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*ACIDITY AND METHODS FOR THE PREPARATI ON THEREOF 5 BACKGROUND Thi SZM"‘[-"E%”TD{];O”
rel ates to catal yst conponents and conpositions and nmethods of naking an
usi ng the conposition which conprises a crystalline mcroporous oxide

“ having a pronoter netal conpound that pronotes dehydrogenation and increases
Lews acidity without increasing the unit cell size of the crystalline
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catal ysts which 15 convert the |arge paraffin nolecules of a hydrocarbon
m xture into smaller nore unsaturated nol ecul es such as olef ins and
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20 the conversion catal yst are not properly bal anced, conversion of the
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the conversion catalyst nmay be rapidly deactivated. It would be of
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bal ancing the conposition of the framework and non-franmework portions of

t rystal line . . . . ) i
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

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




structure, catalytic activity can be efficiently optimzed. In the case of a
cracking catalyst, olefin formng reactions of |arge paraffin nolecpl ¢sg9sn
be nore efficiently 2 4 F E B 2005 -2 coupled with the subsequent scission
reactions which formthe smaller nolecules in the final product. SUMVARY
One enbodi ment of the present invention conprises a catalyst conprising (i)
a 5 mtrix material, and (ii) a crystalline m croporous oxide incorporated
into/with the i matrix material. The crystalline m croporous oxide
conprises a non-framework portion and has a unit cell size. The
non-framework portion conprises a profoter netal compound incorporated only
into the non-framework portion of the crystalline mcroporous oxide. The
pronoter netal conpound does not substantially increase the 10 unit cel
size of the crystalline mcroporous oxide. 6 In another enbodi nent of the
cataly @ryst | ) : ' | '
mcor PRIt i BbscdinALIRT FltRoRt Wifich BRRPIHEXHalfer nGRBUIE
non- f r aeewei bré@idei on, has a unit cell size greater than about 24.30A, and
conprises atum num oxi de incorporated only into the non-framework portion
of the crystalline mcroporous oxide, such that the al um num oxi de
i ncr ecaSEMMEARY acidity but does not substantially increasing the unit cel
size of the zeolite. In another enbodi nent of the catalyst, the crystalline
m croporous oxide conprises a non-framework portion conprising a pronoter
nmet al conpoDne eatpalient of theprewasim@ntionicongrisds hwatalyﬂrq@m;ﬁis@% ¢ty into
the non-franmework portion of the 20 crystalline m croporous oxide, such that
t hé prmawbemateria) ambipaucnystitiare matropsrons toanrdd mcbypdrateddantéwitheheni t cel |
Si of the crystalline mcroporous oxide.

6 matrix material. The crystalline microporous oxide comprises a non-framework

portion ana 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
b 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.



The -enbodi nents of the catal yst can be used in an FCC unit, an isonerization

unit, or a hydrocracker by contacting the catalyst with a suitable 74FFB2005 |
f eedst ock. 24FF82005 -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) heating the m xture of step (a) to a
tenperature between 150C and 550C, wkerein 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
crystalline m croporous oxide. Another enbodi nent of the present invention
IS a process, coppris contacting a.crystalline nicrogorous oxi de and
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m'croporous oxi de. not ne I en e prese I'nvention I'sS a process

conor i pefigken BHO°CCRES HHTY \@hé’t@ﬁiégﬂ)rﬁ@ﬁﬂﬂéﬁlr&rﬁpdlﬁméd@ﬁﬁm kagprtion and
h g aunit cell size; (b) contacting the zeolite wth a pronoter

pr ecur peyméempidtal iRdncorpoared enlyidt@thearin famedork iporisiof thecrpstalitieer et al
conmpound, wherein said pronoter netal is selected from
microporous oxide and wherein the promoter metal compound does not substantially

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

Ancther 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 crystailine 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



t he.group consisting of magnesium chromum iron, |anthanum gallium

" manganese and al um num and wherein said promoter precursor is sel ectédEBridlh
t he group 24FEB2005 -4 consi sting of al um num acetyl acetonate, al um num

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

“di chl orohydrol, al um num et hoxides, 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 propoxi de, magnesi um acetyl acetonate, 5 chrom um acetyl acet onat e,

i ron acetyl acetonate, gallium acetyl acetonate, manganese acetyl acetonate,
and | ant hani de acetyl acetonate; (c) h8ating the mxture 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
pronoter netal is incorporated only into the non-framework portion of the
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wherei n sai d pr onot er net al corrpou s |ncor porated only into the

nors- f r eireyinin guetylacetondte] iren acetyiagkionate, gallimopoetylavetoniatss neaganbsy ei n t he
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si ze ofcetylecetopsteatnd Emtlnamd@pcntplasetmahbe (c)Areatingthentintlirerofi stepf(b) keapr esent
| ngention is a rocess conpri sin 0662) cal ci nj ng a crystalline m croporous
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and haV|n .aunit cell size; (b) contacting 8
a matrix material, wherein a promoter meta compoun comprising said promoter
metal is incorporated only into the non-framework partion 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 al um num al kyl selected fromthe group consisting of trinethylalum num
“triethylaluminum tri(t-butyl)alumnum and tri(i-butyl)alunm num (c%
treating the 2 4 F E B 2005 -5 product of step (b) with an oxygen- coht afRill
material to forma pronoter nmetal 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 processes of the present invention.
These products may or may not be incorporated into a matrix material, but
are preferably incorporated into a mafrix material 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 ncorporating a pronoter netal conpound that pronotes dehydrogenation and
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preferabllyy 15 incorporated into a matrix material, preferably an inorganic

oxi de.urf# 6l sigalofltyd teystillinéthi of@isadilé.c conponents can al so be present
in the matrix material. The crystalline mcroporous oxide of this invention
can be used to catalyze the breakdown of primary products fromthe

catal ytic cracking reaction into clean products such as naphtha for fuels
and ol ef i nsOther enthedimentsfafdtie poesent invention yxtedd thegprodoctsiprodyeaddys oxi de
Is preferably selected fromthe group consisting of crystalline

al uni ribsiprocssses ofctbeipresent veasione These pradists mayer say netdiees, t et rahedr al

al g nophophat es (ALPGs) and tetyahedral. silicoal um nophosphates (SAPGCs).
vl lﬁf«'@qp@r%tsﬁ yat %@39%’&%?4 B ATE pogferanlk nsorperated 110 agnatrix

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.



