average



heavy hydrocarbon feedstock, e.g., a gas oil, is adm xed with the cracking
catalyst to provide a fluidized suspension and cracked in an el ongat ed
reactor, WO o03/07ese0, at el evated tenperatures to provide aPRITALSUS/@6sST

l'i ghter hydrocarbon products. The gasgéfus reaction products and spent
catal yst are discharged from the riser into a separator, e.g., a cyclone

uni t, 'OCW%%%@B&&R ofBB&Ht zgﬁPU PRt 580PERkdsarbis volmm ngiowsssel , or

strlpper reac i'on products being  conveyed to a product recovery
zone and thgu$padtabeat 7 nattoeBpave vedoditydefsiout dabaibput 25evblvht.fiok; t he | ower
section of the stripper. In order to renove entrajned hydrocarbons from

t he spent amtmlcyslletprfr-hfecﬂratm@@ttgabwéol%(‘f@mb a catalyst regenerator
unit, an inert stripping gas, e.g., steam is passed through the catalyst
bed where it desor bs such hydrocar bons conveyi ng themto the product

recovery z | ui di z

the’ fserﬁ@%al $%gwgﬁ§$%ﬁw@ﬁﬁ%ﬁ%g FiATDdBpRbIErs Ul B et ter
or (Y mﬂﬁh’bﬁQhé Bﬁbﬁﬁi dueslgst ioftypiceally adidel t

which is en%lgh%er m c. gFP’% 2{ Typll cal Cg con\S/}erlsTt}(l)li;l1 co}rzldl ti 022 rﬁglculdgn

a riser tOpoxifééﬂ)ﬁithfabpmlchfsmd)@ﬁabMOGtodOﬁbnwmI%dEhlSmoéV@I apgenarayn about

500C to about 600C, and nost preferably from about 500C,to0.,about 550C,
cat Lal yst/mspenm(bmthﬁic¢®an‘bpf@§39@ u.’@“’taédé{fbéllj?a“’l@n 290&t érrgiﬂ% out 4 to

Sbout 10 heyvaneidarboR derdslonte St Olbyd g YAMTHE Pt 00 (0 1€
pr ef er abl yg%?@’?f tol%[tos it %ﬂglcﬁge(ﬁﬁfsg?ﬂﬁon bﬁ@%@dek-éﬂfin 'aﬁ\éﬂdiﬁgaﬁéﬂ dalctornow be

nore parti erence to the foll ow ng Exanples:
Exanpl e 1 hQéH&i el@@ét@dftémpexfa@nbé'tb p&w@sawuunesfhgmdrrmwgbm havi ng t he
following noflar conposition: | Si02; 0.01 B203: 29 R( (Cll-spﬁ 4 HF D7
H20 products. The gaseous reaction products and spent catalyst are disc arged '

the riser into a separator, e.g., a cyclone unit, located within the upper section of
an enclosed stripping vessel, or stripper, with the reaction products being
conveyed to a product recovery zone and the spent catalyst entering a dense
catalyst bed within the lower section of the stripper. In order to remove
entrained hydrocarbons from the spent catalyst prior to conveying the latter to a
catalyst regenerator unit, an inert stripping gas, e.g., steam, is passed through the
catalyst bed where it desorbs such hydrocarbons conveying them to the product
recovery zone. The fluidizable catalyst is continuously circulated between the
riser and the regenerator and serves to transfer heat from the latter to the former

thereby supplying the thermal needs of the cracking reaction which is

endothermic.

