WD 113/ 076550 CATALYTI C CRACKI NG PROCESS BACKGROUND TO THE INV?P@IEEJﬁEO JUL
2006 PCT/ US03/ 06557 [0001] This invention relates to a process r lytic
cracki ng oWO Mfenetidar bon f eedst ocks to produce an enhanced pipdnmfssisi ght
(C2-C4) olefins and in particular an enhanced yield of propylene.
Description of the Prior Art [0002] Catalytic cracking, and particularly
fluid catalytic cracking (FCC), is routinely used to convert heavy
hydrocarbon feedstocks to |¢gRHAarvPietEA B KING PRGCES]S0! i ne and distillate
range fractions. Conventi n'ag“p‘rmm‘fUr—C‘ara'gyﬂ'r_cr acki ng of heavy
hydr ocar bon feedstocks to gasoline and distillate fractions typically use a
| arge pore nol ecul ar sieve, such as zeolite Y, as the primary cracking
conponent . BACKGROVNB TOFHIHINVENTION rmedi um pore nol ecul ar  si eve, such
as ZSM5 and ZSM 35 to the cracking catal yst conposition to increase the
octane nunmber of the gasoline fraction (see U S. Patent No. 4,828,679).
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paraf fini o aodraaRbiRRksIRRPRS BRYIUE o eARMIGYIEIN gL Y dlérid  on rich

in C4- C5 isbal kenes and |qU|d raction ‘of enhahced oc ane val ue.

[ 0004] Therendsnﬂ)hnm\laran&ﬂlamedgﬁﬁﬂngp ericp enhance the yield of |ight

ol efins, especially propylene, in the product slate fromcatalytic cracking
processes. Thus propylene is in high demand for a variety conmmercial WO

03/ 076550 2.0 JUL .200Q ,PCT/.USQ3/ 06557 -2- application, particularly in the

nanufacture'f‘cti""’ e ” ASopropyl al cohol, propyl ene oxi de, cumene,
syrthetic glycerol, |soprene and oxo al cohol s.

[0002] Catalytic cracking, and particularly flmid catalytic cracking (FCC), 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-5 and ZSM-335, 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 C,-

C;s 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



10005] Co-pending U. S. Patent Application Serial No. 09/866,907 describes a
synthetic porous crystalline material, 1TQ 13, which is a si n@IUeJUrLrw%t alline
phase mat e 63 ng a uni que 3-di mensional channel syst enPCHURIIBENG
three sets of channels, two defined by Jd®=nenbered rings of tetrahedrally
coordi nated atons and the third by 9-nenbered rings of tetrahedrally

coor di nat ed Aplidation,NHEEuIAAGIH %@ﬁahﬁfécﬂﬁeﬁff@%%ro%léﬁ@} is8Propyl altdhollOW
been found that the 'porous Crystalline material’, | 13, is effective in
produci ng erprapylede wixéde) cunfene psymtlydtanglycerol deoprenedand oxo hleoholsi nt er nedi at e
pore nol ecul ar sieves, such as ZSM5, when used to crack naphthas and when
used as a additive catalyst in conbination with a | arge pore nol ecul ar
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br oadest as { . t 11&e S H: ; | Kisad
process for e%eﬁcfﬁoépgggﬁgk’yﬁ%g&%bf : Iérzqu‘ﬁhé?sﬁ’éﬁﬁl‘%‘é@%%ﬂ%ﬁmi si ng
contacting, mHakeihl haviakd ifiqeé 3dimeaisioRRDEHandBF systerh RVHTHGg tHred kets Hfng

hydr ocar bons having at least 5 carbon atons with a catalyst ~conposition
conpri si ng ahapnelsstwe definediby d Oymembetedarimgs ef tetthhedrafly icobrdinated fatams wor k
of tetrahedral, atons bri dged by oxygen atons, the tetrahedral atom

f r amewor k béﬂ‘i‘g}hﬁémmgﬂ Sinembered nags pf {gtrahedrally coardimatad AOWS. i n nanonet er s
shown in Table 1 bel ow, wherein each coordinate position may vary within +
0. 05 nanoneter. WO 03/076551) 2 0 JUL 1006 PCT/ US03/ 06557 -3- [0008]

Tt enari o [0086EY MAbEbldinp & Bidrelotit idvertds, FUARIAY bBGPI AP EEthe

diffraction pattern 1nc spacing and felative Inten

subst anti al Iporowesciyetalligg inatdrial, Q-4 32 iseffevtivel i §ROduding efRamvediyieide bf
enbodi nent of the invention, the feedstock conprises a naphtha having a

b(r)rL | ijng r angeEopylensoast carspared véﬂﬂ}gmm Hgerrhediaty pone moleoulansievps,suchasd
embodi ment %SI\%—? , vlvﬂt\alne Ggéd) 0 créél? nap%e a8 é)nc(f 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 C, olefins, the process
comprising contacting, under catalytic cracking conditions, a feedstock
containing hydrocarbons having at least 5 carbon atoms with a catalyst
composition éomprising 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.



conprises hydrocarbon m xture having an initial boiling point of at |east
'200C and the catal yst conposition also conprises a |large pore | A1 udogsr

si eve haviwgosargane size greater than 6 Angstrom DESCRI PTYQN;&doRiRAW NGS
[0011] Figures 1 and 2 are X-ray diffracgion patterns of the
boron-containing and the alum numcontaining | TQ 13 products respectively

of Exanpl e TAI | 012] The
pr esent invé’r?t n pr%ﬁcﬁeps}", goyf;ﬁscgﬁgnr |ngmé¥§glsﬂtag5§r5§ﬁ dr ocar bon
conpounds t gifRheOIE battrdriAcRdRRPd-5pAMAL AL relfaulve%n@ falvea Substitiay t han
t he feedstock hydrocarbon conpounds. In particular, tHe present invéntion
provi des a g8 setdothfimTabke 2bglowcal |y cracki ng a hydrocarbon feedst ock

having at |east 5 carbon atons to selectively produce C2 to C4 ol efins, and
in particular to selectively produce propylene. The process of the

ih;?ﬁ[“ai 1 o lUURST 2 18 05 e HeSred by ent A i Tyention) g Brokecul ar i ove
PCT/ US03/ DOREPHSe, ar%@@ﬁ%é?%‘ﬁ% s L s Sy S

crystalline material 1TQ 13 is described in our co-pending U S. Patent
Application Serial No. 09/866,907 and is a single crystalline phase that
has a uni quip0d0§ii ndnsifonther prefemmed em}mdimemmﬁihbimvuyltlonhﬂmefesdsteclof

L

)

channels. In partic TQ 13 conprjses a.first_set of rall arall el
channel s eaMMBHSEHH ﬁoFgL%mKBHe Bavingian mitig}dailing Pﬁglt at eagt %5@@0 ally
coor di nat ed dL cond set %meral I é &ar al | e neI S ﬂgl .ch are
al o defi netf @P&PS} TR d §F|1?§91'E Eﬁﬂﬁv% Y2 and

whi ch are BFc”sqré Aferth ect with the channels of the first set,
and a thi rgfget of enerra ?]3 par el” channel s which intersect with the

channel s of said first and second sets and each of which is defined by a

9- nenbered rin
DES RIPTION 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 compouids of lower molecuiar
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 C, 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.