2 4 -FEB 2005 -6 Suitable zeolites include both natural and synthetic
"zeolites. Suitable natural =zeolites include gnelinite, chabazite,
dachiardite, clinoptilolite, faujasite, heulandite, levynite, eriori4ELB 2005
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 X having a unit cell size greater than
or equal to 24.30A, nore preferably O greater than or equal to about
24. 40A. The aluminumin the zeolite, & 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
conpositions which are heavier than alum num GCernmani um can be used to

replace thegsiablCAEbIRES tcfite BdthSatirai SR ﬁé@l Yeitdy, OSiedble hifiral

crystalline mcroporous oxide 1s preferabl I ncl uded within an 1 norganic
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the final catalyst is hard enough to survive interparticle and reactor 15

wal | caévymsiepetonite, danorigie] swotecitdeoffedtite xmonienite phnd forribatareSwtdbleom an

I norganic oxide sol or gel which is dried to "glue" the catal yst conponents
t oget haynthetie zeohtes are zedletes KonNgdniZK ek iZde-Spks H,d, Myt@yTaZ, alphpandes oxi des
of silicon and alum num The inorganic oxide matrix materjal _can further
conpri detaadSAdttypes past omeganHayjasites acipteferveds pagiculashbhpealdety amdi an i nert

cat al yst conponent. Preferably, each conponent of the catalyst is held
t oget h@pobvrgtlxaamrmltﬁe[lmq&ream e Eﬂegﬁéﬁgq, JNOFEPERTEERIY An acti ve
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catal ygfe hfinBhERES RN AnR¥ &Pficed 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
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25 i-norgani c oxide that cracks a relatively | arge anount of hydrocarbons

“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) 74 Feaad’
type of acceptable thermal blank. The extent of cracking can be neasured 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 Engi neering Chem stry, 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
preferably has a cracking activity that is not significantly greater than

R T e

titania, zirconid, quartz an es o sul e |1 ne
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inorganic 15 oxide matrix material”. Species of alum num

oxyhydegackigscar B¢ nidaparedifanyidf&aridu@ AT, te@Bduéhi a9 MRl al umi nas such
as a-alumna, 13-alumna, y-alumna, 8- alumna, c-alumna, x-alumna, and
p- al un{microactivaty s AREM # BY30F &bl Gompbendssduchiasaheseediselesedimn al um num
trihydroxide such as gibbsite, bayerite, nordstrandite, or doyelite. 20 In
oneS enbuetnséeidenB.theeinlodadustrial and Eogineeting Ehemistryi pe 2573r8hMNous oxi de
cat al yst conponent. incl udes a_conpound for pronoting dehydrogenati on and

i ncr ead P49 aredesirzhleqiAlpminarsiki¢a-aluming apdisHicasalsminargireeniagompousdspound.
Thbodi sper?al fﬁf the pronoter netal conpound into the crystalline

m
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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 «-alumina, p-alumina, y-alumina, 8-
alumina, €-alumina, x-alumina, and p-alumina can be employed. Preferably, the
alumina spectes 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 m croporous 24FEB2005 -8 oxide, and the unit cell size of Hﬁ
crystalline mcroporous oxide material is substantially the sane. IriEtB 2005
pronoter netal conpound is preferably in a chemcal state to effectively

" pronote the dehydrogenation of paraffinic and napht henic conpounds in a 5
hydr ocarbon feed streamto formol efinic conpounds. For exanple, alum num
oxi de (A1203), conprises a suitable pronoter nmetal (alum num). The oxide of
alumnumis in such an effective chem cal state. The crystalline

m croporous oxide includes a framewor K-portion and a non- franework 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
portion of the crystalline m croporous oxide w thout increasing the unit
cel | | vgnﬁn 1 o he framework
porti o&??e g tlr:{g![u (ka]?(t Cel" eoﬁtrﬁll%% ?lﬁ’llne Iﬁlgiédwpﬁé)ggfd?ggétgggg When t he

pr onot /ubeBhAAIY BHEPQMREls of the present invention are incorporat ed into the
crystalline mcorporous oxide material of the present 15 invention, the unit
cell size remains substantially the sanme. Thus, the pronotor materlals are
pref erabl y iThoprodidttethee) cpmpouad i preferably e eerticabstateomn éfffedtively
crystalline mcroporous oxide material. Cf., WQ Haag, "Catalysis by

Zeol i t@somo&:ﬂmni:eélydmgeﬁanbmolfpglsafﬁnibexmd quﬂlthfmic Reinpioadddrca o or ous
Materials, edited by J. Witkanp, H G Karge, H Pfeifer, and W Hol deri ch,
Vol 5 shydmcsehon feedostesanetosfoym olefinirommpaunds. Jier examlq,:a@wnmm@xx €

i ncorporated herei.n by ref?rence whi ch dj scusses the rel nce of ,Lew s
ac (Aéé)s),e@omeaap%ﬂmbenamq)teeatqtair(a @En); g hs ey of ARRENT iy or
t tal ion S,.OXi e 1 0 eci es. One enbodi nent of the present

i nvent |1%ﬁ“91§a% gHEcE ?Iﬁwaﬁétli‘&ng 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.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.