[0042] Typically, FCC conversion conditions include a riser top temperature
of about 500°C to about 650°C, preferably from about 500°C to about 600°C,
and most preferably from about 500°C to about 550°C; catalyst/oil weight ratio
of about 3 to about 12, preferably about 4 to about 11, and most preferably about



where R(OH)2 i s hexanet honi um di hydroxi de and 4 wt % of the Si 02 was added
as | TQ 13 seeds to accelerate the crystallization. The hexanet honi um

di hydr oxiwe oeopdssyed in the gel was prepared by direct aniPeriusSogsashange of
commerci al ly avail abl e hexamet honi um dihgam de using a resin, Anberlite

| RN- 78, as hydroxide source. [0045] The synthesis gel was prepared by

hydr ol yzi ngs 33a8dtd 09 find ¢ gaws%&émaafcfeﬁﬂﬁé bf§B6% .3 E@@%gﬁtglggg%c%ggg of a

8
0. 006M hexanet honi um™ di hydroxi de sol ution contal ning ’boric

aci d. The hyeferbblyi sbowtd toabbeci®@seoonder continuous nmechanical stirring at
200 rpm wuntil the ethanol and an appropriate anmount of water were
evaporated to yield the above gel reaction mxture. After the hydrolysis

step, a sus jon.of .0.16.9 of as-synthesized .1TQ, 13 in_ 3..2.g_0of water
vas added 2043k ds Thednnlish il gy Fe R@fﬁﬁuljlﬂéﬁ%%ﬁﬂhﬁ%wak BHeTnGEt er)
and 1 g of %@Tol%ﬁ@#ﬁ%ﬁle@dded to produce the required reaction

m xture. The reaction xture was nechanically and finally manually
stirred until a honpgeneous gel was formed. The resulting gel was very
thick as a consequence of the small amount of water present. The gel was
aut ocl aved at WD 03/ 076550 PCT/ US03/ 06557 -17- 135C for 21 days under
conti nuous Exgmpledy at 60 rpm The pH of the final gel (prior of

filtration) was 6.5-7.5. The solid was recovered by filtration, washed
with distilled water and dried at 100C, overnight. The occl uded

hexanet honi[0044nd Bouesilickete ITQs 13wvas syathiesiedd ffroamatded haviagube foNowaat i Ng
the product fromroomtenperature to 540C at 1C/ mn under N2 flow (60
n/mm. THBOkERPEPESIHOR: was kept at 540C under N2 for 3 hours and then the
flowwas switched to air and the tenperature kept at 540C for a further 3

hours in order to burp off t remaj ning organi c. X-ray analysis (Figure
1) showed the cal ci nedfsébé&af%&b@gpi% 26 Bifdalilhi: igHe@ne ZzsMm 50
impurity, whereas boron analysis indicated the SiB atonmic ratio of the
final sol i 4 4o b6 RN 180l Q4RI AATIONE: SR £ G WG, VS8 BiGPe" o
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.

[0045] The synthesis gel was prepared by hydrolyzing 13.87 g of
tetraethyloethosilicate (TEOS) in 62.18 g of a 0.006M hexamethonium
dihydroxide solution containing 0.083 g of boric acid. The hydrolysis was
effected under continuous mechanical stirring at 200 rpm, until the ethanol and
an appropriate amount of water were evaporated to yield the above gel reaction
mixture. After the hydrolysis step, a suspension 0of 0.16 g of as-synthesized
ITQ-13 in 3.2 g of water was added as seeds and then a solution of 1.78 g of HF
(48 wt% in water) and 1 g of water were slowly added to produce the required
reaction mixture. The reaction mixture was mechanically and finally manually
stirred until a homogeneous gel was formed. The resulting gel was very thick as

a consequence of the small amount of water present. The gel was autoclaved at



suspendi ng, under stirring, 0.74 g of the calcined B-1TQ 13 in

aqueous Al (NG3) 3 solution containing 8w % Al (NOG3)3 and ?hen traﬁgi‘gr?i g; o
the resuwoDan7&sEpensi on to an aut ocl ave, where the susp®agiusn3/oes7 heat ed
at 135C for 3 days under continuous stgfLring at 60 rpm The resulting
solid was filtered, washed with distilled water until the water was at

noutral DI ARl i con R g abling BEGKTRRY The pHAThOfnapgdler 1 of

t he resul shown 1n i gure Chem cal anal ysis indicated

the product,{ JFfiRatorn whk 63LPSI Thealolid wds reBOvered by filtvabioa; washedr at i
greater than SQO: Exarrl?l e 2 [0047] Five separate catbgll ysts were pregalrgd
from (a) twihalistitietdiwater and ariedrag 1003, 1overnight. EXhergreluded (p) zSM 5, (c¢)

gfe;%;g%ﬁ%ﬁ%@éﬁ%&@ﬁg‘%héh@ Pioved Do pug Pk By Hddnd e 2075,
) e properties { ' ' :