tetrahedrally coordi nated atons. The first set of 10- ring chan?;@IJP th has
cross-sectional dinmensions of about 4.8 Angstrom by about 5.5 Angs |l’om

wher eas t hW&e¥GAF0set of 10-ring channel s each has cross- sect/iusisalessT

di mensi ons of about 5.0 Angstrom by abogyt 5.7 Angstrom The third set of
9-ring channels each has cross-sectional dinensions of about 4.0 Angstrom
by about 4.%9?@;,%5@?%0’0%%!@% structure of ITQ 13 may be defined by its
unit cell, | t structural unit containing all the
structural elements of the material. Table 1 lists the positions of each

t et r ahedr al [0813in i Thetsyntheitic porblis crystedlinerataterial ITERED is desartbednialouat om i s

bonded to an oxygen atomthat is, al.so bonded to an adjacent tetrahedral
atom Si ncecq-Rendinglafe Batent Apphisation SetiekNap8?B66,:997tand istasingler yst al

T

T30, 9850, 260 TE 1a Akl dnghiiyler 1113 50pimes & Mt S hasondy oo

T70. 4730. 153ftallelichhfiflelt@46h 0P 4hibR % J@aﬁ&@ﬂa@@%e&%&e@ﬁ%@%o- 9790. 794
TI 1 1. 1000. 9870. 478 T120. 8670. 8510. 333 T130.76260. 9800. 487 T141.0990. 9890. 781

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 atorns. 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.



T150. 8690. 8881. 993 T160. 7780. 9850. 071 T170. 7830. 0001. 509 T180. 78561 38H1. 820
© T190. 1510. 9870. 478 T200. 3850. 8510. 333 T210. 1530. 9890. 781 T220. 3830. 8881. 993
T230. 4730wa8&M765&0 T241. 1000. 1510. 478 T250. 8670. 2870. 333 TRGLUSBAB57490. 781
T270. 8690. 2501. 993 T280. 7780. 1510. 071 T28%Q. 6260. 7281. 895 T300. 1510. 7201. 579
* T310. 3850. 8561. 433 T320. 6260. 7271. 588 T330. 1530. 7181. 882 T340. 3830. 8190. 893

T350. 4730. 7221. 171 T360. 4
T391. 1000. 4181. 579 T400. 8
03/ 076550 PCT/ US03/ 06557

670. 2821. 433Tm. d260. 4111. 588

6 T421. POYB2620L. B8589 | 0.794
T2 0.151 0.151 0.478
T3 0.385 | 0.287 0.333
T4 0.626 | 0.158 0.487
TS 0.153 0.149 0.781
T6 0.383 0.250 1.993
T7 0473 | 0.153 0.071
T8 0.469 1| 0.000 1.509
T9 0.466 [ 0.000 1.820
T10 0.626 | 0979 | 0.794
T11 1.100 | 0.987 0.478
T12 0.867 | 0.851 0.333
T13 0.626 | 0.980 | 0.487
Ti4 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
T27 0.869 | 0.250 1.993
T28 0.778 | 0.153 0071
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 0473 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 | 0.418 1.579
T40 0.867 | 0.282 1.433
T41 0.626 | 0411 1.588

| T380. 6260. 4101. 895
2 0 JuL 2006 WO



T430. 8690. 3190. 893 T440. 7780. 4161. 171 T450. 7830. 5690. 409 T460. 7850} 540 719
T470. 1510. 4181. 579 T480. 3850. 2821. 433 T490. 1530. 4201. 882 T500. 3830. 3190. 893
T510. 4730. W0@30716830 T521. 1000. 7201. 579 T530. 8670. 8561. 433 TRALA/WS0657181. 882
T550. 8690. 8190. 893 T560. 7780. 7221. 171 [0@151 I TQ 13 can be prepared in

essentially pure formwth [ittle or no

and has an X-ray diffraction pattern which is

detectable inpurity crystal
di sti ngui shed fromthe

patter nls 01;3 ot EerI _knovvnl as- sy4d hesi 2g¥h9or | tngppa

materi al s the lines |iFT -

I ntensiti esy12. 46 0.2wvVv ?]E{J“? IJg@Lg%éfa %'9& rxl’s\.ﬁ’l-’g%zw

0.2wvs 5.50 O0.15wm5.4E L VY m Lﬁﬁtﬁzm Aﬁ%

4.180. 15vw w 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
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]

phases

| .88 eqt ed crystalline

(A)Rel ative
8.25 0.2vw 7. 87
5vw 4. 220. 15w m

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

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

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

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

TABLE 2
d(A) Relative Intensities (I)

12.46 £ 0.2 W-VS
10.97 £ 0.2 m-vs
10.12+0.2 VW-W
8.25+0.2 vw
7.87+0.2 W-Vs
5.50+£0.15 w-m
545+0.15 vw
532+£0.15 VW-W
470 £0.15 VW
4.22+0.15 w-m
4.18%0.15 VW-W
4.14 £ 0.15 w
3.97+0.1 W




4.14 0.15w 3.97 0.1w 2 0 J UL 2006 WO 03/076550 PCT/ US03/ 065%-J ﬁlﬂﬁqo
0.lvwm 3.86 O0.1mvs 3.73 0.1mvs 3.66 O0.1ms [0016) These X-r JuL
diffracti orW@a8a76380r e collected with a Scintag diffraction pgyjaisihe9ui pped
with a germaniumsolid state detector, usyjng copper K-alpha radiation. The
diffraction data were recorded by step-scanning at 0.02 degrees of
two-theta, where theta i T angte; and a _Coumt Tyt T of 10 seconds
for each step. The inter] Ci-ngs+-d-s—were—cal-culated i n Angstrom
units, and the relativelint3®it0ds of [the |inedP-¥§ 13 i s one- hundredth of
the intensity of the stfonggss+Qne, above backghownd, were derived with
the use of a profile fif Tngérlﬁqy llmé (ar—second r_grvative al gorithm). The
i ntensities are uncorr ected—ror—torentA-and—potlartzation—eftfects. The
relative intensities are given in terns of the synbols vs = very strong
(80-100), s = strong (60-80), in = medium (40- 60), w = weak (20-40), and vw
= very weak [0018]) . These RerdycdibRadtiviedath sge tOlécted!inifty 25t didfractidrst ed

for this sanple as single |lines nay consist of multiple overlapping |Iines
whi ch under systermsiequippedi with asgermanium solid state defector, using coppexiK-adphaphi c

