2 4 F E B 2005 FCC PROCESS | NCORPORATI NG CRYSTALLI NE M CROPOROUS O

" CATALYSTS HAVI NG | NCREASED LEW S ACI DI TY 5 BACKGROUND s Thi s invent an[FB 2005
rel ates to catal yst conponents and conpositions and nmethods of making and
usi ng the conposition which conprises a crystalline mcroporous oxide

having a pronoter netal conpound that pronotes dehydrogenation and i ncreases
Lews acidity without increasing the unit cell size of the crystalline

m croporous oxide. 10 Crystalline m croporous oxi des, such as zeolitic

materi al s, have been in li (2 ()Jc of i ndustries for many
years. These materi al Bi% % g“’{/ pg%% |r fluid separation
ability as nol ecul ar IGROBPROUS, tyto act as a

cat al yst. Cryst dLATAL ¥SAISoHAVINGAENGRE ASE tW]:SuIAE(E] IT¥ef ul as
catal ysts which 15 convert the |arge paraffin nolecules of a hydrocarbon
m xture into smaller nore unsaturated nol ecul es such as ol efins and
aromati cs. Typical conversion processes include fluid catalytic cracking
ands hy @OCKGROWUNDIO maxi m ze this conversion process, many structural
properfTes or the catalyst have to be bal anced, such as pore size, pore
volune, Lewis acidity, and Bronsted acidity. If the structural properties of
20 the convdhid mventibairsiatesao eatadyst pompentnts hal zoagmbsitioms erdshethods of he
hydrocarbon mixture to product may be | ow, product quality may be poor, or
the comaking and asinglthe compeyition whighdioynpiteses aicvpdtalline imicrapdrduexide
particular benefit to obtain a crystalline m croporous oxide catalyst high
i n cat hhyiiga promoter ekl mmmmdngatmenmmwdrwmtmy anddnengasdsew s 25
aC|d|t of the framework and non-framework portions of the catal yst. By
w gis acidity without increasing the unit celi size of the crystalline microporous oxide.

10 Crystalline microporous oxides, such as zeolitic materials, have been in
commercial use in a variety of industries for many years. These materials are
especially valuable for their fluid separation ability as molecular sieves, as well as for

their ability to act as a catalyst.

Crystalline microporous oxides are particularly useful as catalysts which

15  convert the large paraffin molecules of a hydrocarbon mixture into smaller more
unsaturated molecules such as olefins and aromatics. Typical conversion processes
include fluid catalytic cracking and hydrocracking. To maximize this conversion

. process, many structural properties of the catalyst have to be balanced, such as pore
size, pore volume, Lewis acidity, and Brensted acidity. If the structural properties of

20  the conversion catalyst are not properly balanced, conversion of the hydrocarbon
mixture to product may be low, product quality may be poor, or the conversion catalyst

may be rapidly deactivated.

It would be of particular benefit to obtain a crystalline microporous oxide
catalyst high in catalytic activity by balancing the Brensted acidity and the Lewis

25  acidity of the framework and non-framework portions of the catalyst. By balancing
the composition of the framework and non-framework portions of the crystalline

structure, catalytic activity can be efficiently optimized. In the case of a cracking



,the conposition of the framework and non-framework portions of the
crystalline structure, catalytic activity can be efficiently optimZédERIms
the case of a cracking 2 4 FEB 2005 -2 catal yst, olefin form ng reactions of
,large paraffin nolecules can be nore efficiently coupled with the
subsequent scission reactions which formthe smaller nolecules in the final
product. SUWMMARY 5 One enbodi nent of the present invention conprises a

catal yst conprising (i) a matrix mategial, and (ii) a crystalline

m croporous oxide incorporated into/with the nmatrix material. The
crystalline m croporous oxide conprises a non-framework portion and has a
unit cell size. The non-framework portion conprises a pronoter netal
conmpound i ncorporated only into the non-franmework portion of the crystalline
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conprises'a Y zeolite 1ncorporated 1nto the matrix materi al. Zzeolite
conpri sgg final peadikdtanewor k portion, has a unit cell size greater than about
24. 30A, and conprises 15 al um num oxi de incorporated only into the
non-framework portion of the crystalline mcroporous oxide, such that the
al um nuSUMMILRIYcr eases Lewis acidity but does not substantially
increasing the unit cell size of the zeolite. In another enbodi ment of the
catalyst, the crystalline mcroporous oxide conprises a non-framework

por tS on conpOinsiemtbcadimentrof the presemlt imempion dnyasebbeapldysifcomprisrs{(ing Lew s
acidity incorporated only into the non-franmework portion of the crystalline
m ’)pommx matereal, sad ik herystabléingmacroperouswxade mentsuat¢ddowswitbithe
su antially increase the ynit cell size of the c¢rystalline m croporous
oxi de. matrix material. The crystalline microporous oxide comprises a non-framework
portion and has a unit cell size. The non-framework portion comprises a promoter
metal compound incorporated only into the non-framework portion of the crystalline
10  microporous oxide. The promoter metal compound does not substantially increase the

unit cell size of the crystalline microporous oxide.

In another embodiment of the catalyst, the crystalline microporous oxide
comprises a Y zeolite incorporated into the matrix material. The Y zeolite comprises a
non-framework portion, has a unit cell size greater than about 24.30A, and comprises
15 aluminum oxide incorporated only into the non-framework portion of the crystalline
microporous oxide, such that the aluminum oxide increases Lewis acidity but does not

substantially increasing the unit cell size of the zeolite.

In another embodiment of the catalyst, the crystalline microporous oxide
comprises a non-framework portion comprising a promoter metal compound capable
20 of increasing Lewis acidity incorporated only into the non-framework portion of the
crystalline microporous oxide, such that the promoter metal compound does not

substantially increase the unit cell size of the crystalline microporous oxide.

The embodiments of the catalyst can be used in an FCC unit, an isomerization

unit, or a hydrocracker by contacting the catalyst with a suitable feedstock.



. The enbodi nents of the catalyst can be used in an FCC unit, an isonerization
unit, or a hydrocracker by contacting the catalyst with a suitable 724 FEB 2005
feedstock. 2 4 FEB 2005 -3 Anot her enbodi nent of the present invention - ‘
conprises a process for nmaking a catalyst. The process conprises (a)
contacting a crystalline m croporous oxide and a pronoter precursor
conprising a pronoter netal capable of formng a pronoter nmetal 5 conpound,
said crystalline mcroporous oxide conprising a non-framework portion and
having a unit cell size; and, (b) heafing the mxture of step (a) to a
tenperature between 150C and 550C, wherein a pronoter netal conpound
conprising said pronoter netal is incorporated only into the non-framework
portion of the crystalline mcroporous oxide and wherein the pronoter netal
conpound does not substantially 10 increase the unit cell size of the
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of sai dindHavsrigh uihfielll SZORAAONS Hextisg thavhettatdlof &tep PEOER! Rnpeeitate conpound
does not 20 substantially increadse the unit cell size of the crystalline

m cr opdyedwseroXSORC afh H0C; witbredhh appomofer nhialbeapmind cotaptisiag saikl a process
co ising: (a) calcining a zeolite conprising a non-framework portion and
ha¥Whg promoitér metal issinzerpofied onbynime thewon-firanmsodrktportion lof thecrystatlare
precursor conpri sig&l a pronoter netal capable 25 of form ng a pronoter netal
conpoundicroparous ax '@cﬁwbmmﬁlermmotergngw eempaund daes not substantially

10  increase the unit cell size of the crystalline microporous oxide.

Another embodiment of the present invention is a process comprising: (a)
contacting a crystalline microporous oxide and a promoter precursor, the crystalline
microporous oxide comprising a non-framework portion and having a unit cell size

15  and the promoter precursor comprising a promoter metal capable of forming a
promoter metal compound; (b) decomposing said promoter precursor thereby forming
a promoter metal compound comprising an oxide form of said promoter metal; (c)
dispersing said promoter metal compound only into the non-framework portion of said
crystalline microporous oxide; wherein the promoter metal compound does not

20  substantially increase the unit cell size of the crystalline microporous oxide.

Another embodiment of the present invention is a process comprising: (a)
calcining a zeolite comprising a non-framework portion and having a unit cell size; (b)
contacting the zeolite with a promoter precursor comprising a promoter metal capable
25  of forming a promoter metal compound, wherein said promoter metal is selected from
the group consisting of magnesium, chromium, iron, lanthanum, gallium, manganese

and aluminum and wherein said promoter precursor is selected from the group



the group consisting of magnesi um chrom um iron, |anthanum gallium
manganese and al um num and wherein said pronoter precursor is selecgg&-%#ﬂm
the group 2 4 F E B 2005 -4 consisting of alum num acetyl acetonate, al #i U
i sopropyl oxi de, al um num hexafl uoroacetyl acetonate, al um num

di chl orohydrol, alum num et hoxi des, tris[2,2,6,6-tetranethyl-3-5,

hept anedi anot o] al um num I 11 [ Al (TMHD) 3], alum num acetate, alumnumnitrate,
al um num pr opoxi de, nagnesiun1acety|agﬁtonate, 5 chrom um acet yl acet onat e,

i ron acetyl acetonate, gallium acetyl acetonate, manganese acetyl acetonate,
and | ant hani de acetyl acetonate; (c) heating the m xture of step (b) to a

t enperature between 150C and 550C; (d) incorporating the product of step (b)
into a matrix nmaterial, wherein a pronoter netal conpound conprising said

pr onot Qfonsﬁﬁ\f;%bfiaﬁlﬁlﬂﬁﬁﬁ Be¢tRlacetonntey alutiiduimigoppyld-daevihitaimeant i on of the
zeolite and erein 10 the pronoter netal conpound does not substantially

I ncr easdexbflaotvacttytietomite, e lwhirume dichderlohldrol Adlotitisimesnthoxidesnt of the
present invention is a process conprising: (a) contacting a calcined

cr yst althisf22 6i s teatramethyl-8-5, hepanddianprodatorenum-BH A EBVIHID) doalpmisiimg a
pronoter netal capable of formng a pronoter netal conpound, said

cr yst aldcetate, mlumipun aitsatoxalosisempropoxide anagnesiumrasentacetenate.on and havi ng
a unit cell size; and, (b) activating said pronoter netal conmpound, wherein
sai § prcbwemaym agetylac uran a@tyln@@pp@pagaégumﬂgﬁtylﬁ@%oaﬁé, WBRgAREsRewor k
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metal is incorporated only into the non-framework portion of the zeolite and wherein
10  the promoter metal compound does not substantially increase the unit cell size of the

zeolite.