W0 o3 0v6aBedPErROBLETR S ine L 24 DLy Bitn SRGOKEBQWIeD el | 208
2.426nn Sugﬁgfﬁnﬁgxgangﬁi&%g%t SR C2ERIGAN, 653 hodry shdthedi the flow wrasn 0. 5- 1

0.1-0.3 1- tomc area 43 80 60 19* 62* Bronsted Acti vi
t
(ol py/ g) sicHdd Rlai¥ and the FafRBMtuRSke? a1 84%C for arfistiu 37haurs irpgrder T:\él73)I2

Lew s Activity (pnol py/g) 6 8 2 9 10 T=523 6 1
to burn off the remaglning organic. X-ray ana ygs %F igure ?) Zhowed the calcined
product to be ITQ-13 containing some ZSM-50 impurity, whereas boron

analysis indicated the Si/B atomic ratio of the final solid to be about 60.

[0046] Aluminum-containing ITQ-13 was prepared using ion exchange by
suspending, under stirring, 0.74 g of the calcined B-ITQ-13 in 10.5 gof an
aqueous Al(NO3); solution containing 8wt% AI(NOs); and then transferring the
resultant suspension to an autoclave, where the suspension was heated at 135°C
for 3 days under continuous stirring at 60 rpm. The resulting solid was filtered,
washed with distilled water until the water was at neutral pH and dried at 100°C,
overnight. The X-ray diffraction pattern of the resultant product is shown in
Figure 2. Chemical analysis indicated the product to have a Si/Al atomic ratio of

80 and a Si/B atomic ratio greater than 500.

Example 2

[0047]  Five separate catalysts were prepared from (a) the aluminum-
containing ITQ-13 from Example 1, (b) ZSM-5, (c) ferrierite (FER) (d) a
commercially available USY having a unit cell size of 2.432nm and (e) a
commercially available USY having a unit cell size of 2.426nm. The properties

of the various zeolites employed were as follows:
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(c) contained 0.5 gmof the zeolite diluted with 2.5 gmof inert silica,
wher eas ewohsofessat al ysts (d) and (e) contained 1.20 gm ofPCTUSY3/aksbut ed
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[0048]  Each of catalysts (a) to (c) contained 0.5 gm of the zeolite diluted with
2.5 gm of inert silica, whereas each of catalysts (d) and (¢) contained 1.20 gm of
USY diluted with 0.30 gm of inert silica.

Example 3

[0049]  The catalysts containing ITQ-13 and ZSM-5 produced in Example ?
were used to crack hexene-1 and 4-methylpentene-1 in a conventional
Microactivity Test Unit (MAT) at 500°C, 60 seconds time on stream, and
catalyst to oil ratios (w/w) of 0.3-0.7. Gases were analyzed by gas
chromatography in a HP 5890 Chromatograph with a two-column system in
series using argon as the carrier gas. Hydrogen, nitrogen and methane were
separated in a 15m long, 0.53mm (internal diameter, molecular sieve 5A column
and thermal conductivity detector. C, to Cs hydrocarbons were separated in a

50m long, 0.53mm internal diameter alumina plot column and flame ionization



met hyl pentene-1) than the catal yst containing ZSM5 (6 for hexene-1 and 7
for 4-nmethyl pentene-1). TABLE 1 CATALYST ZSM5 | TO 13 Feed Hexane-1
Hexene- 1 wQaBAGisso 0. 05 0. 09 Conversion, W % 54 54 Li qui @#€T/UM306357 81
18.37 Gases, Wt % 27.85 34.81 Coke, w¥0.35 0.53 H2, W% 0.01 0.003 C 1,
w%0.04 0.06 C2, wt%0.13 0.14 C2=, mM%2.67 2.43 C3, wt% 1.70 0.60

