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CRYSTALLI NE M CROPOROUS OXI DE CATALYSTS HAVI NG | NCREASED LEW S ACI DI TY N
Thi's i nventd2aesiel ates to catal yst conponents and conposiRGBH$12AHNEt hods

of making and using the conpositi rises a crystalline
m cr opor ous oxi de having a pronot ||| 'H II'E ound t hat pronotes

dehydrogenati on and increases Le i t hout increasing the unit
cell size of the crystalline nicroporGHQHOX|de 10 Crystalline mcroporous

oxi des, such as zeolitic na rcial use in a
variety of industries fg §é§$§iﬁ MJWare especi al l'y

val uabl e for their fIG]REYSEE@ MEGRORQROQUFHXIDE:r si eves, as wel | as
.for their abiliiyATAIZZSTSHAVING INCREASEDALEWIES Yous oxides are
particularly uséful as catalysts Ich 15 convert the large paraffin

nol ecul es of a hydrocarbon m xture into snmaller nore unsaturated nol ecul es
+such as olefins and aromatics. Typi cal processes include fluid
catjal YBACKEROUNDANd hydrocracki ng. W um@"mmlnthl S conversi on process,

structarat_properties of the catalyst to be bal anced, such as

pore size, pore volune, Lewis acidity, and” ronsted acidity Xi tBPQf

structural [hipmventen oélatzs to batabyshvemppoents andwmpoa%t@nﬁcﬁn

bal anced, conversion of the hydrocaybon n xture t r oduct rra
pr oduc makirg ind using the cg@@pSIt@n Whﬂ@{l&empé}%ﬁ Bﬁ%@%&wﬁ%@f’rﬁ dI y
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f ramewor k and non-framework portions of the crystalline structure,

cajglytic GATErBSordhE okidiR! duchantdeslizie dnatbrialshRavabeeroin a cr acki ng
rl%2/ | 8sl ( @r&éﬁthﬂiél&l Urgﬁ)/ 25s9~U cat al yst, olefin form ng reactions of

I arge I@@ﬁ-@lﬁéfcfal et écbvasetyeof industriee feif hany yeatsy Tdmpn@edemlg e he
subsequent scission reactions which form.he smal nmpl ecul es b e f| nal
pr oducuaspmmoAMuabI@rfer ﬂmbﬂumﬂpabﬁ‘tlwlb%%%mp MV SLTVS> RDWEHiAS

catal yst conpri sing
Y their alrarlll)lty to act as :2 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 Bronsted 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



matrix material, and (ii) a crystalline m croporous oxide incorporated
into/with the matrix material. The crystalline m croporous oxide conprises
a non-f reqeampaskeporti on and has a unit cell size. The norRGIESMRHR portion
conprises a pronoter netal conmpound incorporated only into the
non-framework portion of the crystalline 10 m croporous oxi de. The pronoter
nmet al conpound does not substantially increase the unit cell size of the
crystalline mcroporous oxide. In another enbodi ment of the catal yst, the
crystalline microporous oxide conprises a Y zeolite incorporated into the
matrix material. The Y zeolite conprises a non-framework portion, has a
unit cell size greater than about 24.30A, and conprises 15 al um num oxi de
incorporated only into the non-framework portion of the crystalline

M Cr 0pQly 9&18%0616@31 foRHif %tgtét%tioh@ef&{rg '@mﬂgﬁecﬁgcmggtﬁ?@sg% égFgﬁggl ty but
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conprises a non-framework portion conprising a pronoter conpound
capabl ¢h@@inal prothrceasi ng Lewi s acidity incorporated only into the
non-framework portion of the crystalline m croporous oxide, such that the
pronoter netal conpound does not substantially increase the unit cell size
of the SUMBYIARNne nicroporous oxide. The enmbodi ments of the catal yst can
be used in an FCC unit, an isonerization unit, or a hydrocracker by

con acting t al,yst w a suitable,. feedstock 02/ 1$51G
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crystalline m croporous ‘oxi de conprising a non- ortion and havi ng
a unit poefidn and das anait ddd) sibeaThesohtfearnewbik ﬁomfon&kﬁx@pxﬁﬁ d romdi@perat ure
bet ween 150C and 550C;, wherein a pronoter netal conpound conprising said

pr onot enetakeepognd nm@r]pxmawdeahly ity thenontfimmeworlf parionooikthparystallinef t he
cr¥stal | ine m cropoyrous oxi de and wherein the pronoter netal conpound does
notl0s uBRICEANAraps oxidg. i The Ramotemetal compeopp SIPQ%HG'f subistandiajlyt inrreasethe

M cropor ous ]?m de. Anot hea enbodi ment _of .t he present invention is a process

conpr i etk $ize %Hteacé?/f"ﬁ 1€ 1IIGTOPALOUS OX19R- cr opor ous oxi de and a pr onot er

precursor, the crystalline m croporous oxide conprising a non-framework

portion and Iﬁ%ﬁbﬂ&r%n‘rﬁﬂd'im]%ﬁt of 'ezc%tat tT i r%tﬁﬁammfmfc?@%&foﬁ%&

conprising a pronoter capa eo promnmo met af&(r:orrpound
{b) decermpeiesg Yabdliterif Fatpd @au B malthie heetwrlilo FTRATY Z2olit® BOpfisdtes 2l
conmpound conprising an oxide formof said pronmoter netal; (c) dispersing
sai d pnonsiramewsrlaporion hasd uwnil geli sive gtdaterrthan tibautsdd3 @Apand compritesai d

cr)(stal | i ne m crpporous oxide; wherein the pronoter netal conpound does not
5 aluminum oxide incorporated only into the non-framework portion of the crystalline

microporous oxide, such that the aluminum oxide increases Lewis acidity but does not

substantially increasing the unit cell size of the zeolite.

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

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

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

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



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 conprising:
(a) cal cwoimgsstézeol ite conprising a non-franmework porti dCTABIRAWING a
unit cell size; (b) contacting the zeolite with a pronoter precursor
conprising a pronoter netal capable 25 of formng a pronoter netal

conpound, wherein said pronoter netal is selected fromthe group consisting
of magnesium chromum iron, |anthanum gallium manganese and al un num
and wherein said pronoter precursor % selected fromthe gr oup WO
02/18sll -4 PCT/USOL/ 259. 10 consi sting of alum num acetyl acet onat e,

al um num i sopropyl oxi de, al um num hexaf | uor oacetyl acet onate, al um num

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

hept anedi anot o] al um num I 11 [ Al (TMHD) 3], al um num acetate, alum numnitrate,
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sai d pYornoter i's rncor ated only into the non-framework portion of
t hey zeghnhsuml daith@isiallindmidtepprousuixéde cahptisingramomdratuegonkqrortion
substantially increase the unit cell size of the zeolite. Another

enbodi gebhhavihghmipeelbsine; amd;€b) hetingsthe npixtrre S st ite Rri§MPEEAUEont act i ng
a calcined crystalline m croporous oxide and . a recur sor

g}rom)t er 1S
conpr i betwgea 1903GHNer > WSCaWheapiag Brosmotermeial $OMRIUEHRAMPHSING Saidy o und,
said crystalline m croporous, oxi de, compri sin - {5 i and
havi ngPEOTRfeE metal|1p 1%‘?%?”3 (,’rﬁé'l}?toa@ﬁl\?gf ffﬁ‘g‘egg?@ Bﬁ’%mgﬁ{c#er?%ﬂ%%nnpou nd,
wherei n .sai d_pronoger p (oS ol | dabstahtigll

non- f rB}%@RBBPE&‘EOQ’?F%HHW}?AH%‘Q’?E%@?P@@ ér)%l&rgé op %rﬁdsjdgiﬁi 1z{doetI %nd aV\her)éi n the
pr t inetmittoirbis dRidencr ease the unit cell