Crystal | ogr ABHeoRn AT RasHGT G4t NETR (ORI B 5 SAnDIE At 0 CEPRrot or
These mnor A ex{hetl W i W redl ield, afl R)BUARpG Rol PLLO St <

occur as a rgsiadh ﬁfa?.diﬂ:%%é?fﬂﬁaf d]Jagr SO’ sC ik Blculbte RVRh SstFiRings ! | ON,

nature and degree of pore filling, stal ’si ze and shape, preferred

ori bnt at i on aaddhe rélativeintensities oftieridtesel/Tpis ohe<dtumidyedth @F thid intdiidityothas a

conposi tion involving the nolar relationship: i
the strongest line, above background, were derived with the use of a profile

fitting routine (or second derivative algorithm). The intensities are uncorrected
for Lorentz and polarization effects. The relative intensities are given in terms
of the symbols vs = very strong (80-100), s = strong (60-80), m = medium (40-
60), w = weak (20-40), and vw = very weak (0-20). It should be understood that
diffraction data listed for this sample as single lines may consist of multiple
overlapping lines which under certain conditions, such as differences in
crystallographic changes, may appear as resoived 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 . (Il)YOz,



X203: (n) YO2, WO 03/076550 2 0 J U L 2006 PCT/ US03/ 06557 wherein )6 |®1m0
trival ent e‘bsrggmﬁ,ﬁ uch as alum num boron, iron, indium and/or2 6 Qjm
preferably boron, Y is a tetraval ent el enent such as silicoPCTWUS#3/06357 ani um
and/ or germanium preferably silicon; an8l-n is at |east about 5, such as
about 5 to o0, and usually from about 40 to about oo. It wll be

appr eci at edwherein Xhis apgrivalért eleruehty sscH @y alontiimai, bdten] Irowg indiens yndfoesi zed
intotally siliceous formin which the trivalent element X is absent or
essent i al | ygalbvsnprefembigboren; ¢ ise tetrayaleny alemesentsugh as vidicos, tinptitapium

fluorides, in,particul.ar HE a.mneralizing agent d hence,, in_its

as- synt hesi FUHOF B5TAAnIGE, PEefheably SIICOR,aricn i loastahay o sech aaiboud 3401
ternms of nole ' : AR

X203: () Yoo B8 g iR St ot 400 Fhot oo, MU crfre iy rdndl P

conponent s, pdiigtBd #hRied ToP ithdtdT Q-8 ichn bRy fitHe8izea! in 35tafly’ §RédusFor g1 I
presence during crystallization, are easily renoved by post-crystallization
met hods herwhichfthe trivaleat element X srdbgentaorassdrmiblly 43281 To t he extent

desired and depending on the X2Q3/ YO2 nolar ratio of the material, any
cations in the as-synthesized I TQ 13 can be replaced in accordance with

t echni ques L, knawn in the arf, at | t.Jin part. by.ion exchange_.wth
ot her cati oﬁ@lhbr e% LPgesses 105 sypiegzing fﬁ(ﬁ'sl# %p%eﬂﬁgﬁﬁ?s’ i”&l?@“,yhc dibgen

i ons, hydr ogen Rh&sHS Ry J . ' r t .
Particularly p?@?erre@l%éaﬁeﬁgg%dgre fhﬁbggh\%\%?é#1.§%e gé @aﬁ%ﬁc activity
for cert ai forhyid, obairbaihylpowebadioand aaeime of mdles of okiddsyiée nelea@dn, rare
earth metals and nmetals of Goups RA I|IIA [IVA VA 113, |I1B, 111B, TVB,
VB, VIB, OB amiollows: of the Periodic Table of the Elenents. [0020] The

as-synthesi zed 1 TQ 13 may be subjected to treatnent to renove part or all

of any organic constituent used in_its s¥nthesis. This is conveniently 2 0
jut 2006 WD 03/ 076550 (0.2-0.4)R: X;0,:(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 hereinafier more particularly described.

{0019] To the extent desired and depending on the X,0:/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, e.g., ammonium ions and mixtures thereof.
Particularly preferred cations are those which tailor the catalytic activity for
certain hydrocarbon conversion reactions. These include hydrogen, rare earth
metals and metals of Groups IIA, TIIA, IVA, VA, 1B, IIB, IIIB, 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



PCT/ US03/ 06557 -9- effected by thermal treatnent in which the ai S Ltrm@si zed
material is heated at a tenperature of at |east about 370C for Qt east 1
m nut e andW§dH@7EisPy not | onger than 20 hours. Wil e subatmosehsiisr
.pressure can be enployed for the thermalg_treatnment, atnospheric pressure is
desired for reasons of convenience. The thermal treatnent can be perforned
at a tenpergfed &Pﬁ e § d ; 11 S ORLAE

especially in Fe?swmtel% al, p%%roge%gﬂ%%ﬁﬁm%&#ﬁﬁaﬁmﬁrt | c{:ﬂ %tr?y
useful in ttélﬁgeﬁk@ﬂe)@ﬂﬂ ledst aB&ited 70°Crioaat leastel inuteyshidosstiebslly notdeny&” Si on
reactions. [00211 Prior to use in the process of the invention, the |ITQ 13

i s pref er atthan 2Q &oy. aWile smbatmesphepia mressury carrhe empdoydskbiog dhetheymakat i ng
to a tenperature in the range of to %bout 370C.in an_ at nosphere such as
air, nitrodeaimepl atmogpIETIPTEISHES ired oy asans phesnvenigncgy ddieat nospheri c

pressures f ] 48 1 ratj n so be

per f or med gﬁérpgag%%gf%@@@%§ﬁ%ﬁ%rﬁ@:&ﬁﬁth?%gﬁgﬁff]’éa -@fcuum but
a longer tisR@Emi ik i frhd Qq,ur 4 ration.

[ 0022] The tsi I iagg gegﬁg%%% | ggithlely%;iﬁrrsrﬁ%@’l Q1 carfi be prepared froma
reacti on nifatms,ds particilmiy gsefabicthe cafalysit ef centini crgahicy e.gn ydretearbdn,bor on,
an oxide of tetravalent elenent Y, e.g., silicon, a directing agent (R) as
descri bed chaversiomreactions.i de i ons, said reaction mxture having a
conposition, in ternms of nole ratios of oxides, within the foll ow ng
ranges: ReactantsUseful Preferred YO2/13203at | east 5At |east 40

R ¥020. 05 QUH, “oPRUS R thé gy o tpfRelot e KEGEL S meterably,

dehydrated, at least partially. This can be done by heating to a temperature in

the range of 200°C to about 370°C in an atmosphere such as air, nitrogen, etc.,
and at atmospheric, subatmospheric or superatmospheric pressures for between
30 minutes and 48 hours. Dehydration can also be performed at room
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 mixiure having a composition, in terms of

mole ratios of oxides, within the following ranges:

Reactants Useful Preferred
Y0./B,04 atleast 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