catal ytic conponent. Qther enbodi nents are the activated catal yti c conponent
© 25 produced by the process and a final catalyst product that includ@s, B3 18
matrix material. 2 4 f fl 2.-M-9 One enbodi nent of the processes of the
present invention conprises contacting, by mxing or by other suitable
"methods, a crystalline mcroporous oxide and a pronoter precursor capable
of formng a pronoter netal conpound. As used herein, mXxing neans

conbi ni ng conponents and does not necessarily require any 5 nechani cal
agitation. Contacting the pronoter precursor with the crystalline

m croporous oxi de causes the pronoter-9precursor 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, resulting in a residual organic portion and a pronoter netal
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oxi de are contact for an® anount of sufficient for the crystalline

m cr oplérels mixinienieans ebmbinihg coapondfits anddicze not Hecd@éﬂil?rra?hi‘fe ahput 50 wt %
of the pronoter netal oxide resulting from deconposition of the pronoter

pr écurmechanita apitien. dfontattery therpromotdrepromasor withithe crgstaline ng t he wei ght
of the crystalline m croporous oxide/pronoter precursor mxture 20 during

t he acmicrapprnisiosade aapses dpe promaoter pracurdor e dispersspvitinghexione and pronot er
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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 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 ALO;
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 um num acetyl acetonate disperses into the 74FFB 1005

non-framework portion of the zeolite upon deconposition/reaction and is
retained by the zeolite, to get 15 grans of A1203 onto 100 2 4 FEB 2005 -10

*granms of zeolite (15% A1203 added), 100 grans of zeolite are mxed with

about 175 grans of alum num acetyl acetonate: (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 residual organic portion may be renoved by
contacting it with a suitable S oxygkh containing gas to conbust the
organic portion. Qther suitable nethods known in the art are also
acceptabl e. The pronoter netal conpound is preferably nultival ent netal
conpound. 10 Preferably, the multivalent netal conmpound is a conpound
cont ai afg ot ZE01it¥ g@ﬁmm addedy, Y%%ﬁhsﬁk%lite BfeshiXedWith éb%h@ﬁsegaﬁ]%%m the
group Tonsi st ng maghesi um’™ chrfom um iron, [anthanum gallTum
manganglamimamg acdtylataromate: Pr ef erabl y, 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 preferred pronoter

21 i mom © < 85 Byt Hh1 SRR S roebies kol T dEs GHRERE. “ 21 U mam
di ahl Oﬁégﬁ}fﬁbﬁh nﬁtﬂmﬁy@aﬁ{s%ﬁiﬁﬁl adefyl&kfonged, 6-tetranmethyl - 3-5,

hept anedi anot o] alum nun¥1 1 1[ A (TMHD) 3], al um num al kyl s such as tri net hyl
alum num triethyl alumnum and triisobutyl alum num alum num acetate,

al um num 20Theé résidwal orparit pontign apgbedemaedibywomading inedtlpaaukableanganese
acglyl acetonate, nmagnesium acetyl acetonate, chrom um acetyl acetonate, iron
abyl axyaienrminéginingigas tarconainisti theaergapicauationatgher suitable methods known

in the art are also 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-3-5,
heptanedianoto]aluminum-1II[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



In one specific enbodinment, the crystalline mcroporous oxide is preferably
cal ci ned by nethods known in the art before contacting it with a profdtidf 7005
precursor 25 that may include, but is not limted to al um num

acetyl acetonate, alum num 2 4 FEB 2005 -11 i sopropyl oxi de, al um num

" hexaf | uoroacet yl acet onate, al um num di chl orohydrol, alum num et hoxi des,
tris[2,2,6,6-tetranethyl -3-5, heptanedi anoto]alum num 1I1I1[Al (TMHD) 3],

al um num acetate, alum numnitrate, alum num propoxide, rmagnesi um

acetyl acetonate, chrom um acetyl acetonate, iron acetyl acetonate, 5 nanganese
acetyl acet onat e, galllun1acetylacetonbke and | ant hani de acetyl acetonate,

whi ch upon activation, formthe pronoter nmetal conpounds. The pronoter

nmetal compound is acti vat ed by heating the crystalline m croporous

oxi de/ pronoter precursor mxture to between about 150C and about 550C. The

heat | Nopi | iiAIMARRRuMIR-@NAERIRELMRIHRO LI di@RoiYrdlr 9ani ¢ 10

portion a pronoter metal conpound that is dispersed i n the non-framework
por t i oglugdintiieethoxidled tris[B2 6, 6-tetRAnEHS]-8>8, heptahbdiah6f)hkintigiuart | vat ed
crystalline mcroporous oxi de cat al yst corrponent can then be conbined with
a sui t HA(TRMHD)3 ], ahtmmual acetatey sichiasmenitateq ajuminun prdpoixsdegnbodi ment t he
preferred pronmoter precursors include In one embodiment, the crystalline
m cr opmagnesiomi abetylacetonate) thremipmedoetdntgron:se erqread:stybcemtq, he pronot er
precursor is alum num acetyl acetonate, resulting in an al um num oxi de

pr érot Mangenese ageprssienale, gal hmmrﬁ@ﬁt)&ae@r@attp,randﬁmhem tylacetenatedi ment
the cry t%l l'ine m cr.opor.ous oxide is preflerabl y .calci ned by net hods known
in t heWaiah IRATRAINEHRN. I he; projyater Mgk ﬁPE‘lPBPEﬁiS ‘precursor conprising an
aI num al kyl . Sui tabl e al um num al kyl's include, but are not limted 20 to

t r| (i tm 3: Tﬁ%’ rpﬂﬂfﬁrl Ettﬁ]y(f( u@@%@&#&h&hk&%&%&%hﬁ?g&%lgf conpound is
act i val ed \B¥r SR Ydd/bRSinbIAF 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 resuiting 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 methy! alcohol, ethyl alcohol, isopropyl