Another embodiment of the present invention is a process comprising: (a)
contacting a calcined crystalline microporous oxide and a promoter precursor
15 comprising a promoter metal capable of forming a promoter metal compound, said
crystalline microporous oxide comprising a non-framework portion and having a unit
. cell size; and, (b) activating said promoter metal compound, wherein said promoter
metal compound is incorporated only into the non-framework portion of the crystalline
microporous oxide and wherein the promoter metal compound does not substantially

20 increase the unit cell size of the crystalline microporous oxide.

Another embodiment of the present invention is a process comprising: (a)
calcining a crystalline microporous oxide, the crystalline microporous oxide
comprising a non-framework portion and having a unit cell size; (b) contacting an

25  aluminum alkyl selected from the group consisting of trimethylaluminum,

triethylaluminum, tri(t-butyl)aluminum, and tri(i-butyl)aluminum; (c) treating the



.25 alum num al kyl selected fromthe group consisting of trimethylal um num
triethylalum num tri(t-butyl)alum num and tri(i-butyl) alumnum (&) FFB 2005
treating the 2 4 FEB 2005 -5 product of step (b) with an oxygen-cont ai ni ng

.material to forma pronoter netal conpound, wherein the pronoter netal
conpound does not substantially increase the wunit cell size of the
crystalline mcroporous oxide. 5 O her enbodi nents of the present invention
i nclude the products produced by the_g_r ocesses of the present invention.
These products may or may not be incorporated into a matrix material, but
are preferably incorporated into a matrix nmaterial before used in a process
unit. DETAILED DESCRI PTION 10 The catalytic activity of a crystalline
m croporous oxi de, such as a zeolite, can be inproved by effectively
i ncor posratleofastey (IO RN afiRx3eeR-RBRRKIHg trhatrid orfohas prdaiuter agefat i on and
I ncreases Lewis acidity of the crystalline m croporous oxide wthout
I ncr easgomgpoursl, whereinethé psomeoter Ahdthlostghpdrl doagsiodlshibstentialdy mpesasethoxi de
can be used as a catalyst alone, the crystalline mcroporous oxide is
pr ef er aimiycdlbsizaodthocostadlinetmcreporusioxidat eri al , preferably an inorganic
oxide. O her catalytic or non-catalytic conponents can also be present in
the matrix material. The crystalline m croporous oxide of this invention can
be used to catal yze the breakdown of primary products fromthe catal ytic
cradki ng r ea@thessmbpdimentsni the prsgat invenden includesthernodests prrduced By ol ef i ns

for chem cal feedstocks. The crystalline 20, m croporous oxide is preferably
ol et QI TROFRSEe LG eSS ETEITiAY Jmess DAt TEY ORPIA TR i cat b peol | Lol
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DETAILED DESCRIPTION

10 The catalytic activity of a crystalline microporous oxide, such as a zeolite, can
be improved by effectively incorporating a promoter metal compound that promotes
dehydrogenation and increases Lewis acidity of the crystalline microporous oxide
without increasing its unit cell size. Although the crystalline microporous oxide can
be used as a catalyst alone, the crystalline microporous oxide is preferably

15  incorporated into a matrix material, preferably an inorganic oxide. Other catalytic or

. non-catalytic components can also be present in the matrix material.

The crystalline microporous oxide of this invention can be used to catalyze the
breakdown of primary products from the catalytic cracking reaction into clean
products such as naphtha for fuels and olefins for chemical feedstocks. The crystailine

20  microporous oxide is preferably selected from the group consisting of crystalline
aluminosilicate zeolites (hereafter zeolites), tectosilicates, tetrahedral
aluminophophates (ALPOs) and tetrahedral silicoaluminophosphates (SAPOs). More

preferably, the crystalline microporous oxide is a zeolite.



.24 F EB 2005 -6 Suitable zeolites include both natural and synthetic
zeolites. Suitable natural zeolites include gnelinite, chabazite, 24 FEB 7005
dachiardite, clinoptilolite, faujasite, heulandite, Ilevynite, erionite,

_cancrinite, scolecite, offretite, nordenite, and ferrierite. Suitable
synthetic zeolites are zeolites X, Y, L, ZK-4, ZK-5, E, H J, M Q T, Z
al pha and 5 beta, ZSMtypes and onega. Faujasites are preferred,
particularly zeolite Y and zeolite Xdaving a unit cell size greater than
or equal to 24.30A, nore preferably greater than or equal to about
24. 40A. The aluminumin the zeolite, as well as the silicon conponent, can
be substituted for other franmework conponents. For exanple, the al um num
portion can be replaced by boron, gallium titaniumor trivalent nmetal 10

conposi t i onguifablzevl Redipitiderbdth aatahludn hetier zeaiitesn SiEmbhenatned to
replace the silicon portion. In a finished catal yst product, the

cryst alzebbes imdude gnelnitexclibazite pdachmrdive,\clinoptlalitedfawjasite phevdanditer, gani ¢
oxide matrix material that binds the catalyst conponents together so that

t he fi leNynitt afgsite,icanhanie,cacolagite; of feaite,imerdenitey put faroemteansuitablet or 15
wal | collisions. An inorganic oxide matrix material can be nmade from an

i nor gasyothetigizaeliteslare zeQjses waiYsH-,iZK o iZée5¢ b, HyduM, QB Zaalpha/and conponent s
together. Preferably,, 40 the inorganic oxide matri terial, copprises

oxi aes%@fa,iﬁvldane%m amga-nﬁawafm%s IR P Ghem sB?éTt’&Bi(ar‘F&%qobbt'?rgt al can
further c I,se.an activ or ous, i norgani c i at al yst conponent and an
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hel d t oget.he y..at it st he | [.C: OXI tri Lal. An
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| arge tO | SRS de Fhe crysta Fine m croporous oxi de. An active porous

| nor ganhé& aphif@nt éAionSdan map%eavogwrﬁm FAluBetitaA@hRR AV ERnt Rletalt he
cracking catalyst' is preferably a p0Orous
10 compositions which are heavier than aluminum. Germanium can be used to replace

the silicon portion.

In a finished catalyst product, the crystalline microporous oxide is preferably
included within an inorganic oxide matrix material that binds the catalyst components
together so that the final catalyst is hard enough to survive interparticle and reactor

15 wall collisions. An inorganic oxide matrix material can be made from an inorganic
oxide sol or gel which is dried to “glue” the catalyst components together. Preferably,
. the inorganic oxide matrix material comprises oxides of silicon and aluminum. The
inorganic oxide matrix material can further comprise an active porous inorganic oxide
catalyst component and an inert catalyst component. Preferably, each component of

20  the catalyst is held together by attachment with the inorganic oxide matrix material.

An active porous inorganic oxide catalyst component typically catalyzes the
formation of primary products by cracking hydrocarbon molecules that are too large to
fit inside the crystalline microporous oxide. An active porous inorganic oxide catalyst
component which can be incorporated into the cracking catalyst is preferably a porous

25  inorganic oxide that cracks a relatively large amount of hydrocarbons into lower



.25 inorganic oxide that cracks a relatively |arge amunt of hydrocanqm%QMS
into | ower 24FEB2005 -7 nol ecul ar wei ght hydrocarbons as conpared to an
acceptable thermal blank. A low surface area silica (e.g., quartz) is one
_type of acceptable thermal blank. The extent of cracking can be nmeasured in
any of various ASTMtests such as the MAT (mcroactivity test, ASTM #
D3907-8). Conpounds such as those disclosed in 5 Geensfelder, B. S., et

al., Industrial and Engineering Chem sfry, pp. 2573-83, Nov. 1949, are
desirable. Alum na, silica-alumna and silica-al um na-zirconia conpounds

are preferred. An inert catal yst conponent typically densifies, strengthens
and acts as a protective thermal sink. An inert catal yst conponent which
can be incorporated into 10 the cracking catalyst of this invention

pr ef er gholechiag weeightdn/drocarbeid ¥ éompdred td anRAeteptableithéram] blankar &dbgr t han

t he acceptabl e thermal blank. Kaolin and other clays as well as a-alum na,
titani aurface argw silicai(eagt quamnz) isionecgpaoLaceprudlethenhabblahhbThei exeert of
conponents. The discrete alum na phases are preferably incorporated into the
i nor gardracking cax bd engestirddxinretyeofi variouSpesT Mstests satlias thanMAT
oxyhydr oxi des-y-al um na, boehmte, diaspore, and transitional alum nas such
as a- al(ontieactivitykesti ASTM #D3807R). €ompoundnsucheasahose dwclosediuni na, and

p-alum pna c e | oyed. . Preferabl the . al ym na speciges i al um num

tri ﬁydr‘g‘iﬁeagfgkﬁ‘éhﬁgg-sém siNAEStrigh and ikngingenng . REIMISITY «PP. 3dg§p3{??‘t’-e. 20 In

one e l,ment , of e esent .i.nvention, the.crystalline m croporous oxide
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increasig§ g acidity, referred to herein as a pronoter netal conpound.
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Th di% the pronoter netal conpound into the crystalline
m Croporous oxi de does

An inert catalyst component typically densifies, strengthens and acts as a

protective thermal sink. An inert catalyst component which can be incorporated into

10 the cracking catalyst of this invention preferably has a cracking activity that is not
significantly greater than the acceptable thermal blank. Kaolin and other clays as well
as o-alumina, titania, zirconia, quartz and silica are examples of suitable inert

components.