Si g(gooﬁ{ctr%%%?rl%/gﬁgﬁglﬂggze?n&%?lgpr&;?%ﬁgﬁoxi de.IﬁiAr\not her enbodi ment of the
present invention is a process conprising: (a) calcining a crystalline

m croporous oxide, the crystalline nicroporous oxide conpri.sing

non- f r amewo taaotleerténobodineenit af threppresentiinvetiaon 15ia7eroCcess) CIBRNHBE, (‘?3 an 25

al um num al kyl selected fromthe group consisting of tringt ] num
triet hyoaﬂaghngmam&taklwmmwgra}l&%?‘ﬁérﬁn Brot‘?‘i’t???{ﬁﬂ’ﬁ‘)rgﬁﬁ%%lﬁﬁm&)
treatl rlll%c;ogeorousvgcild% %/C)%%)?ils%ng 2 N frartewdtk f)g‘él%hl‘ Ghd 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



product of step (b) with an oxygen-containing material to forma pronoter
net al conpound, wherein the pronoter netal conpound does not substantially
i ncr easewPW@/18316t cel | size of the crystalline mcropor oECTONIARSMH8 Ot her
enbodi nents of the present invention include the products produced by the
processes of the present invention. These products nay or may not be
incorporated into a matrix material, but are preferably incorporated into a
matrix material before used in a process unit. DETAILED DESCRI PTION 10 The
catalytic activity of a crystalline n?troporous oxi de, such as a zeolite,
can be inproved by effectively incorporating a pronoter netal conpound that
pronot es dehydrogenation and increases Lewis acidity of the crystalline

. m croporous oxide without increasing its unit cell size. Al though the

Crystadigind G ABRIRUR RE IS SAMO ANBAASsdbropiIBkiRL aRlrfifiem ! he

crystalline croporous oxi'de is preferably i'ncorporated into a matri x

+ mat er i gy fRI0ed RlciahvetdRate) Slugdiiug dighldeohydrbk ahnainny tthoxddesnon- cat al ytic
conmponents can also be present in the matrix material. The crystalline

m cr opeispUS,66itetearabttyit3s5] eptartedeaota@lalireinused H{ 41(CMED) )24, alb@immeak down

of primary products fromthe catalytic cracking reaction into clean

pr oducacstataciluasnwaphittate, fAbmua! propedids, eragResrEn aesixlaceinaitbedst ocks. The

crystal line 20 m croporous, oxide |s qrsgieraﬁl sel e teg fromthe group
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m crop H]H
zeol i tfe%s I ?1% ude nat ural and zeolltes. Suitable natural

zeol i t @snitfg nysieriaN RV hetbinta pritadtaz inetal cdagivumddidmprisihj sajt propidter,
faujasite, heulandi'te, levynite, erionite, cancrinite, scolecite, |

of f r et iretal isriticdeporaced anly ihty thiearont framswiork poaticy of thet eplifeand pdereine
zeolites X/ 1', L, ZK-4, ZK-5, E, H J, M, Q T, Z T&tha anﬁi 5 Db t@

7S\ t yiepranieonsgtal coayjasdidess apbsuhstaniallydncyease the it coll szsafithe v and
zeolite X having a unit cell size greater than or equal to 24.30A, nore
preferé‘?ﬂlgﬁegreater than or equal to about 24.40A. The alum numin the
zeolite, as well as the silicon conponent, can be substituted for other
framewor k conponents. For exanple, the alum num portion can be replaced by
boron, gal | isyonhdrl drABO MMM of Fhe/prlesdlit ifPémion isHprempsomprisiagwa)ch are
heavi er than alum num Gernmani um can be used to replace the silicon

por t i oenthétifg hicaicihet costaliys miqopdrmts, oxitie and pgiretratereprecetsopor ous oxi de
is preferably included within an inorganic oxide matrix materijll tcgat bi nds
t hes catahpsisingoapumaotes masgkeapsblesef forming A promatar Beahf9RPoPRALEAY enough
to survive interparticle and reactor 15 isions. A

| coll (i'l i nor ga i-f: oxi de
at 1 | x Crystalline MigposaUs eide COBMIINNS ABPRRReRerk Bottin apd hayiga Wit | o
dried to. "glue" t talyst . P . i i
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Pr ef er glkdposdedlofiaenaaanheein 3R fromotatmbias tommponatidoes get hestantially
attachnment wth the inorganic oxide matrix material. .An active porous

i QY gamdeane tte vnitt gdlysive of tpocrystallinepnicibpyraystagigees the formation of
primary products by cracking hydrocarbon nol ecules that are too large to f
t inside the crystalline m croporous oxide. An active porous inorganic

oxi de catal yst conpopent i can be .incorporated | . i ng
catal yst is Pﬁ?@h@r%{;?dl&"%ﬂl‘g&ge E’éespﬂ%% ngn 5§ Bgoclteﬁé\? O@agﬁ{g ?ﬂr el atively
large %gﬁ‘?nr}%g%fcr?gtgfl?feal%l?gfaﬁofdﬁts%)Ai(ﬁ’é’,"%e 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



WO 112/18S Ili PCT/US01/ 259~0 nol ecul ar wei ght hydrocarbons as conpared
to an acceptable thermal blank. A low surface area silica (e.g., quartz) is
one typewofozassiept abl e t hernmal bl ank. The extent of crackiGiuUYWaARSHEe
measured in any of various ASTMtests such as the MAT {mi croactivity test,
ASTM # D3907-8). Conpounds such as those disclosed in 5 Geensfel der, B.
S., et al., Industrial and Engi neering Chem stry, pp. 2573-83, Nov. 1949,
are desirable. Alumi na, silica-alumna and silica-alum na-zirconia
conpounds are preferred. An inert cat® yst conponent typically densifies,
strengthens and acts as a protective thermal sink. An inert catalyst
conponent which can be incorporated into 10 the cracking catalyst of this
.invention preferably has a cracking activity that is not significantly

t t.h ble th . : ¥
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a

as a-alumna, (err)-alum na, y-alum na, Salum na, s-alumna, K-alumna, and
p-al um na can be enployed. Preferably, the alum na species is an al um num
trihydroxide such as gibbsite, bayerite, nordstrandite, or doyel i(i) . 20 In
oné enbodi nBtheraimbodimentsefitheipiosant innentiondnelugds the products pedpes ﬁx oxi de

et e aiia Ty oBemRs of ieegentay erian | i ararie ey SrunS M bRaar compound.
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e un Size of the crystalline m croporous oxide materi al
is substantially the sane.
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.