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



crystalline m croporous oxide/pronoter precursor mxture with an oxygen
"containing material. Suitable oxygen containing materials include, 2%1 I
not limted to air, oxygen gas, water, and al cohols such as nethylz Ié@ﬁ@ﬁ,
et hyl al cohol, isopropyl 25 al cohol, and butyl alcohol. The
“oxygen-containing material reacts with the alum num 24 FEB 2005 -12 al kyl,

t hereby activating the pronoter netal conpound by form ng al um num oxi de
and a residual organic portion. The reaction step deconposes the pronoter
precursor into a pronoter netal compound that is dispersed in the
non-franmework portion of the crystal-l2ne mcroporous oxide and into a

resi dual organic portion that can be renoved 5 if necessary as descri bed
above. The resulting activated crystalline m croporous oxi de catalyst
conponent can then be conbined with a suitable matrix material and used as a

cataly : t 7] ﬁﬁ.ﬂ% 'd?h‘i’gh the
crysta%ﬁ#y%bﬁgﬁbg%g%()régagqgipfe cofrarf]g]re:[gsqec;é’)h.1 .zeolhbtﬁe. %.mpro unggg?Qt he
procesgndth rebidubl SRR PSrtidAl AeARActicHRE %i!eE'&n?bé’éttﬁU GRotek predurE@Por ous
oxi de material and pronbter netal conpound incofporated Into the non

f ramewgritly adsroimeter Aletdlengioumidahat 8 didpesdedriarthe nopxrafewatlepbaloncsiithbe added
to an inorganic oxide matrix material as described above to forma

cat al ystystalliné emiatipordws ofdemand ifivoestesidual ogginierporicedthaatat e temdvel
catalyst is then passed to a process unit for suitable use as described

bel dw. ififecEhsaryas diescritedeaticate. rnihe reswltingtagtivated erystb Bimeanisropdrous pxide

catal yst S conposition, although other catal %/st conponents and materials can

be i nceatglisheemponanicaniben begophinedpather aiaple madrixmatesialandoysed as a
coglri ses. abo 0 to agbout 99 wt% . nore. preferably frqm about,.50 to about
SOl visRlxiHe Rrstereby Heaaomater ilal comprisey alanipam aad iR YRANIE ol oo
w t hin_t.he scolgsg of, the inventio o incorporate into the 20 catal yst other

types BHCIRPOre 9’8615 CORILES a4y Eet and carbon nonoxi de oxi dation

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 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.



proroters. The catal yst of the present invention is preferably fresh when

" passed into the cracking process, that is, it is substantially frqq FFBOTUUS

the netals that may contam nate the catal yst during a catal ytic cracking
process. Such netals include but are not |limted to, nickel, vanadi um

“sodi um and iron. 24FEB2005 -13 The catal ysts of the present invention can be

used is various petroleumand chem cal processes, particularly those in

whi ch dehydrogenation of paraffins is desired. For exanple, they can be
used to catalyze reactions in fluid catalytic cracking, hydrocracking, and
| someri zation. The pronoter netal conﬁ%und sorbs to 5 the crystalline

m cr oporous oxi de portion of the catalyst in such a manner as to pronpte

t he dehydrogenati on of paraffins and napht henes. Preferably, |arge paraffins
are converted to olefins as a result of the paraffins having contacted the

crystalli neTheic@tal?g o8 shedpedent inbiéentreédn e aedl is RafioRs 9E§6ﬁhhi’a1§d3“Ve”ed
into smaller paraftfin nolecules, olefinic nolecules, and aromatic nol ecul es

i n rat clanibad prexdsfes; phnicutarhothose iuehich ddhyiddogeaatiby tof pacaffigkiing is used to
convert high boiling petroleumoils to nore valuable |ower boiling

pr oducdesiradn f erdixagnpjesthey cen badised diol catahizetreadtminesn fhiid batadyticker osene, j et
fuel and heati ngroi | . Typical feeds to a catalytic cracker have a high

boi | i nefagking, hydracnecking, andsisemerizatéon. hEhe promoter ovatal eampeurstisarbs ko ot her
high bqiling 15 fractions. The nbst co n feeds are gas oils with an

[ nig5t i af etfam"taﬂlgﬂeaaiqumwﬁe RYGeR (g'gggpatg tin F\‘%F%eam?ﬁﬁﬁm%/tc’above about
350C, wth e ojnts of up to abgut 620C. TypicC as ,oils include

stral ohtomer theRehiRerraalodRftins an aamngds Prefiibiy lafes Patis | s as
apgkeci at r.dj ' ' -art [ bhan

f P‘t i %%scq)gl?g%a? ? '? ?gelﬂ}[s ai%oadllp"? E@fé ?65 Zﬁ%/b%%m#eﬁﬁvgé & Ppﬁngfelabtglg %Fﬁsggll‘g‘? nt since

there ﬂﬁcﬁrgﬁ%&ﬂ dBaY. The LRGN arkYREP pRIFRBIPOSI R ifif Ghallé farRhd O eum

hydr ocar raction.
molecules, olefinic molecules, and aromatic molecules in ratios desired for fuels

10 products.