The discrete alumina phases are preferably incorporated into the inorganic
15  oxide matrix material. Species of aluminum oxyhydroxides-y-alumina, boehmite,
. diaspore, and transitional aluminas such as o-alumina, B-alumina, y-alumina, 3-
alumina, e-alumina, x-alumina, and p-alumina can be employed. Preferably, the
alumina species is an aluminum trihydroxide such as gibbsite, bayerite, nordstrandite,

or doyelite.

20 In one embodiment of the present invention, the crystalline microporous oxide
catalyst component includes a compound for promoting dehydrogenation and
increasing Lewis acidity, referred to herein as a promoter metal compound. The
dispersal of the promoter metal compound into the crystalline microporous oxide does

not result in any substantial increase in the unit cell size of the crystalline microporous



.not result in any substantial increase in the unit cell size of the
crystalline mcroporous 2 4 FEB 2005 -8 oxide, and the unit cell size pFEg gy
crystalline mcroporous oxide material is substantially the sane. The
.pronoter metal conpound is preferably in a chemcal state to effectively
pronote the dehydrogenation of paraffinic and naphthenic conmpounds in a 5
hydr ocarbon feed streamto formol efinic conpounds. For exanple, alum num
oxi de (A1203), conprises a suitable pgonoter nmetal (alum num). The oxide of
alumnumis in such an effective chemcal state. The crystalline

m croporous oxide includes a framework portion and a non- framework portion.
Lews acidity of the crystalline m croporous oxide is increased by 10

i ncreasing the nunber of effective netal cation sites of the non-franework
por t i onoxitle, artktherwredt edll sime offitley enystatliree midrdponoius loide matershss ng t he uni t
cell size. Typically, when a material is incorporated into the franmework
port i onsubfstamt@allygdhesamk. t he unit cell size will be increased. Wen the
pronoter netal conpounds of the present invention are incorporated into the
crystalline mcorporous oxide material of the present 15 invention, the unit
cel | size rekht promotesimaetal compounsbisqueterabiliin a chamign! state & etfgeiiedlyal s are
preferably incorporated onJy into e non-framework portion of the

cryst al PIoRRotgithe dphy Bgellﬁﬂodle‘)flr}%ﬁré{fﬂﬁ? anén.apht&?@c qqaﬁyv,undéa@ 8 ysis by
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ac@l si ealchﬁﬁ #ﬁ@&iﬁ?ﬂéﬁhﬂcal@&t@] _ cation refers to either a netal ion or

the netal 1Ton plus oxide 1on species. One enbodi nent of the present
I nvention is a process for naking an activated

The crystalline microporous oxide includes a framework portion and a non-

framework portion. Lewis acidity of the crystalline microporous oxide is increased by

10  increasing the number of effective metal cation sites of the non-framework portion of
the crystalline microporous oxide without increasing the unit cell size. Typically,
when a material is incorporated into the framework portion of the material the unit cell
size will be increased. When the promoter metal compounds of the present invention
are incorporated into the crystalline micorporous oxide material of the present

15 invention, the unit cell size remains substantially the same. Thus, the promotor

. materials are preferably incorporated only into the non-framework portion of the

crystalline microporous oxide material. Cf., W.0. Haag, “Catalysis by Zeolites -

Science and Technology™, Zeolites and Related Microporous Materials, edited by J.

Weitkamp, H.G. Karge, H. Pfeifer, and W. Holderich, Vol. 84, Elsevier Science B.V.,
20 1994, with pp. 1375-1394 being incorporated herein by reference, which discusses the
relevance of Lewis acid sites. As used herein, metal cation refers to either a metal ion

or the metal ion plus oxide ion species.

One embodiment of the present invention is a process for making an activated
catalytic component. Other embodiments are the activated catalytic component

25  produced by the process and a final catalyst product that includes a matrix material.



~catalytic conmponent. O her enbodinments are the activated catal ytic conponent
25 produced by the process and a final catal yst product that includ

\
matrix material. 2 4 FEB 2005 -9 One enbodi ment of the processes OfgfﬁgEBZWS |
_present invention conprises contacting, by mxing or by other suitable |

met hods, a crystalline mcroporous oxide and a pronoter precursor capable

of formng a pronoter netal conpound. As used herein, mXxing neans

combi ni ng conponents and does not necegsarily require any 5 nmechani cal |
agitation. Contacting the pronoter precursor with the crystalline
m cr oporous oxi de causes the pronoter precursor to disperse within the non-
framework portion of the crystalline m croporous oxide. The pronoter netal
conmpound is then activated, preferably by deconposing the pronoter

precursor, @asehibodimem of the proesbesasfhsipeesent inventiandomppisesot er net al

conpound sorbed or 10 dispersed into the non-framework portion of the

cryst al damactimigs by poixingsooly dther Toitabinonetheds, aheysallimetrniceoparobeoxule net al

cation non-framework acid sites, the pronoter netal conpound sorbs to the

cr yst al arideprametep presussoncapable wf formipgi aipromaesmeta sompouadt iAshuseduch as

vapor phase transfer. 15 The pronoter precursor and cr%%ﬁalline m cr opor ous

oxi de dieEeislo RHRMEMCRY CQMbIniGHepmponents and d0es neY nesessasily feBILE 3Bt al | i ne

m cr.oporous oxide.to retain betwen 40 and 60 wt %, preferaply about 50 wt %
of the P @}lagg@gpn-oﬁ)a@q@g\ﬁﬁ@ PF@“@WBHGW%@&‘? ‘HHS@ﬂ’ %he pronoter ’

precursor. The degree of rgtention can b asured by, . suring the weight
bt °t he "Bi<roparont naidy eftspb RO bRerat e et Braish e Mt BRI 20 Gur  ng
the acts ' ' 2 ' i, C ' and pronot er
s SRR ISR B e R A el
oXI"te: P iHd E&H&%Matedﬁ)réﬁéﬂﬂg‘%f 0 ogﬂgﬂtﬁgp?&ﬂote@&ﬁé&{@éﬂy 100:15 to
100: 100. For exanple, 1n an “enbodi t contacting a zeolite and al um num
acet yl agehlemgtif a rebidlual oifafiopartiohuhdagironfiter metal cyinpbdnd sorbed or

10  dispersed into the non-framework portion of the crystalline microporous oxide. To

increase the effective number of metal cation non-framework acid sites, the promoter

metal compound sorbs to the crystalline microporous oxide by a liquid or gas phase

reaction, such as vapor phase transfer.

15 The promoter precursor and crystalline microporous oxide are contacted for an

amount of time sufficient for the crystalline microporous oxide to retain between 40
. and 60 wt%, preferably about 50 wt%, of the promoter metal oxide resulting from

decomposition of the promoter precursor. The degree of retention can be measured by
measuring the weight of the crystalline microporous oxide/promoter precursor mixture

20  during the activation/heating step. The crystalline microporous oxide and promoter
precursor are mixed in a weight ratio of crystalline microporous oxide:promoter precursor
is between 100:15 to 100:200, preferably 100:15 to 100:100. For example, in an embodiment
contacting a zeolite and aluminum acetylacetonate, the aluminum acetylacetonate will yield
about 15.7% Al,Os upon decomposition/reaction. Assuming that about 55 wt% of the ALO3

25  from the aluminum acetylacetonate disperses into the non-framework portion of the zeolite

upon decomposition/reaction and is retained by the zeolite, to get 15 grams of Al;O; onto 100



_about 15. 7% A1203 upon deconposition/reaction. Assum ng that about 55 wt % of
the A1203 25 fromthe al umi num acetyl acet onate di sperses into the 24FEB 2005
non-framework portion of the zeolite upon deconposition/reaction and is
_retained by the zeolite, to get 15 grams of A1203 onto 100 2 4 FEB 2005 -10
grans of zeolite (15% A1203 added), 100 grans of zeolite are m xed with
about 175 grans of alum num acetyl acetonate: (15 g. A1203 / (0. 157 A1203/
al um num acetyl acetonate x 0.55 (percgpt 5 deconposition))) =173.4 grans

al um num acetyl acetonate. S The residual organic portion may be renoved by
contacting it with a suitable oxygen containing gas to conbust the organic
portion. O her suitable nmethods known in the art are al so acceptable. The
pronoter netal conpound is preferably nultival ent netal conpound. 10

Pr ef er alvhms of eoliva 16524/ Al,En tad deet) 2l 00cgrame ufizkolite @e anxgabwith abautt1 35 grangs &f

di - val ent or tri-valent netal, preferably selected fromthe group

consi stalygingm aeghirestonate: chr omi um iron, lanthanum gallium nanganese and
al umi num Preferably, the pronoter precursor is stable in the gas phase and
preferably has a boiling point |ess than about 550C, nore preferably |ess

than about 5@1(3% &lz‘()%nnsh%@y aﬁfn@iﬁ@ﬂa‘é&g&%&ﬂﬁét@& O E@ercear s i ncl ude, but
are not limte alum num . acetyl acefonate, alum numisopropyloxide,

al uigi mdecbmpaaﬁﬂmn)))ealdéwgrameabmmnmn acetylanemmm di chl orohydrol, al um num
et hoxi des, tris[2,2,6,6-tetranmethyl-3-5

hept anedi anot o] al um num I .1 [ Al (TMHD) 3], aI um num al kyl s such as.t t hyl
al umi num t rike epidusl grganimPORing may bs serpyed By GANtIGH gaﬂwﬁhmﬂa@lﬁ at e,

I 20 nitrat I d | | t t t
a 3?%‘%@&%}@%%1%5@%@33‘5&‘@ { G Rtetn pbBion Ui ShitaBE P RRLE kRATE. 1 7 on
y

a5 GtheBare aﬁao acceptable.

