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and net hods of making and using the conposition which conprises a
crystalline mcroporous oxide having a pronoter nmetal conpound that

pronot es dehydrogenation and increases Lewis acidity w thout increasing
the unit cell size of GRESTAISLENEMICROPORDUISSOXDIE. 10 Crystalline

M croporous oxi dEATALVSES IAVING INCREASEDSLEWYS ACEDITY comer ci al
use in a variet y?mﬂ? M&%DS%QR@WPM’RAQ%%W@W S are

especially valu ecul ar si eves,
as well as for their ability to act as a catalyst. Crystalline m croporous
oxi des are particularly useful as catalysts which 15-;- . convert the

| ar ge mA@}gcgmul es of a hydrocarbon mixture into smaller nore

unsat ur s such as olefins and aromatics. Typical conversion

processes include fluid catalytic cracking and hydrocracking. To maxi m ze
thi's conver sTlos inventioasslatesan)ycasilysicoutpneptsepdrdongsosdifodshenderatihiods bf have
to be bal anced, such as pore size, pore volunme, Lews acidity, and
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by bal ancing the Bronsted acidity and the Lew s
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 Bronsted 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

catalyst, olefin forming reactions of large paraffin molecules can be more efficiently



25 acidity of the framework and non-franmework portions of the catal yst. By
bal anci ng the conposition of the framework and non-framework portions of

the crystwlgdongogsstructure, catalytic activity can be effipgtemdohgsese

optim zed. In the case of a cracking catalyst, olefin form ng reactions of
| arge paraffin nolecules can be nore efficiently WO 02/18045 PCT/ US01/ 25939
-2 coupled with the subsequent scission reactions which formthe smaller

nol ecules in the final product. SUMVARY One enbodi ment of the present

i nvention conprises a catalyst conprigiing (i) a 5 matrix material, and
(i1i) a crystalline mcroporous oxide incorporated into/with the matrix
material. The crystalline m croporous oxide conprises a non-franmework
portion and has a unit cell size. The non-framework portion conprises a

pr onot er tal und i ncorporated.only into the non-franework .portion
of t he coPplithiEe Sbscrpsl iSO Feag iontnkhish St dhe FBale ROMGIRdb does ot
substar‘t}léﬁlnlay #1 Lgase the 10 unit cell size of the crystalline m croporous
oxi de. Tn another €nbodi nent of the catalyst, the crystalline m croporous
oxide conprises a Y zeolite incorporated into the matrix material. The Y
zeol i t SUNMMWARYS @ non-framework portion, has a unit cell size greater
t han about 247 30A, and conprises alum num oxide incorporated only into the
non-framework portion of the crystalline 15 m croporous oxide, such that
t he al um nuroxenboidemaddse prasest iaveaticy chmprisksescatalyst sarbptisingi(gla y
increasing the unit cell size of the zeolite. In another enbodinment of the
cat al ygnatrixaateriphaand (e oryalbipe meigronskpeeoxide Aprarpeted e Witaimewor k
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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

microporous oxide. The promoter metal compound does not substantially increase the

10  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
aluminum oxide incorporated only into the non-framework portion of the crystalline
15  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
of increasing Lewis acidity incorporated only into the non-framework portion of the

20 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.



of increasing Lews acidity incorporated only into the non-framework
portion of the 20 crystalline m croporous oxide, such that the pronoter
met al compeudseees not substantially increase the unit qeldusizesef the
crystalline m croporous oxide. The enbodi nents of the catal yst can be used
in an FCC unit, an isonerization wunit, or a hydrocracker by contacting the
catalyst with a suitable feedstock. WO 02/18045 PCT/USO01/ 25939 -3 Anot her
enbodi ment of the present invention conprises a process for nmaking a

catal yst. The process conprises (a) captacting a crystalline mcroporous
oxide and a pronoter precursor conprising a pronoter netal capable of
formng a pronoter nmetal 5 conpound, said crystalline m croporous oxide
conprising a non-framework portion and having a unit cell size; and, (b)
heating the m xture of step (a) to a tenperature between 150C and 550C,
wherein a pronoter nmetal conmpound conprising said_ pronoter nmetal is

i ncor por at edApethyr pmbedimentodihe presemionkenfinm ¢@RPGestdprogesssiosmakieg a
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having a unit cell size 15 and the pronot precursor conprising a
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microporous oxide and wherein the promoter metal compound does 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



20 substantially increase the unit cell size of the crystalline m croporous
oxi de. Anot her enbodi nent of the present invention is a process

conpri si ngio d2ARo4sCcal ci ning a zeolite conprising a non-framwardor1peusdi on and
having a unit cell size; (b) contacting the zeolite with a pronoter

precursor conprising a pronoter netal capable 25 of form ng a pronoter

nmet al conpound, wherein said pronoter netal is selected from the group
consi sting of magnesium chromum iron, |anthanum gallium manganese and
al um num and wherein said pronoter pregursor is selected fromthe group WO
02/ 18045 PCT/ US01/ 25939 -4 consisting of alum num acetyl acetonat e,

al um num i sopropyl oxi de, al um num hexafl uoroacetyl acetonate, al um num

di chl orohydrol, al um num et hoxi des, tris[2,2,6,6-tetranethyl-3-5,
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product of 'step (b) into a matrix material, whereih a pronoter netal
conpourstetaelumimgn sitrate palomitnen propoxile)] magmsamacalykdetaye,i nto t he

non-framework pqrtion of the zeolite and wherein 10 the pronoter netal
conpourdirdoésmragetydagetanaie, iisin aceiylacatamate t gedliumi acetydddeteiate manganese

zeolite. Another enbodi nent of th resent vention i s a pr.oces
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metal is incorporated only into the non-framework paqrtion 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



cell size; and, (b) activating said pronoter netal conpound, wherein said
pronmoter netal conmpound is incorporated only into the non-framework
portion ofydRfseisystalline mcroporous oxide and wherein h/a%RY er

met al conmpound does not substantially 20 increase the unit ce si ze of the
crystalline m croporous oxide. Another enbodi nent of the present invention
is a process conprising: (a) calcining a crystalline m croporous oxide,
the crystalline mcroporous oxide conprising a non-framewrk portion and
having a unit cell size; (b) contacting an 25 alum num al kyl selected from
the group consisting of trimethylalum™um triethylal um num
tri(t-butyl)alumnum and tri(i-butyl)alumnum (c) treating the WO

02/ 18045 PCT/-US01/ 25939 -5 product of step (b) with an oxygen-contai ni ng
material to forma pronoter nmetal conpound, ,wherein the pronoter netal
conpouriFodueolrep GUIEit AR oxYEg-raRiaEHES material 4o fermg @promiole metat he
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are prefterably 1ncorpora rix material before used in a
process unit. DETAILED DESCRI PTION 10 The catal ytic activity of a
crystalline m croporous oxide, such as a zeolite, can be inproved by

ef f écti vel y Otieoephiodiments af phoprisent ime¢rtionciachulerite phatucts produesd by
dehydr ogenation and increases Lewis acidity of the crystalline m croporous
oxi de preeassesirtba presgnt inyentior. daese progucts mashoiigay meéber yst al | i ne
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material before used in a process unit.

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 crystalline

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.



