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CATALYSTS CONTAI NI NG SAMVE FI ELMM“WW NTI ON [ 0001] The present
invention is directed to fluid catahewi*c cracking catal ysts conprising
zeol it e panid ¢d/@3308hi ch are coated with bayerite al um na, pandsd2aod36C
processes which utilize the subject catal yst. BACKGROUND OF THE | NVENTI ON
[0002] Catalytic cracking is a petroleumrefining process which is applied
commercially on a very large scale. A ngjority of the refinery gasoline
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cracking (FCC) process. In the catalytic cracking process heavy

hydr ocarbon fractions are converted into lighter products by reactions
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al um num O her el errents may be present in very small amounts. Either
Bronst ed or BAddi(GiRg = SYBNIHM®d with the aluminumare believed to
initiate and accel erate car bocat ion reactions that cause nol ecul ar size
reduction of the petroleumoils under the FCC reactor conditions. \Wen
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circulation throu t he _various r.Q zones.. [ 0004] ring he
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products by reactions taking place at elevated temperature in the presence of a
catalyst, with the majority of the conversion or cracking occurring in the vapor phase.
The feedstock is thereby converted into gasoline, distillate and other liquid cracking
products as well as lighter gaseous cracking products of four or less carbon atoms per
molecule. The gas partly consists of olefins and partly of saturated hydrocarbons.
[0003] Cracking catalysts used in FCC processes are fine porous powders
composed of oxides of silica and aluminum. Other elements may be present in very
small amounts. Either Bronsted or Lewis acid sites associated with the aluminum are
believed to initiate and accelerate carbocation reactions that cause molecular size
reduction of the petroleum oils under the FCC reactor conditions. When aerated with
gas, the powder attains a fluid-like state that permits its circulation through the

various FCC process zones.

[0004] During the cracking reactions some heavy material, known as coke, is
deposited onto the catalyst. This reduces the activity of the catalyst. After removal of
occluded hydrocarbons from spent cracking catalyst, regeneration is accomplished by
burning off the coke to restore catalyst activity. The three characteristic process zones
of the FCC process are composed of: a cracking step in which the hydrocarbons are
converted into lighter products, a stripping step to remove hydrocarbons adsorbed on
the catalyst and a regeneration step to burn off coke from the catalyst. The

regenerated catalyst is then reused in the cracking step.
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burning off the coke to restore catal yst activity. The three characteristic
process zones of the FCC process are conposed of: a cracking step in which
t he hydrocarbons are converted into |lighter products, a stripping step to
renmove hydrpogeddagses adsorbed on the catal yst and a regenpegtisenogsep to
burn off coke fromthe catalyst. The regenerated catalyst is then reused
in the cracking step. WO 02/ 083305 PCT/ US02/ 10033 2 [0005] Vari ous
attenpts have been made to inprove the performance of FCC catal ysts. These
catal ysts have been forned fromm xturés of zeolites with an active matrix
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Thus, precipitation processes have been done under controlled pH values of 7-9 more

normally 7 to 8. Under these conditions the alumina coatings are of boehmite or
pseudo-boehmite structure.

[0007] FCC catalysts have also been formed from zeolites which are
augmented by active matrix materials of aluminas. For example, U.S. Patent
5,168,086 discloses the mixing of bayerite/eta alumina particles into the cracking
catalyst matrix to improve its tolerance to nickel-containing feedstocks. The zeolite is
mixed with the alumina along with other conventional matrix components and then
calcined to form the catalyst particles.

[0008] In cracking there is a desire to optimize output. The scale of cracking
is such that even what appears to be a modest improvement may have a large effect on
a refinery's profitability. There has been a desire to tailor catalysts to achieve specific
refinery objectives (e.g., maximizing output of certain types of molecules). For
example, refiners often desire to increase or maximize their output of light cycle oil
(LCO). They also have the desire to minimize the amount of uncracked "bottoms",
especially where the feedstock is heavy feed, such as resids. While refineries wish to
achieve these various goals, they also want to avoid/minimize the output of coke and
hydrogen from the RCC process.

[0009] Cracking catalysts must be able to crack the range of constituents mna

feedstock to achieve the desired output. In this context, the cracking catalyst itself



calcined to formthe catalyst particles. [0008] In cracking there is a
desire to optimze output. The scale of cracking is such that even what
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DESCRIPTION OF THE FIGURES
[0011] Figure 1 is a picture of the product of Example 1 obtained by

transmission electron microscopy (TEM) showing a portion of a zeolite particle (left
dark portion of picture) with bayerite alumina cladding thereon, The scale of the
picture is 1 cm represents 50 nm.

[0012] Figure 2 is a second picture of the product of Example 1 obtained by
TEM technique showing a portion of a zeolite particle (left dark portiop. of picture)
with bayerite alumina cladding thereon. The scale of the picture is 1 cm represents 20

nm.

SUMMARY OF THE INVENTION
[0013] The present invention is directed to bayerite alumina-clad zeolite,

hydrocarbon cracking catalysts containing said bayerite alumina-clad zeolite and FCC
processes using said catalysts.
[0014] The subject bayerite alumina-clad zeolite is formed by dispersing

zeolite in an aqueous solution of an aluminum ion source and treating the resultant



[0011] Figure 1 is a picture of the product of Exanple 1 obtained by
transm ssion el ectron mcroscopy (TEM showing a portion of a zeolite
particle (left dark portion of picture) with bayerite alum na cl addi ng

t hereon. TRego gHe@bsssof the picture is 1 cmrepresents 50 pot/ub@3Qdeds Fi gure
2 is a second picture of the product of Exanple 1 obtained by TEM

techni que show ng a portion of a zeolite particle (left dark portion of
picture) wth bayerite alum na cl addi [%g t hereon. The scal e of the picture
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DETAILED DESCRIPTION
[0017] The present invention is directed to bayerite alumina~clad zeolite
particles, the process of forming said particles, the formation of hydrocarbon cracking
catalysts using said bayerite alumina-clad zeolite as a major component, and catalytic
hydrocarbon cracking processes using the present cracking catalyst.
[0018] It has been recognized that aluminas of various morphology may be
added to catalytic cracking catalysts to improve the stability of the catalyst and to aid
in coke/dry gas selectivity. Boehmite and pseudo-boehmite have been incorporated
into the catalysts either as separate particles or as a coating on the zeolite molecular
sieve of the catalyst, For example, U.S. Patents 4,010,116 and 4,332,699 disclose
pseudo-boehmite containing catalysts and Canadian Patent 1,117,511 describes an
FCC catalyst which contains free boehmite in the catalyst composition.
[0019] Fluid cracking catalysts (FCC) are well known in the petroleum
industry for forming desired gasoline and light oil materials, as well as C;-C4
hydrocarbon products, from petroleum feedstocks. The catalysts normally consist of
a range of extremely small spherical particles. Commercial grades normally have
average particle sizes ranging from about 25 to 100 microns, preferably from about 50
to about 75 microns. The crackiiig catalysts are comprised of a number of

components, each of which is designed to enhance the overall performance of the



particles, the process of formng said particles, the formation of
hydr ocarbon cracking catalysts using said bayerite alumna-clad zeolite as
a maj or conponent, and catalytic hydrocarbon cracking processes using the