C3=, W% 13de%ct810 1ds%erevﬁn _/}3zea4n(& Birian §400 With 10@n01cHp, 0125Gdm, W %
1.81 2.14 i C4=, W% 3.88 3.86 c2C4=, wt% 1.48 1.74

WO 03/ 07655ﬁtaﬁ0§ﬂ/d18&31€®%ﬁ‘609]2DH d'dlm 2 CATALYST ZSM 5 | TQ 13 Feed 4-neth
1 entene-1 4-neth lentene-1 Cat/Q1| 0.05 0.09 Conversion, w%9.00 49.00
[0050] The results of cracking the two olefins are shown below in Tables 1
and 2. These have been estimated at constant conversion by fitting the individual
component analyses over the range of catalyst/oil ratios used in the experiments
to suitable polynomials and interpolated at a central point. It will be seen from
Tables 1 and 2 that the catalyst containing ITQ- 13 provided much higher yields
of propylene (20.86wt% for hexene-1 and 19.7wt% for 4-methylpentene-1) than
the catalyst containing ZSM-5 (11.91wt% for hexene-1 and 11.21wt% for 4-
methylpentene-1). Moreover the catalyst containing ITQ- 13 provided much
higher ratios of propylene to propane (35 for hexene-1 and 22 for 4-
methylpentene-1) than the catalyst containing ZSM-5 (6 for hexene-1 and 7 for

4-methylpentene-1).

TABLE 1

CATALYST ZSM-5 ITO-13
Feed Hexane-1 Hexene-1
Cat/Oil 0.05 0.09
Conversion, wt% 54 54
Liquids, wt% 25.81 18.37
Gases, wt% 27.85 34.81
Coke, wt% 0.35 0.53
H,, wt% 0.01 0.003
Cl, wt% 0.04 0.06
C2, wt% 0.13 0.14
C2=, wt% 2.67 2.43
C3, wt% 1.70 0.60
C3=, wt% 11.91 20.86
iC4, wt% 1.54 0.50
nC4, wt% 0.73 0.20
12C4=, wt% 1.81 2.14
1C4=, wt% 1.94 2.07
iC4=, wt% 3.88 3.86
c2C4=, wt% 1.48 1.74




Li quids, wt% 21.84 16.03 Gases, W % 26.82 32.31 Coke, WMt % 0.34 0.67 H2,
W% 0.01 0.009 Cl, w%0.05 0.10 C2, % 0.07 0.06 C2=, wt% 2. 33 2.02
C3, Wt % Iwe93076380 C3=, w % 11.21 19.17 |IC4, W% 1.47 0. ®OT/USCHP65%1 % 0. 72
0.18 t2C4=, W% 1.84 2.03 1 C4=, W %2095 1.94 iC4=, mt% 3.95 3.76
c2C4=, W% 1.55 1.66 Exanple 4 [0051] The use of the ITQ 13, ZSM5 and FER
catal ysts of Exanple 2 as additives to the USY cracking catal ysts of

Exanpl e 2 pmthe tracking of a vacuf oi I were- studied in a sinilar
MAT unit tlo that used in Exanple 3. %a@év and additive catalysts re
o oot |0 [separehe feday e, 190 Ped zoynse 1ed e USY gpgse and the
The proper|ti eBeet t he vacuum gas %methb@lp@ltgn%lm ven 4111313'[&)5]&163"9@3' D '
03/ 076550 |PCTCRBO3 06557 -21|TABLE 30.08nsi (15 Ci/cc 0.90.99 Aniline |Point
C79.2 S W% bnbersion, wt% 9.00 49.00