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

O her catalytic or non-catal ytic conponents can al so be present in the
mat ri X madyeyjalkessThe crystalline mcroporous oxide of thi pdmywikian can be
used to catal yze the breakdown of primary products fromthe catal ytic
cracking reaction into clean products such as naphtha for fuels and

ol efins for chem cal feedstocks. The crystalline 20 m croporous oxide is
preferably selected fromthe group consisting of crystalline

alum nosilicate zeolites (hereafter zgplites), tectosilicates, tetrahedral
al um nophophates (ALPGs) and tetrahedral silicoal um nophosphates (SAPGs).
More preferably, the crystalline mcroporous oxide is a zeolite. WO

02/ 18045 PCT/ USO01/ 25939 -6 Suitable zeolites i ncl ude both natural and
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the aluminum portion can be replaced by boron, gallium, titanium or trivalent metal

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



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 fromy@2i8e¥sgani ¢ oxide sol or gel which is dried tedcgdsersdshe

catal yst conponents together. Preferably, the inorganic oxide matrix
material conprises oxides of silicon and alum num The inorganic oxide
matrix material can further conprise an active porous inorganic oxide

catal yst conmponent and an inert catalyst conponent. Preferably, each
conponent of 20 the catalyst is held tpgether by attachnment with the
inorganic oxide matrix material. An active porous inorganic oxide catal yst
conponent typically catalyzes the formation of primary products by
cracki ng hydrocarbon nol ecules that are too large to fit inside the
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surface area silica (e.g., quartz) is one type of acceptable thermal bl ank.
The ext @nicredctivityaest] AG T IDBI0B 8} uCetponndnyudf asthosedischsSddid est s such

as the VAT (mcroactivity test, ASTM# D3907-8). Conpounds such as those
di sA osetednsfeldas BeSsfaslade Indugtriad and dingineer mgnﬁah)mmﬁnaa PRndb Brdi,Meev.i ng
Chem st pp. .2573-83, Nov. 1949, are desirable. Alumna, silica-alumna
and si | 149, armﬂ@sf»@ih-réaﬁnalaesiiﬁwh&maaané Shhie-alngga-Zis N GRS y st
conmponent t&hﬁﬁl |y densifies, strengthens and acts as a protective

t her mal 2§iH inert catal yst conponent which can be incorporated into
10 the cracking catalyst of this invention preferably has a cracking

activity thapyiigef@htalyst 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, (-alumina, y-alumina, &-
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



significantly greater than the acceptable thermal blank. Kaolin and other
clays as well as a-alumna, titania, zirconia, quartz and silica are

exanpl es gl @uii@abl e inert conponents. The di screte al umpg/Neg3es9ar e
preferably incorporated into the inorganic 15 oxide matrix material.
Speci es of al um num oxyhydr oxi des-y-al um na, boehmte, diaspore, and
transitional alum nas such as a-alumna, (3-alumna, 7-alumna, 8- alum na,
s-alum na, x-alum na, and p-alum na can be enpl oyed. Preferably, the

al um na species is an alum numtrihydrcgxi de such as gi bbsite, bayerite,
nordstrandite, or doyelite. 20 In one enbodi nrent of the present invention,
the crystalline mcroporous oxide catalyst conponent includes a conpound
for pronoting dehydrogenation and increasing Lewis acidity, referred to.

herein as..a pr ter. al ¢ ound. ..The . di spersal.pof the pronoter netal
conpounttidg ST i Sk e REMR ot i Sopdeha it muBrabE0IT Th any
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crystalline mcroporous oxide material is substantially the sane. The
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in such an effective chemical state.

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.O. 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.



framework portion. Lewis acidity of the crystalline m croporous oxide is
I ncreased by 10 increasing the nunber of effective netal cation sites of

the non-f{PyRed pPortion of the crystalline nmicroporous @gfgehidigut
increasing the unit cell size. Typically, when a material 1s 1ncorporated

into the framework portion of the material the unit cell size will be

I ncreased. When the pronoter netal conpounds of the present invention are
i ncorporated into the crystalline mcorporous oxide material of the present
15 invention, the unit cell size remaigis substantially the same. Thus, the
pronotor materials are preferably incorporated only into the non-franmework
portion of the <crystalline m croporous oxide material. Cf., WO Haag,
"Catal ysis by Zeolites - Science and Technol ogy", Zeolites and Rel ated

M croporous Materials, edited by J. Wjtkanp, H G Karge, H Pfeifer, and
W Hol der i cHong/gmbodymen P@roos(ﬁeér?ééﬁ@pvssmtzmi@@m COPHSESy. 1375- 1394
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process and a final catalyst product that includes a matrix nmaterial. WO

02/ 1B04metlEnicdbagit2h639 Conthcing therpaiotenprestirsohevith theesgstslline t he present
i nvention conprises contacting, by m xing or_ by other suitable nethods, a
cryst al Migrepeross episteowmsisesihecprometer Prevuspen tordigp@sawalbin Bigprite of form ng
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Cont act é&ﬂpédﬁ% RGP 5&%&%&%‘1‘&%&%%& r&e&&%p%ﬁﬂﬁ [ i)f'd}ﬁoter precursor,
resulting in a residual organic portion and a promoter metal compound 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 wi%, 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,O3 upon decomposition/reaction. Assuming that about 55 wt% of the Al,O;

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,O3 onto 100



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 Ww® ¢2ngeysact i vat ed, preferably by deconposi ng the porramaheg93e
precursor, resulting in a residual organic portion and a pronoter netal
conpound sorbed or 10 dispersed into the non-framework portion of the
crystalline mcroporous oxide. To increase the effective nunber of netal
cation non-franework acid sites, the pronoter netal compound sorbs to the
crystalline mcroporous oxide by a liggid or gas phase reaction, such as
vapor phase transfer. 15 The pronoter precursor and crystalline m croporous
oxi de are contacted for an anount of tinme sufficient for the crystalline
m croporous oxide to retain between 40 and 60 w % preferably about 50

or oot & e e e i) ap0 Eattl ¢ Danl e AR pERGIRIRGN B Shubdl g

t he weihhin@h doBEldckip@! | i ne m croporous oxi de/ pronbter precursor mxture
20 during the activation/heating step. The crystalline m croporous oxide
and pronoter precursor are mxed in a weight ratio of crystalline

m cr opor ous i de: pr ot r rsor 1s between 10Q.15 to 100: 200,
preferably 1@%:‘%1215‘%3 %d%i@@ﬁ%ﬁung&wfeﬁaﬁmgﬁeéﬁggjdfp?{gﬁ}t contacting a
zeolsi t gjeaitfd &hﬁﬁﬂ;plﬁmgﬂ Yhaslehnah SectjlARt@atwi num acetyl acetonate wil |
yield abou}t) 15. 7% A1203 upon deconposition/reaction. Assum ng that about

55 wt % of the A1203 25 from the al umi num acet%/I acetonate di sperses into the
non- f r ameworkepesiduahorganidportionimayebe tgmovakbpepactinghi/widna suiddbland i s

retained by the zeolite, to %et 5 grans of Algri)&ont,o :IIOO \/@({; / 18045
PCT/ USOBY260 39ntaining giag i combusidhe pEzaniepemioso gy swfabla et agfn
zeol i tem%eeaga}?gls\é\natcgepatg&%? 175 grans of al um num acetyl acet onat e:
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-3-5,
heptanedianoto]aluminum-ITI[AI(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



(15 g. A1203 / (0.157 A1203/ al um num acetyl acetonate x 0.55 (percent 5
deconposition))) =173.4 grans al um num acetyl acetonate. The residua

or gani ¢ paidi2ngo438y be renoved by contacting it with a suig@hi®2esygen
contai ning gas to conbust the organic portion. Oher suitable nethods known
in the art are al so acceptable. The pronoter netal conpound is preferably
mul tival ent netal conmpound. 10 Preferably, the multival ent netal conpound
is a conpound containing a di-valent or tri-valent nmetal, preferably

sel ected fromthe group consisting of jpagnesium chromum iron, -

| ant hanum gal | i um nanganese and al um 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 500C. 15 Exanpl es of
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al um ”%[Ml@%ﬁ)ﬁ?,halﬁﬁﬁﬁﬁm%bwé, al@hHind Witraté [ d1@fRm ?kdyﬁﬂyﬁ&@ and
triisobutyl alumnum alum num acetate, alum num 20 nitrate, alum num

pr opoximegneakrhiacetybaretotats; ehromiven acetnhecteseateaoehpaiylicettatate, nmagnesi um
acetyl acetonate, chrom um acetyl acetonate, iron_acetylacetonate, and

| anttharhaeganecse péeirlacoioants, galliuonacaliyplecetbnateepbltinthanide acesylaestonate] i ne

m croporpus oxide is ,&#e eraply calcined b rretnggds known in the art
bef or e ¥BERAMONAFLVAIQRLIRTR the Braspeler Mt OUmgS. t hat may include, but is
not limted to alum num acetyl acetonate, al um num WO 02/ 18045