present cr agdkoia@snat al yst. [0018] It has been recogni zed pdgtisahiouds nas of
vari ous norphol ogy may be added to catalytic cracking catalysts to inprove
the stability of the catalyst and to aid in coke/dry gas selectivity.
Boehm te and pseudo-boehmte have beenincorporated into the catalysts
either as separate particles or as a coating on the zeolite nol ecul ar
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influence activity and selectivity while others affect the integrity and
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general |y commagesdd AZ@Qﬁjhsrci}@ﬁs BfoWnM8 0B hiirall b@?’d@é’t@ iRisedty st h al | of
the conponents 1 ncorporated into a single particle or are conprised of

bl ends of fomaed syhtketicplrinithel sedivreform &y drystadizatinn of Sodivmadhyningio@pd] The
primary sou o (YA k catalyst is zeolite. The term
"zeolite" aéo(agusnggmﬁ%%é%&#}%ﬁag{(it e?ﬁ@t%pended claims indicates a natural or
synthetic [083jLlhsit e. ABzughsist zeolis saitgryfor Aydroerebanivetabrtigicrashive saal
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above and can be exchanged to remove a portion of the sodium by hydrogen (HY)
and/or by exchange with rare earth metal ions (REY). In addition, an ultrastable Y
zeolite (USY type) is formed by additional manufacturing techniques that increase the
silicon/aluminum atomic ratio of the standard Y or REY zeolite by known process of
dealumination. This is achieved by either steam calcination (e.g., CREY type) or
chemical treatment. Each of the various types of zeolites can be used in forming the
bayerite alumina-clad zeolite of the present invention.
[0022] The zeolite is clad with bayerite alumina by initially mixing an
aqueous dispersion of zeolite with an aluminum ion source such as an acidic salt of
aluminum as, for example, aluminum sulfate (alum) under acidic conditions. The
resultant acidic dispersion is then contacted with a solution of a strong base in
sufficient concentration to transform the pH of the dispersion to a value of at least 10
and preferably at least 10.5. The equilibrium pH of the resultant dispersion should be
between 10 and 11.5, preferably between 10.0 and 10.5.
[0023] The zeolite dispersion containing the aluminum ion source should be

introduced into an aqueous solution of a strong base having a sufficiently high pH to



sodiumsilicate (Standard Y type zeolite). [0021] Although any zeolite
suitabl e for hydrocarbon catal ytic cracking can be used in the present
invention, the preferred types of zeolites found useful herein are X and Y
zeol i te wi two bvhes3ddst ypes being nore preferred and t he St apdpush2Modsype
zeolite being nost preferred. The Standard Y is forned in the manner

descri bed above and can be exchanged to renove a portion of the sodi um by
hydrogen (HY) and/or by exchange withgare earth metal ions (REY). In
addition, an ultrastable Y zeolite (USY type) is formed by additional
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10. 0 and 10 5. [0023] The eoI te dispeyrsjon containing the alum numion
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transformthe acidic dispersion to a pH of at |east 10, greferably from at
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adverse eff e zeo |te s ruct ases are a kali netal
hydr oxi des, sisfach ofithe gedliteiparticles. The coating normally has a thickness of from about 5

nm to 100 pm, generally in the range of from about 10 nm to 75 nm. The degree of
coating and the thickness can be adjusted by adjusting the concentration of aluminum
salt in the initial aqueous zeolite dispersion.

[0026] The resultant coating can be studied by conventional techniques of
TEM,; STEM/DEX; and SEM to observe the coating and analyze its properties.
[0027] The determination of bayerite alumina may be masked by the spectra
associated with zeolite. Therefore, the presence of bayerite alumina as part of the
coating of the present coated zeolite shall be presumed it the precipitation of the
coating occurs under conditions which, in the absence of zeolite, would produce a
bayerite alumina from the same aluminum ion source solution. For example,
precipitation of Bayerite from solution of sodium aluminate and aluminum sulfate is
described in U.S. Patents 5,304,526 and 6,165,351, the teachings of which are
incorporated in there entirety by reference.

[0028] The formed bayerite alumina-clad zeolite can be separated from the
mother liquor by known techniques. For example, the resultant material can be
filtered and washed with water to remove salts and, optionally, dried to yield the

particulate bayerite alumina-clad zeolite of the present invention. Where the bayerite-




hydr oxi de and the |ike, ammoni um hydroxi de, as well as alkali netal
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t eachi ngs of"x"\}(ﬂ‘ﬂlizﬁﬂlﬁ?é‘)lr ‘!‘IH‘EHV‘p%‘rl’a‘EI%"“f‘W“P‘h%’II aBRE kBt Y PE¥Br ence. [ 0028]
The fornmed Rayebid.giabdidaeanskad a8t dhfipkatadit, aeReiolhefid feadied he  not her
| i quor by known techni ques. For exanpl e, the resultant material can be
filtered antheiwstlispngithnliktaTde cpalyptapiyy aptipapss alip GOntaiLaamix dried to
yield the | RAYehddife MathHlal I i G8h T8 081 LR 1ePELEHRR
i nventi on. %@é‘gﬁgﬂrﬁg&@aygﬁé o8 e B PO T 20y e i S eol i t e
is to be futherariodsdmowd zZeolites weCinchsdadopdon clagkihgedtapstoisuedyasedr parti cul at e
IS not necessary. 29] ..Th i te 1.0 i f- £ he present
i nventi on hg{(/aé:?p&éé gr§ﬁx99, ﬂoh&-ﬁe&%g fHe hﬁe,%&' mhexaﬁﬁ%qnft&qm LRk af) forl

example, combustion promoters and the like.

[0030] The catalyst is formed by standard techniques which normally include
the steps of mixing the present zeolite with clay and active matrix material. Binder is
then added and the components are formed into an aqueous dispersion followed by
drying and optionally calcining.

[0031] The cracking catalysts of the invention are particles which preferably
contain about 10 to 80, preferably from about 20 to 60 weight percent of bayerite-clad
zeolite based on the cracking catalyst particle composition. The cracking catalyst
particles may also contain from 0 to 50, preferably from about 20 to 50 wt.% clay.
The amount of binder used is preferably about 25 weight percent or less, more
preferably about 10 to 20 weight percent. The cracking catalyst particles preferably
have an average particle size suitable for use in conventional fluidized catalytic
cracking processes, e.g., about 25 to 100 microns, preferably about 50-75 microns.
The particles also preferably have good attrition resistance, e.g., Davison Attrition
Index, DI, of about 1-20, more preferably about 1-10. The procedure for
measurement of DI is well known in the art and has been published in several U.S.

patents.