Liquids, wt% 21.84 16.03

Gases, wt% 26.82 32.31

Coke, wt% 0.34 0.67

H2, wt% 0.01 0.009

Cl, wt% 0.05 0.10

C2, wt% 0.07 0.06

C2=, wt% 2.33 2.02

C3, wt% 1.65 0.88

C3=, wt% 11.21 19.17

IC4, wt% 1.47 0.60

nC4, wt% 0.72 0.18

12C4=, wt% 1.84 2.03

1C4=, wt% 1.95 1.94

iC4=, wt% 3.95 3.76

c2C4=, wt% 1.55 1.66

Example 4

[0051] The use of the ITQ-13, ZSM-5 and FER catalysts of Example 2 as
additives to the USY cracking catalysts of Example 2 in the cracking of a
vacuum gas oil were studied in a similar MAI unit to that used in Example 3.
The USY and additive catalysts were placed in separate beds. The top bed
contained the USY zeolite and the bottom bed contained the zeolite additive
diluted in 1.10 gm of silica. The properties of the vacuum gas oil used are given

in Table 3.



N, m1261 Na, mO0.18 Cu, PPM<0.1 Fe,
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[0052]

The results of the tests are shown in Tables 4 to 7 below. Figures 4

and 5 summarize the overall product make with the different USY catalysts, both

alone and with the various additive catalysts, whereas Tables 6 and 7 summarize

the results of analysis of the gasoline fractions obtained in each test. In the

Tables, the first data column shows the results with the USY alone, whereas the

data in the columns under the additive zeolites show the results when the

additives were used. The percent of additive used corresponds to the weight of

additive per 100 g USY zeolite. The catalyst/oil ratios are based on USY only.

Estimates were made at constant 75wt% conversion in the manner described

above,
TABLE 4
CATALYST USY (2.432) ZSM-5 (20%) 1ITQ-13 (20%)
Cat/Oil 0.69 0.48 0.50
Gasoline, wt% 41.95 34.57 36.82
Diesel, wt% 14.56 11.77 12.61
Gases, wt% 12.53 21.83 18.69




WO 03/ 076550 PCT/ US03/ 06557 -22 Coke, W% 1.46 1.82 1.38 Gas Yields, wt%
H2 0.07 0.03 -0.03 d 0.41 0.19 0.53 (C2=0.80 1.59 1.18 C3 1.19 3.19
2.14 C3=wWDBA7&507 4.45 iC4A 3.88 4.82 4.46 nC4 0.89 1. FLTIUNI/06352CA=
0.67 1.00 0.80 1C4= 0.85 0.82 1.03 .if4= 0.82 2.02 1.93 c2C4= 0.63 0.97
0.63 Butene/Butane ratio 0.62 0.72 0.75 Propyl ene/Propane ratio TABLE 5
CATALYST USY (2.426) ZSM5 (20% ITQ 13 (20% FER (20% Cat/QO1l 1.13 0.74
1.10 1.49 Gasoline, wt% 39.23 34.36 37.87 38.53 Diesel, wt%13.10 12.04

13. 08 I3 W % 15. 64 22 17 5316. 46 Ke, W %z 55 1] 52
1.32 Gas ‘lr&éleb%@fm SOOI qu‘éos AR s S TN SARD F<T Sl o
0.59 0,58 Bk W%s_ 4 do 'y g1 o ge 3 1io
H; 007 0.03 -0.03
C1 0.41 0.19 0.53
C2= 0.80 1.59 1.18
C3 1.19 3.19 : ‘ 2.14
C3= 2.32 5.17 4.45
iC4 3.88 4.82 4.46
nC4 0.89 1.81 1.41
t2C4= 0.67 1.00 0.80
1C4= 0.85 0.82 1.03
1C4= 0.82 2.02 1.93
c2C4= 0.63 0.97 0.63
Butene/Butane ratio 0.62 0.72 0.75
Propylene/Propane ratio
TABLE 5
CATALYST USY (2.426) ZSM-5 (20%) ITQ-13 (20%) FER (20%)
Cat/Qil 1.13 0.74 1.10 1.49
Gasoline, wit% 39.23 34.36 37.87 38.53
Diesel, wt% 13.10 12.04 13.08 13.19
Gases, wt% 15.64 22.05 17.53 16.46
Coke, wt% 2.03 1.55 1.52 1.32
Gas Yields, wt%
H, 0.03 0.04 0.03 0.04
Cl 0.63 0.57 0.29 0.34
C2 0.59 0.58 0.26 0.23
C2= . 1.00 1.81 0.85 1.17
C3 1.47 2.40 ‘ - 1.04 - 1.33
C3= 341 5.65 5.15 3.99
iC4 4.61 3.88 3.66 4.34
nC4 1.04 1.21 0.94 1.03
12C4= 0.92 1.02 1.09 0.97
1C4= 0.95 1.27 - 0.58 1.21
1C4= 1.13 2.41 2.02 1.40
c2C4= 0.77 1.07 1.18 0.80
Butene/Butane 0.67 1.13 1.06 082
Propylene/Propane 2.32 2.35 4.943.00