PCT/ US01/ 25989, pr'ojn’}oter metal compound is activated by heating the crystalline

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

include 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



i sopropyl oxi de, al um num hexafl uoroacetyl acet onate, al um num

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

hept anedi @god2akeisum num: 111 [ Al (TIVHD) 3], al unm num acet at e,pcalwRu ALY
nitrate, alum num propoxide, magnesium acetyl acetonate, chrom um

acetyl acetonate, iron acetylacetonate, 5 nanganese acetyl acetonate, gallium
acetyl acetonate, and | ant hani de acetyl acetonate, which upon activation,
formthe pronoter metal conpounds. The pronoter netal conpound is activated
by heating the crystalline m croporoys.oxide/pronoter precursor mxture to
bet ween about 150C and about 550C. The heating step deconposes the
pronoter precursor into a residual organic 10 portion and a pronoter netal
conmpound that is dispersed in the non- franemork portion of the crystalline
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acetyl acetonate, resulting in an aluninum oxide promoter netal conpound of

al um nuenystalites micropo@ub eixidepatl nte aeedidukil roeginic pbetiar that ain beeemoeedpor ous
oxide is preferabléEr cal ci ned b¥ met hods known in the art before contacting
it Wit hiftiesessagnes éescpbed abes: h@n@uitmg@tafﬁt@l qm‘cnllmeanwoporgus pmsiee

| s include, but are to trinmeth
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cont ai nifigopBRhRIIxdde Céﬁglt@églaezéqﬁﬂgen containing materials include, but are

not limted to air, oxygen gas wat er, and al cohols such as net hyl
al cohol , et hyl aIcohoI i sopropyl
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 freéh 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 monoxide 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, nickel, vanadium, sodium and iron.



25 al cohol, and butyl al cohol. The oxygen-containing material reacts with
the al um num WO 02/ 18045 PCT/ US01/ 25939 -12 al kyl, thereby activating the

pronoter Ry @liggRmMpound by form ng al um num oxide and a R ENsRhsA gani c
portion. The reaction step deconposes the pronoter precursor 1nto a

pronoter netal conpound that is dispersed in the non-framework portion of
the <crystalline m croporous oxide and into a residual organic portion that
can be renmoved 5 if necessary as described above. The resulting activated
crystalline mcroporous oxide catalysfs conponent can then be conbined with
a suitable matrix material and used as a catalytst. Preferably, the
pronoter netal conprises alum numand the crystalline m croporous oxide
conprises a zeolite. The product of the process of the preceedi ng paragraph
and pronot er, netal
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conponents and materials can be incorporated into the catal yst.

Pr ef &r aheycrystallineahidrapometie okale mutipnios dse cdialytt i4Guth aabenerd8 tat % nore
preferably from about 50 to about 80 w % of the catal yst based on the total
cat al ysPrempigihe delydregenationgth paratfinseand inphthenes. nBrafexadhy, ilenge hgraftins

i ncorporate into,the catal ys her types of m croporous oxj des, clays,
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I nvent| %Cfo%op&fsfcﬁfi&gl Yh ofstthaWiE @h&?ﬁ%?é}ablr}]ftc%nverted into smaller paraffin
molecules, olefinic 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.

25



t he cracking process, that is, it is substantially free fromthe netals
that may contamnate the catalyst during a catalytic cracking process.
Such net alve ¢2ngd4sde but are not limted to, nickel, vanadicungsesashsym and
iron. WO 02/18045 PCT/ US01/ 25939 -13 The catal ysts of the present

I nvention 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, hydrocracking, and isonerizagyiLon. The pronoter netal conpound
sorbs to 5 the crystalline m croporous oxide portion of the catalyst in
such a manner as to pronote the dehydrogenation of paraffins and

napht henes. Preferably, large paraffins are converted to olefins as a
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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
hydrocarbons. As hydrocarbonaceous material and coke build up on the catalyst, the

15  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,
the catalyst particles are sent to a stripper and then to a regenerator.

20

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

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

reactions. Coke burn-off is an exothermic reaction; therefore, in a conventional fluid



20 many different types of conpounds present in a petrol eum hydrocarbon
fraction. Hydrocarbon fractions in this range include gas oils, thermal

oi l's, reswduplisessl s, cycle stocks, topped and whol e crudeg/iisand oil s,
shale oils, synthetic fuels, heavy hydrocarbon fractions derived from
coki ng processes, tar, pitches, asphalts, and hydrotreated feed stocks
derived fromany of the foregoing. 25 WO 02/18045 PCT/ US01/25939 -14 Fluid
catalytic cracking units will typically contain a reactor where the
feedstock contacts a hot powdered catgl.yst heated in a regenerator
Transfer lines connect the two vessels for noving catal yst particles back
and forth. The cracking reaction will preferably be carried out at a
tenperature from about 450 to about 680C, nore 5 preferably from about 480

to about, 560C;, pressur.es .f,r om about to 60 . re refera from
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hydr ocar bonaceous material and non-vol atil e ‘coke are deposited on the
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the catal yst, preferably with steam The non-volatile coke is typically
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hydr ocarhapae eeusplRR beEhiddble additional fuel include Cy- gases from the catalytic
cracking process itself, natural gas, and torch oil. The C,- gases are preferred.
10
Isomerization is another process in which the catalysts of the present invention
can be used. Hydrocarbons which may be isomerized by the process of the present
invention include paraffinic and olefinic hydrocarbons typically having 4-20, preferably
4-12, more preferably about 4-6 carbon atoms; and aromatics such as xylene. The
15 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
of about 0.1 to 20, preferably about 0.1 to 2; and a hydrogen rate, in standard cubic feet
20  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.

25 The catalysts of the present invention may also be used in hydrocracking

processing. Hydrocracking increases the overall refinery yield of quality gasoline-



by stripping and renoving the coke by a suitabl e oxidative regeneration.
Consequently, the catalyst particles are sent to a stripper and then to a
regener at wip 022@o4sat al yst regeneration is acconplished by bgriidwegridie coke
deposits fromthe catalyst surface with an oxygen-containing gas such as
air. Catalyst tenperatures during regeneration may range from about 560C
to about 760C. The regenerated catalyst particles are then transferred
back to the reactor via a transfer |line and, because of their 25 heat, are
able to maintain the reactor at the tggperature necessary for the cracking
reactions. Coke burn-off is an exothermi c reaction; therefore, in a
conventional fluid WO 02/18045 PCT/ US01/25939 -15 catalytic cracking unit
wi th conventional feeds, no additional fuel needs to be added. The
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reactions. Non- limting exanples of suitable additional fuel include C2-
gases fioaghydAhpsicatddharged toca fcdtistage peastersshére abbat 4Gt 20%lof glassfeedstdck or ch
oil. The C2- gases are preferred. 10 Isaonerizatjon is another process in
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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
10  pressures wherein additional gasoline-blending components and a hydrocrackate are

produced.

The invention will be further understood by reference to the following

Examples that illustrate embodiments of the invention.

EXAMPLE 1
15 Standard MAT tests (e.g., microactivity test, ASTM # D3907-8) were run on

three separate commercially available crystalline microporous oxides: USY (obtained
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

20  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.
Each catalyst tested comprised 20 wt% zeolite and 80 wt% matrix material. The

results are indicated in Table 1 below.