found to be useful as conponents in hydrocarbon cracking catal ysts,
especially catalysts used in fluidized catalytic cracking units. The
cracking catal yst conpositions of the present invention may contain, in
addition tovdobgodisuserite alum na-clad zeolite described abonweozi@ossari ety
of conponents commonly used in conventional cracking catalyst. Such
conponents include: 1) binders, such as, for exanple, silica sol, alumna,
sol, silica-alumna sol and the like, 2 clays or clay derived matrix
conponents such as, for exanple, kaolin, netakaolin, acid-reacted

net akaol i n pgud2) he | i hile TR ofpbativtitof MRYmvedBbh HBAbI Mnitéd HAn§ SpEeAicn active
matri x conponents such as, particulate alum nas and the |ike; non-clad
zeol i tes seMsthodpimagiiaciurfethgdnyestian fcompassesongtbeds forgaakingmbaypdieocar bon
cracking catrlyst ; ; : . =T t he

i ke; and otB errr (ﬁlgﬁé%%ﬁncé{sgﬁg tﬁ%ﬁﬁgglca? lgré%%gag}r%?g‘l,&e:r:lgengﬁas%og%gpr onoters
and t he |i ké&n g¢eedChe Mhthod af farmping thesbayeritewtrdizgolge avdbediormoigrinques whi ch
normal ly in f. o xi.ng. i wth.clay and
active matr ?iﬁ%%gf séIH}gIC)E&@B%H%rlogg&tgﬁgkqglgﬁélg%gﬁée é%gg%%eﬁr%gn‘;en Cgésar e formed
i nto an aqueontsctoigsheslsirowith oktrowdesdp raids the pél tandleoyp i 0,.cndlallywingl ci ni ng.

[ 0031] The cyacki cat. sts.of the inpvention are. particles ich
preferably aélm%{%%)rg%@k%f%o tth8 Z%%I,te B%‘g?l%%‘ﬁ@fvﬂw&wﬁ%hﬁﬁlggéﬂ 60 wei ght
percent of ba:)cmrh ibd. eMGl{(eqﬂefeerElg)J the depoafied pHrils hth@s&[b@ﬁf'(im a@amallw&?;dparti cle
conposition. The c¢r I n at a yst articles may also contain fromO to
50, preferamoﬁt?rF@Fﬁ%g)b%?}g 1§(§P ﬂo ﬁlﬁ rﬁﬁl_lta)ggdqagv}tc ah*H‘é“”éfﬁ%?PPhk?fPaHicllf‘der used is
preferably akodén grefor@lPiRboRRIICHIhe@bind &R, HRR caldsSh & RRkiMlaboMl 10 to 20
wei ght percent. e cracking catalyst particles preferably have an average

particle si e 16eQveEDE avaslyng pddor dsyipg sigpydopeiing 4 the snbsequentnreseyting

cracking prgpg&s&ﬁhetﬁ\ Qrite-cEQQU&lit% arti@ed 00 M crons, preferably about 50-75
m crons. The partic gs al so prefera ?/@have good attrition resistance,

e.g., DavisOM38ltriti &he formgion of tie inigipl diyauandsubgguarbdepopitien ersbey about

nas been puBPiaen i & 08y o ER T ERs P hend R R Nieba) 1603

combining zeolite particles and water to form an aqueous slurcy, (b) adding an

aluminum acid salt (preferably aluminum sulfate) solution to the zeolite slurry, and
(c) combining the zeolite slurry from step (b) with a base (preferably alkali metal
hydroxide such as NaOH or an alkali metal aluminate such as sodium aluminate) in
proportions to achieve a mix pH of at least about 10 whereby bayerite alumina is
precipitated onto the zeolite particles. The above steps are continued until the desired
amount of bayerite-coated zeolite has been prepared. After the precipitation ahas
been completed, the pH of the slurry containing the bayerite-clad zeolite particles is
preferably reduced by addition of an acid, such as HySOys, to facilitate salt removal
from the resultant slurry of bayerite-clad zeolite particles. Preferably, the resulting
pH is about 9 or less.

[0034] Alternately, the bayerite clad zeolite can be formed by acidifying a
slurry of zeolite and sodium aluminate maintained at an elevated temperature of up to
about 120° F (49° C) , such as from about 90°to 120°F (33 t0 49° C). The
precipitation of bayerite is conducted by contacting the slurry with CO, (e.g. bubbling
the CO; through the slurry) until the slurry has attained a pH of from about 10 to 11.

Precipitation of bayerite from sodium aluminate by CO; acidification in the absence




8 [0032] While the conpositions of the invention are not limted to any
specific nmethod of manufacture, the invention enconpasses nethods for
maki ng bayerite alum na-clad zeolite particles and cracking catal ysts
cont ai ni ng iagwgissios- cl ad zeolites. 1In general, the nethopcptshaonsng the
bayerite-clad zeolite involves formng an aqueous slurry of alum num
i on-containing solution and the desired zeolite particles contacting the
slurry with a strong base to raise the,pH to at |east 10, and all ow ng
alumna to precipitate onto the zeolite particles while maintaining the
high pH cogidiebiitets kddwre(SBE BiRFiaR Chenki e SSERY MdrogRpR B4, Migl, iigagd about 10
to about 11.5 and nost preferably from 10 to 11. Tﬁe resul ti ng bayerite
al um na- cl alf @886D+t e particles are then preferably recovered, washed and
dried 1N S@A8sCases, TdboetiPend blif SuA froalcBf by ERRY BIoLA sreSN NG
and/ or drying steps depending on the subsequent processing or use of the
bayeri t e- cl mdoveessl byt Eltrption. | THegarticle® 88 Frefatablyfwasha dndrdried. Theewashingi al sl urry
and subsequent deposi.tiqQn e erforned, i Q nti nuous node.
The batch ps‘f:t\glc%‘t‘lsngl’%oar‘”é1 éraalrg%x‘fagrh/tglrv é%(lgl)wan%egg%l?shﬁ%%’z%lg#g &gl particles and
wat er to f ofltercitelatel @edsnplibied by sindply paasidg RGted lamtatni o §0IT) pefethtdpba°
(preferably al uninumsul fate) solution to the zeolite slurry, and (c)
conbi ni ng tWSOZebihreushdhe filisy cakedrfakingdpthy Pagkicles B st @n¢ sfdPdraanthp al kal |
metal  hydrgxi . Al k@lgl . J 88 ARtEBHE hads sodi um
al um nat e) (Iﬂ? ‘gg‘? g%gér?%t?gggﬁtqg Sg%%?g&&@'aﬁ%bﬁlgghag?@g? JEI°]I ggs‘fdblzﬁégth}}q§lo wher eby
bayerite albmomated ¢ thpresisiplichaaegnient of thhdad poti¢lewalisafiltiagibets. The above
steps are cQnti. t) e I 1 ite- eolite
e boen pr Spr SSFRHE Ailq HIRAEELER hay BE R dnANERLLRLFORER o 1O L7 ot
t he slurry thentashedi pagtidldselobauye ndveeselyl iaghactaabdetp@enppiotéssingée.g.s preferably
reduced by additian of an_acid, such as H2SO4, to facilitate salt renoval
fromthe reSfPPSFHEORMIQ P‘%C Caplishril®)e| ad zeolite particles. Preferably,
the resul tio3epH i s mapdibo9e procdsgfumihHBI4htriblitee bomteliys alhrubayeer i t e cl ad
zeolite can be forned bg acjdifying a, sl urry of zeoli% and ,sodi um