Fluid catalytic cracking 1s 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



_Hydrocarbon fractions in this range include gas oils, thernmal oils, residual
oils, cycle stocks, topped and whole crudes, tar sand oils, shale di{Bg3 1005
synthetic fuels, heavy hydrocarbon fractions derived from coking processes,
tar, pitches, asphalts, and hydrotreated feed stocks derived from any of
“the foregoing. 25 24FEB2005 -14 Fluid catalytic 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 vessels
for noving catal yst particles back and forth. The cracking reaction wll
preferably be carried out at a tenperdfure from about 450 to about 680C,
nore 5 preferably from about 480 to about 560C, pressures fromabout 5 to 60
psig, nore preferably fromabout 5 to 40 psig; contact tines (catalyst in
contact with feed) of about 0.5 to 15 seconds, nore preferably about 1 to

6 seconds; mdaca@aqslrgé ficking Wiifs iRttt '_cegye&%m Qre'écfo?w"l%re ggéirﬁg&gtsa@rabl y

¥
fromabout 2 to 8. During the cratking reactions, [ower I ng products

are f ocopEcRthGPmvddivd taaRsbintaripusregehantor! TasbferdinesUonhbdtehEBlie are
deposited on the catal yst particles. The hydrocarbonaceous material is

r enov edesnelssfor inppiing catabyst pardicles tback ard éomlp! YhevctdekingtreaononWwéll non-vol atil e
coke is typically conprised of highly condensed aromati c hydrocarbons. As
hydr oc grdferabtiebe samedeanit at a tamperatuee from aban 460° tdabanm©805S motche 1.5
activity of the catalyst for cracking and the selectivity of the catalyst

f or5 pr ptrferably frgasehaui 88T Enahawy 5§9‘3§kpr&s%lr@ﬁ fomi aheat> tTRE psig. aneret
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about 0.5 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
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-contaihing 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



Cat al yst regeneration is acconplished by burning the coke deposits fromthe
“catal yst surface with an oxygen-containing gas such as air. Catalyst
tenperatures during regeneration nay range from about 560C to about 47l
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 tenperature necessary for the cracking reactions. Coke
burn-off is an exotherm c reaction; therefore, in a conventional fluid 2 4 F
F B 2005 -15 catalytic cracking unit with conventional feeds, no additional
fuel needs to be added. The feedstock& used in the practice of the present

I nvention, primarily because of their |ow levels of aromatics, and al so due
to the relatively short contact tinmes in the reactor or transfer line, may
not deposit enough coke on the catalyst particles to achieve the 5 necessary

t emper ahidlhiz drickifg uhﬁ%ﬁﬂ?&&iﬁntioﬁﬁ'lﬁf'e@ﬁs? @ additioRaY ilke nBERASTR added. USe an

addi tional” fuel to provide Increased tenperatures in the regenerator so the

cat al yghe feedstockisesed & thePradtidefithe piesest i@vemtich, Pﬁ&n@nytbed_saqse ofehgit ai n the
cracking reactions. Non- l'imting exanples of suitable additional fuel

i ncl udéowlevelnsfarohiatics,tdmel alsd dhg/to the relativélysborircontasstiines éh the reattor al  gas,
and torch oil. The C2- gases are preferred. 10 Isonerization is another
pr oceser transfki bhe,tthay nett dappsit snoigh bekgoere thermatalyst particles tocwhidye theed.
Hydr ocar bons which may be i sonerized by the process of the present
i nvent neeessary|tempersiirgs 11 tiedegeneraioat Thetelorpdit saay beoneeessasy Eunsgathayi ng
I RS B EIEE M RERE E W
D | RGN Bl LB T LR BRR O BRES,
220 DUFGRAER S STRR ORRCTHERAERI O SHR ofyala 0, 1, 1, 000
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-



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, preferabld Frdia)s
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. 25 The catal ysts of
the present invention may al so be used in hydrocracking processing.

Hydr ocracki ng i ncreases the overall refinery yield of quality gasoline 24
FF9 2005 -16 bl endi ng conponents. Hydlocracking can take a relatively

| ow-quality gas oil feed that 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 mxed with

O OZBBntRtomAsR R ERROIELiLE Y Lo AMaivBIARNIALARY dadoTEM bt 200 ©

to 3, 5 psiI¥, to a st-stage reac out 40 to 50% of

the feggsionk wdlﬁa%q)léxmemﬁm/&smlété?@a&na%n%mwmctﬁapeeseﬂ@e bhat inhi bit
t he cracking reactions and lower quality products. The stream fromthe

first h‘%@@ @enSadan Qﬁprobh@ttﬁfdtﬂylst infited+bed redutonsg T ypicaiyatiai feedsbelr 8 but anes
and |ighter gases are taken off. The bottons fraction is passed to a

secondnfitedwithdndrogenavapoadicatbdato aboghb0°Ceiop8 0y passsanzedio aboas $,206s
wherei n addi ti onal gasoline-bl endi ng conponents and a hydrocrackate are

pr aduc o3, 500 @si, and charged o klfirsiesthge teactor wvhwee sbautdiOdy 5036 of dracfeedgocke
followng Exanples_ that il I ustrate enbodi nents of the inventi.on. MPLE 1
15 St amatsdowmnothtsogeéwgl  Subfug compennds that wdybit Ihsnwelﬂmmnsps e run on

t e se arate co I‘CI vai | abl | | ine m cropor.ous i des: USY
(5 ke owenavry peadicts, i Bod SRt et coolhl HAUERSL 88 2y o or
L2y 84}&11 tlh:ough 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.




210.(avai l abl e from Katal ystiks, Inc.); and calcined rare earth exzt} eﬂ Y
"(CREY, available fromWR Gace, Davison Division). Prior to run i*?]]g:%t &
MAT test, the 20 crystalline m croporous oxides were conbined with matrix
mat eri al (Ludox, available from DuPont) and steaned at 1400F for 16 hours
"to produce a cracking catalyst. Each catalyst tested conprised 20 wt %
zeolite and 80 Wt % matrix material. The results are indicated in Table 1
bel ow. 24FFB2005 -17 Table 1 MAT Resul t sUSYLZ-2 10CREY 5conversion(w %
400F m nus)42.547.764.1 H2 (W% 0.01130.01860. 0064 C (wt % 1. 4801. 8911. 760
Surface Area (nR/g)200189130 Pore Vollfre (cnB/g)0.4390.0230.254 10Unit Cell
(A) 24.2124. 2424. 51 EXAVMPLE 2 16 The crystalline m croporous oxides of
EXAMPLE 1 were netal ion exchanged according to the nethod of cation
exchange in zeolites as described in A Dyer, An Introduction to Zeolite
Mol ecul ar Si eves, Chapter 6, "Zeolites as lon Exchangers”, John Wley &
Sons, 1988, which chapter is incorporated herein by reference. After the
crystalline m croporous oxi des wereTable Exchanged, they were conbined with
matrix material and steamed as in EXAMPLE 1, and run according to a standard
MAT test. The results are shown in Table 2. 2 4 FF8 2005