The pronoter netal conpound is preferably in a chemcal state to
effectively pronote the dehydrogenati on of paraffinic and naphthenic
conpoundwoim/18518 hydr ocarbon feed streamto form ol efi ni PEBBPIRATE. For
exanpl e, al um num oxi de (A1203), conprises a suitable pronoter netal
(alum num. The oxide of alumnumis in such an effective chem cal state.
The crystalline mcroporous oxide includes a framework portion and a non
framework portion. Lewis acidity of the crystalline m croporous oxide is
i ncreased by 10 increasing the nunber-6of effective netal cation sites of
the non-framework portion of the crystalline m croporous oxide w thout
increasing the unit cell size. Typically, when a material is incorporated
.into the franmework portion of the material the unit cell size will be
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i ncorporate _ I'ne N corporous oxide nateria t he present
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W Hol derich, Vol. 84, Elsevier Science B,V., 20 ,19%? wi t.h gp 37S-1394
beihig betoZSdldypes ansh emaghy Fawpsitesare prefsried, PALicH yztolie Yoind ance of
Lewis acid sites, As used herein tal cati kS _tQ_ el netal ion
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met hods, a crystalline mcroporous oxide and a pronoter precursor capable
of 16 or gbgositionsrwitieh anehedvientpn ahamintgn.u Ssmabius fan e wsed toicplace

conbi ni ng conponents and does not necessarily require any 5 nechani cal

agi t at ithmsiliconpatiomg t he pronoter precursor with the crystalline

m croporous oxi de causes the pronoter precursor to disperse within the
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conmpound™s spersed into the non-franmework portion of the
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cation non-franework acid sites, the pronoter netal conpound sorbs to the
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vapor phase transfer, 15 The pronoter precursor and crystalline m croporous
oxi de anedesoltargedavifioh isdr rzluef the atalysh gqrappnts %’rgefafﬁé %F?r@fé?lyi ne

' i de t t ai t. 40 d.b0 %. . 50 wt %
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the actdyali 1P 8nd b Aner? BEtabysY SbMpbheet. Prefapblypeactoesrtpomed ofr onot er
precursor axe mxed In a weight ratio of crystalline mcroporous

oxiode: RheeRtaByst B Reldrtogethes b attuelaneri0Qith She morganie@xjdpmetrsx amterialoo: 15 to
100: 100. For ‘exanple, 1n an enbodi nent contacting a zeolite and al um num
acetyl acetonate, the alunm num acetyl acetonate wll vyiel ci abo‘ﬂtgzw 7% A1203
upon” deconpoAitacting perais inArganiE oxidgFataiuit copmaneytiypioally cat %63 25

fromthe al um num acetyl acet onate di.sperses i,nto the f i tion
of the fos@ption of W%&SH‘B‘&?F g?’&ﬁ?‘ﬂ%’égf‘yawcﬁmf’q %‘Oﬁ]@e‘-‘t‘lgﬁosﬁé‘a{ %g‘?pﬁéﬁ- eg ite,
to get 15:1Lt5inglr s the %frys'%‘a:lllﬁ(r)lg’ n?i%}gpojrggs 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



WO 02/18s11 -10 PCT/USII1/259.1(1 grans of zeolite (15% A1203 added), 100
grans of zeolite are m xed with about 175 grans of al um num
acetyl acewoonas#ts (15 g. A1203 / (0.157 A1203/ al um num acREHUHE HMat e 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
oxygen containing gas to conbust the organic portion. O her suitable
met hods known in the art are al so acceptable. The pronoter netal conpound
is preferably nmultival ent nmetal conpoaofid. 10 Preferably, the multival ent
metal compound is a conpound containing a di-valent or tri-valent netal,
preferably selected fromthe group consisting of magnesium chromum iron,
. lanthanum gallium manganese and al um num Preferably, the pronoter

precur ' ' 111 ng i nt
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hexaf | usadkiogicgh heaneasates inednyndfeari alischS SMVbtesty srich aalthedMAM et hoxi des,
tris[2,2,6,6-tetramethyl -3-5 _heptanedi anot o] al um num 11 |[Al (TVHD) 3],
al um nUFIETRpHEITY trsh, fééTM #iR3YYA-8h Gemmounds sueh as/those dischesed iand
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M cr opQrOyserekbge is preferably cal cined by nethods known in the art before
cont act | ng It wmth a pronoter precursor 25 that nmay include, but is not
limted to al um num acetyl acetonate, alum num

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 e;xamples 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 a-alumina, p-alumina, y-alumina, d-
alumina, €-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



WO (121 18510 -11 PCT/ USQOL/ 2S9-t 0 i sopropyl oxi de, al um num
hexaf | uor oacet yl acet onate, al um num di chi or ohydrol, al um num et hoxi des,
tris[2, 2w6,08as8a6r anet hyl - 3-5, hept anedi anot 0) al um num | | IFGA/{YSNVAENS] |
al um num acetate, alum numnitrate, alum num propoxide, magnesi um
acetyl acetonate, chrom um acetyl acetonate, iron acetyl acetonate, manganese
acetyl acetonate, gallium acetyl acetonate, and | anthani de acetyl acet onat e,
whi ch upon activation, formthe pronoter netal conpounds. The pronoter
metal compound is activated by heati ngg‘t he crystalline m croporous
oxi de/ pronoter precursor mxture to between about 150C and about 550C. The
heating step deconposes the pronoter precursor into a residual organic 10
.portion and a pronoter netal conpound that is dispersed in the

non- 1 AIRAOTARRAL UhATLeM sibdBE Ayl T GEABAK BYRIHh gl J1e 1 esul ting
activated crystalline m croporous”oxide catal yst conmponent can then be
. conbi n@bwahﬁanyﬂwgaam_e matrix material and used as a catalytst. In this
enbodi ment the preferred pronoter precursors include In one enbodi nent, the
crystalline mcroporous oxide is a zeolite, preferably 15 Y zeolite, and
t he pronot erThs prometer nietalaionmovund ia peefprade ioa shemicad state ko gffectivaly
al um num oxi de p ter metal conmpound 184 al_ um num oxi de._ I n anot her
speci f iPé'O’é’r‘?%&eréﬁ%b’, rqgenatip) of perathimicing papithenic gemnoungs 4n af er abl y

cal ¢ined ;b hod nown,ip th t before contacting.,it wth the, pronoter
precur ggfh C@%‘ﬁ‘? g‘?eﬁlgs “&F%fﬂfﬁhﬁleﬁ%?ﬁ’mgﬂ?‘%@b{ﬁé’fafP@Hﬁﬂ&rﬁlasz@ qxr\‘g? ude,
but aregn | i m . i i .1 riet 1 . .