4-12, nore preferably about 4-6 carbon atons; and aromatics such as xyl ene.
The 15 preferred chargestock is conprised of paraffinic hydrocarbons
typi fi ed Wo @Pukeges, pentanes, hexanes, heptanes, etc. | @TId0za5d39n
conditions include tenperatures from about 80C to about 350C, preferably
from about 100C to 260C, a pressure from about O to 1,000 prig, peferably
fromabout 0 to 300 psig; a liquid hourly space velocity of about 0.1 to
20, preferably about 0.1 to 2; and a hydrogen rate, in standard cubic feet
20 per barrel of about 1,000 to 5,00Q;7preferably from about 1,500 to
2,500. Operating tenperatures and catalyst activity are correlated with
space velocity to give reasonably rapid processing of the feedstock at
catal yst deactivation rates which insure maxi mnum on-streamtine of the
catal yst between periods of regeneration. 25 The catal ysts of the present
invention may al so be used in hydrocracking processing. Hydrocracking

i ncreases the overall refinery yielqk&ﬁeguality gasol i ne WO 02/ 18045

PCT/ US01/ 25939 -16 bl endi ng conponénts. —Hydrocracki ng can take a
relatively lowquality gas oil feed that otherw se would be bl ended into
di stil IeteT Reshlt@nd converts it,USKY the presencezgfl(Q hydr ogenaCREY an
appropriate catalyst in fixed-bed reactors. Typically, the feedstock is

m xed with hydrogen vapor, heated to about 140C to 400C, pressurized to

about 1,200 5 to 3 SOOOESi-’ and charged to a first-stage reactor where
abolt APIVErBOYraYo,A09°F aeitsslocid2.Seact s to rerbié nitrogen arff-bul fur

é
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Pore Volume (cm3/g) 0.439 0.023 0.254
10 Unit Cell (&) 2421 24.24 24.51
EXAMPLE 2

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

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

15 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

test. The results are shown in Table 2.



produced. The invention wll be further understood by reference to the
followng Exanples that illustrate enbodi nents of the invention. EXAMPLE
15 St andayd) MASodsests (e.g., microactivity test, ASTM # D3RGy s86€ run
on three separate comercially available crystalline m croporous oxides:
USY (obtained fromWR Gace, Davison Division, as Z14USY or UOP as LZY
82 or LZY 84); LZ- 210 (available from Katal ystiks, Inc.); and cal ci ned
rare earth exchanged Y (CREY, available fromWR G ace, Davison
Division). Prior to running the MAT tggt, the 20 crystalline m croporous
oxi des were conbined with matrix material (Ludox, available from DuPont)
and steaned at 1400F for 16 hours to produce a cracking catalyst. Each
catal yst tested conprised 20 wt% zeolite and 80 wt% matrix material. The
results are indicated in Table 1 bel ow. WO 02/18045 PCT/US01/.25939 -17
Table 1 MAT Results USY Lz-210 CReYIablednyersion(wt % 400F ninus) 42.5
47.7 64.1 H2 (wt% 0.0113 0.0186 0.0064 C (W% 1.480 1.891 1.760
Surface Area (n2/g) 200 189 130 Pore Volune (cnB/g) 0.439 0.023 0.254 10

Uni t @MAT@eSaﬂSZI 24.24 24.51 UgXANPLE 2 L7-210 CREY

T ADO3 T AO3  +ALO3
5
conversion (wt%, 400°F minus) 29.8 38.5 51.1
Hy (Wt%) 0.0047 0.0055 0.0056
C (wi%) 1.119 1.737 1.516
Surface Area (m2/g) 194 172 161
10  Pore Volume (cm3/g) 0.346 0.314 0.318
Unit Cell (&) 24.25 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

15 metal ion exchange procedure results in the loss of effective metal cation sites of the
non-framework portion of the crystalline microporous oxides in that the balance

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

EXAMPLE 3

Standard MAT tests were run on three separate commercially available

20  crystalline microporous oxides: rare earth exchanged CREY (RECREY) made by
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% Na™ of the CREY with NHy " according to the
me;chod of Dyer; and ultrastabilized calcined exchanged rare earth Y (USCREY) made

25 by calcining NH4CREY according to the method described in references 6-13 of R.



The crystalline mcroporous oxides of EXAMPLE 1 were netal ion exchanged
according to the nethod of cation exchange in zeolites as described in A
Dyer, An wigdy@6lscti on to Zeolite Ml ecul ar Sieves, Chapt gcthysoiZedbites as
| on Exchangers”, 15 John WIley & Sons, 1988, which chapter is incorporated
herein by reference. After the crystalline m croporous oxides were ion
exchanged, they were conbined with matrix material and steaned as in
EXAMPLE 1, and run according to a standard MAT test. The results are shown
in Table 2. WO 02/ 18045 PCT/ US01/259399.-18 Table 2 MAT Results USY LZ-210
CREY + A1203 + A1203 + A1203 5 conversion (wt% 400F m nus) 29.8 38.5
51.1 H2 (wt% O0.0047 0.0055 0.0056 C (Wm9% 1.119 1.737 1.516 Surface
Area (n2/g) 194 172 161 10 Pore Volume (cnB/g) 0.346 0.314 0.318 Unit Cell

(A) 24.25 . 22,24 .36 The resul.ts indicate that the metal. ion changed
crystal %%Qf‘gﬁ?ﬁ Q%EFS@OEE% o@@ﬁ%a&%@#ﬁ&%&%@éﬁ&%ﬁﬁconver si on
to pro . r .1} i oxi des of
L0 SLOGLCETV 8 K8 B A0SR B ATS MLAPOI R o ¢
in the jops pfioelf RahintehENAT €8 Hahz&lieswefe ddMhbinB@WifH AaBPHatdit i on
of the crystalline mcroporous oxides in that the bal ance

(10 wt% zeolite; 30 wt% SiOo as IMSIL-A-8, available from Unimin Specialty

5  Minerals, Inc.; 60 wt% SiO9-Al»O3 made from a gel obtained from W.R. Grace,
Davison Division, which gives a 25 wt% AlpO3, Si02-Al»O3 when dried and

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

Table 3
10 MAT Results RECREY HCREY USCREY
conversion (wt%, 430°F minus) 45.3 50.1 44.0
C (Wt%) 1.34 1.39 1.33
650°F+ prod. (wt%) 32.4 27.4 32.7
15  Surface Area (m2/ ) 101 129 113
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
20  acetylacetonate approximately 1:1.4; decomposition temperature of aluminum
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

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



bet ween Bronsted sites and Lew s sites is not favorable for the desired
activity. EXAMPLE 3 Standard MAT tests were run on three separate
comer ci aloyo2akess! abl e 20 crystal line m croporous oxi des: pETESIEa5d3H
exchanged CREY (RECREY) nmade by exchanging a portion of the CREY of
Exanple 1 with a rare earth ion solution by the nethod of Dyer; hydrogen
calcined rare earth exchanged Y (HCREY) nade by exchanging the
approximately 4 wt % Na+ of the CREY with NH4+ according to the method of
Dyer; and ultrastabilized cal ci ned exgpanged rare earth Y (USCREY) nade 25
by cal ci ni ng NHACREY according to the nethod described in references 6-13
of R WO 02/18045 PCT/ US01/ 25939 -19 Szostak, "Modifi'ed Zeolites" (Chapter
5), Introduction to Zeolite Science and Practice, Vol. 58, Ed. by H Van

o VAo REde BN SR Gatt i e %@tpsji’ T Rl

t .
 ner ai Qo AR S B Ap AR T RaBRE B e & ace
Dav1 S0, ik 3 e AN RRnrr B 1120 SAnAMZR D i and

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

3. Tabl @a8 tHéh dvde fies ¢hiadysRECRENx Y3 biRCREY ruaaimder stapdarfdWIAT 430F ni nus)
45.3 50.1 44.0 C (wt% 1.34 1.39 1.33 650F+ prod. (W% 32.4 27.4 32.7 15
Sur f5ac ecouditiofisr?Tly rexolts aroshbya: in Table 4.