MAT Results USY LZ-210 CREY
|
5 conversion(wt%, 400°F minus) 42.5 47.7 64.1
. Hy (wt%o) 0.0113 0.0186 0.0064
C (wt%) 1.480 1.891 1.760
Surface Area (m2/g) 200 189 130
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 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

test. The results are shown in Table 2.



-18. Tabl e 2 MAT Resul tsUSYLZ-2 10CREY + A1203+ A1203+ A1203 5 conversion
" (Wt % 400F minus)29.838.551.1 i H2 (w % 0. 00470. 00550. 0056 C 2 4 FFB 7005
(W% 1.1191.7371.516 Surface Area (nR/g) 194172161 10Pore Vol une
(cnB/g) 0. 3460. 3140. 318 Unit Cell (A)24.2524.2224.36 The results indicate
"that the netal ion exchanged crystalline mcroporous oxides have a
significant reduction in conversion to product conpared to the non-
exchanged crystalline mcroporous oxides of EXAMPLE 1. This indicates that
the 15 nmetal ion exchange procedure results in the |oss of effective netal
cation sites of the 40 non-frameworkl$ortion of the crystalline nicroporous
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 available 20 crystalline m croporous oxides:
rare earth exchanged CREY (RECREY) mggfe #Y exchanging a portion of the CREY
of Exanple 1 with a rare earth ion 3Sofutton by the mnethod 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; MATUReswst abilized cal ci Ad8lYexchanged rdi&-2dért h YCRBXCREY) nmade 25
by cal ci ni ng NHACREY according to the nethod described in references 6-13 of

R + AlO3 + AlhO3 +AbO3
5
conversion (wt%, 400°F minus) 29.8 38.5 51.1
@ 1w 0.0047 0.0055 0.0056
C (wt%) 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 (&) 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

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 Bronsted 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 NH41 according to the
method 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.



_ 24FEQ2005 -19 Szostak, "Mdified Zeolites" (Chapter 5), Introduction to
Zeolite Science and Practice, Vol. 58, Ed. by H Van Bekkum E M Ftﬁrpil_—g%nﬁ
and J.C. Jansen, Elsevier, 1991. Prior to running the MAT test, th
zeolites were conbined with matrix material (10 wt% zeolite; 30 wt% Si 02 as
"I MSIL-A-8, available fromUnimn Specialty 5 Mnerals, Inc.; 60 wt%
Si 02- A1203 made froma gel obtained fromWR Gace, Davison Division,
which gives a 25 wt % A1203, Si 02- A1203 when dried and ! washed) to produce
a cracking catalyst. The results are indicated in Table 3. Table 3 10 MAT
Resul ts RECREY HCREY USCREY conver si ohg‘(wt% 430F m nus) 45.3 50.144.0 C
(W9 1.341. 391. 33 650F+ prod. (w9 32.427.432.7 15Surface Area
(n2/g) 101129113 Unit Cell (A)24.4924.45- EXAMPLE 4 Each of the crystalline
m cr opor ous oxi des of EXAMPLE 3 was blended in a separate container with

al um ”B%ﬁﬁ?}‘W%ﬂﬁi&f‘%&itéé’at(tﬁaﬁtfer 38 OhirbBub ot ZE Sl RerReaing acet onat e
approximately 1:1.4; deconposition tenperature of al um num acetyl acetonate

sl i ght Pyadiceavel. 38)8d. $300) VairBehkan) BaMIBlanygh, phd ¢ & Jansen) Edsestier, and
heated 0 150C, hel'd for one hour, and the oven was purged w th an anount of

ni t r ogé9 buPtioe ite ninting the/MATuest; the zeolitestwerel opnibiinedmbthemdtroomateriali on
products of the acetyl acet one deconposition. After purging, the oven was
heat ed(Yws%0zolites 30 w84 SO parel MEU-A-Snavailatdodiom bnéwan Speeieltbven was t hen
heated_ in air for 2 hours at 2 4 F I B 2005

5 Minerals, Inc.; 60 wt% SiO>-Al»O3 made from a gel obtained from W.R. Grace,
Davison Division, which gives a 25 wt% AloO3, SiO2-AlyO3 when dried and

. washed) to produce a cracking catalyst. The resuits 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%) 324 27.4 32.7
15  Surface Area (m2/ g) 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 |



-20» 500C. Based on the weight of the product, it was cal cul ated that about
45 wt% of the alumina expected fromthe anmobunt of al umi num acetyl dcefldhiie
remained with the zeolite as a result of the addition process. The zeolite
containing the added alumna 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 0 RECREYHCREYUSCREY MAT Results + Al12Q3+ Al 203+ A1203 conversion
(Mm% 430F m nus) 55.258.260.8 10C (wm % 1.631.571. 65 650F+ prod.