[0023] The organic directing agent R used herein is the hexamet horznggrp”_ 7006
[ hexamet hyl enebi s(tri net hyl ammonium)] dication and preferably is

hexanet hornwQws/didssdr oxi de. Hexanet honi um di hydr oxi de can rEPa;UVlllSM/b@W
prepared by ani on exchange of comrerci al1§-avail abl e hexamet honi um br om de.
[0024] Crystallization of I1TQ 13 can be carried out at either static or
stirred cof@b23]JonsTheorganit dirédting Grat Bruseddserein is dhdhegarhethogiump! e,

pol ypropyl ene jars or Teflon(r)-lined or_stainless steel autoclaves, at a

t enper at ur e fkgxamathyl emgbsimmetbmmqmom)] dwaaomand preferablydat for
crystalli zahl on tﬁ occur,. t th erat aﬁ’é’é‘ﬁ%@?é’é&g{ﬂ{&%ﬁetl 12 _hgurs
to about 30 i%ﬁ?ﬂ I qui

d Wi
23m;ﬁzﬁr:f@%ma%9@%zupp %%MF»*" Rty BB ERR R BoliGe,,

can be prepared either batch-w se or cont| nuously. Crystal size and
crystallization tine of the new crystalline material wll vary with the
nature of t [@24actCoystatiizatioreofl)-dBechn benchriied ont useithédr static amnstireed]i ti ons.
[0026] Synthesis of ITQ 13 may be facilitated by the presence of at | east
0.01 percefen wpas@aatsugtablemacrs@rrwﬁ@ sweh as fcm exgimle palyproapgyispegapgePicent |

T LA O e S S ) T

al um nosi | i 0 QQ@P dcato
al um na nol g@@a |Ooég¥99?ess n Outo@%%bl%&og?ﬂﬂbﬁ%y FI CH}C %a}gll can
readily be ﬁéé!ﬂ'@%f ﬁ'BﬁPﬁBdliiQZsliduh'§ﬁi ot 300 RS ITHepadfeer! HeGry&tils are

post - synt hesi s ne hods well-known in the art, for exanple by ion exchange
of the bor os¢parateddromtthe ligiid and tecaveredr ce of al umi numions. WD 03/ 076550
Optional Lame Pore Cracking Conponent 2 0 JUL 2006 PCT/ US03/ 06557 [ 0028]
Particularly when enpl oyed to crack heavy hydrocarbons feedstocks, such as

comost 11 onRERY |t pikfBssedfaafingl e re R nff s ofbotBh@clibe por

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 total weight) of crystalline produc.

[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.



nol ecul ar sieve having a pore size greater than 6 Angstrom and pref eﬁg)l y
greater than 7 Angstrom in addition to I TQ 13. Typically, wher € § Bl 20

catal yst WwWensaiessoa | arge pore nol ecul ar sieve, the wei ghtpéﬁﬁg()?mg;wt he 1 TQ
~-13 to the large pore nolecul ar sieve -ilsl about 0.005 to 50, preferably
about 0.1 to 1.0. [0029] The | arge-pore cracking conponent nmay be any
conventi onal,_,-mol ecul arg Si eyve .havi cracking activity and a pore size

gr eat er tha@&ﬂ@ﬂlﬁgm&ﬁéﬁ%% X (U S. Patent 2,882, 442): REX:
zeolite Y (U. S. Patent 3,130,007); Utrastable Y zeolite (USY) (U.S. Patent
3,449, 070) ; E e 3 U; 4 415 X re
Earth exc hahdg%?’éﬁ Us?ﬁﬂé%é%%%bﬁ*ﬂ%g& § &?@B@Eﬁ wa}?cﬁrémsﬁégg%ﬁwﬁ?
3,442,792, Hich ad%b@é‘haviﬁ%%ﬁjinﬁ%bbilﬁigl?]ﬁht’gfﬂﬁilg@%" , thd&nly§. S. _Pat ent
4,401, 556); and/or dealum nated silicoh-enriched zeolites, e’g., LZ-210

(U.S. Pat entorfipbsifion @S¢d in #regprotess4if-the (iebtioR ris@s a4drgkQiore zeolite ZK-4
(U.S. Patent 3,314,752); ZSM20 (U S. Patent 3,6972,983); zeolite Beta (U S.
Pat ent 3, 308j00@Qlarsieve hasing agore gize greatex thand Angsteymgandiprefarablyl, 315), as

vell oS et o SR S S 33, B SR
renL et . el gR T 004P sk IR e TROE AT

lQi ?] ted abfvgoﬂe%naleéﬁﬁk isiere Ys aBBALR). 0?&@5?,%%{@%1%\60ut 00210, REUSY. [ 0030]
er suita

| e | arge-pore crystalline nolecular Sieves include pillared
silicates and/or clays; alum nophosphates, e.g., ALPO4-5, ALPO4-8, VPI-5;
si i coal uni no hosphates, e.g., SAPO 5, SAPO 37, SAPO- 3 1, SAPO-40; and 2 0
UL 2006 WAt3907 6 Intes-Deis srentBg compongrHBRY beay conyentiiHos phat es.

ese e AT OO ) S FRLAN £rok S0 0 Sl
O 00, SRR e i 204 O . O, it 70T 1Y
3,130,007); Ultrastable Y zeolite (USY) (U.S. Patent 3,449,070); Rare Earth
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 4.701,315), 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
ion 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



bi nder materials that are resistant to the tenperatures and other conditions
e.g., nmechanical attrition, which occur during cracking. Wer el §HBL dWBcking
catal yst wEMHdI7TAES0a | arge pore nol ecul ar sieve in additi onP€BHUBBD6EY, t he
matrix material may be used to conbine bpth nol ecul ar sieves in each

catal yst particle. Alternatively, the same or different matrix materials can

be used to pgﬂﬁé#-ge{%%?@;@e@%@%ﬁf&l F‘%eﬁ&%a&aﬁoﬁglyt &&chﬁtéﬁgn 5.?? epatRhiCul ar

sieve and th e latter “case f'erent

catal yst conpgnem4d; dxn0)71;a4,554448; 4,563.000] L4666BTSAUYBI2 03311,830)682] The
matrix may fulfill both physical and catalytic functions. Matrix materials
i ncl ude acti 4&58;31i4r;landi4v’é§/]i,ﬂ8)3.gani c materials such as clays, and/or netal
oxi des such as alumna or silica, titania, zirconia, or nagnesia. The netal
oxide may be in the formof a sol or a gelatinous precipitate or gel. [0033]

Naturally oc cl ays that can be enployed in the catal yst include the
nont nori | | on@fm% in famlies which include the subbentonites, and the

kaol i ns cormmonly known as Di xie, MNanee, Georgia and Florida clays or
others in which the main mneral constituent is halloysite, kaolinite,
dickite, naf0d3l¢ orThenerasking. cafilyit wilbaiso nenmiily vertlin oné be niore nsdtaitxeoras
originally mned or initially subjected to calcination, acid treatnent or
chenmi cal nodbindenmaterials tod aye rasisiantitoithe temaperaturessand;otheg conditions lesg.,

ce Lt oL, it Sl b
PCT/ US03/ 065 =13 ' .lLcas l: ] L aa:eSial gl [ ' Ll
T e 005t e R Y P ST B

si li ca-al um hayRAReditd cofiiting BothmeRRala sidves d kdch ddiglydRpatticiean be in the
formof a cogel. A mxture of these conponents can alsé be used. [0035] In
general , t heAltetmatively, phogame op dfferentmatriu ireteridle can bemsed ¢ pfeduceand

i norgani c oxide matrix vary wdely, with the nol ecul ar sieve content

rangi ng f r onfeRBEAE Particlesprtainarg fie large pary melegplar sieve apgthe IEQal3y from