Table 4
MAT Results RECREY HCREY USCREY
+ AlHO3 T ADHO3 + AlhO3
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 (R) - 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



Unit Cell (A 24.49 24.45 - EXAMPLE 4 Each of the crystalline m croporous
oxi des of EXAMPLE 3 was blended in a separate container with alum num
acet yl aceivgn@igogsr ati o of zeolite to al um num 20 acet yl acgican@dog 25939
approximately 1:1.4; deconposition tenperature of alum num acetyl acetonate
slightly greater than 320C). Each container was placed in an oven and
heated to 150C, held for one hour, and the oven was purged wth an anount
of nitrogen sufficient to flush out the potentially flanmable

deconposi tion products of the acetylagetone deconposition. After purging,
t he oven was heated to 500C, held 25 for one hour, and allowed to cool. The
oven was then heated in air for 2 hours at WO 02/ 18045 PCT/ US01/ 25939 -20
500C. Based on the weight of the product, it was cal cul ated that about 45
wt % of the. alum na expected from.the, anount. of al um acetyl acet onate
remi et RS oL EPTCdsa Rl tpE BT Riatim ot PR BREREeAcTdRe Teol i ¢ e
cont ai nj; | 1 : i ¥ le 3
and t hon Py e R R Pes REain R (0P S PGl bhwiNiteR, SR,

Tabl e 4this {Eafng oh NOEREs he dRBERREY HHCREG WHREBEX irteAdiBes of 2B orbefi1 203
conversion (W% 430F mhnus) 55.2 58.2 60.8 10 C (W% 1.63 1.57 1.65
650F+ ppwdding wh%he BReb cdi@lBtslié.obseisedf ace Area (n2/g) 118 81 143

5 In Table 5 there are three different materials: 1) RECREY, a rare-earth
exchanged zeolite of the FAU structure type. This is the starting material for the next
two samples of this table. 2) RECREY + added alumina -I, is a sample of the
RECREY to which alumina has been added by the methods taught herein, as effective

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 Brenstad 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).



Unit Cell (A) - 24.43 24.46 The results indicate that the crystalline

m cr opor ous oxi des which contain the 15 added netal conpound for pronoting
dehydr ogeRgf 20 8nd Lewis acidity show a significant incrgasgohPsezo
conversion to gasoline product conpared to the non-netal added crystalline
m cr oporous oxi des of EXAMPLE 3. This indicates that the addition of the
nmet al conpound i ncreased the nunber of effective netal cation sites of the
non- framework portion of the crystalline m croporous oxide. In other
words, addition of 20 the netal conpgynd resulted in a significant
increase in Lewis acid sites. This is also showmn in Table 5 bel ow by direct
determ nation of the nunber of acidic sites per gram of catalyst If after
steaming as in Exanple 3 hereof, pyridine is adsorbed onto the catalysts,
then heated to 250C under vacuumto orb any pyridine fromthe nore 25
weakly acidic at non-acidic sites, | ed spectroscopy can be used to
nmeasure the WO 02/ 18045 PCT/ US01/ 25939 -21 relative anobunts of pyridine
adsorbed as the pyrindiniumion onto Bronsted acidic sites, and the anount
sorbed as coordi nated pyri di ne tr Craws- sites.piEythis is
done on the catalysts as desorbg§¥xgﬁgffo?$%mﬁng ﬁénd intensit{%s of the
adsorbed pyridine on the three catal ysts Addeba@dyed. 5 Adddadplgo there
are three different materials: 1) RECREY, a rare-earth exchanged zeolite
of the FAU structure type. This is the starting material for the next two

sanples_of this tabloe. 2) RECREY + added alumina -1, is a_sanple of the
RECREY Tetahil2@34Wtidha has beenl®dded by ihe net hods taught herein, as

S;;E:Eg(i %‘gonggdc?cﬁty?ll\}fgb%ti 3) REC&IZ:% + addeéilﬁl umna -11, bﬁoa sanpl e of the

Weak Acidity, MEQV/G 2.64 2.99 2.59
Total Acidity, MEQV/G 3.10 3.37 2.99
10 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

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

15  them at the same conditions described in Example 3.

A portion of each catalyst sample was then pressed into a thin disk. Each disk
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
20  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
several hours, and the spectrum was again obtained. This increased temperature and

high vacuum removed any pyridine that was physically sorbed.



10 which alum na has been added in a way that is not effective as
additional Lewis acid. The nethods taught by RJ. CGorte, et al, [Journal

of Cat al ygigso2h4s 213-223 (1994), and referenced therei nlpcangkoGaioze
Price,.et al. [Journal of Catalysis 148, 228- 236, (1994)] are used to
guantitatively determne the total acidity, characterized as both the
anmount of strongly acid sites (strong enought to effect n-propylamne to 15
deconpose to propyl ene and ammoni a upon thermal desorption) and weakly acid
sites (acidic because it will interagg.with n-propylamne at 50C to retain
the amne, but will desorb the n-propylamne as the tenperature is
raised). This determ nation neasures both the Bronstad and Lewis acid
sites. The nmeasure of acidity is expressed as mlliequivalents of acid per
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only inthe case of the effectively ‘added alumina (1) is the weak acidity
i ncr eastdthe alyoidhenintdrattineg tvathathe acidic siyes ofttke odtabyst.exanpl e (11) shows that
sinply increasing the anount of al um na does not necessarily increase the

aci d5i ty.

In this spectral region, peaks at 1540cm™ to 1550cm™ were assigned to the
pyridine that is coordinated to the protons from Brensted acid sites. Peaks between
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’

10 and 1500cm™ are due to combinations of bands of pyridine sorbed on both Bransted

and Lewis sites.

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 Brensted and

Lewis sites on the catalysts.
15

Table 6

RECREY RECREY +ADA RECREY +ADA
I II

20 Band intensities due to:
(abs. units/gram)
Brensted sites 22 33 33
Lewis Acid sites 55 104 60



Each of the zeolite sanples described above are used to prepare catal ysts
as described in Exanple 3, and then these conposite catalysts are steaned
to deactiwg@®@n18des them at the sane conditions described i pdpaEEhes:s. A
portion of each catal yst sanple was then pressed into a thin disk. Each
disk was weighed and its' dianmeter and thickness neasured. Each di sk was
then placed in a vacuum chanber and heated to renove any water or other
sorbed gases. It was then cooled to 50C and exposed to pyridi ne vapor for
a short period. The sample was then .24 held in vacuum for several hours
and its infrared spectrum obtained, particularly between 1400cm 1 and
1600cm 1. The sanple was then heated to 250C and held for several hours,
and the spectrum was again obtained. This increased tenperature and high
vacuum r enovgd an ridi ne that .was physi ly sorbed. 2/ 18045

T/ Uso1 oagiyse euaon e st BiE BaRR & 2hisarRlagtomt 25 BE00% 1 was
measur .he . et erd e pyridine sorption and the spectrum was
subtra?ﬁgzgpbgﬁggﬁg(ﬁg%gé?gﬁ%%QQY%Ee sanpl e containing the pyridine. The
resulting spectrumwas that due to the pyridine interacting with the
acidic si teq{@&inghh@v@ﬂilgl Jsseribed this idVientisREiE il ber HpreiiateddFBosd 1540cm 1
to 1550cnl were assigned to the pyridine that is coordinated to the

pr ot onsskilliaiinBhe st thdt thei idventimscanPeeaper fdretadewithinl 2 ddderiange 0of460cnl wer e
assigned to pyridine with which the pair of electrons on the nitrogen were
i nt & ackarageRr Withie wéiebistGlamagecept i ng sites (Lewis Acids) of the solid.
In this spectral region 1440cnl to 1660cnil ot her bands between 1480cnil 10

and 1500cml are due to conbi nati ons of bands of pyridine sorbed on both
Bronsted and Lewi s sites.

f



For the steaned, conposite catalysts nade with the zeolites shown in Table
5, Table 6 lists the intensities observed for the bands due to the
presence waipo Brenst ed and Lewis sites on the catal ysts. 19chaog26&3RECREY
RECREY + ADA RECREY + ADA | Il 20 Band intensities due to: (abs.
units/granm) Bronsted sites 22 33 33 Lewis Acid sites 55 104 60 WO 02/ 18045
PCT/ US01/ 25939 -24 These results show the effective addition of this netal
conpound does increase the Lewis acidity of the active catal yst. Having
now fully described this invention, ibsw || be appreciated by those
skilled in the art that the invention can be perforned within a w de range
of 5 paraneters within what is clainmd. WO 02/ 18045 PCT/ US01/ 25939 - 25-
CLAIMS: 1. A process conprising: (a) contacting a crystalline m croporous

oxi de .onoter precursor conprising a pronoter netal capabl e of
formn ter netal conmpound, said

1. A process comprising:

(a)  contacting a crystalline microporous oxide and a promoter precursor
comprising a promoter metal capable of forming a promoter metal compound, said

5 crystalline microporous oxide comprising a non-framework portion and having a unit

cell size; and,

(b)  heating the mixture of step (a) to a temperature between 150°C and
550°C,

wherein a promoter metal compound comprising said promoter metal is

10 incorporated only into the non-framework portion of the crystalline microporous oxide

and wherein the promoter metal compound does not substantially increase the unit cell

size of the crystalline microporous oxide.