(WM 9% 22.619.317.4 Surface Area (nR2/g)11881143 Unit Cell (A)-24.4324.46 The
results indicate that the crystallinéuhicroporous oxi des which contain the
15 added netal conpound for pronoting dehydrogenati on and Lewis acidity show
a significant increase in conversion to gasoline product conpared to the
non- met al added crystalline m croporous oxides of EXAMPLE 3. This indicates

that tbg)eddBhicon He WERHIBE e froauet gxgvhmle@%&% thafabTRe wih, difthect i ve

netal cation sites of thé non- f portion of the crystalline
ni cr opflufifia expetted frond tHeedmbeitdst, alasiiiirh @Be@lacdfbriaberdiliiabd sdfipmend
resulted in a significant increase in Lewis acid sites. This is also shown
i n Tabievlile beh ovsudyoffiheadditint procesmt Thazeslite bontauihgthohdded alueninat es per
gram of catal yst

was then made into catalyst as in Example 3 and then run under standard MAT

5 conditions. The results are shown in Table 4.

Table 4
. MAT Results RECREY HCREY USCREY
+ AlO3 + AlbO3 +AHO3
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 (&) - 2443 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




If after steami ng as in Exanple 3 hereof, pyridine is adsorbed onto the
“catal ysts, then heated to 250C under vacuun1to desorb any pyridine fgg Wm
nore 25 weakly acidic at non-acidic sites, infrared spectroscopy can be u é
to measure the 2 4 FEB 2005 -21 relative anounts of pyridine adsorbed as the
“pyrindiniumion onto Bronsted acidic sites, and the anpbunt sorbed as

coordi nated pyridine on the strong Lewis sites. Wen 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 rar&learth 40 exchanged zeolite of the FAU
structure type. This is the starting material for the next two sanples of
this table. 2) RECREY + added alumina -1, is a sanple of the RECREY to

whi ch al um na has been added by the nethods taught herein, as effective

added %W@%oﬁhﬁ%}ﬁlﬁe addrte @by ruLdlmuhﬁcﬁl éﬂ@l%n@ﬂcedtd?ﬁmBECREY to

10 whi alumna h en added 1n a IS not effective as additional

Lew s gigdsd and fige amblifitiSorbad a5 todidifhtdd R?ﬂﬂire,oxﬁmeadtron@Mﬁ%he@f Wigdral ysi s
148, 213-223 (1994), and referenced therein] and G L. Price, et al

[ Jour ndlis &f ddzet ont Yo catdl4Bis AR Bles@ided, theIoUdving band ﬁﬂeﬁﬂtlemaflthetzﬂi‘somﬂdy
determ ne the total acidity, characterized as both the anmount of strongly

aci d spymdinesir theghreeaagglysts as ebbfeseed.n- propyl anmine to 15 deconpose to
propyl ene and ammoni a upon t hermal desorption) and weakly acid sites
(acidic because it wll interact with n-propylamne at 50Cto retain the

aﬂwﬁwed but WTﬁbled%QW%aE%@f‘FiMf?%tdﬁﬂW@aﬁs k)r%Eg&%aﬁm@artb rai sed%
T B

g %t« Taed ap oo thg prld sBgctice Bpe {ﬁé‘éﬁﬁaﬂgf"@ml@%&?@%‘éhfo@& Bk of
i | || %Q%ﬁﬁgé[’&j@sﬁgigg% g)él%g% SO Slnfifa 2014 §85hpiothn one

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).



-22 Tabl e 5 RECREYRECREY +RECREY + Added Al170Added Al1,03 5 Total A1203

" (w.9%19.730.527.0 * Strong Acidity, MEQV/ G0.460.380.40 Weak Acidity,4 FFR 1005
MEQV/ GR2. 642.992.59 Total Acidity, MEQV/ G3.103.372.99 10 Table 5 shows that
only in the case of the effectively added alumina (1) is the weak acidity
“increased, along with the total acidity. The other exanple (I1) shows that
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
steamed to deactivate 15 them at the28ane conditions described in Exanple 3.
I A portion of each catal yst sanple was then pressed into a thin disk. Each
disk was weighed and its' dianeter 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 ¢ g and exposed to pyridine vapor for a
short period. The sanple was then ld 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 agai n obtai ned. ThRE(JREYeasRE(ORIper at ure R’IVCRBYGR vacuum
renoved any pyridine that was physically sorbed. 2 4 F F B 2005 -23

Added AL,O; Added AL,O,
5
Total AI203 (wt.%) 19.7 30.5 27.0
@ stong Acidity, MEQV/G 0.46 0.38 0.40
Weak Acidity, MEQV/G 2.64 2.99 2.59
Total Acidity, MEQV/G 3.10 3.37 299
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.



The, i nfrared spectrum between 1400cn’ and 1600cm ' was neasured on the
"material before the pyridine sorption and the spectrum was subtract?2dFfB @b
the spectrum of the sanple containing the pyridine. The resulting spectrum
was that due to the pyridine interacting with the acidic sites of the
"catalyst. 5 In this spectral region, peaks at 1540cm to 1550cm were
assigned to the pyridine that is coordinated to the protons from Bronsted
acid sites. Peaks between 1440cm to 1460cni were assigned to pyridine with
which the pair of electrons on the nitrogen were interacting with the

el ectron accepting sites (Lewis AcidsPdof the solid. In this spectral
regi on 1440cnmf' to 1660cm ot her bands between 1480cm 10 and 1500cm are
due to conbi nati ons of bands of pyridine sorbed on both Bronsted and Lew s
sites. For the steaned, conposite catalysts made with the zeolites shown in

Table 5, T | | It b, h
presence of T IRURLYT ibstrtfh, AR 140BEnP BRI 600D vied Ty f St 0
RECREY natéfh) Befbfithe b e borbtioR AnBané %éﬂtﬁﬁ'ﬁ ds@abiHetell From (RES -

units/gra Bronsted 'Sites 22°33 33 Lews Acid sites 55 104 60 2 4 FF B
2005 - Zfectnafi ©f1Rs amplesdtatainlig m%;@ﬁr(]iiif{@ Bhel tésultingoépeichriusn Wak ahatctwepound

does increase the Lewis acidity of the active catalyst.
to the pyridine interacting with the acidic sites of the catalyst.