The promoter metal compound is preferably multivalent metal compound.
10 Preferably, the multivalent metal compound is a compound containing a di-valent or
tri-valent metal, preferably selected from the group consisting of magnesium,

chromium, iron, lanthanum, gallium, manganese and aluminum.

Preferably, the promoter precursor is stable in the gas phase and preferably has
a boiling point less than about 550°C, more preferably less than about 500°C,
15  Examples of preferred promoter precursors include, but are not limited to, aluminum
. acetylacetonate, aluminum isopropyloxide, aluminum hexafluoroacetylacetonate,
aluminum dichlorohydrol, aluminum ethoxides, tris[2,2,6,6-tetramethyl-3-3,
heptanedianoto]aluminum-ITI[A{(TMHD)3], aluminum alkyls such as trimethyl
aluminum, triethyl aluminum, and triisobutyl aluminum, aluminum acetate, aluminum
20 nitrate, aluminum propoxide, gallium acetylacetonate, manganese acetylacetonate,
magnesium acetylacetonate, chromium acetylacetonate, iron acetylacetonate, and

lanthanide acetylacetonate.

In one specific embodiment, the crystalline microporous oxide is preferably
calcined by methods known in the art before contacting it with a promoter precursor

25  that may include, but is not limited to aluminum acetylacetonate, aluminum




,lanthani de acetylacetonate. In one specific enbodinment, the crystalline

m croporous oxide is preferably calcined by methods known in the ar § 4Boies
contacting it with a promoter precursor 25 that nmay include, but is not
limted to al um num acetyl acet onate, al um num 24FEB2005 - 11 i sopropyl oxi de,
al um num hexaf | uor oacetyl acet onat e, al um num di chl orohydrol, al um num

et hoxi des, tris[2,2,6,6-tetranethyl-3-5, heptanedi anoto]al um num

I'TI[A (TVHD) 3], alum num acetate, alyfginumnitrate, alum num propoxide,
magnesi um acet yl acet onate, chrom um acetyl acetonate, iron acetyl acetonate, 5
manganese acetyl acetonate, gallium acetyl acetonate, and | anthani de

acetyl acetonate, which upon activation, formthe pronoter netal conpounds.
The promoter netal conpound is activated by heating the crystalline

ni cr opebpipylosiide/ Numiming hera Aeoroacetyticetonate, hlunbisunedichidrobydrbb0C and about
550C. The heating step deconposes the pronoter precursor into a residual

or gani glutfinmordthoxides\dria[ 2,2 6rtetetranmeth gl 3-So heptanediaheto]dlsminwper sed i n t he
non-framework portion of the crystalline m croporous oxide,  The resulting
act i valldAlETYBIR), ], alimimuor agetato alunlinem rduatgl gumisumRiepakidéan t hen be
conbined with a suitable matrix, material and ysed as a catalytst. In this
enbodi magnesiwg anctrlaceterate, dremivmacatrlacetonate, iRy aFLYIpcet8RRCe mhodi ment, t he

crystalli ' i de. i | it f bl . '

pr o wn&%&%‘a%%&?zfc%‘t‘%}aﬁﬁg@?pﬁffﬁ@%?@f%&b}r@mt%ﬁ ifBan e e ARG i um
oxi de onot er tal. coppo L um ' h I fi

embod R Vil FRAL I Bba Rt BTk PbOfads o or oty “balci ned by

met hods known in the art before contacting it with the pronoter precursor

f?’t in N9 e PrMbt hahK¥mpoitd RRcRvaled By ntatiakkié erystiflingle. but are not

microporous oxide/promoter precursor mixture to between about 150°C and about
550°C. The heating step decomposes the promoter precursor into a residual organic

10  portion and a promoter metal compound that is dispersed in the non-framework
portion of the crystalline microporous oxide. The resulting activated crystalline
microporous oxide catalyst component can then be combined with a suitable matrix
material and used as a catalytst. In this embodiment the preferred promoter precursors
inciude In one embodiment, the crystalline microporous oxide is a zeolite, preferably

15 Y zeolite, and the promoter precursor is aluminum acetylacetonate, resulting in an

aluminum oxide promoter metal compound of aluminum oxide.

In another specific embodiment, the crystalline microporous oxide is preferably
calcined by methods known in the art before contacting it with the promoter precursor
comprising an aluminum alkyl. Suitable aluminum alkyls include, but are not limited

20  to trimethylaluminum, triethylaluminum, tri(t-butyl)aluminum, tri(i-butyl)aluminum.
In this embodiment, the promoter metal compound is activated by contacting the
crystalline microporous oxide/promoter precursor mixture with an oxygen containing
material. Suitable oxygen containing materials include, but are not limited to air,
oxygen gas, water, and alcohols such as methyl alcohol, ethyl alcohol, isopropyl

25  alcohol, and butyl alcohol. The oxygen-containing material reacts with the aluminum



,20 to trinethylalum num triethylalumnum tri(t-butyl)alum num
tri(i-butyl)alumnum In this enbodi nent, the pronoter netal cmmmﬁﬁ%%m%
activated by contacting the «crystalline m croporous oxide/pronoter
_precursor mxture with an oxygen containing material. Suitable oxygen
containing materials include, but are not limted to air, oxygen gas,

wat er, and al cohols such as nethyl al cohol, ethyl alcohol, isopropyl 25

al cohol, and butyl al cohol. The oxygeﬂ%containing material reacts with the
alum num 2 4 FEB 2005 -12 alkyl, thereby activating the pronoter metal
conmpound by form ng al um num oxi de and a residual organic portion. The
reaction step deconposes the pronoter precursor into a pronoter netal
conpound that is dispersed in the non-framework portion of the «crystalline
m cr opaliolistherebgeactindting the pronesterimatal eogpouad yrforming dlaminem dade enoved 5
I f necessary as described above. The resulting activated crystalline

m cr opendagesidnaleorganicaporsionc (Trhscmmttorbsicp tdeompeses dhd prsdoigy PrECArsni t abl e
matrix material and used as a_catalytst. Preferably, the_ pronoter t al
conpr i &6 aprematenmetl compoyngdhatis dtﬁ@erseddn ShoRerSTans WerkcRAfHn 4 HE

i T BTN R L
oxi Be. StisEsary 8 denaittotne Bo 1t renBht '&ﬁf‘xﬁss%t het@&ﬁ?t@' Léﬂ%i?ﬁr@ prigg”" °=°
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non-con cat yst en passe a process unit
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catal yst conposition, although other catal yst

onmbﬁo;ﬁﬁgumlqelc@h@rmgaaeohﬁcorporat ed into the catalyst. Preferably,
the matrix material conprises about 40 to about 99 W% nore preferably

from about 50 to about 80 wt % of the catal yst based on the total
The product of the process of the preceeding paragraph comprising crystalline

10 microporous oxide material and promoter metal compound incorporated into the non-
framework portion of the crystalline microporous oxide material can be added to an
inorganic oxide matrix material as described above to form a catalyst, preferably to
form a fresh non-contaminated catalyst. The catalyst is then passed to a process unit

for suitable use as described below.

15 The matrix material may constitute the balance of the final catalyst

. composition, although other catalyst components and materials can be incorporated
into the catalyst. Preferably, the matrix material comprises about 40 to about 99 wt%,
more preferably from about 50 to about 80 wt% of the catalyst based on the total
catalyst weight. It is also within the scope of the invention to incorporate into the

20  catalyst other types of microporous oxides, clays, and carbon moenoxide oxidation
promoters. The catalyst of the present invention is preferably fresh when passed into
the cracking process, that is, it is substantially free from the metals that may
contaminate the catalyst during a catalytic cracking process. Such metals include but

are not limited to, nicke!, vanadium, sodium and iron.




_catalyst weight. It is also within the scope of the invention to incorporate
into the 20 catal yst other types of m croporous oxides, clays, and garfFpgnys
nonoxi de oxi dation pronoters. The catalyst of the present invention is
_preferably fresh when passed into the cracking process, that is, it is
substantially free fromthe nmetals that may contam nate the catal yst during
a catalytic cracking process. Such netals include but are not limted to,

ni ckel , vanadi um sodiumand iron. 2 44FEB 2005 -13 The catal ysts of the
present invention can be used is various petroleumand chem cal processes,
particularly those in which dehydrogenation of paraffins is desired. For
exanpl e, they can be used to catalyze reactions in fluid catalytic

cracki ng, hydrocracki ng, and isonerization. The pronoter netal conpound
sorbs to 5 tThe catlgitglofitheprasentipoenticn cati beeuss isivanioaf petreleuat ahdst i n such
a manner as to pronote the dehydrogenation of paraffins and napht henes.