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] Naturally occurring clays that caii be cinployed 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 anaunxite. 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-



about 2 to about 80 weight percent of the conposite. Feedstock LBOBE] he
feedst ock enployed in the process of the invention conprises on 8 1Sy e
hydr ocar bome0 hsiviesrg at | east 5 carbon atons. [0037] | n one preyessiRssy
_enbodi nent, the feedstock conprises a nagRtha having a boiling range of
about 25C to about 225C and preferably a boiling range of 25C to 125C. The
naphtha can @, §ifiehBiri NiaCsificktHamls, 4 weidhdtethasebieridlPalchthsRéd-ha. Such
streans can be derived from any appropriate source, for exanple, they can
be derived falumiti¢hdiaisilicasimnyihazirconiaksitiga{afi@fjna-nfaggesia,giliea-and r esi ds,
of they can be derived fromdel ayed or_fluid coking of _resids. It is
preferred tHRRSASHAZHSANIR Lhe BHiX ean bem thedo a gpgely & mistpreefthese
cracki ng of %?s oil s and kﬁ ids.dSuch napht has are typically rich in ol efins
and/ or  di ol PR CRR RSP éF? tean in paraffins. [0038] In a further
preferred enbodi nent of the invention, the feedstock conprises a

hydr ocarbon m xture having an initial boiling point of about 200C. The

hydrocar bon 08385t odi plepek, the aeltide ﬁmpdrﬁ@ﬁsldﬁmoiébuﬂﬁ@i@vwom%omﬁs) a gas

oil (e.g., light, nmedium or heavy gas oil) having an initial boiling point
above WO 03/0xbd®ogania oxide matix payoevidely, vstsiesndlecabnGieve cdhientpoi nt of at
| east 260C and an endpqint of at |east 315C. The feedstock al so include
vacuum gas Japging 0%i1|@,a%§§@aa¢ceatbxw%gm and ggore usualiy o + op

crudes, tar | lLe..oi LC ] , heavy hydrocarbon
fractions déﬁﬁﬂg3q95®ﬁpfEQv%%Q##@%?%ég&E@%?§EQ§§#$on of coal, tar, pitches,
asphalts, hydrotreated feedstocks derived fromany of the foregoing, and
the like. As will be recognized, the distillation of higher boiling

petrol eum fFemistoagks above about 400C nust be carried out under vacuumin
order to avoid thermal cracking. The boiling tenperatures utilized herein
are expressed for convenience in terns of the boiling point corrected to

aospher | ¢ SRPU" She SRS Qe SRATh ¥hrotaSs SR il SnfRia che

contents ca
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)
oi gas oils and resids, oi they can be derived fivin 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



the process of the invention. Catalytic Cracking Process [0039] T:Pi
catal ytic &}'acki ng process of the invention can operate at te %?”@%
from about "B 7$¥%about 870C under reduced, atnospheric orPCT/US03/06357
super at nospheric pressure. The catal ytitldrocess can be either fixed bed,
novi ng bed or fluidized bed and the hydrocarbon flow may be either
concurrent 260°Cpau60E&6 pointarftat ieast 20 and ua tendpeintfat jeast 83 §°Cf Thiee

i nvention is d[.)sarti cularly applicable to the Fluid Catal ytic Cracking (FCC
or movi ng bdepdsiackamax alsosineludg yacwemgasioilss thermal gilsiiresideabeils, sycleTco)

Catalyat | ssiREoRRoGRRerbiely B Sed off BKS s BEiasoheT par (1 c1 e

size of abo ' S ' | MU | yst
beads p_rogrg@s go&#ﬁaﬁé?@%ﬁ@%@% %ﬁﬂ%&t&b}}i&{é S@édr.rég%ﬂa‘éﬁwgr ge s#’gc t hr ough
a cracki ng paohéd, aBpHARS hydrbiRatedteedstodlande Ui bih @iycoSMRdbaigding, xam t he
coked catal yst and recovered, whereas the coked catalyst is renoved from

the | ower ethe kike.t As widble recognized, thedistilldiencsfhigher Hoiling pletrpléndr
conversion conditions include an average WO (13/07655(1 2 0 JUL 2006
PCT/ US03/ 06 §setionsaboveaahant 408760 anust besapiedput endss oscuwmansudentooayoid

Sgéﬁiyitiﬁ” Sl Taskis.The bo i femperafua alized Hovain adh oXBRaSSLoF :8"%)¥VOOIO
Lt _ j o g s
appl i cabl e Lo Himee Rapahs o eNidtiaE bt ol EHdiob i fiesi, O

catal yst i SHe&HsQﬁ"de&p@r éﬂtfgﬁs ofIS WA hightrﬁeﬁldoé’éﬁtéﬁﬂs%aﬁia%l%cﬁﬁﬁéﬂ uﬂiﬁgt 0 200
m crons. This powder 1s generally suspended in the feed and propel | ed upward

in a reacti the prooess of thelinveéntiony heavy hydrocarbon feedstock, e.g., a gas
oil, is adm xed with the cracking catalyst to provide a fluidized
suspension and cracked in an elongated reactor, or riser, at elevated

t enperature ol i de aPm' xture of lighter hydrocarbon products. The
gaseous rea S pent catal yst are discharged from

[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



the riser into a separator, e.g., a cyclone unit, located within the upper
section of an enclosed stripping vessel, or stripper, with t he Dedlttln
products b®OHY476BAveyed to a product recovery zone and thercpesazngabal yst
.entering a dense catalyst bed within tH& 4 ower section of the stripper. In
order to renove entrained hydrocarbons fromthe spent catalyst prior to
conveyi ng tRacloditéBpetabure ofedbatl ¥50°C RUARAI S 0PCUSAthlysEBilvoRithe $4tid BPI NY
gas, e.g., steam is passed through the catalyst bed where it desorbs such
hydr ocar bonabomd 2vieyabogt 7hesactor spaee pelodity of abeutolvier abo 265 vahérfvali;di zabl e
catal yst is continuously circulateﬁ between the riser and the regenerator
and serves ans yecyplerterirehodeed rafin oh@ to abewt/0.3 gveldmeor ner  t hereby suppl yi ng
the thermal needs of the cracking reaction which is endothermc. [00421
Typi cally, FCC conversion conditions include a riser top tenperature of
about 500C out : 0C, and
nost pref er@gﬁgi)f rO%’ﬁgg&ﬁfﬁ%gg@eﬁglvg%t%rf{?é%g@bﬁlgég%ﬁe&%@?ﬁb’&]ﬁuﬁght ratio of
about 3 to @lslyticlrackih ;EC ,|M\ﬁlhiéhtthécidékﬁ%ﬁral 4 isappicAllsa fitiecf er abl y
about 2 0 JUL 2006 WD 03/076550 PCT/ US03/ 065 -16- 5 t'o about 10; and

cat al yst r guiwdercwithiaypartitlestizaiof abdut 16 tal200tmicfonse cBlnd powder és gemdrhlly about
1 to about 10 seconpds. [0043] The invention,wll now be mgre particularly
descr i bed vitSReRdacihedeed and B> e SRwagd 5 packion zopg lativelsn44)