é‘f‘léagu‘f‘ er g’

al um nat e n¥tRAdi YRgP wedd thy wd Ae GPReeyiratigp of Bhe alyypim 120 F (49

C) , such agid EMNAROH LI 4O aki2RolitE phidBles WiIPLIAY deténineTthe amPh@GE Pi t ati on of
bayerite is conducted by contacting the slurry with CO2 (e.g._ bubbling

alumina deposited ‘on average per particle. The aluminum acid salt is preferably an

)

aluminum sulfate-containing salt, such as Al,(SO04)3.18H,0. Typically, an aluminum
sulfate solution which effectively containing about 2-8 wt.% Al,Os is used in step (b),
more preferably about 6.5-7.7 wt.% AlLOs;. The concentration of aluminum sulfate in
the slurry resulting from step (b) will depend in part on the desired amount of alumina
deposition, the concentration of zeolite particles, and the total volume of the slurry.
Preferably. the concentration of aluminum sulfate in the slurry of step (b) is such that
the slurry liquid has an effective alumina content of about 1 to 8 wt. %, preferably
from about 5 to 8 wt.%. In general, moderate concentrations are preferred in as much
as they allow better process control (e.g., avoidance of premature precipitation,
homogeneous precipitation, etc.).

[0037] The zeolite may be any particulate zeolite which is sufficiently stable
under the basic processing conditions of the cladding process. The zeolite is
preferably one which is useful to catalyze the cracking of hydrocarbons in the absence
of added hydrogen. Preferred zeolites are those mentioned above. The starting
zeolite particles preferably have a particle size which is amenable to slurry processing

and subsequent incorporation of the resulting particles into a FCC catalyst. The



the CO2 through the slurry) until the slurry has attained a pH of from
about 10 to 11. Precipitation of bayerite from sodi umal um nate by CO2
acidification in the absence WD 02/083305 PCT/ US02/ 10033 9 of zeolite is
known ( See woetesssuds Chemi cal Soci ety Mnograph 184, M srapcausilagss: 14
(1986)) [0035] The bayerite-clad zeolite particles produced by either
process are then recovered by filtration. The particles are preferably
washed and dried. The washing step cap be a sinple water wash to renove
unwant ed salts. The washing can alternately be acconplished by sinply

passi ng wat egncé@rubibe BE zdoit3Ricticldy it tirrsallyyndiOvary ComdlegablyhIoyahdlhe filter
cake or taking up the particles in water and refiltering. The drying is

preferably ERSRENSY Bigh Soncentyativgs apRopiETed Inds RRICA AT adeqUatp dSRRSIAR Ay may  be

omtted if ma%lﬁébe&%les Qﬁhbxﬁ{‘ @@ﬂk%ﬁ{er mdté}@es@ vel IQ@chh&lnﬁ§mﬁﬁt er
filtration is sufficientl SO, gste be omtted where
1%}

t he noi st ur erogisatlew vokyme tgﬂ@égmé h@dﬂdﬂéﬁlﬁp @tQS@Ctd gengent, t&@%\"@éﬁ?@ mpact
b t l e).
subsequen ﬁf &%Et%% BR s esult (%Qt%f) @)C efe%& %og'fgff)[ ﬁ@@v@b&'%%edgcf}{lt icle)

[0036] In t ove proc m na tri m num
acid salt Etmdotak/dmmmnuebdatem thahelusrmm um al um nat e The concentration of

the al um nu sodi nat and cles wll thus
. Lﬂé}sgfmunt I?e stlgpéh] ﬁ é’ guon sh ost&ﬁ&Eﬂt

determ ne t era e per particle. The
al um num actehcswttdtion shap ites eapable yf aﬁsmgaheupﬁl roﬂmesmbf(a)hmumﬂtoahmdesgecsal t, such

asA12804.80.T | f at t whi ch
vl yISEn Rt REH o s T Sag B b mor e

effectively

preferably aheultrdiodvf aboudh 5-2%wAY2 0. 4 il 1606 6ENEICAAL 0N oPfboal U1 num sul fat e
in the slurry resulting fromstep epend |n@gqart on the desired

amount of atUri Here prefsedly from abP‘FfeMé%?‘iéeFﬁqeé‘F“rdoﬁ“%]ﬂeri ble bese\&r&i ¢l es, and

the total voihikeRl hdtexiat HF £rMmomEfﬁ{}ﬁlgeas%éﬁtu&@ﬁ)rmﬁmﬂ AhihRBe0f al um num
sulfate in the slurry of step (b) is 'such that the slurry liquid has an

effectlve abUniiona heweice prdign alwgiate B predersdnt . 9% preferably from about 5
to 8 wt. Let gener al Thm%ﬁétc?ad%?ﬁ@garhaég 2R b@ﬁ%o@?ﬁi&rﬁt%@rdcﬁmgs much as

they all ow process - contr ol avol dance remat ur e

preci pit ati oatalystipartivips meing sopvestional teainigmns sushes yhose dwcloscd in U.S.
Patents 3,650,988; 3,912,619 and 3,957,689, the disclosures of which are incorporated
hereby in their entirety by reference.
[0040] The cracking catalysts of the invention, which contain bayerite-clad
zeolite particles, are especially useful in conventional FCC processes or other
catalytic cracking processes where hydrocarbon feedstocks are cracked into lower
molecular weight compounds in the absence of added hydrogen. Typical FCC
processes entail cracking a hydrocarbon feedstock in a cracking zone in the presence
of cracking catalyst particles which particles are subsequently passed to a regenerator
where the catalyst particles are regenerated by exposure to an oxidizing atmosphere.
The regenerated particles are then circulated back to the cracking zoue to catalyze
further hydrocarbon cracking. In this manner, an inventory of catalyst particles is
circulated between the cracking zone and the regenerator during the overall cracking
process. Typical FCC processes involve cracking temperatures of about 450 to
600°C, preferably from about 500 to 580°C with catalyst regeneration temperatures of
from about 600 to 800°C.
[0041] The catalyst particles may be added to the circulating catalyst particle

inventory while the cracking process is underway or they may be present in the



[ 0037] The zeolite may be any particulate zeolite which is sufficiently
stabl e under the basic processing conditions of the cladding process. The
zeolite is preferably one which is useful to catalyze the cracking of
hydr ocar bowgo bamsties absence of added hydrogen. Preferredpepusiztiessar e

t hose nenti oned above. The starting zeolite particles preferably have a
particle size which is anenable to slurry processing and subsequent

i ncorporation of the resulting particles into a FCC catal yst. The WD

02/ 083305 PCT/ US02/ 10033 10 concentration of zeolite particles in the

slurry may i@estofQi SieditRky §f thd RCQ@peRfdn. THRXaRBSI pielileshhghbecaddednt r at i ons
are not preferred in as_nuch as adequate, di spe on of the zeolite becones

difficult. @Rethido hererkinggone, &(@ég%ae\}?éft‘gpnﬂew %I&II?:%YI‘I?I?‘%& PRPFEISHE BYi de | ow

vol ume t hr opghpyl, sQI‘tab(fé AinZ QPIIésh@d I@l'iéjéiI&t‘I(Ing chﬁ?@@éﬁﬁ@ﬁwcﬁdﬁ)ﬂ ns9NeRREd at i on
of zeolite in the slurry resul tlng romstep (b) is preferably about 30-50
Wt . % based wrcombinatipnwith ogheb orecking catplyss andfpriditcogyentipyal aflgiie®] The strong
base of the, f that it
e capabl o aibfe PALAES BB PGk CodiBu¥ aaBitvid o pesSPORRANEANLORE "% cbel
For exanpl eAstwié aaly um:lnag eatslgktuthb(amopmteff extalpitynsdibin tencredkfimpprpeess wilini na