Pr ef er ahkmicd] proeespes, paftiodarlathose omwhichedehydrogerfatios of pamaffimsist of the
paraffins having contacted the crystalline mcropaoraous oxide, The ol efins
are t haksisedt Epnpramplentheytcan bensgd dasntabyzegaactiansin fhud satalaic ol efi nic
nDIecuIes,,aanfronath nq%fcules,in ragj os desired ffr fuel s, 10, products.
Flui d cHcking,hydsecrarking, ard isemerizationn Toepramgrersastel sRMpRYRdFIEmidiI's to
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jne)eds aa&@csﬁv;ergdnge ihs 9@35‘5%58@%%1?%'3{;]&51195 RRYAE desivkdd theakouslaRout 230G,

comon ove about poi nts“of up to about 620C.

Typrcalm@aspdtbhs okide! Ukl slefias @R thel PréfetdBly BOEVEred iaes sibller paaffum gas oil,
and coker ‘gas oils. As appreciated by those of ordinary skill in the art,
such hygdsleealeboslefinic molecules, and aromatic molecules in ratios desired for fuels

10 products.

Fluid catalytic cracking is used to convert high boiling petroleum oils to more
valuable lower boiling products, including gasoline and middle distillates, such as
kerosene, jet fuel and heating oil. Typical feeds to a catalytic cracker have a high
boiling point an include residuum, either on its own, or mixed with other high boiling

15 fractions. The most common feeds are gas oils with an initial boiling point usually
above about 230°C, more commonly above about 350°C, with end points of up to about

. 620°C. Typical gas oils include straight run (atmospheric) gas oil, vacuum gas oil, and
coker gas oils. As appreciated by those of ordinary skill in the art, such hydrocarbon
fractions are difficult to precisely define by initial boiling point since there are so

20  many different types of compounds present in a petroleum hydrocarbon fraction.
Hydrocarbon fractions in this range include gas oils, thermal oils, residual oils, cycle
stocks, topped and whole crudes, tar sand oils, shale oils, synthetic fuels, heavy
hydrocarbon fractions derived from coking processes, tar, pitches, asphalts, and

hydrotreated feed stocks derived from any of the foregoing.



.fractions are difficult to precisely define by initial boiling point since
there are so 20 many different types of conpounds present in a petrpod epiniis
hydr ocarbon fraction. Hydrocarbon fractions in this range include gas oils,
.thermal oils, residual oils, cycle stocks, topped and whol e crudes, tar
sand oils, shale oils, synthetic fuels, heavy hydrocarbon fractions derived
from coki ng processes, tar, pitches, asphalts, and hydrotreated feed stocks
derived fromany of the foregoing. 24F&Z32005 -14 Fluid catal ytic cracking
units will typically contain a reactor where the feedstock contacts a hot
powdered catal yst heated in a regenerator. Transfer |ines connect the two
vessel s for noving catal yst particles back and forth. The cracking reaction
will 5 preferably be carried out at a tenperature from about 450 to about
680C, nmore preferably fromabout 480 to about 560C, pressures from about 5
to 60 psig, nore IS preferably fromabout 5 to 40 psig; contact tines

(cat al yst i nFhudrcatiytig ancklégumts)mﬁmwa ®ntain areatepwhere thefeedstacker abl y
about 1 to 6 Sﬁfonds a catal yst. to oil ratl out 0.5 to 10, nore

Ere}‘ er abPRLa¢ts 3 oawawﬁeze etalysthga rlﬂﬁg‘eg‘?@r@P%c lrawaferrib 1¢s coprect the o ;
non- vor $EEE 196 R el tcteS ity o R G AFRR FedoRn . "
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build up on the catalyst, e actirvit tal yst for acki ng and the

Sel Ct I Ei‘éf‘draﬁf y frbf aﬁuabxtéuofpa{ : RORABETiMES (caBiftlih Bentatewtth TeedicTakoar €
ed. The catal yst particles can recover a major proportion of their

Or i gi naD Setot § vdeicyndly, meeprefeeablp sboutfl toléesedopndy aad hanmipsius offahiio bl by
stripping and renoving the coke by a suitable oxidative regeneration.
Consequebouty).5 to 10, more preferably from about 2 to 8.
10
During the cracking reactions, lower boiling products are formed and some
hydrocarbonaceous material and non-volatile coke are deposited on the catalyst particles.
The hydrocarbonaceous material is removed by stripping the catalyst, preferably with
steam. The non-volatile coke is typically comprised of highly condensed aromatic
15  hydrocarbons. As hydrocarbonaceous material and coke build up on the catalyst, the
activity of the catalyst for cracking and the selectivity of the catalyst for producing
. gasoline blending stock are diminished. The catalyst particles can recover a major
proportion of their original activity by removing most of the hydrocarbonaceous material

by stripping and removing the coke by a suitable oxidative regeneration. Consequently,

20  the catalyst particles are sent to a stripper and then to a regenerator.

Catalyst regeneration is accomplished by burning the coke deposits from the
catalyst surface with an oxygen-containing gas such as air. Catalyst temperatures during
regeneration may range from about 560°C to about 760°C. The regenerated catalyst

25 particles are then transferred back to the reactor via a transfer line and, because of their

heat, are able to maintain the reactor at the temperature necessary for the cracking




.20 the catalyst particles are sent to a stripper and then to a regenerator.
Catal yst regeneration is acconplished by burning the coke deposits iz?@h%mﬁ
catal yst surface with an oxygen-containing gas such as air. Catalys '
_tenperatures during regeneration nmay range from about 560C to about 760C.
The regenerated catal yst 25 particles are then transferred back to the
reactor via a transfer line and, because of their heat, are able to

mai ntain the reactor at the tenperatuijg necessary for the cracking 2 4 FEB
2005 -15 reactions. Coke bumoff is an exotherm c reaction; therefore, in a
conventional fluid catalytic cracking unit with conventional feeds, no
additional fuel needs to be added. The feedstocks used in the practice of
the present invention, primarily because of their |ow levels of aromatics,
and al seadtivast & okhdburrebf is walexothermic racticrs therefore, inm ddmyenvemal dluid or
transfer |line, may not deposit enough coke on the catalyst particles to
achi ev&atahgic ¢raelang anit withrpenventionel fepds, me addijionel firebneedsrorbstagded. it may be

e odkdk i giend ttormotte i o eBL Vi, PHR DRCRBRLTHH o ho
adai 1 SRSIETRIEpFpeboialies At aig Sue & s selhuc3hat poptact dies e RaCHF ocess
| sofer i SESfe line:HRay ABFadtshbulen, cdi¥forttie, GRS pRORIE G hiE  the

of ¢ he "EcessERcRpetitftts MMM AEBIANE ML ol SERRRF B &P L ocess
typi caladditiomel fifel fo g vidY RCRA8& tendferdtuded in MRS RgBAGhRT 3Btie aktglyst 4- 6 carbon

at ; and aromatics such as xylene. The preferred chargestock is conprised
of "Par gfattidiecrenyrdinciarthe neactoriré heteryughub anestain hernrakdsg rdactiamse sion-
heptanes, etc. Isonerization conditions include tenperatures from about 80C
t o abouimiBifgECxampifsarfnitablecradditmnalifuel diidecC260&:s roprths satabytic om  about 0

to 1,000 psig, peferably fromabout 0 to 300 psig; a liquid hourly space
vellBci teyacking process itself, natural gas, and torch oil. The C,- gases are preferred.

Isomerization is another process in which the catalysts of the present invention
can be used. Hydrocarbons which may be isomenized by the process of the present
invention include paraffinic and olefinic hydrocarbons typically having 4-20, preferably

15  4-12, more preferably about 4-6 carbon atoms; and aromatics such as xylene. The
preferred chargestock is comprised of paraffinic hydrocarbons typified by butanes,

. pentanes, hexanes, heptanes, etc. Isomerization conditions include temperatures from
about 80°C to about 350°C, preferably from about 100°C to 260°C; a pressure from
about 0 to 1,000 psig, peferably from about 0 to 300 psig; a liquid hourly space velocity

20 of about 0.1 to 20, preferably about 0.1 to 2; and a hydrogen rate, in standard cubic feet
per barrel of about 1,000 to 5,000, preferably from about 1,500 to 2,500. Operating
temperatures and catalyst activity are correlated with space velocity to give reasonably
rapid processing of the feedstock at catalyst deactivation rates which insure maximum

on-stream time of the catalyst between periods of regeneration.