C3 1.47 2.40 1.04 1.33 (C3= 3.41 5.65

nC4 1.04 1.21 0.94 1.03

1.21

| CAw0l03h36383041 2. 02 1. 40

5.
t2C4= 0.92 1.02

c2C4=

15 3.99 i4 4.61
1.09 0.97 | 4=

3.88 3.66 4.34
0.95 1.27 0.58

0.77 1.07 1.18 0. 80 rpcBurwesBat ane

0.67 1.13 1.06 0.82 Propyl ene/ Propane-2332 2.35 4.943.00 WO 03/ 076550
PCT/ US03/ 06557 - 23 - TABLE 6 CATALYST BASE CATALYST USY 2.432nm USY

.2.432nm_+ (USY 2.432 nm + 20% _ZSMgD%ﬁ OEIEQ 13 n-Paraffins 4.2 4.6 5.1
i -Paraffins 26.4 21.3 23 4 Qefins 91 51 7 0 Naphthenps—12-0-97-11-0-
Aromat | cs @ATABY.ST 53. SBESEI(&YT&&BSTB 2 USX 28432Znifi4. 7| 8USY 2.432uml enek
2. 426 hm)—t20% 29M 5+ 2ON T N B o o AR
22.2 1B. 5 pPa@affmisef i ns| 8.9 6.428. 3

i-Paraffins 26.4 21.3 23.4

Olefins 9.1 _ 6.1 7.0

Naphthenes 12.0 9.7 11.0

Aromatics 48.3 58.2 53.5

RON 87 88.5 88.2

MON 83.1 84.7 83.8

Isoamylenes 0.58 0.80 0.83

TABLE 7
CATALYST BASE CATALYST USY 2.426nm USY 2.426nm
(USY 2.426 nm) +20% ZSM-5 +20% ITQ-13

n-Paraffins 4.0 4.8 4.9

i-Paraffins 22.2 18.5 20.5

Olefins 8.9 6.5 8.3

Naphthenes 11.6 9.2 9.8

Aromatics 534 61.0 45.6

RON 87.4 89.2 88.2

MON 83.1 84.7 83.7

Isoamylenes 0.45 0.60 0.81

[0053] It can be seen from Tables 4 and 5 that ITQ-13 containing catalyst

provides much lower yields of propane and butane than the catalysts containing

ZSM-5 and FER, so that the propylene/propane ratio and the butene/butane ratio
are higher with the ITQ-13 catalyst than for the ZSM-5 and FER catalysts.
Moreover, it can be seen from Tables 6 and 7 that addition of the ITQ-13

additive to the USY cracking catalysts gave an increase in the octane number
(both RON and MON) of the gasolinne produced, although this increase was
somewhat less than that obtained with the ZSM-5 additive.



Napht henes 11.6 9.2 9.8 Aromatics 53.4 61.0 45.6 RON 87.4 89.2 88.2 MN
83.1 84.7 83.7 |Isoanylenes 0.45 0.60 0.81 [00531 It can be seen from
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t he synt hetwRhRO+ OO nfitoradtar.l i ne material has a conposition conprising the
mol ar rel ationship

2. The process of claim 1, 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.

3. The process of claim 1, wherein the synthetic porous

crystalline material has a composition comprising the molar relationship
X203:(n)YO,,

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

clement.