2. The process according to claim 1 further comprising treating the product of step
15 (b) with an oxygen containing material to remove any residual organic material from

the crystalline microporous oxide.

3. The process according to claim 1 further comprising incorporating the product
of step (b) into a matrix material.

20
4, The process according to claim 1 further comprising calcining the crystalline
microporous oxide before mixing the crystalline microporous oxide with said promoter

metal compound.



5 crystalline m croporous oxide conprising a non-framework portion and
having a unit <cell size; and, (b) heating the m xture of step (a) to a

t enper at uwe @akwgen 150C and 550C, wherein a pronoter netpdr/eMpoINd
conprising said pronoter netal is 10 incorporated only into the
non-framework portion of the crystalline mcroporous oxide and wherein the
pronoter netal conpound does not substantially increase the unit cell size
of the crystalline m croporous oxide. 2. The process according to claim1l
further conprising treating the produgg. of step 15 (b) with an oxygen
containing material to renove any residual organic material from the
crystalline mcroporous oxide. 3. The process according to claim1l further
conpri sing incorporating the product of step (b) into a matrix material.

20 4. The pr?ﬁ?ess accordi(gﬁt fwhﬁ{urthr 9 I‘ISIJ’]? cal ci ning .t he
cryzt al i ne BYQSH5% 8" g&%"f?éﬁ“o IS Y R \}‘gtnéc"i’%jgg}iri 2%2938? ouz6 :
e -

gm Thevggt}%ctéd’sigr%gg{chgﬁbﬁ% C?Hm@]é% 89%%?%?‘%%@?{ é%&é@ qﬁﬂne i cropor ous

oxi de i funifdstispRatbs AMdBRa KRS H OO hSindthodphaep! i tes, tectosilicates,
tetrahedral al um nophosphates, and tetraheédral silicoal uni nophosphates. 5

6. The process according to claim1l wherein said crystalline m croporous
oxide is a zeolite and wherein said pronoter netal is alumnum
5 6. The process according to claim 1 wherein said crystalline microporous oxide is

a zeolite and wherein said promoter metal is aluminum.

7. The process according to claim 1 wherein said promoter metal is selected from
the group consisting of magnesium, chromium, iron, lanthanum, manganese, gallium

10  and aluminum.

8. The process according to claim 1 wherein said promoter precursor is selected
from the group consisting of aluminum acetylacetonate, aluminum isopropyloxide,
aluminum hexafluoroacetylacetonate, aluminum dichlorohydrol, aluminum ethoxides,
15  tris[2,2,6,6-tetramethyl-3-5, heptanedianotolaluminum-III[AI(TMHD)3], aluminum
acetate, aluminum nitrate, aluminum propoxide, magnesium acetylacetonate,
chromium acetylacetonate, iron acetylacetonate, gallium acetylacetonate, manganese

acetylacetonate, and lanthanide acetylacetonate.

20 9. The process according to claim 6 wherein said promoter precursor is aluminum

acetylacetonate.
10.  The product produced by the process according to claim 1.

25 11.  The product produced by the process of claim 3.



7. The process according to claim1 wherein said pronoter netal is selected
from the group consisting of magnesium chromum iron, |anthanum
manganesewod@ligp4sm 10 and al um num 8. The process accor Gidigudo®2ei3ai m 1
wherein said pronoter precursor is selected fromthe group consisting of
al um num acetyl acetonate, al um num i sopropyl oxi de, al um num

hexaf | uor oacet yl acet onate, al um num di chl or ohydrol, al um num et hoxi des, 15
tris[2,2,6,6-tetramethyl-3-5, heptanedi anoto]al um numIII[A (TMHD) 3],

al um num acetate, alum numnitrate, abum num propoxi de, nmagnesi um

acetyl acetonate, chrom um acetyl acetonate, iron acetyl acetonate, gallium
acetyl acet onat e, nanganese acetyl acetonate, and | ant hani de

acetyl acetonate. 20 9. The process according to claim®6 wherein said

pr onot ey pr rsor.is_alum pnum. acetyl acet.onate. 10. The product produced
by the %%‘ocg@ie B{:OC%CIS}PWQS{J“FS&]EV&P%’?%S%%F%T.IH he product produced by the
process of claim3. WO 02/18045 PCT/ US01/ 25939 -27 12. The product
produced by the process of claim6. 13. A process conprising: (a)
contact1g aAgirysdsslcbhijeisiiger opor ous oxi de and a pronoter precursor, 5 the
crystalline mcroporous oxide conprising a non-framework portion and havi ng
a unit cell(a3i ze canictihg aprystalliae miceaporsus oxddepnd i prgnmt@r meodrsor, net al
capable_of formng a pronoter netal conpound; (b) decorr_pos;fgig said
pr orfot efhesredallias micranaseys exdgicRmpAISHOHBoR-ITamevseTk RuHEBUMY kBPE Psi ng an
oxi de for.m olf1 sai d pt)flormt er, netal: and .
unit cell size and the promoter precutsor 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; and,
10 (c)  dispersing said promoter metal compound into the non-framework
portion of said crystalline microporous oxide,
wherein the promoter metal compound does not substantially increase the unit

cell size of the crystalline microporous oxide.

15 14.  The process according to claim 13 further comprising treating the product of

step (c) with an oxygen-containing material to remove any residual organic material.

15.  The process according to claim 13 further comprising incorporating the product
of step (c) into a matrix material.

20
16.  The process according to claim 13 further comprising the step of calcining the
crystalline microporous oxide before mixing the crystalline microporous oxide with

said promoter metal compound.



10 (c) dispersing said pronoter nmetal conpound into the non-framework
portion of said crystalline m croporous oxide, wherein the pronoter netal

conmpound Werp/8eis substantially increase the unit cell siprg@orksBe
crystalline m croporous oxide. 15 14. The process according to claim13

further conprising treating the product of step (c) wth an
oxygen-containing material to renove any residual organic material. 15.
The process according to claim 13 further conprising incorporating the
product of step (c) into a matrix mapgrial. 20 16. The process according
to claim13 further conprising the step of calcining the crystalline

m cr oporous oxi de before mxing the crystalline m croporous oxide with
said pronoter netal compound. WO 02/18045 PCT/ US01/25939 -28 17. The

process according to claim1l er ej ai d cr.ystalljne mcroporous. .oxi de
P set ebfed FhoRtchSs Gredidinadn hErTEnaRSo S RER e lBR Bler R 2ha8

t et rahegr | 11 : £ ah : Shbd l.jjophosphates. 5
18. Thegpsr%l)eg ge;ﬁsﬂg?&“c grgt%l? %@I%&gﬁtﬁl%%%%f gel(éﬁl(%ggisdéégd ?%}%pﬁin_e m cr opor ous
oxi de  hisnAnéMfisphfedhdveatRédrabdiifodiRimighospRitas. conpound is A1203. 19.
The process according to claim13 wherein said pronoter netal is selected
from the group consisting of magnesium chromum iron, |anthanum

gal I ium manganese 10 and al umi num 20. The process according to claim13
wher®i nl&ai dThe prasess agnosdingdoclaim kbwheredn saifl coystaimegnistgpaowspxideng of

al um num acetyl acet onat.e, al unm num i sopr opyl oxi de
1§ & Zeolife and wherein said promoter metaPcor%ound 15 AL, Os.