Borosilicate | TQ 1 t heshzed from a,gel Jhaving. follhowi ng nolar
conpositio _eqw%yép@%ﬁaﬁ*%%c%gﬁg ﬁ@ﬁ%qgad%‘ﬁx#%lﬁ]&ﬁﬁf e RROH)2 is
hexanet honi {‘%SI? : gjiged/g“%? ; ' ggﬂ.l 3gseeds
to faccel era‘%agﬂ?he Igﬁdaiﬁ |ﬁgat|on. %Slﬂg%%t (l)(%iazrrlnaﬂ [ %rox#e-daégdekh% oyed
in the gel nigs, avelpeated témgeiianfres teepiovideca mithne o€ lighter hydnsuachen | v

avai | abl e hexanet honi um di brom de using a resin, Anberlite |RN-78, as

hydr oxi de sproduoets. The gaseous reaction products and spent catalyst are discharged from

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; caialyst/oil weight ratio
of about 3 to about 12, preferably about 4 to about 11, and most preferably about



[ 0045] The synthesis gel was prepared by hydrolyzing 13.87 g af 2006
tetraethyloethosilicate (TECS) in 62.18 g of a 0. 006M hexanet onn.ijq}'m

di hydr oxi ¥08¥P1Fn cont ai ning 0.083 g of boric acid. The RYJMHPAPLTS was
ef fected under continuous nechanical stkfdbi-ng at 200 rpm until the ethanol
and an appropriate anount of water were evaporated to yield the above gel
reaction mxitgidsout Al and chailyy desiderveimé oPaboutBiSpeabban1 Hkeddnds, g of
as-synthesized 1TQ 13 in 3.2 g of water was added as seeds and then a
sol ution of mrefegabjyabonrl t¢ abouk 1O secondser) and 1 g of water were slowy
added to produce the required reaction m xture. The reaction m xture was
mechanically and finally manually stirred until a honogeneous gel was

fornmed. The ti V) i C . e f.qt-he s I
amount of wdPB3S]r odBevertiBh MAT Hob bRt narBgRBRRSRRHSEA High B a0

03/ 076550 P%/thé:'@ﬁl&5§%7Exalﬁple§§5C for 21 days under continuous tunbling at
60 rpm The pH of the final gel (prior of filtration) was 6.5-7.5. The
solid was recovered by filtration, washed wth distilled water and dried at
100C, overnight. The occluded hexanethonium and fluoride ions were renoved
fromthe product by heating the product fromroomtenperature to 540C at
1C/ mi n underExampledy (60 M/mMm. The tenperature was kept at 540C under N2
for 3 hours and then the flow was switched to air and the tenperature kept
at 540C for a further 3 hours in order to bumoff the remaining organic.
X-ray anal yq0044Fi gBoeosilicate dTQd13 eascghthiesized fromciugdl Havingethe Tolld®ring
contai ning sone ZSM 50, i npurity, whereas boron analysis indicated the SiB
atomi ¢ rati GNOIAr CHMPPEMAN: sol id to be about 60. [0046] Al umi num cont ai ni ng

| TQ 13 was prepared using ion exchange by suspending, under stirring, 0.74
g of the calcined B-1TQ 13.i 5 f gueo I ( 3 solution

cont ai ni ng 8wt % Al (N03) B &Qérhﬁgﬁzfgam%@ﬁb ﬁr@sﬂﬁés—,{}%ént suspensi on to
an aut ocl ave, where the suspension was heated at 135C for 3 days under
continuous st,rri .60 rpm..The r | $ing, solj fiJ)tered hed
Sorh aiar: 1 veheh R if RekBfikengafh e RieSid £ W8 o thé Sicas H35EC

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 of 0.16 g of as-synthesized
ITQ-13 in 3.2 g of water was added as seeds and then a solution of 1.78 g of HF
(48 wt% in water) and 1 g of water were slowly added to produce the required
reaction mixture. The reaction mixture was mechanically and finally manually
stirred until a homogeneous gel was formed. The resulting gel was very thick as

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



overnight. The X-ray diffraction pattern of the resultant prodyggu'}zp{mhom
in Figure 2. Chem cal analysis indicated the product to have a S atom c
ratio of S &MH6E0SI /B atonic ratio greater than 500. Exanp¢pyed@471l Five
separate catal ysts were prepared from (@ythe alum num containing | TQ 13
from Exanple 1, (b) ZSM5, (c) ferrierite (FER) (d) a comercially

avai l able U | | S f 12. 4 ially
avai 1 abl o UZP raivral BebibhdEantgheh mifisog D AR, The o1 o HEFEEA SR

various zeogp}:ﬁ@s:; WARIR5 5. The vitd waOréver&bby filkSticn, Wakted 2006
PCT/ US113 /116 5 5 7 ZeoliteZSM 51 TQ 13FERUSYUSY 2. 432nn®. 426nn Surf ace

Area, n2/g39stiodiztlied veadr and/dued atG008C, nivemagit, SThecocchade’ll - 30. 50.5 Si/ Al
atom ¢ area43806019*62* Bropsted Activity (nol /9)4018217714 .
T=523K26121hﬁ15@§n?i‘6’m.‘?§§ uom%?gns Vet smeved from %ﬁarogl;qf@ymg the
T=523K56187_T= 4 T=673K * = aft.af ] 0p4 f | ysts
(a) to (c) Bg%‘{qé?ﬁg’g& gog:xr‘lé%ngﬁqnhrg tgégﬁl ?éi 3?‘?7&?@&1%%{ ﬁt @%?%W'ert
silica, whenggsepetatiie wal Réptat 54090 uadé N§orSPRhds R ther? theoewas
switched to air and the temperature kept at 540°C for a further 3 hours in order

to burn off the remaining organic. X-ray analysis (Figure 1) showed 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 AI(NQs); 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-3, (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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[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 (e) contained 1.20 gm of
USY diluted with 0.30 gm of inert silica.

Example 3

[0049]

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

The catalysts containing TTQ-13 and ZSM-5 produced in Exampta ?

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

r

%



Cat/ QG 10.050.09 Conversion, w %454 Liquids, w%5.8118. 37 Gases,

Wt 9R7. 8534. 81 Coke, wt9%9.350.53 H2, wt9%.010.003 C, wt %.040.D8 Jgp 2006

wt %9. 130. MO@347656 92. 672. 43 C3, wt %d. 700. 60 C3=, w %d1. 912QTAGBAES7
wt%. 540.50 nC4, w9%0.730.20 t2C4=, Wm9%]1812.14 1 C4=, w9%l.942.07 i A=,
Wt %38.883.86 c2C4=, w%.481.74 2 0 J UL 2006 WO 03/076550 PCT/ US03/ 06557

-20 TABLE 2 defebbbry Jliquidsowdie-ahdlyzeddd aeatian 3400 erith 4 100red borlg, @2 3mner 1
Cat/ QG 10.050.09 Conversion, w%9.0049.00 Liquids, w%1.8416.03 Gases,

wt 926. 8232. 3ntegaMaliametzo PetrocalDHocolupm. 010. 009 C1, wt %9. 050. 10 C2,

wt %9. 070. 06
[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

{ Foke, wt% 0.35 0.53
H,, wt% 0.01 0.003
Cl, wt% 0.04 0.06
C2, wt% 0.13 0.14
C2=, wit% 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%o ' 1.94 2.07
iC4=, wt% 3.88 3.86
c2C4=, wt% 1.48 1.74