ri (- BEvaf Sab e sttt pERh P PRt (Ghirk TG Bl fdfpminypy is

pronot §f siER &h cERERVE BReinfcalGldivat ed by contacting the crystalline

m cr opor ous oxi de/ pronoter precursor mxture with an oxygen contai ni ng

mat eri al. Suitabl e oxygen containing materials include, but are not limted
to air, oxyddre gystallivet microporbual ccdidmirehslesta fasmewohly pogticroied a nehhy |

al cohol , isopropyl 25 alcohol, and butyl alcohol. The oxygen-contai ning
mat er i ATARQIEEKDQOR. (Lrviglagdinued them/ml/lmssxllsromomu%omm.a@@lbw kyl ,

and0a {nEPeRite tbF upber BhPHPoRYc vl catior PO Sf B MBBABBIGNAEUER Shot or
non- 1 aesiblefifs BERBLRVT RN, yURRRIREhoiRh olsSvh 880 5RG thibfeo
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size will be increased. When the promoter metal compounds of the present invention
are incorporated into the crystalline micorporous oxide material of the present
15  invention, the unit cell size remains substantially the same. Thus, the promotor
materials are preferably incorporated only into the non-framework portion of the
crystalline microporous oxide material. Cf., W.0. Haag, “Catalysis by Zeolites -
Science and Technology”, Zeolites and Related Microporous Materials, edited by J.
Weitkamp, H.G. Karge, H. Pfeifer, and W. Holderich, Vol. 84, Elsevier Science B.V.,

20 1994, with pp. 1375-1394 being incorporated herein by reference, which discusses the
relevance of Lewis acid sites. As used herein, metal cation refers to either a metal ion

or the metal ion plus oxide ion species.

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

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



catal yst conmponent can then be conbined with a suitable matrix material and
used as a catalytst. Preferably, the pronoter netal conprises alum num and
t he cryswallig®em croporous oxi de conprises a zeolite. THCTWWAREMOOf t he
process of the preceedi ng paragraph conprising crystalline 10 m croporous
oxi de material and pronoter netal conpound incorporated into the

nonf ranmewor k portion of the crystalline m croporous oxide material can be
added to an inorganic oxide matrix material as descri bed above to forma
catal yst, preferably to forma fresh nn- cont ami nat ed cat al yst. The
catalyst is then passed to a process unit for suitable use as descri bed
below. 15 The matrix material may constitute the bal ance of the final

.catal yst conposition, although other catalyst conponents and naterials can
be i ncor por ' i r L rial
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within the scope of the invention to incorporate into the %0 catal yst ot her
types @hdr prospuenprecussiod eapabile af ormaing acpronmiemmietst icdenpoind AtA dised
pronoters., The catal yst of the present invention is preferably fresh when
passed 1€HE8, ARENErRRdnsfprphiaiEsepmponants and fees motaassssanily adquyrefarge from
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par ti cytandwolkosBiohbhk epys«éﬁhﬂgpfyi@%%}&]&%ﬁae.p%e;ﬂfr&;ﬁgtéggpg@fsi red. For

exanpl e, they can be used to catalyze'reactions in u ytic

cr acki rgmpoyddds tenkiotiyated) préferbity by detempoding thé provhéler g?éc%ksd‘ro npound
sorbs to 5 the crystalline mcroporous oxide portion of the catalyst in
such aresuliieg ims ressdyal orgamictpoetioe hydin pyematdranetal cqapahfid ssrbed dr

napht henes. Preferably, large paraffins are converted to olefins as a

r edQl ¢ dipersed ipta themansimmemnsk portien o ther gipstellinermidrpperows orideolous  oxi de.

The ol ef i ns e e ref er abl nverted ipto smal er, naraffin nol ecul es,
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and m geiceiodi g;dﬂgsa&@@rpﬁggé]trgﬁsigﬁrosene, jet fuel and heating oil. Typical
feeds to a catal ytic cracker have a high boiling point an include residuum

either on its own, or mxed with other high boiling 15 fractions. The nost
comon feeds are gas oils with an initial boiling point usually above about
23bT, nore dbsmsAMpteigeeursbnand ensrlling nticropargus oxide ofe ogntactedtforan 620C.
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fractions in thi's range rnclude gas—oils,
cycle ﬁiefam%]tme@h@@ﬂ thdhotyetatlini@icropafous dxdd &bt ol pr&ubddrsmixypet hetic
fuel s, heavy hydrocarbon fractions derived from coking processes, tar,
pi 2& hedyring theadctivationdhdayingatere aTkel chystadlise ni&opoesusvexddé madpaomotdr t he
f or egoi ng. WO (12/18s16 -14 PCT/ 11501 /2s911
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;0; 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



Fluid catalytic cracking units will typically contain a reactor where the
feedstock contacts a hot powdered catal yst heated in a regenerator.

Tr ansf erwlbimassiconnect the two vessel s for noving catal yRCigEsh1i28948s back
and forth. The cracking reaction will preferably be carried out at a
tenperature from about 450 to about 680C, nore preferably from about 480 to
about 560C, pressures fromabout 5 to 60 psig, nore preferably from about 5
to 40 psig; contact times (catalyst in contact with feed) of about 0.5 to
15 seconds, nore preferably about 1 td06 seconds; and a catal yst to oil
ratio of about 0.5 to 10, nore preferably fromabout 2 to 8 10 During the
cracking reactions, |lower boiling products are forned and sone

. hydrocarbonaceous material and non-vol atile coke are deposited on the

cataly o =1 r erlal:.l stripping
A A R S R e e S C R SR
. conpr i sdmiofimrdcgtylacetwaaensed aromati c 15 hydrocarbons. As

hydr ocar bonaceous material and coke build up on the catalyst, the activity
of the catalyst for cracking and the selectivity of the catal yst for
produci ng g lJ I i Lmni.shed, atal yst particles
can recoveraggrgé?%rcgp/ﬁggg?%I?;P?gﬁlnﬁﬁﬁpgcgwga‘?ﬂgﬁe 5-(25:15I%V@FVCB§ renovi ng nost
of fhe deyuinmsitidng)) adedMraras hirhu calaédtnang and renoving the coke by a
sui tabl e oxi dative regeneration. Consequently, 20 the catal yst particles
are sent to_a stripper and then to a regenerator. Catalyst regeneration is
acconpl i shed hsyresidpal erganisepertivg rawspbe removedby cortactingitywithsusuitable wi t h an

oxygen-cont ai ni.ng.gas such as aiy. Catalyst.te ratures durin

r egenePEY g%c%g?’gg\ §851% BW?’EB&}' © SERRBIG éoﬁlﬂi’u?@%ﬁ‘) suitable m@b@a%kaewa
cataly D, I hen transferred back to the reactor via a
transftz?aljét |%rgg%e}1é}?$§§%%§%%bf their heat, are able to maintain the reactor
at the tenperature necessary for the cracking WO 02/ 1861G - 15