19.  The process according to claim 13 wherein said promoter metal is selected from
the group consisting of magnesium, chromium, iron, lanthanum, gallium, manganese

10  and aluminum.

20.  The process according to claim 13 wherein said promoter precursor is selected
from the group consisting of aluminum acetylacetonate, aluminum isopropyloxide,
aluminum hexafluoroacetylacetonate, aluminum dichlorohydrol, aluminum ethoxides,
15 tris[2,2,6,6-tetramethyl-3-5, heptanedianoto]aluminum-IIIJf AI(TMHD)3], aluminum
acetate, aluminum nitrate, aluminum propoxide, magnesium acetylacetonate,
chromium acetylacetonate, iron acetylacetonate, gallium acetylacetonate, manganese

acetylacetonate, and lanthanide acetylacetonate.

20 21. The process according to claim 18 wherein said promoter precursor is

aluminum acetylacetonate.
22.  The product produced by the process of claim 13.

25 23.  The product produced by the process of claim 15.



al um num hexaf | uor oacetyl acet onate, al um num di chl orohydrol, al um num

et hoxi des, 15 tris[2, 2,6, 6-tetranethyl -3-5,

hept anedi @go2akeisum num: 1 11 [ Al (TMHD) 3], al um num acet at e,pcaluRu ALY
nitrate, alum num propoxide, magnesi um acetyl acetonate, chrom um

acetyl acetonate, iron acetylacetonate, gallium acetyl acetonate, manganese
acetyl acetonate, and | ant hani de acetyl acetonate. 20 21. The process
according to claim 18 wherein said pronoter precursor is alum num

acetyl acetonate. 22. The product prodgged by the process of claim13. 25
23. The product produced by the process of claim15. WO 02/ 18045

PCT/ US01/ 25939 -29 24. The product produced by the process of claim18.
25. A process conprising: (a) calcining a zeolite conprising a

non-fr wor ortiaon _and havyi a 5 undt, cell, size; (b) contacting the
zeol i tgf%\‘/i t hﬁ&gB’FO(S#%PB O‘ﬁ\;g‘iéyﬁ? p%ogﬁfisr&?lﬁlénébpr onoter netal capable of
formng a pronoter netal conpound, wherein said pronoter netal is selected
fromthe group consisting of magnesium chromum iron, |anthanum gallium
mangane3s® anﬂlﬁbwgis@@fﬁm%mer ein said pronoter precursor is selected 10
fromthe group consisting of alum num acetyl acetonate, al um num

i sopropyl oxi@e, clcimnmazbaxafcomprzaget poadetnonmork pationandmaving a

di chl orohydrol, al um num et hoxi des, tris[2,2,6,6-tetranethyl-3-5,
heptlanediiap@it 8781 uni num 11 1[ Al (TVHD) 3], al umi num acetate, al umi num

nitrate, alumnum propoxide, nesj um acetyl acetonate, .chrom um
acetyl acet ona¥e, ?%?‘&H@e%lzggﬁ o‘ﬁgii‘ B,PT%P?%M%&W%%%}H&@&WW&F%n ese
metal capable 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
10 from the group consisting of aluminum acetylacetonate, aluminum isopropyloxide,
aluminum hexafluoroacetylacetonate, aluminum dichlorohydrol, aluminum ethoxides,
tris[2,2,6,6-tetramethyl-3-5, heptanedianoto]aluminum-III[AI(TMHD)3], aluminum
acetate, aluminum nitrate, aluminum propoxide, magnesium acetylacetonate,
chromium acetylacetonate, iron acetylacetonate, gallium acetylacetonate, manganese
15 acetylacetonate, and lanthanide acetylacetonate; and,
(¢)  heating the mixture of step (b) to a temperature between 150°C and
550°C;
(d) incorporating the product of step (b) into a matrix material,
wherein a promoter metal compound comprising said promoter metal is
20 incorporated only into the non-framework portion of the zeolite and wherein the
promoter metal compound does not substantially increase the unit cell size of the

zeolite.

26. A process comprising:
25 (a)  contacting a calcined crystalline microporous oxide and a promoter

precursor comprising a promoter metal capable of forming a promoter metal



15 acetyl acetonate, and | anthani de acetyl acetonate; and, (c) heating the
m xture of step (b) to a tenperature between 150C and 550C, (d)

i ncor por afvig@/1ikhe product of step (b) into a matrix materipgdyusoyheiei n a
pronoter netal conpound conprising said pronmoter netal is 20 incorporated
only into the non-framework portion of the zeolite and wherein the pronoter
nmet al conpound does not substantially increase the unit cell size of the
zeolite. 26. A process conprising: 25 (a) contacting a calcined crystalline
m cr oporous oxi de and a pronoter preggrsor conprising a pronoter netal
capable of formng a pronoter netal WO 02/ 18045 PCT/US01/ 25939 -30
conpound, said crystalline mcroporous oxide conprising a non-franmework
portion and having a unit cell size; and, (b) activating said pronoter

Mt o RO sy AN sBicBRObT orife cOmrE Rty f Ren i ERHEIERB%: e and
wher ei na[ Slvgﬁegg%h?{]ceurg%@lanﬁonpound does not substantially increase the

unit ce e crystalline mcroporous.oxide. 27. The process
accordi ng tqbyl ai gptRatihY shidesrofmd hefah8ompbBd,Ng any residual 10 organic
material fromthe crystalline m croporous oxide. 28. The process according
to cl ai m 26 wherehesaid popmioter mgetalncomparsak isigedrperapedoniytintoothe sioap (c) i nto
a matrix material.
5 framework portion of the crystalline microporous oxide and wherein the promoter
metal compound does not substantially increase the unit cell size of the crystalline

microporous oxide.

27.  The process according to claim 26 further comprising removing any residual

10  organic material from the crystalline microporous oxide.

28.  The process according to claim 26 further comprising incorporating the product

of step (c) into a matrix material.

15 29. The process according to claim 26 wherein said crystalline microporous oxide
is selected from the group consisting of zeolites, tectosilicates, tetrahedral

aluminophosphates, and tetrahedral silicoaluminophosphates.

30. The process according to claim 26 wherein said crystalline microporous oxide

20 is a zeolite and said promoter metal is aluminum.

31.  The process according to claim 26 wherein said promoter precursor is an

aluminum alkyl.



15 29. The process according to claim 26 wherein said crystalline

m croporous oxide is selected fromthe group consisting of zeolites,

tect osi l i @ @psodset rahedral al um nophosphat es, and t et r ahgdredo1/25939

si | i coal um nophosphates. 30. The process according to claim26 wherein said
crystalline mcroporous oxide 20 is a zeolite and said pronoter netal is
al um num 31. The process according to claim 26 wherein said pronoter
precursor is an alum num al kyl. WD 02/ 18045 PCT/US01/ 25939 -31 32. The
process according to claim26 whereinggaid pronoter precursor is selected
fromthe group consisting of trinmethylalum num triethylalumnum tri(t-
butyl)al um num tri(i-butyl)alumnum 5 33. The process according to claim
26 wherein said pronoter netal conmpound is activated by contacting the
pronoter precursor with an oxygen containing material selected fromthe
group consisting of air, oxygen gas, water, and al cohols. 10 34. The

processpacc gf‘lgé;&%céﬁ efdcﬁhﬂh% Bo ¥RGH D \WHBREEsAd ?%ﬂof&? ﬁ?é;ct#‘?%cirgg%gi{ecteﬁo pound

is activate ontacting tThe pronoter precursor w sel ected

from t HeordtRe Br I Feisiitingad A RRthylghubihusd, ﬁ@étﬁylaldrﬁmhgnﬁp-al cohol , and
butyl al cohol . 5. The product produced by the process of claim26. 15 36.