[ 9 d I f ab
13 o1 6, “Hupe hrety ERAGoR breridleRyfRisahg bR pRp LRATY ARG 7ot

sui t abl e bagethéertg. , aI kal i netal hydr oxide or anmonia) may be substituted
for the sodi I um I uti on, wever sodi,um al.um nat e | s preferred.
[0039] The I)@I;I@fl te- c Isiotféhﬁp’IiII?'I ey RE SO PRI PROVEEYd i nt o
cracking Cﬁycﬁ—bdﬁonpreédsto%ke$h¢lsayagtemﬁmmtla@a@dhtet aedknigedyssuah as those
disclosed in U S. Patents 650, 988; 3,912,619 and 3,957,689, the

di scl osur es ewecighy sefufer o ?’F&‘B‘rgﬁ@?‘é}t regrolegmyfetsstorss upk s regids idesnt Gt by
reference. [Q0A0-IB8s clcaeitl REasBL@nY P EShtdh 18 P&célﬁ%?gk%hﬁﬁllydMaﬁI@llcont ain

bayerite-clad =zeolite particles, are es eC| a use in conventional FCC
processes oFowpdnshts heringp Poilios ppist i afbgvcp %”é)sCIAﬂéIﬁ &-SrRpEReBicir bon

f eedst ocks | ower nol ecul ar wei ght conpounds in the
absence of gIgegEﬂ.‘CIcIﬁgoneéerI&II/pl cal FCC processes entail cracking a

hydr ocar bon [#0#81ist oc kTherbayerite abiaingclad meolifercontagning ereekiiegecatalysts have
expectedly been found to minimize formation of coke and to provide enhanced

cracking of petroleumn bottoms to thus provide higher yields of desired products.
[0044] The following examples are presented for illustrative purposes and are
not meant to be a limitation on the invention, as defined by the appended claims. All
parts and percentages are by weight unless otherwise indicated.

[0045] Further, any range of numbers recited in the present specification or
claims, such as that representing a particular set of properties, units of measure,
conditions physical states or percentages, is intended to literally incorporate expressly
herein by reference or otherwise, any number falling within such range, including any

subset of numbers within any range so recited.

Example 1
Preparation of Bayerite Alumina-Clad USY Zeolite

[0046] 4000 parts (dry basis) of USY zeolite was slurried into 6522 parts of
water. To this slurry was added 3333 parts of an aluminum sulfate solution

containing 7.66 wt.% ALO;. This was referred to as alwmn/USY slurry. 20 parts of



of cracking catalyst particles which particles are subsequently passed to a
regenerator where the catalyst particles are regenerated by exposure to an
oxi di zing atnosphere. The regenerated particles are then circul ated back
to the craokoogosasse to catal yze further hydrocarbon craegrage2/1besst hi s
manner, an inventory of catalyst particles is circul ated between the
cracki ng zone and the regenerator during the overall cracking process.

Typi cal FCC processes invol ve cracking,tenperatures of about 450 to 600C,
preferably from about 500 to 580C with catal yst regeneration tenperatures

of  from abgign-600 Hyar&R2GlurkyXAdd MEOPwaAdidbKEd u'pﬁBr GOOﬁJa@@ ofPYiePg added to

the circulating catal yst particle I nventory whi he cracking process is
under way or 1G0flen s gddlon pﬁeelyemkcted tarke Nl@mﬂ@fa@@ne PO/ esh Theded3 11

i nvent ory a»Ialatgr Féé]{%{éfa_eﬁ%ng %{1 Qt%leec?regrg !?\R and aeck%g% eyis(} aﬁ.)lgrtl cles may

be added diréc e Cr I'ng zone genera i onZ0he of the
cracki ng apfsit aithsram’ ofd#00 paxrys/minh e sthet aMS nmmtnuc-bﬁmpl &&td £shdidnhe

cracki ng cat al t he i nvent wi t h ot her

cracking cat'yp BSSOL‘HB}‘ PR W@gﬁg%ﬁﬁi‘g‘a@ w;*eﬂ Dparticl es

such as SOXTHLAKE 4O tBEleHdiiny SIS miniRd ShiioR IR§ kst at Gmrﬁﬂﬂ!iht AfdnBe fI&KC. AS

wi th any cracking catal t1 the anount of catalyst used In the cracking
qf‘é’c? 1)

process wi | jate af3hsalpy/ Y t¥as pdjasied o aneintyip dhett] Mgl Oclo iiviitdns and desi r ed

output as ige c‘,’iﬁﬁz{tmhﬂ%‘é’@omhﬂe& Bﬁﬂ%&ut 2080Aaind B Wit ahy 8h shedfs¥ h@, i nvention
may be used to crack any typical hydrocarbon teedstock. The bayerite

al uni na- c| aldie 2rbpf precipitasion snEficisat af %318 Oapaduticagps @fdad ty thesddruy tof or cr acki ng
heavy petroj, E{érﬂlé ﬁﬁ‘%%@%@aﬁ%@sﬁﬁeﬁ%@hd%sx Qﬁﬁfwﬁ&’%gred\f%f{ﬁﬂm gas oils, etc.

The feedstock “may” cont ain percent or greate conponent s
havi ng a boldWﬁgilmmdrmld@faslwdow/iel 4D H SO erat l(FO°E Fhpeastedtilter cakgr eat er
con-car bon cont ent 0043 é&t (g @%yeri te alum na-clad zeolite containing
cracki ng ca‘f"%ﬁ‘if'ﬁ@“ﬁ gyern $€Hi v been found to mininize formation of

coke and topopgpvi de efRanGe 5p?c!ﬁ%&v&%x%m@@%&Rh%?lmfﬁ%tio%r[ﬁm%% thus provide
hi gher vyi el ds of desired products he foll owm ng exanpl es are

present ed flopgdr Iemmeamwrevmlg)mesam o4 bayerite phase alumina. The coating
thickness can be seen from the pictures obtained using transmission electron

microscopy (TEM) that are shown in Figures 1 and 2.

