(19) AUSTRALIAN PATENT OFFICE

(11) Application No. AU 2002258677 B2

(54)

(51)8

Title

Bayerite alumina coated =zeolite and cracking catalysts containing same

International Patent Classification(s)

BO1J 29,08 (2006.01) oBMJP BO1J

BO1J 33,00 (2006.01) 37702

(
B01J 37,02 (2006.01) 20060101ALIZ2005100
(

BO1J 3703
C10G 11,05 (2006.01)37703

2006.01) 8BMEP EO1T

B0LT 29,08 20060101ALI2005100

20060101AF12005100 SBUEP €106

8BMEP BO1J 11705

13,00 20060101ALI2005122

20060101AL12005122 OBMJP
PCTAUS02/10033

Application No:  20g2258677

WIPO No:  wop2.-083305

Priority Data

Number (32) Date
09-833,604 2001 .04 .13
Publication Date : 2002 .10 28

Publication Journal Date :  5pg3 04 17

Applicant(s)
W.R. Grace & Co. - Conn.

Inventor(s)
Zhao, Xinjin, Cheng, Wu-Cheng,

Agent/Attorney

Davies Collison Cave, 1 Nicholson

Related Art
1US4332699

(22) Application Date: 2002 03 28

(33) Country

Deitz,

Street,

s

Philip Stephen

MELBOURNE, VIC, 3000

-




0 02/083305 Al

(12) INTERNATIONAL APPLICATION PUBLISIIED UNDER TIIE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
24 October 2002 (24.10,2002)

PCT

000 OO

(10) International Publication Number

WO 02/083305 Al

(51) International Patent Classification”:
37/02, 37/03

BO1J 29/08,

(21) International Application Number; PC1/US02/10033

(22) International Filing Date: 28 March 2002 (28.03.2002)

(25) Filing Language: English

{26) Publication Language: English
(30) Priority Data:

09/833,604 13 April 2001 (13.04.2001)  US

(71) Applicant: W. R. GRACE & CO.-CONN, [US/IS];
7500 Grace Drive, Columbia, MD 21044 (US).

(72) Inventors: CHENG, Wu-Cheng; 10308 Paddington
Court, Ellicott City, MD 21042 (US). ZHAOQ, Xinjin;
1731 Cattail Meadows Drive, Woodbine, MD 21797 (US).
DEITZ, Philip, Stephen; 2935 Ridge Road, Bulimore,
MD 21244 (US).

(74) Agent: TROFFKIN, Iloward, J.; 7500 Grace Drive, Co-
lumbia, MD 21044 (US).

(81) Designated States (national): AL, AG, AL, AM, AT, AU,
AZ, BA, BB, BG, BR, BY, BZ, ,CN,CO, CR, CU,
CZ,DE, DK, DM, DZ, EC, EE, ES, F1, GB, GD, GE, GII.
GM, HR, HU, ID, IL,, IN, IS, JP, KT, KG, KP, KR, KZ, LC,
1K, LR, LS, IT, LU, IV, MA, MD, MG, MK, MN, MW,
MX, MZ, NO, NZ, OM, FH, PL, PT, RO, RU, 8D, SL, SG,
8L, SK, SL, TJ, T™, TN, TR, TT, TZ, UA, UG, UZ, VN,
YU, ZA, 7M, 7W.

(84

Designated States (regional): ARIPO paient (GH, GM,
KE. LS, MW, MZ, 5D, SL, SZ, TZ, UG, ZM, ZW),
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, 1), TM),
Eurupean patemt (AT, BE, CH, CY, DE, DK, ES. FI, FR,
GB, GR, IE, IT, LU, MC, NL, PT, SE, TR), OATI patent
(BE, BJ, CE CG, Cl, CM. GA, GN, GQ, GW, ML, MR,
NE. SN, TD, TG).

Declaration under Rule 4.17;
as to applicant's entitlement to apply for and be granted a
patent (Rule 4.17(i)) for all designations

Published:
—  with infernational search report

For two-letter codes and other abbweviations, vefer fo the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: BAYFRITE ALUMINA COATED ZEOLITE AND CRACKING CATALYSTS CONTAINING SAME

(57) Abstract: A catalyst suitable for use in fluid catalytic cracking of petroleum feedstock in the form of particulate of crystalline
zeolite having a coating on its surface comprising bayerite phase alumina.

2-




WO 02/083305 PCT/US02/10033

1

BAYERITE ALUMINA COATED ZEOLITE AND CRACKING CATALYSTS CONTAINING SAME

FIELD OF THE INVENTION

[0001] The present invention is directed to fluid catalytic cracking catalysts

comprising zeolite particles which are coated with bayerite alumina, and to FCC

processes which utilize the subject catalyst.