The pr dodgbalpnocuoetti(dputimlpnonmss of claim 28. 37. The product produced
by tshe process of claim30. 20 38. A process conpri sing:
33.  The process according to claim 26 wherein said promoter metal compound is

activated by contacting the promoter precursor with an oxygen containing material

selected from the group consisting of air, oxygen gas, water, and alcohols.

10 34,  The process according to claim 26 wherein wherein said promoter metal
compound is activated by contacting the promoter precursor with an alcohol selected

from the group of methyl alcohol, ethyl alcohol, isopropyl alcohol, and butyl alcohol.

35.  The product produced by the process of claim 26.
15
36.  The product produced by the process of claim 28.

37.  The product produced by the process of claim 30.

20 38. A process comprising:
() calcining a crystalline microporous oxide, the crystalline microporous
oxide comprising a non-framework portion and having a unit cell size;
(b)  contacting an aluminum alkyl selected from the group consisting of
trimethylaluminum, triethylaluminum, tri(t-butyl)aluminum, and tri(i-butyl)aluminum;

25 and,



(a) calcining a crystalline mcroporous oxide, the crystalline mcroporous
oxi de conprising a non-franmework portion and having a unit cell size; (b)

cont act i ngoag/18b4sm num al kyl sel ected fromthe group consipgiring10%939
trinmethylalum num triethylalumnum tri(t-butyl)alum num and
tri(i-butyl)alum num 25 and, WO 02/18045 PCT/US01/25939 -32 (c) treating
the product of step (b) with an oxygen-containing nmaterial to forma
pronoter netal conpound, wherein the pronoter metal conpound does not
substantially increase the unit cell.3size of the crystalline m croporous
oxide. 5 39. The process according to claim 38 further conprising

i ncorporating the product of step (d) into a matrix material. 40. The
process according to claim 38 wherein said crystalline m croporous oxide

tetranedral (1 urspRa LR St ST RleB bl Pafert G aehrengaif e RSl b es.
41. Thefogﬁlog%@tggﬂ{eﬂ@%g{lﬁuﬁqﬁl m 38 wherein said crystalline m croporous

oxide 1Is a ite. e process according to claim 38 wherein

sai d oxygen wheiedi tHefoffit@rhalal t6mpseh& aberndiisabtahially ditReseREE Ghitng of
air, oxygen gas, water, and al coholsS. 43. The process according to claim 38

wher ei ncedbside of flpenrystalingimicngparatieokale. is 20 an al cohol selected fromthe
grousp of nethyl al cohol, ethyl alcohol, isopropyl alcohol,
39.  The process according to claim 38 further comprising incorporating the product

of step (d) into a matrix material.

40.  The process according to claim 38 wherein said crystalline microporous oxide
10  is selected from the group consisting of zeolites, tectosilicates, tetrahedral

aluminophosphates, and tetrahedral silicoaluminophosphates.

41.  The process according to claim 38 wherein said crystalline microporous oxide
is a zeolite.

15
42. . The process according to claim 38 wherein said oxygen containing material is

selected from the group consisting of air, oxygen gas, water, and alcohols.

43.  The process according to claim 38 wherein said oxygen-containing material is
20 an alcohol selected from the group of methyl alcohol, ethyl alcohol, isopropyl alcohol,

and butyl alcohol.

44.  The product produced by the process of claim 38.

25 45. The product produced by the process of claim 39.



and butyl al cohol. 44. The product produced by the process of claim38. 25
45. The product produced by the process of claim39. WO 02/18045

PCT/ USO1/ R%R39804533 46. The product produced by the procesgraisogheizm 41.

47. A fresh catalyst conprising: (i) a matrix material; 5 (ii) a
crystalline m croporous oxide incorporated with 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 netal
conpound capable of increasing Lew s.3gcidity incorporated only into the
non-framework portion of the crystalline m croporous oxide, wherein the
pronoter netal conpound does not 10 substantially increase the unit cel
size of the crystalline mcroporous oxide. 48. The catal yst according to

claim 4y _wherein the pr t tal co nd i, a nultival ent netal
conpound’: 15Ji“ﬁ%pr tgnaq%gli?’?&’ygﬁ%@f%eﬁfgngf‘gm&?éim 47 wherein the pronoter
nmetal conmpound is an al um num conpound. 50. The catal yst according to
claim47 wherein the crystalline mcroporous oxide is a crystalline

zeol i t e4720 Rlfreshhutflditadonsdristgeor ding to claim 50 wherein the crystalline
m croporous oxide is "X or Y zeolite. 52. The catal yst according to claim
51 wherein tfig crynatasdik inmegenialcr opor ous oxi de is
5 (i)  acrystalline microporous oxide incorporated with 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 does not

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

48.  The catalyst according to claim 47 wherein the promoter metal compound is a

multivalent metal compound.

15 49. The catalyst according to claim 47 wherein the promoter metal compound is an

aluminum compound.

50.  The catalyst according to claim 47 wherein the crystalline microporous oxide is
a crystalline zeolite.

20
51.  The catalyst according to claim 50 wherein the crystalline microporous oxide is

X or'Y zeolite.

52.  The catalyst according to claim 51 wherein the crystalline microporous oxide is

25 Y zeolite having a unit cell size equal or greater than 24.30 A.



25 Y zeolite having a unit cell size equal or greater than 24.30 A. WO
02/ 18045 PCT/ US01/ 25939 -34 53. The catal yst according to claim51 wherein

t he crystwlddangoszi croporous oxide is Y zeolite having a yatuswehsessi ze
equal or greater than 24.40 A. 54. The catal yst according to claim47

wherein said crystalline mcroporous oxide 5 is selected fromthe group
consisting of zeolites, tectosilicates, tetrahedral alum nophosphates, and
tetrahedral silicoal um nophosphates. 55. The catal yst according to claim47
wherein said crystalline mcroporous gxide is a zeolite and wherein said
pronoter netal conpound is alum num oxide. 10 56. The catal yst according to
claim47 wherein said pronoter netal conpound is a netal oxide wherein the
netal of said netal oxide selected fromthe group consisting of magnesium
chromu iron, lanthanum,. gallium_ manganese, and..al um num 15 57. .The

cat o yetraccERurHEREbRoRREdy Lald) of LR R o U B Pt o3ite He o
heat dego/maRGH ALONDLE! o SEEARN of BHERL Ml DOMol ke aroup consisting of

al um num~acetyl acetonate, al untnum fsopr opyl oxi de, al um num

hexaf | uor oacetyl acetonate, al um num di chl or ohydrol, al um num et hoxi des,
tris[2,2,6,6-tetramet hyl -3-5, heptanedi anoto]al um numlIlI[A (TMHD) 3],

al um nufd.aceTlad eatabktindcoudingitd rcitim 42 @hateinsadrorpstalimeimieropragmestidm

acetyl acetonate, chrom um acety| acetonate, iron acetylacetonate, gallium
acetdy| aisselsateddrontthg gneurceonsattingaiacolitesetectasiliqades, teirahgdral

acetyl acet gnate. . .
Y :glum?nophosphates, and tetrahedral silicoaluminophosphates.

55.  The catalyst according to claim 47 wherein said crystalline microporous oxide
is a zeolite and wherein said promoter metal compound is aluminum oxide.

10
56.  The catalyst according to claim 47 wherein said promoter metal compound is a
metal oxide wherein the metal of said metal oxide selected from the group consisting

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

15 57. The catalyst according to claim 47 wherein said promoter metal compound is a
heat decomposed promoter precursor selected from the group consisting of aluminum
acetylacetonate, aluminum isopropyloxide, aluminum hexafluoroacetylacetonate,
aluminum dichlorohydrol, aluminum ethoxides, tris[2,2,6,6-tetramethyl-3-5,
heptanedianoto]aluminum-ITI[Al(TMHD)3], aluminum acetate, aluminum nitrate,

20  aluminum propoxide, magnesium acetylacetohate, chromium acetylacetonate, iron
acetylacetonate, gallium acetylacetonate, manganese acetylacetonate, and lanthanide

acetylacetonate.