.20 of about 0.1 to 20, preferably about 0.1 to 2; and a hydrogen rate, in
standard cubic feet per barrel of about 1,000 to 5, 000, preferaM)nggymM
about 1,500 to 2,500. Operating tenperatures and catal yst activity are
_correlated with space velocity to give reasonably rapid processing of the
feedstock at catal yst deactivation rates which insure maxi rum on-stream
time of the catal yst between periods of regeneration. 24FEB2495 -16 The
catal ysts of the present invention mayg.al so be used in hydrocracking
processi ng. Hydrocracking i ncreases the overall refinery yield of quality
gasol i ne- bl endi ng conponents. Hydrocracking can take a relatively

| ow-quality gas oil feed that 5 otherwi se would be blended into distillate
fuel and converts it, in the presence of hydrogena and an appropriate
catalyst in fixed-bed reactors. Typically, the feedstock is m xed with

hydr ogen vaﬁ_l%rg, heated to about 140C to 400C, pressurized to about 1,200 to
3,500 psi, tadysieaf the piesont invention maysdsa be usadandiydpenackingt o 50% of t he

f eedst ock r.eackfyto renove nitrogen an SL%Ifur C unds that.inhibit the

cracki REPGEENBEi Shydregtacking inpirases veaﬂbm P, iSi ok 8Ualiy g258lingam 1 rom t he
and | | Dlfegme, SrBBohEs.. o cpdting 80 el Ve Ralof SRR Bsbudaed fal " °"°°
S PR Al He RedRO R B AL SR8 BRGERL T B EfkseRLEGE U S wher el n

addi ti onal gasoli ne- cofrponent’s "an ydriocrac € are produced.
15 They, Bx‘b%@h' | i t efﬁ@w owi ng
Exanpl eg t Mat A W&fbg@ﬂgﬁ%ﬁﬁ?%ﬁ?gﬁ% %geﬁ?fesht i“on. lg" fEH)%AfF\e/P I%é%1 ﬂét andard
MATt eghiged Qvith hydi‘bgérpﬁ’é“ﬁdthéaYed bouBIMCLARPC, Blesi@ifd tdrabeit 1 bhoee
se ate comercialTy avai lable crystalline mcroporous oxides: USY
(obTai 18,500 psi, and charged to a first-stage reactor where about 40 to 50% of the feedstock

reacts to remove nitrogen and sulfur compounds that inhibit the cracking reactions and

10  make lower quality products. The stream from the first stage is cooled, liquefied, and
run through a separator where butanes and lighter gases are taken off. The bottoms
fraction is passed to a second-stage reactor a cracked at higher temperatures and

pressures wherein additional gasoline-blending components and a hydrocrackate are

produced.

15 The invention will be further understood by reference to the following

Examples that illustrate embodiments of the invention.

EXAMPLE 1
Standard MAT tests (e.g., microactivity test, ASTM # D3907-8) were run on
three separate commercially available crystalline microporous oxides: USY (obtained
20 from W.R. Grace, Davison Division, as Z14USY or UOP as LZY 82 or LZY 84); LZ-
210 (available from Katalystiks, Inc.); and calcined rare earth exchanged Y (CREY,
available from W.R. Grace, Davison Division). Prior to running the MAT test, the
crystalline microporous oxides were combined with matrix material {Ludox, available

from DuPont) and steamed at 1400°F for 16 hours to produce a cracking catalyst.



.20 fromWR. Gace, Davison Division, as Z14USY or UOP as LZY 82 or LZY 84);
LZ 210 (available fromKatalystiks, Inc.); and calcined rare eart @ 4bdnibiged
Y (CREY, available fromWR Gace, Davison Division). Prior to running the

_MAT test, the crystalline mcroporous oxides were conbined with matrix
mat eri al (Ludox, available from DuPont) and steaned at 1400F for 16 hours
to produce a cracking catalyst. 2 4 FEB 2005 -17 Each catal yst tested
conprised 20 wt % zeolite and 80 W% npj.rix material. The results are
indicated in Table | below Table 1 5MAT Resul t sUSYLZ- 210CREY
i conversion(w % 400F m nus)42.547.764.1 H2 (w % 0. 01130. 01860. 0064 C
(wt9 1.4801.8911. 760 10Surface Area (nR/g) 200189130 Pore Vol une
(cnB/g)0.4390.0230. 254 Unit Cell (A)24.2124.2424.51 EXAMPLE 2 The
cr yst aBacheatalyst testecbosmprisatb20 st Exenife End SGovtds metrik materialk cHamged 15
according to the nmethod of cation exchange in zeolites as described in A
Dyer, resultsmroindieated in dableol belewwbl ecul ar Si eves, Chapter 6, "Zeolites as
| on Exchangers”, John WIley & Sons, 1988, which chapter is incorporated
herein by reference. After the crystalline m croporous oxides were ion
exchanged, they were conbi ned vvithslgﬁis;ix material and steamed as in
EXAMPLE 1, and run according to a d MAT 20 test. The results are
shown in Table 2. 2 4 FEB 2005

5 MAT Results USY LZ-210 CREY

. conversion(wt%, 400°F minus)  42.5 47.7 64.1
Hy (wt%) 0.0113 0.0186 0.0064
C (wt%) 1.480 1.891 1.760

10 Surface Area (m2/g) 200 189 130
Pore Volume (cm3/g) 0.439 0.023 0.254
Unit Cell (3) 2421 24.24 24.51
EXAMPLE 2

The crystalline microporous oxides of EXAMPLE 1 were metal ion exchanged
15 according to the method of cation exchange in zeolites as described in A. Dyer, An

. Introduction to Zeolite Molecular Sieves, Chapter 6, “Zeolites as lon Exchangers”,

John Wiley & Sons, 1988, which chapter is incorporated herein by reference. After
the crystalline microporous oxides were ion exchanged, they were combined with
matrix material and steamed as in EXAMPLE 1, and run according to a standard MAT

20 test. The results are shown in Table 2.



.-18 Table 2 MAT Resul t sUSYLZ- 210CREY + Al12(B+ A1203+ A1203 5conversjon
(Wt % 400F minus)29.838.551.1 H2 (w % 0. 00470. 00550. 0056 C 2 4 FEB 2005
(W% 1.1191. 7371.516 Surface Area (nR/g)194172161 Pore Vol une
.(cnB/g)0.3460. 3140. 318 10Unit Cell (A)24.2524.2224.36 15 0 The results

I ndicate that the netal ion exchanged crystalline m croporous oxides have a
significant reduction in conversion to product conpared to the non-
exchanged crystalline m croporous oxi q]%s of EXAMPLE 1. This indicates that
the metal ion exchange procedure results in the | oss of effective netal
cation sites of the non-framework portion of the crystalline m croporous
oxides in that the bal ance between Brensted sites and Lew s sites is not
favorable for the desired activity. EXAMPLE 3 Standard MAT tests were run on
three separate commercially avail ablBableystal | i ne m croporous oxides: rare
earth exchanged CREY (RECREY) made by 20 exchanging a portion of the CREY of
Exanple 1 with a rare earth ion solution by the nethod of er; hydrogen
cal ci neMATResslst h exchanged Y PHOREY) made byLZeXbhangi Ye
approximately 4 wt% Na+ of the CREY with NH4+ according to the method of
Dyer; and ul trastabilized cal ci nédA@dhanged ratAlbidy h YHAREREY) made

5 conversion (wt%, 400°F minus) 29.8 38.5 51.1
Hy (wt%) 0.0047 0.0055 0.0056
® cww 1.119 1.737 1.516
Surface Area (m2/g) 194 172 161
Pore Volume (cm3/g) 0.346 0.314 0.318
10 Unit Cell (&) 2425 24.22 24.36

The results indicate that the metal ion exchanged crystalline microporous
oxides have a significant reduction in conversion to product compared to the non-
exchanged crystalline microporous oxides of EXAMPLE 1. This indicates that the
metal ion exchange procedure results in the loss of effective metal cation sites of the

15 non-framework portion of the crystalline microporous oxides in that the balance

. between Bransted sites and Lewis sites is not favorable for the desired activity.

EXAMPLE 3
Standard MAT tests were run on three separate commercially available |
crystalline microporous oxides: rare earth exchanged CREY (RECREY) made by
20 exchanging a portion of the CREY of Example 1 with a rare earth ion solution by the
method of Dyer; hydrogen calcined rare earth exchanged Y (HCREY) made by
exchanging the approximately 4 wt%o Na* of the CREY with NH4* according to the
method of Dyer; and ultrastabilized calcined exchanged rare earth Y (USCREY) made
by calcining NH4CREY according to the method described in references 6-13 of R.
25  Szostak, “Modified Zeolites” (Chapter 5), Introduction to Zeolite Science and




by cal cining N114CREY according to the nethod described in references 6-13
of R 25 Szostak, "Mdified Zeolites" (Chapter 5), Introduction to ZeoFER&)h
Sci ence and 24EEB2905 -19 Practice, Vol. 58, Ed. by H Van Bekkum
E. M Fl ani gan, and J.C. Jansen, Elsevier, 1991. Prior to running the MAT

"test, the zeolites were conbined with matrix material (10 wt % zeolite; 30
W% Si02 as I MSIL-A-8, available fromUnimn Specialty Mnerals, Inc.; 60
wt % Si 02- A1203 nmade from a gel obtaingg.fromWR Gace, 5 Davison Division,
whi ch gives a 25 wt % A1203, Si 02- A1203 when dried and washed) to produce a
cracking catalyst. The results are indicated in Table 3. S 10 15 Table 3
MAT Resul t sSRECREYHCREYUSCREY conversion (W% 430F mnus) 45.3 50.144.0 C
(Wt 9% 1.341. 391. 33 650F+ prod. (wt 9% 32.427.432.7 Surface Area (n2/g)101129113
Unit Celdactiéd, Mol4 984Ed 5hyEHAMANB ek kit E.M . Fldregar, aaddlCi Jansen,dElegenus oxi des
of EXAMPLE 3 was blended in a separate container wth alum num .
acet y| at¥tlorRrier tormmningothe AT test, the z¢alitenwere canabipied owitl matax apgenal mat el y

1:1.4; deconposition tenperature of alum num 20 acetyl acetonate slightly
gr oat er(10niYs 220ke; 30s Sikip & IMShad-biaadable {rem Guann Specialty

Minerals, Inc.; 60 wt% SiO9-AlpO3 made from a gel obtained from W .R. Grace,
5  Davison Division, which gives a 25 wt% AlyO3, SiO»-AlpO3 when dried and

washed) to produce a cracking catalyst. The results are indicated in Table 3.