BACKGROUND OF THE INVENTION

[0002] Catalytic cracking is a petroleum refining process which is applied
commercially on a very large scale. A majority of the refinery gasoline blending pool
in the United States is produced using the fluid catalytic cracking (FCC) process. In
the catalytic cracking process heavy hydrocarbon fractions are converted into lighter
products by reactions taking place at elevated temperature in the presence of a
catalyst, with the majority of the conversion or cracking nccurring 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 fess 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 siles 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
occhided hydrocarbons from spent cracking catalyst, regeneration is accomplished by
burning off the coke to restore catalyst uctivity. The three characteristic process zones
of the FCC process arc composed of: a cracking step in which the hydrocarbons arc
converted into lighter products, a siripping 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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[0005] Various attempts have been made o improve the performance of FCC
catalysts. These catalysts have been formed from mixtures of zeolites with an active
matrix material, such as various forms of alumina, or have been coated. For example,
JP laid-open application SHO 58-112,051 discloses the formation of a zeolite, which
has been coated with a metallic oxide prior to incorporation into the catalyst
composition. The zeolite is dispersed in an aqueous acidic solution of the metal salt
and then treated with ammonia water 1o raise the pH to about 9 causing the metal to
deposit as the hydroxide on the surface of the zeolite. The resultant coating is a
relatively amorphous alumina.

[0006] In U.S. Palent 4,332,699, a pseudo-boehmite alumina was coated on
the surface of zeolite particles via a low pH process. The crystallinity of zeolite has
been deemed susceptible to damage by subjecting it to very high pH conditions.
Thus, precipitation processes have been done under controlled pH values of 7-9 more
normally 7 to 8. Under these conditions the alomina coatings are of hoehmite 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 larpe effect on
a refinery's profitability. There has been a desire to tailor catalysts io achieve specific
refinery objectives (e.g., maximizing owtput 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 fcedstock 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 FCC process.

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

feedstock to achieve the desired output. In this context, the cracking catalyst itself
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may contain various components ranging from zeolites, active matrix materials (e.g.,
alumina, relatively inactive matrix materials (e.g., clay) to binders (e.g., sols). Cracking
catalysts, especially for FCC processes are necessarily constrained as to their particle size
by virtue of the fact that the catalyst particles must be adequately fluidizable in the process.
An additional constraint is that the catalyst must be attrition resistant. The requirement for
attribution resistance generally means that a significant amount of clay and binder must be
present in the catalyst particle. Thus, there is only limited room in the catalyst particle for
those components that are responsible for the majority of the cracking function (i.e.,
zeolite/active matrix).

[0010] While modern cracking catalysts have made significant strides to improve
catalytic performance, there still is the need to provide catalysts which can exhibit
improved cracking of heavy bottom materials or resids, without increasing the alumina
content of the catalyst. Further, there is the need to provide a FCC catalyst which

minimizes coke/hydrogen formation at a given bottoms cracking performance level.

SUMMARY OF THE INVENTION

[0011] A first aspect of the present invention is directed to a coated zeolite-

containing particle comprising a crystalline zeolite particle having a coating on its surface,
said coating comprising bayerite-phase alumina.

[0012] A second aspect of the present invention is directed to 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.

[0013] A third aspect of the present invention is directed to 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 to cause
the resultant slurry to have a pH of at least 10, and allowing bayerite alumina to precipitate
onto the zeolite particles.

[0014) A fourth aspect of the present invention is directed to a method of forming
bayerite alumina coated zeolite particles comprising forming an aqueous slurry having an

alkaline pH of greater than about 12 comprising aluminum ion-containing solution and
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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.

[0014A] A fifth aspect of the present invention is directed to a bayerite alumina-
coated zeolite particulate product formed by initially mixing a solution of an aluminum ion
source with a slurry of zeolite particles to provide a slurry having a pH of less than 7,
contacting the resultant slurry with a strong basic material in sufficient amount to cause the
resultant slurry to have a pH of at least 10, and allowing bayerite alumina to precipitate
onto the zeolite particles.

[0014B] A sixth aspect of the present invention is directed to 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 the resultant
slurry to have a pH of at least 10, and allowing bayerite alumina to precipitate onto the
zeolite particles.