5 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 Bransted and

Lewis sites on the catalysts.

Table 6

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




Havi ng now fully described this invention, it will be appreciated by those
“skilled in the art that the invention can be perforned within a mﬁd§4¢@gqﬁ5
of 5 paranmeters within what is clainmed. 0 0 2 4 FFs 2005 -25 What is clained
is: 1. A process conprising: (a) formng a mxture by contacting a
“crystalline mcroporous oxide and an al um num cont ai ni ng pronoter precursor
that is stable in the gas phase and capable of formng an
al um num cont ai ni ng pronoter compound, said crystalline m croporous oxide
conprising a non-framework portion and having a unit cell size; and, (b)
heating the mixture of step (a) to a-2%mperature between 150 C and 550 C,
wherein said al um num cont ai ni ng pronoter conpound is incorporated only into
the non-framework portion of the crystalline mcroporous oxi de and wherein
the unit cell size of the crystalline m croporous oxide is not

substanti al Iy eENpLRRS ﬁﬂow%h% Eﬂ%cﬁ’(’r@ﬁ@éiﬁoﬁgﬁ%ﬁrﬁﬁaf Sorfib&urd doédircheise

conprising treating the product of step (b) an oxygen contai ni ng
mat eri gle Lowiseatdey ofthd &tivétatalpstgani c material fromthe crystalline
m croporous oxide.” 3. The process according to claiml| further conprising
i ncorporating the product of step (b) into a matrix material. 4. The
process aCCHad’iilggnOW fullgidesdribed thieinveatipn, is wit) beadppreviaigdthyethosg/ st al | i ne
m croporous oxide before mxing the crystalline microporous oxide with said
al um nsknlledantbe aittbatthe mmxentiopreanhesparformedntshir veds rangedrfdi ng to claim |
wherein said crystalline mcroporous oxide is

5 parameters within what is claimed.



selected fromthe group consisting of zeolites, tectosilicates, tetrahedral
al um nophosphates, and tetrahedral silicoal um nophosphates. 6. The 0 POEHS;
according to claim1 wherein said crystalline mcroporous oxide is a
zeolite and wherein said pronoter netal is alumnum 7. The process
according to claim6 wherein said pr ter precursor is alum num

acetyl acetonate. S. The process according to claim1 wherein said pronoter
precursor is selected from 24FEB2005 -26 the group consisting of al um num
acetyl ace n?te .a?r‘:jd alum num di chl orohydrol. 9. A process conprising: (a)
contacti néﬂﬁ B&1AmslS crystal line mcroporous oxide and an

al um num containing organic pronoter precursor that is stable in the gas
case and capable of form ng a pronoter conpound, said crystalline

mi cr opor otis oxmo@wpgﬁ‘ﬁg a non-framework portion and having a unit cell
size; and, (b) (BFrmnsid ﬂ&nﬁ@b)dqoafaemg;]ae&ymmq&i&@pormxﬁie%&a:hd pronot er
conmpound i s incorporated only into the non-framework portion of the

crystal | i ABMAVE-HEHISPrORPIEEPTEFIEs oMY is stable iethy gasphrss and eappleiAtl does not

substant i gjn¥ng aﬂ%[u‘ﬁﬂﬁﬁn—%]ﬁaiﬁigé brofmbtet c&ﬁ;ﬁaﬁndgg?i{lj Fﬁ?stﬁl‘iiﬂéﬁfklréﬂo%s Bki@é opor ous

oxi de. 10. The process according to claim¢ fher conprising renoving any

resi dual eemprising 2 nentiamewprkipogion ehdhavingatuaiticelhgizayped; opor ous oxi de. 11. The

process accordi | I LS| ' | 1go bhe product of

Ctep(by i nt o tekfbaihAhhie bl 0o E QR B AT B 0 P o

wherein sai d cweteql saidréimiingn-opdainios pomotée corgpoustis ésoepdratedemiyt ine thr oup

consi sti ”QPIQFmﬁ&%rk ﬁagrﬁon Bﬁﬁé E’rg%]th[iﬁe%f%%po}o% 5ARERa PneAl UL NRPAASRRZE €S, and
rahedral silicoafFum nophosphates.

‘ the crystalline microporous oxide is not substantially increased.

2. The process according to claim | further comprising treating the product of step (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.

4. The process according to claim 1 further comprising calcining the crystalline
microporous oxide before mixing the crystalline microporous oxide with said aluminum-

containing promoter precursor.

5. 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.

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 6 wherein said promoter precursor is aluminum

acetylacetonate.

8. The process according to claim | wherein said promoter precursor is selected from




13. The process according to claim9 wherein said crystalline m croporous
oxide is a zeolite and said pronoter netal is alumnum 14. The p 99 sgs
according to claim9 wherein said pronoter netal compound is actint e@ 7@95
contacting the pronoter precursor with an oxygen containing materi al
selected fromthe group consisting Qiﬁ_ai r, oxygen gas, water, and al cohols.

the group consisting of aluminum acetylacetonate, and aluminum dichlorohydrol.

9. A process comprising:

(a) contacting a calcined crystalline microporous oxide and an aluminum-containing
organic promoter precursor that is stable in the gas case and capable of forming a promoter
compound, said crystalline microporous oxide comprising a non-framework portion and
having a unit cell size; and,

(b) activating said promoter compound,

wherein said promoter compound is incorporated only into the non-framework
portion of the crystalline microporous oxide and wherein the promoter compound does not

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

10. The process according to claim 9 further comprising removing any residual organic

material from the crystalline microporous oxide.

11. The process according to claim 9 further comprising incorporating the product of step

(b) into a matrix material.

12. 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.

q 13. The process according to claim 9 wherein said crystalline microporous oxide is a

zeolite and said promoter metal is aluminum.

14. The process according to claim 9 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.