PCT/ US| | 1/ 29%=Grofidr M8l coRYBuRd & fleferaBlyAul & HES LR8;
therefore, in gJ conventional fluid cg{eal yt iy?ﬂgr acki ng unlltE&\?l\nﬁ?hﬂ&

cobh¥ enPrefierdbly,¢hd multivakedntetalampound is aedenpoundeccadsiathe e vhrad st ocks
used in the practice of the present invention, primrily %)ecause of their

| ow | etrdivelent matalypreferably aeieeted dratndhe graupeconsistingvaf maghesiumcont act ti nes
in the iueac.t or .5 or tLansfer Il'i ne, may not deposit enough coke on the

cat al ySRrOgEUM, drezy langhapymegallippe, mangassss gnd algingMur es i n t he

rege_ngraftor. Therefore, it may be necessary to use an ﬁdditi onal fuel jtol
Feturni ng o CRE oAl SR b bl o ttEL L kas st Sl edelPy BB one.
non! ' "y ofigh S GRS tRiln B BCCARME pRIBLabTY! Rlss Y Wit Fpogases T om the

catalytic 1 racking process its atural” gas, oil. The C2-

gases Bxemplesf@tprefbrrdSprohiidteBpieeiirsops mrPidee buPARCAYihRedd, CHiufifum
catal ysts of the present invention can be used. Hydrocarbons which nmay be

i soner agatylapgionate, phusisum isbprdpyloride catomimuarttexafluoroacotdaqeasmdté ni ¢ and
ol efini ¢ hydroca E)(l)_ns tygi cally having_4-20Q, preferably 15 4-12, nore
pr ef er abOyNEEdichlorghydiob slumingim ethovades 6321 %6,6sigtamethydy3-Sne. The

f h K.I I f f.finig, hyd b ified b
bt anchéitpifanas iR 08 R Minug: i b s domaasions. | nol de
i s f : . f t_100C t
e g SAO3PRNRANG, b UGG AL SRl SRR RO, 2o,
PS2;  Aittakd) Wl enfiith lpYoSRAEE, gl doétylacetonate, 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



20 of about 0.1 to 20, preferably about 0.1 to 2; and a hydrogen rate, in
standard cubic feet per barrel of about 1,000 to 5,000, preferably from
about 1,w0@02t18518, SO0. Operating tenperatures and cat al ystPEEUSM26%40ar e
correlated with space velocity to give reasonably rapid processing of the
feedstock at catal yst deactivation rates which insure maxi mum on-stream
time of the catal yst between periods of regeneration. WO 02/18S11 - 16
PCT/ LI SO1 /259(1 The catal ysts of the present invention may al so be used in
hydr ocr acki ng processi ng. Fydrocrackrhg i ncreases the overall refinery
yield of quality gasolinebl endi ng conponents. Hydrocracking can take a
relatively lowquality gas oil feed that otherw se would be bl ended into
.distillate fuel and converts it, in the presence of hydrogena and an

s onvel . e o
m wed RROR) a5yl HEETE AR e LRI 08 1o
- about éh,éq%%lh?ﬁtgm?g%gpﬁ‘is 2 2M8l6GbRaGethyl- -5 Heptatedidmae]aleaiium- wher e about

40 to edst oCck reacts to renmove nitrogen and sul fur conpounds
that i Wi Ri(TMHAD)S],atkmigurh @aetate) aturaintind fitraig ealimiwrmqrepoxidepr oduct s.  The
streamfromthe first stage is cooled, liquefied, and run through a

separ anmrgnebiane atetymoetonatey chiqghivan acetglesetonate; doaracetylacetprateot t ons
fraction Is passed to a second-stage reactor a cracked . at hi he{

t enper mangesesmaretylaeetonais, gplbivg aceilacetpaats) a thapudg Iaﬁ‘?\téfﬁ“ﬁﬁ 3Hponent s
and a hydrocrackat.e are 15 The . nvent will be further

roduced. e}
under s "886h BPOR SLUY UL fgmgﬁ%pf%??m allf)?&ﬂ%?lg%dgt hat illustrate
enbodi mrents of the invention. EXAMPLE 1 Standard MAT tests (e.g.,

m croactivi %etﬁ%hogéisl}}nggf gggﬁgzmg)is g@ﬁ@dté%gﬁ(@aﬁ{@%% &8RaIEe comrercially

avai | abl e crystal us oxi des: obtained"20 fromWR G ace,

Davi So%i%%ﬂ&bgﬁoxﬂ%/ﬁ%ﬁ% eclSBr BxiuAY 1@ BetweehZbodd | S0 aRd @boatwai | abl e
from Katal ystiks, Inc.); and calcined rare earth exchanged Y (CREY,

avai | alslsgo€r %Mﬁxingwdempms tiik pramaotey preeuisor int a esidund organisAT
test, the crystalline m clrﬁc;Eorous oxi des were cqonbined with matri x materi al
{ Latlox poatien bndkgrometeDneeh cympaund thatie dispersed0nthe BPpEERMENPXK ( o produce

o S i aen e T R T o
' ndi Catl%%réﬂ]orgﬁg loae(idle cba‘?£19¥¥- coL%%r?en} 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



5 MAT Resul t sUSYLZ- 210CREYconver si on(w % 400F m nus) 42. S47. 764. 1H2

(wm 9% 0.01 130.01860.0064C (w9 1.4801. 8911. 76010 Surface Area

(n2/ g) 2000824a8860r e Vol ume (cnB/ g) 0. 4390. 0230. 254Uni t Cel RCT/US01/25940

(A) 24.2124.2424. 51 EXAMPLE 2 The crystalline mcroporous oxides of EXAVPLE
1 were netal ion exchanged 15 according to the nethod of cation exchange in
zeolites as described in A Dyer, An Introduction to Zeolite Mol ecul ar