Comparison Example
Preparation of Psendoboehmite-Clad USY

[0048] 4000 parts (dry basis) of USY was slurried in 16255 parts of water at
120°F in a 10 gallon tank. An aluminum sulfate solution (7.66% ALO3) was added to
the slurry to bring the pH to 4.2. A heel was formed as indicated in Example 1 above
and circulated through a three-stream mix-pump at 1400 parts/min. A sodium
aluminate solution (21% Al,Os and 19% Na;O) and an aluminum sulfate solution
(7.66% Al,O3) are added to the mix-pump. The sodium aluminate was added at 30
parts/min, and the flow rate of the aluminum sulfate was adjusted to maintain the pH
at 7.5. When about 20% alumina has been added to the USY zeolite, the pH was
raised to 9 by pumping in additional sodiom aluminate. The slurry was aged [or 3
hours at 120°F, filtered and washed with 40 gallons of water. The washed [ilter cake

was oven dried overnight at 180°F.




not meant to be a limtation on the invention, as defined by the appended
clains. All parts and percentages are by wei ght unl ess otherw se

i ndi cated. [0045] Further, any range of nunbers recited in the present
speci fi cat iwoopes3szesl ai ns, such as that representing a parectubariosst of
properties, units of neasure, conditions physical states or percentages,
is intended to literally incorporate expressly herein by reference or
otherw se, any nunber falling within sych range, including any subset of
nunbers within any range so recited. Exanple 1 Preparation of Bayerite

Al m na-Cl ad USY Zeolite [0046] 4000 parts (dry basis) of USY zeolite was
slurried into 6522 parts of water. To this slurry was added 3333 parts of
an al um num sul fate sol ution conté@ﬁlﬂé-ﬂﬁGG wt. % A1203. This was referred
to as alunt MﬁXD slurr yEacngf tﬂ@ﬁﬁl&l&f-clm&ﬁfegﬁﬁlgé a&d %u%%xll&%%@ 1484

nmagnesi um h drOX|de slurry (40% MgO was dissolved I n parts of water
at  160F i nCempayisgn Exemple peaymvjcac et éijl'Odeﬂ@ pafriqulgtewa@kmefceta}yeﬁ to as the

heel . . The pfamﬁffonmngﬁq(%atﬁ%ﬁﬂe raﬂ ‘Jf:l ngfbg{ebar e&@a% Pl]!?(ij mp and

back into t Fate e ot her
streans to 4(h'et %okayplﬂwpem'sef thesadlyamarcashown naTabls bl The @mlysmsmexm ning 21%

A1203 and 19% Na20Q an The fl.ow f the sodi um
al uni nat e sc?‘ic W%rﬁg%gi ‘glg}%@b p@@ﬁ’a@éﬁﬁ(ﬁ ¥E%Vaé]ﬁ(§utpﬁcée%°o “Fate of the
D 6C1 DI LAl Lo i Cont  huad Ut aBou 205 2l e s bean clad on the
i pi i [ oalu
USY. At t by BRAFIVS ﬁf@é@?‘ﬁm@q- a<f‘§%§$m& EHlingus s e s Bepbicdiowas  added

to the sl urgycit eresﬂarféelElgto&lhﬁ i d MATHG: {ASTVIIDBY R 83 theli8mYal . The
slurry was aged for hours at  160F, filtered and washed with 40 gall ons
of water atm%eetpd thﬁhélexﬁdéhét&omamr@rbwm clagzgolisy Rxanled) oduasight at 180F.
[0047] The jhestbdtons ﬁg%yﬂdrmag&%g&g@mg@ray diffraction using a

| onger exposure tine revealing the presence of bayerl te phase alumna. The
coating thickness can he seen fromthe pictures obtained using

transm ssion electron mcroscopy (Tﬂ]etlhat are shown in Figures 1 and 2.

Example 1 Comparison Example
Analyses:
%Na20 0.31 0.28
% A1203 33.46 33.65
%RE203 1.99 2.03
%S04 0.39 0.52
Davison Index 1 9
Bulk Density (cm3/g) 0.76 0.78
Zeolite Area (m2/g) 196 190
Matrix Area (m2/g) 96 82
Avg. Particle Size 83 80
(microns)
5000 ppm Metals CPS
Zeolite Area (m2/g) 131 121
Matrix Area (m2/g) 42 46
Unit Cell Size 24.26 24.27
(Angstroms)
Ni (ppm) 2178 2157

V (ppm) 3020 3000



Conpari son Exanple Preparation of Pseudoboehm te-C ad USY [ 0048] 4000
parts (dry basis) of USY was slurried in 16255 parts of water at 120F in a
10 gallon tank. An alum num sul fate solution (7.66% A1203) was added to

the slurry w@ohésssng the pHto 4.2. A heel was forned as i pgr/g8dad033N
Exanple 1 above and circulated through a three-stream m x-punp at 1400
parts/mn. A sodium alum nate solution (21% A1203 and 19% Na20O) and an

al umi num sul fate solution (7.66% A120§p are added to the m x-punp. The
sodi um ai um nate was added at 30 parts/mn, and the flow rate of the

al um num sul fate was adjusted to mai gygin the pH at 7.5. \WWen about 20%
al um na has been added to the USY zeolite, the pHwas raised to 9 by

punpi ng in additional sodiumalum nate. The slurry was aged for 3 hours at
120F, filtered and washed with 40 gaBExamgledf water. Tempagsdndékahipld er cake
was oven dried overnight at 180F. WO 02/083305 PCT/US02/10033 13 MAT
Testing [ 00491~Each.of the al um na-cl olites fornmed a ding to

Exanpl es 1%‘#0188%%1“ son Exanpl e abggse&gere used to prozﬁ@é particul ate
cracki ng ca&' I(;ﬁt conposi tions cont ai idgg 40 wt. % of the4 um na-cl ad
zeolite, 20 ;;\?1( 0 oclay. Properties™ the catal ysts

ilica sol, and 40 w™
are shown %ﬁﬁj@ 1. The catalysts were each inpregnated with 2000 ppm Ni

and 3000 p V and subjected to Cycli CO'SISropyI ene Steam (CQ’ . Detailed CPS
deactivati on* procedure can be found i n 14 Synposi um Ser i b<7634, p.

171- 183 (1998 Crh&Z esul ting particl edMere then used to 28fack a resid
feedstock in a standard MAT test (ASTM D3907-87). The results indicated
that the catdfyst containing bayerite-&33d zeolite (Exanpl#4d) produced

| owner botto"ﬁ%t&gﬂiﬁ | ess hydrogen and | e$€7coke (Table 2). TaBle | Exanple |
Conpari son Bebutpleee Anal yses: %0ONa200. 31%728 1.71

Total C4= 14.03 14.59
iC4 3.01 3.09
Total C4s 991 9.98
C5+Gaso 50.06 48.38
LCO 20.33 19.95
640+Btms 4.67 5.05

Coke Wt. Feed 6.42 7.53



%A120333. 4633. 65 %RE2031. 992. 03 %5040. 390. 52 Davi son | ndex19 Bul k Density
(cnB/g)0.760.78 Zeolite Area (nR/g) 196190 Matrix Area (nR/g)9682 Avg.
Particle Size (mcrons) 8380 5000 ppm Metals CPS Zeolite Area (n2/g)131121
Matri x Areay@0ids3dod246 Unit Cell Size 24.2624.27 (Angstrope)/ubi2/10033

(ppm 21782157 V (ppm 30203000 WO 02/ 083305 PCT/ US02/ 10033 14 Table 2 Exam

| p e 1Conpari son Exanple W. Conversion75.0075.00 Cat/ G |4.464.77 W.

Yi el ds H20.580.70 C1.171.27 Total O 4 C22.762.98

What is claimed is:

1. A zeolite-containing particle comprising a crystalline zeolite having a

coating on its surface, said coating comprising bayerite-phase alumina.