[0015] The present invention is further directed to FCC catalyst compositions
comprising the bayerite alumina-clad zeolite particles of the first, second, fifth or sixth
aspect of the invention or formed by the method of the third or fourth aspect of the
invention, dispersed in a silica or alumina type matrix. More specifically, the present FCC
catalyst composition comprises fine particulates of bayerite alumina-clad zeolite,
optionally additional active-matrix materials, along with conventional clays and binder.
[0016] Finally, the present invention is directed to FCC processes that utilize the
present bayerite alumina-clad zeolite containing catalyst composition. The present FCC
process is an improved hydrocarbon cracking process which minimizes coke formation
and/or maximizes cracking of heavy "bottom" feedstock to produce higher yields of
desired products. In one embodiment, such a process comprises fluidized catalytic
cracking of a hydrocarbon feedstock wherein (i) said feedstock is cracked in a cracking
zone in the presence of cracking catalyst particles, (ii) said cracking catalyst particles are
regenerated in a regeneration zone, and (iii) an inventory of particles, including cracking
catalyst particles, is repeatedly circulated between the cracking zone and regeneration

zone, wherein said inventory comprises bayerite alumina coated zeolite particles of the
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first, second, fifth or sixth aspect of the invention or formed by the method of the third or

fourth aspect of the invention.

DESCRIPTION OF THE FIGURES

[0016A] Various embodiment of particles, methods and processes according to the
invention will now be described, by way of example only, with reference to the
accompanying drawings, in which:

[00116B] 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.

[0016C] 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 portion of picture) with

bayerite alumina cladding thereon. The scale of the picture is 1 cm represents 20 nm.

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 cracking
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catalysts are comprised of a number of components, each of which is designed to enhance
the overall performance of the catalyst. Some of the components influence activity and
selectivity while others affect the integrity and retention properties of the catalyst particles.
FCC catalysts are generally composed of zeolite, active matrix, clay and binder with all of
the components incorporated into a single particle or are comprised of blends of individual
particles having different functions.

[0020] The primary source of activity of cracking catalyst is zeolite. The term
"zeolite" as used herein and in the appended claims indicates a natural or synthetic
faujasite. Faujasite is a crystalline three-dimensional aluminosilicate of the zeolite mineral
group which has ion-exchange capacity. These materials have pore openings of about 7 to
9 A. Faujasite is known to occur naturally but, due 1o its scarcity it is formed synthetically
in the sodium form by crystallization of sodium aluminate and sodium silicate (Standard Y
type zeolite).

[0021] Although any zeolite suitable for hydrocarbon catalytic cracking can be
used in the present invention, the preferred types of zeolites found useful herein are X and
Y zeolite with the Y types being more preferred and the Standard Y type zeolite being
most preferred. The Standard Y is formed in the manner described 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, alone or in combination, can be used in forming the bayerite alumina-clad zeolite
of the present invention.

[0022] The zeolite may be 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.

-8-
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[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
immediately transform the acidic dispersion to a pH of at least 10, preferably from at least
10 to about 10.5. In continuous processes, the equilibrium pH of the mixture of zeolite
dispersion and base solution should be between 10 to 11.5, preferably between 10 to 10.5.
This can be maintained by adjusting the rate of introduction of the acidic zeolite dispersion
and basic solution.

[0024] The base can be any strong base which does not have an adverse effect on
the zeolite structure. Preferred bases are alkali metal hydroxides, such as sodium
hydroxide and the like, ammonium hydroxide, as well as alkali metal aluminates
(preferred), such as sodium aluminate and the like.

[0025] The zeolite retrieved from the mixture has alumina clad on the surface of
the zeolite particles. The alumina cladding is composed of at least 50 weight percent
bayerite, preferably at least 75 weight percent and most preferably at least 90 weight
percent bayerite alumina. The alumina cladding covers at least about 50% (preferably at
least about 70% and most preferably at least about 90%) of the outer surface of the zeolite
particles. The coating normally has a thickness of from about S 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. In one embodiment, the coating consists essentially of bayerite phase alumina.
[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 if 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.

[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-
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clad zeolite is to be further formed into FCC catalyst, isolating of dried particulate is
10t necessary.

[0029] The bayerite alumina-clad zeolites of the present invention have been
found to be useful as components in hydrocarbon cracking catalysts, especially
catalysts used in fluidized catalytic cracking units. The cracking catalyst
compositions of the present invention may contain, in addition to the bayerite
alumina-clad zeolite described above, a variety of components commonly used in
conventional cracking catalyst. Such components include: 1) binders, such as, for
example, silica sol, alumina, sol, silica-alumina sol and the like; 2) clays or clay
derived matrix components such as, for example, kaolin, metakaolin, acid-reacted
metakaolin and the like. The catalyst may, optionally, also contain active matrix
compaonents such as, particulate aluminas and the like; non-clad zeolites selected from
the various known zeolites used in hydrocarbon cracking catalysts, such as, for
example, ZSM-5, Zeolite-Beta and the like; and other known materials such as, for
example, combustion promoters and the like.