Si eyes, Chapter 6, "Zeolites as lon Exchangers”, John Wley & Sons, 1988,
whi ch chapter is incorporated herein-bd reference. After the crystalline

m croporous oxi des were ion exchanged, they were conbined with matrix

mat eri al and steanmed as in EXAMPLE 1, and run according to a standard NMAT
.20 test. The results are shown in Table 2. V~' 0O 02/ 18s1( -18 Table 2
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significant” reduction in conversion to product conpared to the nonexchanged
cr yst aktystalint oriopgpovoss oxiddesmddht al orgapi¢ portien hat ean bezemevyed net al

i on exchange procedure results in the Joss of effectjve netal cation,sites
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Exanpl e.:1. W recogﬁlgﬁgésia%oﬁ%_uti on by the nethod of Dyer; hydrogen
cal ci nzlal%%ﬂr%%%?%ﬁeexc anged Y (HCREY) nade by exchangi ng the

approxi mately 4 wt % Na+ of the CREY with NH4+ according to the nethod of
Dyer; and ulThegsodutl ofée pretessnétheprdcaediag pasagraphcompyisingsametajlintade by
cal ci ning NHACREY according to the nethod described in references 6-13 of
R 125 Sziostpicous weidiefmatgrizband promotecmgitlgompound megmeraied intothedons ¢ e
Sci ence. and WO U2/ 1 ( -19 PCT/U SO 1 /2s9-40 Practic Vol .. 58, Ed. by
H.  Van fesreupik pomton) ‘gsrfi.‘@&'ﬁ},’“%l ge ﬁ‘@oﬂ?éﬂg%ﬂ’fldﬁl@%t\?flgi ?a@%i&éﬂ%’ to
running the MAT .test. . the zeoli [ [ | Il nal (10
56 zegPPREBMIGOKE ptrisInaG L af FEseed SBAUPITRinth AR peBERIE, |

M neralg. . 1.N& . ehibanii B8 of JP4y & 19 herPPAsaba €6l apredas¥\uRit G ace,
5 Davi s"fgﬁnﬂin@?ssfﬁ‘g‘gn)‘?% ?a%ﬁéfeéﬁpagyggﬁe% A 03, S 02- A1203 Rt O o
washed)fol oniNe us€ ag descrivedigiewt al yst. The results are indicated in Table
3. Table 3 MAT Resul t sSRECREYHCREYUSCREY10 conversion (W% 430Fm nus)
45.350. 144.0C (wt % 1. 341. 391. 33650F+ prod. (wt % 32.427 432 7Surface Area
(M5g) 10112 9THeSmBtrinmatgaall manyoustitez4hg balapgaobtite fingheatalyst ¢ he

crystalline m croporous oxi des of EXAMPLE 3 s blended in.a se e

cont ai FEMRASLROTY| y HEt Oéﬁﬁt%adﬁﬂt%’ﬁﬁ%cg‘emsaﬁq\%“f%r o s be {1 oLp @%&%{Jm .

acetyl acet A A i rIpr)éfer}El%@l, helmatrtk mARGRTRER Pk SRS ab&ETPAT #F At 99 oM num
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.



20 acetyl acetonate slightly greater than 320C). Each contai ner was pl aced
in an oven and heated to 150C, held for one hour, and the oven was purged
wi th an weoanssief nitrogen sufficient to flush out the pdt@HMUSEIZRIA0

fl ammabl e deconposition products of the acetyl acetone deconposition. After
purgi ng, the oven was heated to 500C, held for one hour, and allowed to
cool. The oven was then heated in air for 2 hours at WO 02/ 1861G - 20
PCT/ USOL/ 2S9. 10 500C. Based on the weight of the product, it was cal cul ated
that about 45 wt % of the alum na expedfed fromthe amount of al uni num
acetyl acetonate remained with the zeolite as a result of the addition
process. The zeolite containing the added al um na was then made into
.catalyst as in Exanple 3 and then run under standard MAT 5 conditions. The

results are ' ] + A1203+
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for pronoting dehydrogenation and Lewis acidity show a significant increase
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cry talhi ne En'@ro Qr ous oxi dea of EXAMPLE 3. Thi,s indicates that the
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onto the catalysts, then heated to 250C under vacuumto desorb any pyridine

f r om t meoleoules, 2 efirwkingleauled] andronmaticanblticalesiih eatios désinsdefdr Smslst r oscopy
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sites, and the anount sorbed as coordi nated pyridine on the strong Lew s
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sanpl e of the RECREY to 10 which alum na has been added in a way that is
notS ef fiagtipne Bhe mogt eoromen feedd are gos gils with ancinitéal doilingyhoinbysiRlly. Gort e,
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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.



both the ampbunt of strongly acid sites (strong enough to effect

n- propylamne to 15 deconpose to propyl ene and anmoni a upon t her mal
desor pt iwmozassicoweakl y acid sites (acidic because it w | IPGHUSHEEHOW t h
n-propyl amne at 50C to retain the am ne, but wll desorb the n-propyl am ne
as the tenperature is raised). This determ nati on neasures both the
Bronstad and Lewis acid sites. The neasure of acidity is expressed as

m | liequival ents of acid per gramof naterial (each mlIlinole of amne is
counted as 20 reacting with one nillilole of acid sites). V1' O 02/ 1851G
PCT/ USUI / 259-40 -22 Table 5 RECREY RECREY + RECREY + Added A1203 Added
A1203 5 Total A1203 (Wm.%19.730.S27.0Strong Acidity,

. MEQV/ (0. 460. 380. 40Weak Acidity, MEQV/ GR.642.992.59Total Acidity,

MVEQV/ G3. 103. 372.99 Table 5 shows that only in the case of the effectively
added alumna (1) is the 10 weak acidity increased, along with the total

-acidity. Th?lﬁHQﬁfalﬁi@éFﬁ&lélné'u!rﬁts SHD Wit AIR} catitaiml rcapor edrd thet feedaogiunt  of
y

al um na does not necessari increase the acidity. Each of the zeolite

sanpl egogtaste i g poakiereal catslysisediddinprrepenaratoat rysier laesdosvedtibeltwe
Exanpl e 3, and then these conposite catal ysts are steanmed. to deactivate
t hem avessels foamovimditalyshpartickss batiednd fortlk ahke eragking rgagtionowilbf each
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obt ai ne tenperature and hi gh vacuum renoved any pyridine

t hat wapow0.5it6 0] mosopiesetablihfeornrdboat 2¢o 8pect r um bet ween 1400cm 1 and
1600cm 1 was neasured on the material before the pyridine sorption and the

spégétrum was subtracted fromthe WO 0 2/18s16 -23

During the cracking reactions, lower boiling products are formed and some

hydrocarbonaceous material and non-volatile coke are deposited on the catalyst particles.
The hydrocarbonaceous material is removed by stripping the catalyst, preferably with
steam. The non-volatile coke is typically comprised of highly condensed aromatic

15  hydrocarbons. As hydrocarbonaceous material and coke build up on the catalyst, the
activity of the catalyst for cracking and the selectivity of the catalyst for producing
gasoline blending stock are diminished. The catalyst particles can recover a major
proportion of their original activity by removing most of the hydrocarbonaceous material
by stripping and removing the coke by a Suitable oxidative regeneration. Consequently,