2, The product of Claim 1 wherein said coating forms about 5 to about 50

weight percent of the particle.

3. The product of Claim 1 wherein the ¢oating has a thickness of from
about 5 to 100 nm.

4. The product of Claim 1, 2 or 3 wherein said zeolite is selected from the
group consisting of zeolites of type Y, USY, CREY, REY and
mixtures thereof.

5. The product of Claim 1 wherein said bayerite phase alumina forms at

least 50 weight percent of said coating.

6. The product of Claim 4 wherein said coating consists essentially of

bayerite phase alumina.

7. The product of Claim 5 wherein the zeolite is a Y type zeolite.
8. The product of Claim 6 wherein the zeolite is a Y type zeolite.
9. A particulate cracking catalyst suitable for use in fluid catalytic

cracking of petroleum feedstocks, said catalyst comprising particles of
crystalline zeolite having a coating on the surface of the particles

comprising bayerite phase alumina.



C3=4.334. 48 Total C3s5.275.41 |Isobutylenel.671.71 Total C4=14.0314.59

i C43.013. 09 Total C4s9.919.98 C5+Gaso050. 0648. 38 LCO20. 3319. 95

640+Bt ns4. 675. 05 Coke W. Feed6.427.53 WD 02/083305 PCT/ US02/ 10033 15 What
i s clai med weo2d83308 zeolite-containing particle conprisingcausnysésal |ine
zeolite having a coating on its surface, said coating conprising
bayerite-phase alumna. 2. The product of Caim1l wherein said coating
fornms about 5 to about 50 weight percent of the particle. 3. The product
of Claiml wherein the coating has a thickness of from about 5 to 100 nm

4. The product ofp, 0 arn® ctackéigQ@htalstterighdo §88inZeM|chiafysi onf@ds@eb@d from the
group consisting of zeolites of type Y, USY, CREY, REY and m xtures

thereof. 5. The produH’ctO@PO@ISQNMEltWﬁé‘?ﬂéPﬁs%bfﬂelbtﬁsﬂéﬁmﬂéﬂbﬁ%js@ohqeum na
forns at |east 50 Stiegoer cent of said coating. 6. The product of Claim
4 wherein said coating consists essentially of bayerite phase alum na. 7.
The product of Caimb5 wherein the zeollte is ayYtype zeolite. 8. The

product of Caimf whelel r{l:kit{}%at% @ahéeﬁlysgﬁ &RL bs s%lectlg .
particul ate crac |ng cata sw r use in f urd cat {°C cracki ng
of petrol eum f eedst octke grcsxamdns&&hgb&&bh@mnbﬂypsYnng’aﬁRB& BEYG\ﬁld

mixtures thereof.

12.  The cracking catalyst of Claim 9 wherein said bayerite phase alumina

forms at least 50 weight percent of said coating.

13. The cracking catalyst of Claim 9 wherein said coating consists

essentially of bayerite phase alumina.

14. The cracking catalyst of Claim 12 wherein the zeolite is a Y type

zeolite.

15.  The cracking catalyst of Claim 13 wherein the zeolite is a Y type

zeolite.

16.  The cracking catalyst of Claim 9 wherein the catalyst contains about

30 to about 70 weight percent of said zeolite.

17.  The cracking catalyst of Claim 15 wherein the catalyst contains about
30 to about 70 weight percent of said zeolite.

18. A method of forming bayerite alumina coated zeolite particles
comprising forming an aqueous slurry having an acidic pH of less than
7 comprising aluminum ion-containing solution and zeolite particles ,
contacting said slurry with an aqueous solution of a strong base at a
concentration Lo cause the resultant slurry to have a pH of at least 10,

and allowing bayerite alumina to precipitate onto the zeolite particles.



crystalline zeolite having a coating on the surface of the particles

conpri sing bayerite phase alum na. WO 02/083305 PCT/US02/ 10033 16 10. The
cracking catalyst of Cdaim9 wherein said catal yst contains about 10 to
about 80 waygbiogdsyscent of said bayerite-al um na coated zeotmb®@/o¢particles.
11. The cracking catalyst of aim9 wherein said zeolite is selected from
the group consisting of zeolites of type Y, USY, CREY, REY and m xtures
thereof. 12. The cracking catalyst of g aim9 wherein said bayerite phase
alumna forns at |east 50 weight percent of said coating. 13. The cracking
catalyst of Cain 9 wherein said coating consists essentially of bayerite
phase alum na. 14. The cracking catalyst of Claim12 wherein the zeolite is
a Y type zeolit¥ 15Themh<zdr%fgilalw918cvaheaw§he bayerite ajumipscopred zeplife t he

zeolite is a Y type ﬁg%gg%ta?e s??éﬁatea_gl% Grackiag weadal yst of daim9 wherein

the catal yst contains to about 70 wei ght percent of said zeolite.
17. The cracking catalyst of Cdaim15 wherein the catal yst contains about

30 to about 7Q V\ﬁightT %&E({E folaiﬁla{SdW]?e%ﬁlltl{eerESt&tgut.Sﬁ\IWapggHogf frrog{ m ng
bayerite al um na coated zeo i¥e particles "conprising-formng an aqueous
slurry having an aci ditéeagtHbodt l0essbauhdhs 7 conpri sing al um num

i on-containing solution and zeolite particles contacting said slurry with
an aqueous solution of a strong base at a concentration to cause the

resul tant slurry2ito heacen@hgibfafiaiat 18 winsdin 162, basaiR deladté b A glkan yetdlt e

| um n recipi n h i rticl ) 2
?)CEIJ_/ USSZ; 2083§C| F])_I7t atlgld?oxg e, }um%m%h?l% thEir%x%ae, ct)rl a?ka‘laisineta\/]uz?lﬁni{1e?t§.3305

22. The method of Claim 18 wherein the base is sodium aluminate.

23.  The method of Claim 18, 19 or 20 wherein the aluminum ion
containing solution comprises an aqueous solution of aluminum

sulfate,

24, The method of claim 18, 19 or 20 wherein the aluminum ion
containing
solution, the zeolite particles and the base are contacted substantially

simultaneously.

25. A method of forming bayerite aluraina coated zeolite particles
comprising forming an aqueous slurry having an alkaline pH of greater
than about 12 comprising aluminum ion-containing solution and
zeolite particles , contacting said slurry with carbon dioxide for a
sufficient time to cause the resultant slurry to have a pH of from about
10 to 11.5, and allowing bayerite alumina to precipitate onto the zeolite

particles.

26. The method of Claim 25 wherein the bayerite alumina-coated zeolite

particles are separated and washed with water.