4,  The process of Claim 3, wherein X comprises aluminum and

Y comprises silicon.

5. The process of claim 1, wherein the feedstock comprises a

naphtha having a boiling range of 25°C to 225°C.

6. The process of claim 1, wherein the feedstock comprises a

naphtha having a boiling range of 25°C to 125°C.



X203: (n)YOQ2, wherein n is at |least about 5 X is a trivalent elenment, and
Yis atetravalent elenent. 4. The process of Caim3, wherein X conprises
al um numwoed3/0%%ssonpri ses silicon. 5. The process of cl ai PCT/USak@sseT n t he
feedstock conprises a naphtha having a2beiling range of 25C to 225C. 6.
The process of claim1, wherein the feedstock conprises a naphtha having a

boi l'ing range of 25C7.0 12fGrovéss®/cifibbOwRereinheIeodsiook eomprises a The
process of claim1, wherein the feedstock conprises a hydrocarbon m xture

havi ng an ihydroedrbbmimiktiye heving asf indtied dodlireg poiat 062805 and ghgpatalyst on al so
conprises a | arge.pore nol ecul ar ,si eve havigﬁga ﬁore si.ze reater than 6
Angstrom gompRsitiomalse comprises A laree ngke maleridas emh?‘ﬂegradg)ﬁe f%ture has

an initial boilli point ve 200C, a 50 % point of at |east -260C and an
end poi nt Ogregtterﬂ'%gsé)Ag%%S&g_ The process of claim7, wherein said
hydrocarbon m xture is selected fromthe group consisting of vacuum gas
oils, thermal oils, residual oils, cycle stocks, whole top crudes, tar
sand oils, shale oil 3. syFtehmbessfofallam Aewhgreithyald diydrdeambén auxivoes
derived fromthe destructive hydrogenation of coal, tar, i tches,

asphal ts, dms dnyigitizl bedingipeindabevs2¢I°G, aed G Yrpejot afjat least 2008CHansass of
claim7, wherein the weight ratio of said synthetic porous crystalline
mat eri al tcﬁﬂdfiﬁ)lnh@%%“ﬁ@ﬁ%élﬁﬁ(:ecul ar sieve is about 0.005 to about 50. 11.
The process of claim7, wherein the weight ratio of said synthetic porous
crystalline material to the large pore nolecular sieve is about 0.1 to

about 1.0. 9. The process of claim 7, wherein said hydrocarbon mixture is
selected from the group consisting of vacuum gas oils, thermal oils, residual oils,
cycle stocks, whole top crudes, tar sand oils, shale oils, synthetic fuels, heavy
hydrocarbon fractions derived from the destructive hydrogenation of coal, tar,

pitches, asphalts, and hydrotreated products of the foregoing.

10. The process of claim 7, wherein the weight ratio of said
synthetic porous crystalline material to the large pore molecular sieve is about

0.005 to about 50.

11. The process of claim 7, wherein the weight ratio of said
synthetic porous crystalline material to the iarge pore molecular sieve is about

0.1 to about 1.0.

12. The process of claim 7, wherein said large pore molecular

sieve comprises a zeolite Y.

13. The process of claim 7, wherein said large pore molecular

sieve is selected from the group consisting of REY, USY or REUSY.



12. The process of claim7, wherein said | arge pore nol ecul ar sieve

conprises a zeolite Y. 13. The process of claim7, wherein said | arge pore

nol ecul arwoIBPWES0 s sel ected fromthe group consisting of PRENSOMBESDr

REUSY. WO 03/ 076550 PCT/ US03/ 06557 -26-264. The process of claim1, wherein

said catalytic cracking conditions include a tenperature of 500 to 650C.
14. The process of claim 1, wherein said catalytic cracking

conditions include a temperature of 500 to 650°C.