C2=, w9%.332.02 C3, wt%.650.88 C3=, wiV 011.2119.17 IC4, w%.470. 6%&04
Wt 9%9. 720. 18 t2C4=, Wt94.842.03 1C4=, wt9d.951.94 iCa=, wt98.953 Féllc
Wt 9. 551. 68U 4 [0051] The use of the I TQ 13, ZSM 5 aRETAERASESRl yst s
of Exanple 2 as additives to the USY cradki ng catal ysts of Exarrpl e 2in the
cracking of a vacuumgas oil were studied in a simlar MA!" unit to that
used in Exanple 3. The USY and additive catal ysts were placed in separate

beds. The tjop bed contained the USY hmaez and the bottom bed cont ai Hed
the zeolite,additive diluted in.1.10-49 Silica._The properties af tlhe
vacuum gas |oi | ue@dl‘msjrven i n Tabl QSM-Q 0 JUL 2006 V\q'pg[)j65511 RCTI U
S03/ 116557 F 21 TA"tE S—Benstty (15 S—=¢¢ A rU| \,nrz S5-t94. 65
N, ml261 Nal _Cu.PPMkQ.-1 n,4'r¥éet5y eﬂtL HL) 1ﬁt)‘ll )

Cat/011 0.05 0.09

Conversion, wit% 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=, wit% 2.33 2.02

C3, wt% 1.65 0.88

Cl=, wt%o 11.21 19.17

1C4, wt% 1.47 0.60

nC4, wt% 0.72 0.18

12C4=, wit% 1.84 2.03

1C4=, wi% 1.95 1.94

iC4=, wt% 3.95 3.76

¢2C4=, 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 MAT 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.



59819 109852 30%114 50%136 70%159 90%%12 [ 0052] The results of thi t $s are
shown in Tables 4 to 7 below Figures 4 and 5 sunmarize the oV} l{”{ﬁ@ oduct
make w t h wdesatickfier ent USY catal ysts, both alone and wit kctrhsoyesssous
~additive catal ysts, whereas Tables 6 and2Y-summarize the results of

anal ysis of the gasoline fractions obtained in each test. In the Tables,
the first data col um §hows The rfﬁﬂ% Wt the USY al one, whereas the
data in the col ums unfler the addiABE olites sho the results when the
addi tives were used. Thpepsitg €S °@h gadd| ti v@gyged cprresponds to the wei ght

of additive per 100 g TIiﬁéPbip ﬁqlpei‘atgisum ! gﬁt:gstﬁ;engﬁzgg on USY

only. Esti mates were o stant—fsYy
desz:/ri bed above. TABLE AL YSTUSY (P43 ﬁ SMS {20991 TQ 13 (20%

Cat/ O 1 0.690.480.50 Gasd,ippor wt %11. 9534. 5788182 Di esel, w %14.5611.7712.61
Gases, W %d2.5321. 8318] 8@, gpﬁl J UL 200p W38/ 076550 PCT/ US03/ 06557 -22
Coke, wi\/ ol.461.821. 38 @;stl a5, W % 20 - 03~ U] 03 C 0.410. 190. 53
C2=0.801.591. 18 C31.19 -

Fe, ppm 0.3
Ni, ppm 0.2
V, ppm 0.4
ASTM D-1 160(°C)
5% 319
10% 352
( 30% 414
50% 436
70% 459
90% 512

[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%) ITQ-13 20%)
Cat/Qil 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




C3=2. 325. 174. 45 i CA3. 884. 824. 46 nCA40. 891.811. 41 t 2C4=0. 671. 000. 2% fm 016
C4=0. 850. 821. 03 i C4=0. 822. 021. 93 c2C4=0. 630. 970. 63 But ene/ But an
rati 00. 620V Y7500 opy| ene/ Propane rati o TABLE 5 CATALYSTBSYYSH3/4658Y ZSM 5
(20% 1 TQ 13 (20% FER (20% Cat/O|1.13@2741.101.49 Gasol i ne,

Wt %89. 2334. 3637. 8738.53 Diesel, wt %3.1012.0413.0813. 19 Gases,

Wt %45. 6422. 0517. 5316. 46 Coke, wt %®.031.551.521.32 Gas Yields, w%

H20. 030. 040. 030. 04 C 0. 630.570. 290. 34 C20. 590, 580. 260, 23 _C2=1. 001. 810. 851. 17

C31. 472 40CoRé, w33 C3=3. 415. p55. 1513489 i CA{. 613. B83. 664. 34 1.38
nC41. 04(1. 2&%31(;93\,‘,1@%04:0. 9P1. 021. 090. 97 [C4=0.951.2/0.581. 21
1G4=1. 15:’ zé-wh‘&?f&{fv;\’Ll;\B’OFﬂ#‘U- 80y BUTENgBUT aneq. 67 I Tgh3 000" 8&
Pr opyI et Elupauca. OZZ. OJT. IHFO.UU 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 3.88 482 4.46
nC4 0.89 1.81 1.41
12C4= 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, wt% 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 (.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= 3.41 5.65 5.15 3.99
1C4 4.61 3.88 3.66 4.34
nC4 1.04 1.21 0.94 1.03
12C4= 0.52 1.02 1.09 0.97
1C4= 0.95 1.27 - 0.58 1.21
iC4= .13 241 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




WO 03/ 0765511 -23 2 0 JUL 2006 PCT/ US03/ 06557 TABLE 6 CATALYSTP@%EL%EALYST
USY 2.432nm USY 2.432nm + (USY 2.432 nnm) + 20% ZSM 520% | TQ 13 _

n- Par af fi M¥@.0247665 1 | - Paraf fi ns26. 421. 323. 4 A efins9. 16. 1 PCI/USO3/H06557

'Napht henes12. 09. 711. 0 Aronati cs48. 358. 25335 RON8788. 588. 2 MONS3. 184. 783. 8

| soam | ens0. 580..800, 83 TABLE 7 CATALYSTBASE CATALYST USY 2. 426nm USY 2. 426nm
(USY 2426 am + 20% ZSM 5+ 20% | TQ 13mxBpEag f ns4. 04. 84. 9
i - Par affhs22—-218-620-5—0-ef+nrs8—96-58-3-Napht-henrest+-69-29-38
Aronmat ifcs5TATAINYSTS RONBASBCABALY 3. USX 2332nm USY 2.432nm +
| soanylienes0. 450. 600; 8|1 [PQBS]Y 2432ape [seep 200 ZSNMpEes 4 am% ITOA3
TG 13 * p-Paraffns . | 4.2 4.6 5.1
i-Paraffins 26.4 21.3 234
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 gasoline produced, although this increase was
somewhat less than that obtained with the ZSM-5 additive.