Table 3
MAT Results RECREY HCREY USCREY
10 conversion (wt%, 430°F minus) 45.3 50.1 44,0
C (wt%) 1.34 1.39 1.33
650°F+ prod. (wt%) 324 274 327
Surface Area (m2/g) 101 129 113
15  Unit Cell (&) 24.49 24.45 -

. EXAMPLE 4

Each of the crystalline microporous oxides of EXAMPLE 3 was blended in a
separate container with aluminum acetylacetonate (ratio of zeolite to aluminum
acetylacetonate approximately 1:1.4; decomposition temperature of aluminum

20 acetylacetonate slightly greater than 320°C). Each container was placed in an oven
and heated to 150°C, held for one hour, and the oven was purged with an amount of
nitrogen sufficient to flush out the potentially flammable decomposition products of
the acetylacetone decomposition. After purging, the oven was heated to 500°C, held

for one hour, and allowed to cool. The oven was then heated in air for 2 hours at




,and heated to 150C, held for one hour, and the oven was purged with an
amount of nitrogen sufficient to flush out the potentially flammab) ¢FEB 7005
deconposition products of the acetyl acetone deconposition. After purging,
.the oven was heated to 500C, held for one hour, and allowed to cool. The
oven was then heated in air for 2 hours at 2 4 FEB 2005 -20 500C. Based on
the weight of the product, it was cal cul ated that about 45 wt % of the

al um na expected fromthe anount of a_bg_m' num acet yl acetonate renai ned with
the zeolite as a result of the addition process. The zeolite containing the
added alum na was then made into catalyst as in Exanple 3 and then run
under standard MAT 5 conditions. The results are shown in Table 4. Table 4
SMAT Resul t SRECREYHCREYUSCREY + A1203+ A1203+ A1203 conversion (w% 430F
m nus) HH°CSBaeA.on the GvdightHflthe roduct, i wasTakculared that(@bot) 22 waIPoBthe. 4
Surface Area (n2/g)11881143 Unit Cell (A)-24.4324.46 The results indicate

t hat t Feduminasexpectadefromcthe momamd of alweumhacetylacetonate remmainetSwithdieel net al
conmpound for pronoti r}g dehydrogenation and Lewis acidity show a

si gni f izgahte ana resulieofithe gdaitiongiresesso Thewsolifeecontaiaing theaddsdadumina he

non- net al added ¢rystall iyne m CﬁOpOI‘OUS oxi des of s indicates

MPLE 3. Thj
that tH¥asiagnmagle inge catalyshas d) Exanplsuhand thengygam Fh%taﬁgwﬂgif ef fective
nmetal cati,on sites of the non- fr rk portion of the crystalline
i ¢ JopdRoduIR: date 1ERul FrErTASS TaRIAM i on of

Table 4
@ MATResults RECREY HCREY USCREY
+AlO3 +ALO3 + AbO3
conversion (wt%, 430°F minus) 55.2 58.2 60.8
10  C(wt%) 1.63 1.57 1.65
650°F+ prod. (wt%) 22.6 19.3 17.4
Surface Area (m2/g) 118 81 143
Unit Cell (&) - 24.43 24.46

The results indicate that the crystalline microporous oxides which contain the
15  added metal compound for promoting dehydrogenation and Lewis acidity show a
. significant increase in conversion to gasoline product compared to the non-metal
added crystalline microporous oxides of EXAMPLE 3. This indicates that the addition
of the metal compound increased the number of effective metal cation sites of the non-
framework portion of the crystalline microporous oxide. In other words, addition of
20  the metal compound resulted in a significant increase in Lewis acid sites. This is also
shown in Table 5 below by direct determination of the number of acidic sites per gram

of catalyst.

If after steaming as in Example 3 hereof, pyridine is adsorbed onto the
catalysts, then heated to 250°C under vacuum to desorb any pyridine from the more

25  weakly acidic at non-acidic sites, infrared spectroscopy can be used to measure the




20 the nmetal conpound resulted in a significant increase in Lew s acj
“sites. This is also shown in Table 5 bel ow by direct determ nation 2)\4 FEB Q005
nunber of acidic sites per gram of catalyst. If after steanming as in
. Exanpl e 3 hereof, pyridine is adsorbed onto the catalysts, then heated to
250C under vacuumto desorb any pyridine fromthe nore 25 weakly acidic at
non-acidic sites, infrared spectroscopy can be used to neasure the 24FEB2005
-21 relative amounts of pyridine adsopped as the pyrindiniumion onto
Bronsted acidic sites, and the anount sorbed as coordinated pyridine on the
strong Lewis sites. Wien this is done on the catal ysts as desorbed, the
follow ng band intensities of the adsorbed pyridine on the three catalysts
is observed. 5 In Table 5 there are three different materials: 1) RECREY, a
r ar e- eaelativeaxedhang of pyddinetadsofbetiize the\byrindindiriien bureBrotisted acidiche
starting material for the next two sanples of this table. 2) RECREY + added
al uni nzsites, aridsthe asaopit sodfedtdsecoorbOREY yvidiie o the strongal énaris ditesn Vbiered by
the met hods taught herein, as effective_ added alum na. 3) RECREY + added
al uni nahis|ig dopg oa tba@ptamﬁs a&dﬁommef adlovangbasd uaueuwm&ombe aiserbesddded in
a vvay that,.is not fect| ddltlonal Lew s acid. The nethods taught by
ingpn ghe thrag gata Stsdﬁ %%{nga s 148, 213-223 (1994), and
referenced therein] and G L. Prlce et al. [Journal of Catalysis 148, 228-

chasact or i 108 LDIE BADAREHTE T SHACISHT BAAGHIN y ThRECREY o8 riisralty é%’ougm to
desor pr O REH AU P&}ﬂael?é"fﬁﬁ@&%%? TR e ST BB {F L 17
2 @2y enpaé‘?%%?ﬁﬁﬁz‘aﬁbéé SO REGREY §afed At I, 1s AS8AR O Phe” " ¢
Br onst eREERE Y eyivhidlEaMinfinh Bas bddrPadRABY heGhethdiisltdught Beﬁmra@.?eiﬁéu&é

added alumina. 3) RECREY + added alumina -II, is a sample of the RECREY to

10 which alumina has been added in a way that is not effective as additional Lewis acid.

The methods taught by R.J. Gorte, et al, [Journal of Catalysis 148, 213-223
(1994), and referenced therein] and G.L. Price, et al. [Journal of Catalysis 148, 228-

236, (1994)] are used to quantitatively determine the total acidity, characterized as
both the amount of strongly acid sites (strong enought to effect n-propylamine to
15 decompose to propylene and ammonia upon thermal desorption) and weakly acid sites
. (acidic because it will interact with n-propylamine at 50°C to retain the amine, but will
desorb the n-propylamine as the temperature is raised). This determination measures
both the Bronstad and Lewis acid sites. The measure of acidity is expressed as
milliequivalents of acid per gram of material (each millimole of amine is counted as

20  reacting with one millimole of acid sites).




_mlliequivalents of acid per gramof material (each mllinole of amne is
counted as 20 reacting with one millinole of acid sites). 2 4 F E B 2bif2005
-22 Tabl e 5 RECREYRECREY +RECREY+ Added A120Added A1203 Total A1203

. (wt. 9 19.730.527.0 5Strong Acidity, MEQV/ (0.460.380.40 Weak Acidity,

MEQV/ 2. 642.992.59 Total Acidity, MEQV/ G3.103.372.99 0 Table 5 shows that
only in the case of the effectively added alumna (1) is the weak acidity

i ncreased, along with the total acidi$y. The other exanple (Il1) shows that
10 sinply increasing the anount of alum na does not necessarily increase the
acidity. Each of the zeolite sanpl es described above are used to prepare
catal ysts as described in Exanple 3, and then these conposite catal ysts are
steanmed to deactivate themat the same conditions described in Exanple 3. A
portion of each catal yst sanpl e wasTabks pressed into a thin disk. Each disk
15 was wei ghed and its' diameter and_thi ckness measured. Each di sk was then
placed in 5 a vacuum chamber aREGREYed (RECREN® any wlRBEREY 3t her sorbed

gases. It was then cooled to 50C and exposge ri di ne vapo a short
period. The sanple was then hel d in vacu@&-"@v—g er al Mﬁ ts
i nfrar p ai ned, par IarI y ef ween 14000m d 1600cm . The
sanpl eerd\%é1 Aﬁﬁ;’u&@a@’éd to 250C heI d fo”?) 0 several , and the
spegt r %Wo‘ﬁ%sAﬁgﬁ&m?/@ed Th'0346 ncr eas%g enperat ure EU'QO
Weak Acidity, MEQV/G 2.64 2.99 2.59
. Total Acidity, MEQV/G 3.10 3.37 2.99

Table 5 shows that only in the case of the effectively added alumina (I) is the
weak acidity increased, along with the total acidity. The other example (II) shows that

10  simply increasing the amount of alumina does not necessarily increase the acidity.

Each of the zeolite samples described above are used to prepare catalysts as
described in Example 3, and then these composite catalysts are steamed to deactivate

them at the same conditions described in Example 3.

A portion of each catalyst sample was then pressed into a thin disk. Each disk
15 was weighed and its’ diameter and thickness measured. Each disk was then placed in
. a vacuum chamber and heated to remove any water or other sorbed gases. It was then
cooled to 50°C and exposed to pyridine vapor for a short period. The sample was then
held in vacuum for several hours and its infrared spectrum obtained, particularly
between 1400cm™ and 1600cm™. The sample was then heated to 250°C and held for
20  several hours, and the spectrum was again obtained. This increased temperature and

high vacuum removed any pyridine that was physically sorbed.