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

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

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

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



PCT/ USOL/ 2S9- 41 1 spectrum of the sanple containing the pyridine. The
resulting spectrumwas that due ~ to the pyridine interacting with the

aci di c swpar/18fi6t he catalyst. In this spectral region, peKEUS2§38M0cm 1 to
1550cm 1 were assigned to the pyridine that is coordinated to the protons
fromBransted acid sites. Peaks between 5 1440cm1 to 1460cm 1 were
assigned to pyridine with which the pair of electrons on the nitrogen were
interacting with the el ectron accepting sites (Lewis Acids) of the solid.
In this spectral region 1440cm1 to 19606cm 1 ot her bands between 1480cm 1
and 1500cm 1 are due to conbinations of bands of pyridine sorbed on both
Bronsted and Lewis sites. 10 For the steanmed, conposite catal ysts nade with
.the zeolites shown in Table 5, Table 6 lists the intensities observed for

t he ba I | S. Sites on t catal ysts.
Tabl e g%ﬁﬁ%&c&%& %@%@&ﬁaﬁgﬁgﬁgwéﬁﬁﬂiqﬂe#ﬁwﬁam %%Véaﬁlgf){’?“imgue to:
-(abs. - watdlaldranling UnRreiih bBAveltioRal Reddhoblidiitat i rfled! 1o 2R1eh0 60
These results show the effective addition of this netal conpoun oes

i ncr eadhetfhedstecdsusad il itieypradticchef the praventiivehiisn, primMEly(bb3adsR, dheir

PCT/ USQOL/ 259~0 -24 Having now fully described this invention, it will be
appr ecil@wvdevaly of aematicki andealso due tetherrelatively shioet domtaen tintes inalwe reactper f or ned

wthin a w .ange of rangters within what is clainmed. WO 02/ 18; 1G - 25
CL AE NVEOT trangf%r {me, ay not. geposrc enough coke on the catalyst particles to achieve the

necessary temperatures in the regenerator. Therefore, it may be necessary to use an

additional fuel to provide increased temperatures in the regenerator so the catalyst
particles returning to the reactor are hot enough to maintain the cracking reactions. Non-
limiting examples of suitable additional fuel include C,- gases from the catalytic

10 cracking process itself, natural gas, and torch oil. The Cp- gases are preferred.

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

15 4-12, more preferably about 4-6 carbon atoms; and aromatics such as xylene. The
preferred chargestock is comprised of paraffinic hydrocarbons typified by butanes,
pentanes, hexanes, heptanes, etc. Isomerization conditions include temperatures from
about 80°C to about 350°C, preferably from about 100°C to 260°C; a pressure from
about 0 to 1,000 psig, peferably from about 0 to 300 psig; a liquid hourly space velocity

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

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



1. Afluid catalytic cracking process conprising: PCT/US01/259~11
contacting a feedstock at fluid catalytic cracking conditions with a fresh
cat al ystwoamsssi ng: 5 (i) a matrix material; (ii) a crysr@/usneso
m croporous oxide incorporated into with said natrix material, said
crystalline mcroporous oxide conprising a non-framework portion and having
a unit cell size, said non-framework portion conprising a pronoter metal
conmpound incorporated only into the non-framework portion of the
crystalline 10 m croporous oxide, whelsin t he pronoter netal conpound does
not substantially increase the unit cell size of the crystalline
m croporous oxide. 2. The process of claim1l wherein the pronmpter netal
.conpound is a nultivalent nmetal compound. 15 3. The process of claim1l
wherein the pronoter netal conpound is an alum num conmpound. 4. The process
of claim1l wherein the crystalline mcroporous oxide is a zeolite. 20 5.

. The processTek catadydis 4f iMeqireddnt iientioy sieg! dlsaibe usel intndoocrackinge is X or Y
zeolite. 6. The process of claim5 wherein the crystalline m croporous

oxi de pgoc¥ssing! Hydr@Fatiing igrreasenithe awedrill sifirerpyiedd obqualitygaselinchan 24. 30

A 112/ 1861G PCT/USI 'l / 2s9. 10 -26
blending components. Hydrocracking can take a relatively low-quality gas oil feed that

5  otherwise 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
mixed with hydrogen vapor, heated to-about 140°C to 400°C, pressurized to about 1,200
to 3,500 psi, and charged to a first-stage reactor where about 40 to 50% of the feedstock
reacts to remove nitrogen and sulfur compounds that inhibit the cracking reactions and
10  make lower quality products. The stream from the first stage is cooled, liquefied, and

run through a separator where butanes and lighter gases are taken off. The bottoms
fraction is passed to a second-stage reactor a cracked at higher temperatures and

pressures wherein additional gasoline-blending components and a hydrocrackate are

produced.

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

Examples that illustrate embodiments of the invention.

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

three separate commercially available crystalline microporous oxides: USY (obtained
20 from W.R. Grace, Davison Division, as Z14USY or UOP as LZY 82 or LZY 84), LZ-
210 (available from Katalystiks, Inc.); and calcined rare earth exchanged Y (CREY,
available from W.R. Grace, Davison Division). Prior to running the MAT test, the
crystalline microporous oxides were combined with matrix material (Ludox, available

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



7. The process of claim5 wherein the crystalline mcroporous oxide is Y
zeolite having a unit cell size equal or greater than 24.40 A 8. The
process waxavidsiwg to claim 1l wherein said crystalline m cRGHUSM@ERSYOXi de is
selected fromthe group consisting of zeolites, tectosilicates, tetrahedral
5 al um nophosphat es, and tetrahedral silicoal um nophosphates. 9. The
process according to claim1l wherein said crystalline m croporous oxide is
a zeolite and wherein said the pronoter netal conpound is al um num oxi de.
10 10. The process according to clai mil/-wherein said pronoter netal
conpound is a netal oxide wherein the netal of said netal oxide sel ected
fromthe group consisting of nmagnesium chromum iron, |anthanum gallium
. manganese and alum num 11. A fluid catalytic cracking process conprising:

15 cont ' t ock fAi d, cat ti r ing.conditions wth a
fresh c%%ﬂ %{F‘ 8’(%{)%%%?15?0%59&%@)2(}; %%03%%%‘%@?@ Xﬁ%m 13X TAtorl |
i nCOpr&ﬁRQaﬁﬂhﬁicﬁ%@imwh)‘i pRLerial, said Y zeolite conprising a
non-framewor k portion and having a unit cell size greater than about 20
24. 30A, said non-framework portion conprising alum num oxi de i ncorporated
only into the non-framework portion of the crystalline m croporous oxide,
wherein the al um num oxi de i ncreasesidldeils acidity w thout substantially
increasing the unit cell size of the zeolite. WO 02/18Sll -27 12. A fluid
cat al ytj acki ng process conprising: PCT/L1S111/259~11 contacting a
fee stc}g%ﬁgﬁzeﬁﬁﬁd catal ytic crabl¥ng conditi onkZa2l®h a fresh yst
conprising: (i) a matrix material (ii) a crystalline m croporous oxide
incorporated into said matrix material,

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

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

The crystalline microporous oxides of EXAMPLE 1 were metal ion exchanged

15  according to the method of cation exchange in zeolites as described in A. Dyer, An