provides nuch |ower yields of propane and butane than the catal ygtgsjy| 2006
containing ZSM5 and PER, so that the propylene/propane ratio and -the

but ene/ but ¥RYYHHIB are higher with the | TQ 13 catal yst t hBRTUSHSAHY zSm 5
and FER catal ysts. Mreover, it can be s&kn from Tables 6 and 7 that
addition of the 1TQ 13 additive to the USY cracking catal ysts gave an

i ncrease in tHABMSane number (both RON and MON) of the gasoline produced,
al though this increase was sonewhat |ess than that obtained with the ZSM5
additive. 2 D JUL 2006 WD 03/076550 PCT/ US03/ 06557 -24 CLAIMS: 1. A

catal ytic cracki ng progessf 1. i l,efins, the
process conpri sing contqact#n%&lgﬁégﬁdcg?%ﬁ?%egg%gg%cngeb'g%rr?gﬁfﬁggﬁs:z,R‘Z
feedstock Cotﬂﬂﬂéﬁﬁwtﬁé’ﬁf&é@s{ é&ﬂﬁﬂ%ﬁ'%tﬁhﬁ?%&e&aﬁﬂﬁ@&@kﬁ@ with a
catal yst conposition conprising a synthetic porous crystalline materi al
conpri si ng acénditiensrkfestistoek cehtailtiak lydormrbonsiyadng ut leasio® varbonratoms he
tetrahedral atom framework being defined by a unit cell with atomc,

coor di nat es With :gatalist ePmPosIsian qomprising a synthetic porousnsedsnamatarial

position may vary. .within + 0,05 nanongter. 2. The,process of clai,m1,

Rher oi n t e SORPHSINEA Bamsteork of jarlaerR ot Dridgea Ry S Sen Ao ciher [ act i on
pattern incl té?'la@P iﬁﬁn ' | ea'\fﬂ' . ?‘Eﬁi y as
set forth in Ta gﬂ%%ﬁ@ﬁ _ e%&&c‘é@ggtgky@F%P% 1, 1%%¢§%1%?H§H2% e?iftcl?g
porous  crysiphandifeteRf showal ilBsble 1 WHeesintdaeh coerdinate ipoditidiemay hvaky

rel ationship X203:(n) YO2, wherein n is at |east about 5 X is a trivalent

el enent, andwithis+0.08nanometent el enent. 4. The process of Caim3, wherein
X conprises alumnumand Y conprises silicon. 5. The process of claiml,

wherein the feedstock conprises a naphtha having a boiling range of 25C to
225C.
2.

The process of claim 1, wherein the synthetic porous
crystalline material has an X-ray diffraction pattem 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
X205:(n)YO,,

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

ciement.

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.



6. The process of claim1, wherein the feedstock conprises a nafgt ha @gvi ng
a boiling range of 25C to 125C. 2 0 J U L 2006 WD 03/ 076550 PCT/ duk d¥bs7
-25- 7. Thwoppweess of claim 1, wherein the feedstock conprecIgBsi3/06557

hydr ocarbon m xture having an initial beRbi-ng point of 200C and the cat al yst
conposition also conprises a |large pore nol ecul ar sieve having a pore size

greater than 6 Angstrom 8rhelpecBisosfadain®t, whatein the fdedstock coipdiseydr ocar bon
m xture has an initial boiling point above 200C, a 50 % poi nt of at | east

260C and an hyhdcabpnmixturgthavingan gigalthoiing phintof 2003€ anid the getalyst wher ei n

sai d hydrocarbon mi.xture is sel ggt ed fromthe g‘[)au ﬁg}r%si sting of vacuum
gas oils, tHOMARPsIHPR alsocamprises ajarge pore moleculrsigye haginea pOJS Si28 des, t ar

sand oils, s ]S ic fuels, heavy hydrocarbon fractions derived
SR B EBOR

fromthe de tion 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 | arge
pore nol ecul ar sieve i8. abfhg progesiOdt dlainaBpwhefein sditl. hytyecarbon esixtré cl ai m
7, wherein the weight ratio of said synthetic porous crystalline nmaterial
to the | ar gehasareingtid] doiling peindwbove 2007l ta SO®Ydpoint abatileast 200°Crandrane
process of claimy7, wherein said | arge pore nol ecular sieve conprises a
zeolite Y. 1ehd point pf ¢deast J5°C aim 7, wherein said | arge pore nol ecul ar
sieve is selected fromthe group consisting of REY, USY or REUSY. 2 0 J U |
2006 -26 14. The process of claim1, wherein said catalytic cracking

con(di tions include a ¢ e AL iNEsQlr Mth ¥OwRaln 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 large 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.



15. The process of claim1, wherein said process selectively produces

propyl ene. 16. A catalytic cracking process for selectively prodgqjj%}jm% to
C4 olefins, the process conprising contacting, under catalytic ¢racking
conditions, a feedstock containing hydrocarbons having at |east 5 carbon
atons with a catal yst conposition CQQ?[iSing a synthetic porous crystalline
mat eri al having a 3-di nensi onal channgél system conprising a first set of
generally parallel channels each of which is defined by a 10- nenbered ring

of tetrahedraliyy canedidiaisast RS wheremeeRNGatRic @ickan@nhaiibis fefrat! el
channel s which are al So defined by 10-nenbered rings of tetrahedrally

coor di natadgmaeraivse S@ORPENGC nt ersect with the channels of the first set,

and a third set of generally parallel channels which intersect with the
channel s of said first and second sets and each of which is defined by a

9- menber ed ri dg. of Theprahssdiialdim 1¢cebedinmatdgooa@sosmectivaly pfddmucgr ocess of claim
16 wherein said first set of 10-ring channels each has cross-sectional

di mensi or%o@ﬁe”ﬁbout 4.8 Angstrom by about 5.5 Angstrom the second set of
10-ring channel s each has cross-sectional dinensions of about 5.0 Angstrom
by about 5.7 Angstrom and said third set of 9-ring _channels each has
cross-sect i ondb. di Hespstiitisscragkingprocass forgelagiipely pradisngboipt Caplefingnthet rom 18.

or opyl end 058, e estnabliy, hdl A O LAEERR SRSk ¥ RRlsdIe s rosi ¢ on al so
conpr i sesoatainigg Ipelrgartmnsrbieogibtdeass b emborhaivinagvith omtadyss carepopitéat er t han 6
,SAIn g\s/'ér 0210 Zol'riéég% é%tgegtﬁsqs%&% c%lrs%ail]mleln%htel\*m ra%‘hE as_’a?cili(rjnelngignga? cRENngl sqfls)tleglcm ar
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.

17.  The process of claim 16 wherein said first set of 10-ring channels each has
cross-sectional dimensions of about 4.8 Angstrom by about 5.5 Angstrom, the second set
of 10-ring channels each has cross-sectional dimensions of about 5.0 Angstrom by about
5.7 Angstrom and said third set of 9-ring channels each has cross-sectional dimensions of

about 4.0 Angstrom by about 4.9 Angstrom.

18.  The process of claim 16, wherein said process selectively produces

propylene.

19.  The process of claim 16 wherein the catalyst composition also comprises a

large pore molecular sieve having a pore size greater than 6 Angstrom.

20.  The process of claim 19, wherein said large pore molecular sieve

comprises a zeolite Y.