19. The method of Claim 18 wherein the bayerite alum na-coated zeolite
particles are separated and washed with water. 20. The nethod of Caim 18
wherein the resultant slurry has a pH of from at |east about 10 to about
11.5 21. Theoomistsmd of Claim 18 wherein the base is sel eceetusnanmesal kal i
metal hydroxi de, ammoni um hydroxi de, or alkali metal alum nate. 22. The
met hod of Claim 18 wherein the base is sodiumalumnate. 23. The nethod of
Claim18, 19 or 20 wherein the alum nuggion containing solution conprises
an aqueous solution of alumnum sulfate. 24. The nethod of claim18, 19 or
20 wherein the alum numion containing solution, the zeolite particles and
the base are contacted substantially sinultaneously. 25. A nethod of

form ng bayerite alum na coated zeolite particles conprising form ng an

aqueous slurry hayi ngaaRyepdkahhba- o%‘ate@fzecgl"t t‘?&xlatéﬁl%@mﬁ*?&ﬂkd%g conprising
al um num i on-containing solution and zeolite particles , contacting said

slurry with carbon diigtiaexispg a olytier plenammippnion seueayed a ety elsul t ant
| to h H \ t
slurry to have a p Oicoﬁté?%%gﬂ%'ta Sl'-ffg'tﬁagm%]ﬂ s oﬁ&g tlﬁg 703\%%@%%‘%{! rite

alumna to precipitate onto the zeo cles ' od of daim
25 wher ei n t he bayer i keailtahtsimawtbasechgareic ntageriabiastificiens amowt gepar at ed and

a1 um na coat d. seol | CASBANG TGP SO BUGE 2B dreeiey 0 REAHENA i i ng o

sol ution of an al um nhuyemtelamxﬁmm@rmmmeaomdtheuzgolmefpzfrmés te to provide a
slurry having a pH of less than 7, contacting the resultant slurry with a
strong basic material in suffici ent anpunt to cause the resultant slurry

to have a pH of ag | epstprddhict 8 Claih bPWhéESiIn the bayerite alumina-coated zeolite

particles are separated and washed with water.

29, The product of Claim 27 wherein the resultant slurry has-a pH of from

at least about 10.5 to about 11.5

30.  The product of Claim 27 wherein the base is selected [rom alkali metal

hydroxide, ammonium hydroxide, or alkali metal aluminate.

31.  The product of Claim 27 wherein the base is sodium aluminate.

32.  The product of Claim 27 wherein said zeolite is selected from the
group consisting of zeolites of type Y, USY, CREY, REY and
mixtures thereof.

33.  The product of Claim 27 wherein the zeolite is a Y type zeolite.

34.  The product of Claim 32 wherein the zeolite is a Y type zeolite.

35. A bayerite alumina coated zeolite particles formed by initially forming
an aqueous slurry having a pH of at least about 12 comprising

aluminum ion-containing solution and zeolite particles at an elevated

temperature of up to 49° C, contacting said slurry with CO; to cause




bayerite alumna to precipitate onto the zeolite particles. 28. The product
of Claim27 wherein the bayerite alum na-coated zeolite particles are
separated and washed with water. 29. The product of Caim27 wherein the
resul tant syghsdssbas -a pH of from at |east about 10.5 tecafesiodss. 5 30.
The product of Caim27 wherein the base is selected fromal kali netal
hydr oxi de, ammoni um hydroxi de, or al kali netal aluminate. 31. The product
of Caim?27 wherein the base is sodi umegal umiinate. 32. The product of
Claim 27 wherein said zeolite is selected fromthe group consisting of
zeolites of type Y, URrestiRRYoRRY 130¢a pHIorhUERS 16,h88 80 i_li_%gaye}-ilt’te pr oduct
of Claim27 wherein the zeolite'is a Y pre zeolite. 34. e product of
Cl ai m 32 wherei n t he awnihg toeprpaipitateronty ghe zzeliie pardicle85. A bayerite al um na
coated zeolite particles formed by initially form ng an aqueous slurry
having a pH of at |east about 12 conprising alum numion-containing

sol ution and zed.t e Tiamprodnbied CGaimadd whersia tiedaytréerplematasroatedfzenlict o 49 C,
contacting said slurr /0?6113305 PCT/ US02/ 10033 19

the resultant slurry g@%%%%%%hg%%%aggﬁhgg%fv& and al | owi ng bayerite

alumna to precipitate onto the zeolite particles. 36. The product of Caim

35 wherein the bayerite al un na;co d zeolite articles are separated and
washed with vvatﬁ 37.he'Pﬁ(édJub‘r({J}gi5‘Efn wheTeln thedi S‘\}\Sﬁlé‘rs ‘Whtaﬁépf{gos@\‘ﬁ’ént slurry
has a pH of from at ji@astab&dQuto dkdut 01.about 11. 38. The product of Claim

35 wherein the alum numions are provided by alkali netal alum nate. 39.
The product of Caim 38 wherein the alkali netal alumnate is sodium

aluminate. 40. The meifqe b Fcahim $owiheh tldhiihBuslidlsiae h:3viaBE By i ned at a

‘ alkali metal aluminate.

39.  The product of Claim 38 wherein the alkali metal aluminate is sodium

aluminate.

40. The method of Claim 35 wherein the slurry is maintained at a

temperature of from about 33°t0 49° C.

41. The method of Claim 39 wherein the slurry is maintained at a

temperature of from about 33 °to 49° C.

42,  The method of Claim 35 wherein the slurry is maintained at a

temperature of from about 33°t0 49° C.

43,  The product of Claim 35 wherein said zeolite is selected from the
group consisting of zeolites of type Y, USY, CREY, REY and
mixtures thereof.

44.  The product of Claim 35 wherein the zeolite is a Y type zeolite.

45.  The product of Claim 38 wherein the zeolite is a Y type zeolite.



tenperature of fromabout 33 to 49 C. 41. The method of C aim 39 wherein
the slurry is nmaintained at a tenperature of fromabout 33 to 49 C 42.
The nethod of Claim 35 wherein the slurry is naintained at a tenperature
of from abomd oBd@33ds0 49 C. 43. The product of C aim 35 whereso/vesd
zeolite is selected fromthe group consisting of zeolites of type Y, USY,
CREY, REY and m xtures thereof. 44. The product of C aim 35 wherein the
zeolite is a Y type zeolite. 45. The pgpduct of C aim 38 wherein the
zeolite is a Y type zeolite. WO 02/083305 PCT/ US02/ 10033 20 46. A process
for fluidized cai@l ytA@raresahd MGdiedd utdiidr RERIRVT 2 ho@dsdBekicvesri n (i)
said feedstock is cracked in a cracking zone in the presence of cracking
catal yst particles, (Vhoeagyp éﬁ”ﬂ:?"ﬁ@%i’%s erackadys °b’élflt‘$ genedn Hiedreseetfener at ed
in aregeneration zongcraRfhgChilyit p%ﬂw'lé@V@leﬂﬁ¥1a@1§m?@z{tgyu@§ﬁﬁle§lcupcs

i ncl udi ng cracki ng catal yst part| cles, 1s repeated circul ated between

t he cracki ng zone andeg@@mr%@rmnqmzwmwé(w) @m@Vﬂit@tﬁrOéVcé@rent conpri ses

naving ol d | nventof VoS LR SR cu O ARPADS, BACLLA BRga " @
8. between the cracking zone and regeneration zone, wherein the

improvement comprises having said inventory comprises zeolite

containing particles having a coating comprising bayerite-phase

alumina of Claim 1, 2, 3,4, 5, 6, 7,01 &.