Introduction to Zeolite Molecular Sieves, Chapter 6, “Zeolites as Ion Exchangers”,
John Wiley & Sons, 1988, which chapter is incorporated herein by reference. After
the crystalline microporous oxides were ion exchanged, they were combined with
matrix material and steamed as in EXAMPLE 1, and run according to a standard MAT

20 test. The results are shown in Table 2.



said crystalline mcroporous oxide conprising a non-framework portion and
having a unit cell size, said non-framework portion conprising a pronoter
nmet al cowpaingsigapabl e of increasing Lewis acidity incorpROBEUSH2600y i nto
the non-framework portion of the crystalline mcroporous oxide, wherein the
pronoter netal conpound does not 10 substantially increase the unit cell
size of the crystalline m croporous oxide. 13. The process according to
claim 12 wherein said crystalline mcroporous oxide is selected fromthe
group consisting of zeolites, tectosil&cates, tetrahedral
al um nophosphat es, and tetrahedral silicoal um nophosphates. 15 14. The
process according to claim 12 wherein said crystalline m croporous oxide is
.a zeolite and wherein said pronmoter nmetal conpound is al um num oxi de. 15.
The process according to claim12 v@@ﬁiz said pronoter nmetal conpound is a
20 nmetal oxide wherein the netal of metal oxide selected fromthe
.group consisting of magnesium chrom um iron, |anthanum gallium
nanganggser Bl um num  16. Theypyocess of cl gizm1d wher€REYt he zeolite is
Y zeoli1te having a unit cell size equal or greater than 24.30 A w0
02/ 18s1( -28 PCT/USUL/2S9~U 17. 4TAB @5 ocess of 4cAd@y14 whéddeOn the zeolite
Is Y zeolite having a unit cell siZe 'qual or greater than 24.40 A
. AH% A{ &L. AU% A{ E. AU. AU&. A. A{r. A A A&U2. A& A . AA2. A
CA&{ & Al hr. AA& A. AA. Ah&l . A{ 9. AYU&. A, &0. AY% A9 . A&§ & A &2T§ ~ﬁv/ < @P

5  conversion (wt%, 400°F minus) 29.8 38. L.

Hy (Wt%) 0.0047 0.0055 0.0056
C (wt%) 1.119 1.737 1.516
Surface Area (m2/g) 194 172 161
Pore Volume (cm3/g) 0.346 0.314 0.318
10 Unit Cell (&) 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
metal ion exchange procedure results in the loss of effective metal cation sites of the

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

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

" EXAMPLE 3
Standard MAT tests were run on three separate commercially available
crystalline microporous oxides: rare earth exchanged CREY (RECREY) made by
20 * exchanging a portion of the CREY of Example 1 with a rare earth ion solution by the
method of Dyer; hydrogen calcined rare earth exchanged Y (HCREY) made by
exchanging the approximately 4 wi% Na™ of the CREY with NHy4 " according to the
method of Dyer; and ultrastabilized calcined exchanged rare earth Y (USCREY) made
by calcining NH4CREY according to the method described in references 6-13 of R.
25  Szostak, “Modified Zeolites” (Chapter 5), Introduction to Zeolite Science and
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Surface Area (m2/g) 101 129 113
15  Unit Cell (R) 24.49 24.45 -
EXAMPLE 4

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

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

for one hour, and allowed to cool. The oven was then heated in air for 2 hours at
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500°C. Based on the weight of the product, it was calculated that about 45 wt% of the
alumina expected from the amount of aluminum acetylacetonate remained with the
zeolite as a result of the addition process. The zeolite containing the added alumina
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
T AlhO3 + AlHO3 +AO3
conversion (wt%, 430°F minus) 55.2 58.2 60.8
10 C(wt%) 1.63 1.57 1.65
650°F+ prod. (wit%) 22.6 19.3 17.4
Surface Area (m2/g) 118 81 143
Unit Cell (&) - 24.43 24.46

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

of catalyst.

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

25  weakly acidic at non-acidic sites, infrared spectroscopy can be used to measure the
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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 -1, 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 -1, 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 Breonstad 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).
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Table 5
RECREY RECREY + RECREY +
Added AL,O, Added Al,O,
Total A1203 (wt.%) 19.7 30.5 27.0
5  Strong 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 2.99

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

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

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

them at the same conditions described in Example 3.

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

high vacuum removed any pyridine that was physically sorbed.

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

material before the pyridine sorption and the spectrum was subtracted from the
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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
5 1440cm’ to 1460cm™ were assigned to pyridine with which the pair of electrons on
the nitrogen were interacting with the electron accepting sites (Lewis Acids) of the
solid. In this spectral region 1440cm’ to 1660cm™’ other bands bétween 1480cm’
and 1500cm™ are due to combinations of bands of pyridine sorbed on both Bransted

and Lewis sites.

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

Lewis sites on the catalysts.

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

20 Bronsted sites 22 33 33

Lewis Acid sites 55 104 60

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

the Lewis acidity of the active catalyst.
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CLAIMS:
1. A fluid catalytic cracking process comprising:

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

5 (1) a matrix material;

(i) a érystalline microporous oxide incorporated into 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 incorporated only into the non-framework portion of the crystalline

10  microporous oxide, wherein the promoter metal compound does not substantially

increase the unit cell size of the crystalline microporous oxide.

2. The process of claim 1 wherein the promoter metal compound is a multivalent

metal compound.

15
3. The process of claim 1 wherein the promoter metal compound is an aluminum
compound.
4, The process of claim 1 wherein the crystalline microporous oxide is a zeolite.
20
5. The process of claim 4 wherein the crystalline microporous oxideis XorY
zeolite.
6. The process of claim 5 wherein the crystalline microporous oxide is Y zeolite

25 having a unit cell size equal or greater than 24.30 A.
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11. A fluid catalytic cracking process comprising:
15 contacting a feedstock at fluid catalytic cracking conditions with a ffesh catalyst
comprising:
(1) a matrix material
(i)  aY zeolite incorporated into said matrix material, said Y zeolite
comprising a non-framework portion and having a unit cell size greater than about
20 24.30A, said non-framework portion comprising aluminum oxide incorporated only
into the non-framework portion of the crystalline microporous oxide, wherein the

aluminum oxide increases Lewis acidity without substantially increasing the unit cell

size of the zeolite.
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0, 0,

S&10% Zl#t. & ('}helgré%gs/s&gcéordmg to claim 12 wherein said crystalline microporous oxide

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

15.  The process according to claim 12 wherein said promoter metal compound is a
20 metal oxide wherein the metal of said metal oxide selected from the group consisting

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

16.  The process of claim 14 wherein the zeolite is Y zeolite having a unit cell size

equal or greater than 24.30 A,
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17.  The process of claim 14 wherein the zeolite is Y zeolite having a unit cell size

equal or greater than 24.40 A,