The infrared spectrum between 1400cm’' and 1600cm™' was measured on the

material before the pyridine sorption and the spectrum was subtracted from the




hi gh vacuum renoved any pyridine that was physically sorbed. The infrared

" spectrum between 1400cnt’ and 1600cm 1 was neasured on the materiab joEfpong
the pyridine sorption and the spectrumwas subtracted fromthe 2 4 FEB 2005
.-23 spectrum of the sanple containing the pyridine. The resulting spectrum
was that due to the pyridine interacting with the acidic sites of the
catalyst. In this spectral region, peaks at 1540cm1 to 1550cm 1 were
assigned to the pyridine that is coopglinated to the protons from Bronsted
acid sites. Peaks between 5 1440cnml to 1460cm 1 were assigned to pyridine
with which the pair of electrons on the nitrogen were interacting with the
el ectron accepting sites (Lewis Acids) of the S solid. In this spectral
region 1440cm 1 to 1660cm 1 ot her bands between 1480cm 1 and 1500cm 1 are
due t o spectpimaifithe samplereonisinafg therpydidiee. sSThdestultinghspeactrBrowas ¢hiat dued Lewi s
sites. 10 For the steaned, conposite catalysts made with the zeolites shown
i n Tablte the pyridinean®radtigswithahe¢ acidirssiteisod thheatalysti f or t he bands due to the
presence of Bronsted and Lewis sites on the catalysts. Table 6 15 0 RECREY
RECREY + ADA RECREY + ADA. I Il Band intensitjies duge to: (abs. upits/gram
20 Bronst ed Igithisspgotralyegton, P@%\]iissat,ﬂlcﬁ“gcgimt@slsfﬁécﬁbﬁwétﬁ W%@ﬁr@é ts show

the effectjve addition. i .0
pan ine that (1js (Ecl)o(% m%];e trc])I tﬁerlra%t%lns %&)ﬁ%lf'gr?stgg ggld's?t%g.eﬁtsegks between

5 1440cm™ to 1460cm™ were assigned to pyridine with which the pair of electrons on
the nitrogen were interacting with the electron accepting sites (Lewis Acids) of the
. solid. In this spectral region 1440cm’™ to 1660cm™ other bands between 1480cm™
and 1500cm™ are due to combinations of bands of pyridine sorbed on both Brensted

and Lewis sites.

10 For the steamed, composite catalysts made with the zeolites shown in Table 5,
Table 6 lists the intensities observed for the bands due to the presence of Bransted and

Lewis sites on the catalysts.

Table 6
15
. RECREY RECREY +ADA RECREY +ADA
1 I
Band intensities due to:
(abs. units/gram)

20 Brensted sites 22 33 33

Lewis Acid sites 55 104 60

These results show the effective addition of this metal compound does increase

the Lewis acidity of the active catalyst.



the Lewis acidity of the active catalyst. 2 4 FEB 2905 -24 Having now fully
“described this invention, it will be appreciated by those skill edzrj' e RORs
art that the invention can be perforned within a wide range of paraneters
W thin what is claimed. i 0 24FEB2005 -25 i 0 Wat is clainmed is: 1. Afluid
catal ytic cracking process conprising: contacting a feedstock at fluid
catalytic cracking conditions with a fresh catalyst conprising: (i) a
matrix material; (ii) a crystalline mgroporous oxide incorporated into said
matrix material, said crystalline m croporous oxide conprising a
non-framework portion and having a unit cell size, said non-framework
portion conprising a pronoter nmetal conpound incorporated only into the
non-framewor k portion of the crystalline mcroporous oxide, wherein the
pronoter nila¥ingnowdulls descrivedathiminvemiomipoulth de apgretistsd botthssebst anti al |y
increase the unit cell size of the crystalline mcroporous oxide. 2. The
pr oces skiied gh dierart thdtdhe inventien can degierformedi withipar wide mngdefi s a zeol ite.
3. The process of claim2 wherein the crystalline mcroporous oxide is X or
Y zeol ppameters witkingvbatds slasmed] ai m 3 wherein the crystalline nicroporous
oxide is Y zeolite having



a unit cell size equal or greater than 24.30 A 5. The process of claim3
wherein the crystalline mcroporous oxide is Y zeolite having a g FFR&INY
size equal or greater than 24.40 A. 6. The process according to claim1
wherein said crystalline mcroporous oxide is selected fromthe group
consisting of zeolites, tectosilicate tetrahedral al um nophosphates, and
tetrahedral silicoal um nophosphates. 7 The process according to claiml
wherein said crystalline mcroporous oxide is a zeolite and wherein said

t he pronoter neﬁal fpnpound i's alum num oxide. 8 A fluid catalytic cracking
process c g Eont acting a feedstock at fluid catalytic cracking
conditions with a fresh catalyst conprising: (i) a matrix materi al
24FEB2005 -26 (ii). . a Y zeolite incorporated into said matrix material, said
Y zeol i t e leonprh Byif gatalytiqesackingpreasesempEtitg on and having a unit cell size

greater than ab@hhetd abdfockSRiHidRMAytiE Eﬂ%\{%ﬁdia@ﬁstwi&{h FQHREhISENG al um num

oxi de incorporated only into the non-franmewor portion of the crystalline

m cr opor ogsmpsigk, wherein the al um num oxi de increases Lewis acidity

wi t hout substaqhgq&ﬁgkﬁgﬁﬁgasing the unit cell size of the zeolite. 9. A
fluid catal ytic 'cracking process conprising: contacting a feedstock at fluid
cat al yti c cr acKiiyaergssalling migropongirg ¢xide ifgosminatedintel spitmatipompteriai sagt (i) a

maLr X MRt S e Clilrbp o okt BT GHARREANS. BKIc Snd REMAGALER TNto sai d
matrix material, salg)crys al'rine ﬁicroporous XI 0e conpritsing a

non- f r amewize Jsajdowob-famewamdt poetioh ngmprising a proedter maalzempamnid dicorporatedamiwor k

portion Y Iiﬂestfog-(i’ra%e&g&q:%}‘t%rn OFEIE %‘J‘yst%ﬁirﬂpl%lilcr}gpogo%g %}%ldg w%ferein the promoter
. metal compound is an aluminum compound and does not substantially increase the unit cell

size of the crystalline microporous oxide.

2. The process of claim 1 wherein the crystalline microporous oxide is a zeolite.
3. The process of claim 2 wherein the crystalline microporous oxide is X or Y zeolite.
4. The process of claim 3 wherein the crystalline microporous oxide is Y zeolite having

a unit cell size equal or greater than 24.30 A.

5. The process of claim 3 wherein the crystalline microporous oxide is Y zeolite having

a unit cell size equal or greater than 24.40 A.

6. The process according to claim 1 wherein said crystalline microporous oxide is
selected from the group consisting of zeolites, tectosilicates, tetrahedral aluminophosphates,

and tetrahedral silicoaluminophosphates.

7. The process according to claim 1 wherein said crystalline microporous oxide is a

zeolite and wherein said the promoter metal compound is aluminum oxide.

8. A fluid catalytic cracking process comprising:
contacting a feedstock at fluid catalytic cracking conditions with a fresh catalyst
comprising:

(i) a matrix material



I ncreasing Lewis acidity incorporated only into the non-framework portion of
the crystalline mcroporous oxide, wherein the pronoter netal cong@bufBB &}
an al um num conpound and does not substantially increase the unit cell size
of the crystalline mcroporous oxide. 10. The process according to claim9
wherein said crystalline mcroporous gide Is selected fromthe group
consisting of zeolites, tectosilicateS, tetrahedral al um nophosphates, and
tetrahedral silicoal um nophosphates. 11. The process according to claim?9
wherein said crystalline mcroporous.oxide is .a zeglite and wherein said
promot er met al (EbhpdERlte incoreratey Himsa e}emftfr'glwﬁﬁrz USOMBISIBEA | m 11

wher ei n t hgnZ@mkibR poftio akERviraQ uiA \¢tINGzergrétifdr tha@bdut 34.3@ AC&hitRhon- OF  gr eat er
than 24.30 A 13. The process of, claim 11 wherein the zeolite is Y zeolite

having a (fmewer RortignFemariting alumginuggoxide scomppraied oty Jpjo fhe non-framework

portion of the crystalline microporous oxide, wherein the aluminum oxide increases Lewis

acidity without substantially increasing the unit cell size of the zeolite.

9. A fluid catalytic cracking process comprising:

contacting a feedstock at fluid catalytic cracking conditions with a fresh catalyst
comprising:

(i) a matrix material

. (ii) a crystalline microporous oxide incorporated into said matrix material, said

crystalline microporous oxide comprising a non-framework portion and having a unit cell
size, said non-framework portion comprising a promoter metal compound capable of
increasing Lewis acidity incorporated only into the non-framework portion of the crystalline
microporous oxide, wherein the promoter metal compound is an aluminum compound and

does not substantially increase the unit cell size of the crystalline microporous oxide.

10. The process according to claim 9 wherein said crystalline microporous oxide is
selected from the group consisting of zeolites, tectosilicates, tetrahedral aluminophosphates,

and tetrahedral silicoaluminophosphates.

11. The process according to claim 9 wherein said crystalline microporous oxide is a

. zeolite and wherein said promoter metal compound is aluminum oxide.

12. The process of claim 11 wherein the zeolite is Y zeolite having a unit cell size equal

or greater than 24.30 A.

13. The process of claim 11 wherein the zeolite is Y zeolite having a unit cell size equal

or greater than 24.40 A.