[0030] The catalyst is formed by standard techniques which normally inciude
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 bayezite-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 Aftrition
Index, DI, of about 1-20, more preferably about 1-10. The procedure for
measwement of DI is well known in the art and has been published in several U.S.

patents.
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[0032] While the compositions of the invention are not limited to any specific
method of manufacture, the invention encompasses methods for making bayerite alumina-
clad zeolite particles and cracking catalysts containing bayerite-clad zeolites. In general,
the method of forming the bayerite-clad zeolite involves forming an aqueous slurry of
aluminum ion-containing solution and the desired zeolite particles contacting the slurry
with a strong base to raise the pH to at least 10, and allowing alumina to precipitate onto
the zeolite particles while maintaining the high pH condition. More preferably, the
deposition pH is at least about 10 to about 11.5 and most preferably from 10to 11. The
resulting bayerite alumina-clad zeolite particles are then preferably recovered, washed and
dried. Insome cases, it is possible to omit the recovering, washing and/or drying steps
depending on the subsequent processing or use of the bayerite-clad zeolite particles.
[0033]) The formation of the initial slurry and subsequent deposition may be
performed in a batch or continuous mode. The batch process preferably involves (a)
combining zeolite particles and water to form an aqueous slurry, (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 H,8O,
to facilitate salt removal from the resultant slurry of bayerite-clad zeolite particles.
Preferably, the resulting pH is about 9 or less. In one embodiment, the aluminium-ion
claim 18.

[0034] Alternately, the bayerite clad zeolite can be formed by acidifying a slurry of
zeolite and sodium aluminate having a pH of greater than about 12 and 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
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of zeolite is known (See American Chemical Society Monograph 184, Misra, at Page
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 can be a simple water wash to remove unwanted salts. The washing can
alternately be accomplished by simply passing water (ambient to 80°C, preferably 60°
to 80°C) through the filter cake or taking up the particles in water and refiltering. The
drying is preferably done by spray drying. In some circumstances, the washing may
be omitted if the residual cation content of the clad particles after filtration is
sufficiently low. Also, the drying step may be omitted where the moisture content of
the washed particles does not adversely impact subsequent processing (e.g.,
incorporation into a FCC catalyst particle).
[0036] In the above process, alumina is contributed both by the aluminum acid
salt and, when used, by the sodium aluminate. The concentration of the aluminum
acid salt, sodium afuminate and zeolite particles will thus determine the amount of
alumina deposited on average per particle. The aluminum acid salt is preferably an
aluminum sulfate-containing salt, such as Al,(SO4)3. 18H,0. Typically, an ahuninum
sulfate solution which effectively containing about 2-8 wt.% AlO; is used in step (b),
more preferably about 6.5-7.7 wt.% AL Os. 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 ate preferred in as much
as they allow better process control (e.g., avoidance of premature precipitation,
homogencous precipitation, etc.).
[0037] The zeolitc may be any particulate zeolite which is sufficiently stable
under the basic processing conditions of the cladding process. The zeolitc 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
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concentration of zeolite particles in the slurry may vary considerably. In general,
excessively high concentrations are not preferred in as much as adequate dispersion of the
zeolite becomes difficult. On the other hand, excessively low concentrations provide low
volume throughput of clad zeolite product. In general, the concentration of zeolite in the
slurry resulting from step (b) is preferably about 30-50 wt.% based on the total amount of
water in that slurry.

[0038] The strong base of the basic solution should be of sufficient concentration
that it is capable of raising the pH of the step (c) mixture to the desired level. For example,
the aluminate solution preferably has an effective alumina concentration of about 15-25
wt.% and a molar ratio of Na,0:Al1,0; of about 1.3 to1.6, more preferably from about 14 to
1.5. If desired, another suitable base (e.g., alkali metal hydroxide or ammonia) may be
substituted for the sodium aluminate solution, however sodium aluminate is preferred.
[0039] The bayerite-clad zeolite particles may be incorporated into cracking
catalyst particles using conventional techniques such as those disclosed in U.S. Patents
3,650,988; 3,912,619 and 3,957,689.

[0040] The cracking catalysts of the invention, which contain bayerite-clad zcolite
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 zone 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
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inventory at the start-up of the FCC operation. The catalyst particles may be added
directly to the cracking zone, to the regeneration zone of the cracking apparatus or at
any other suitable point. If desired, the cracking catalyst of the invemion may be used
in combination with other cracking catalysts and/or with conventional additive
admixture particles such as SOx reduction additives, metals passivation addilions, etc.
As with any cracking catalys(, the amount of catalyst used in the cracking process will
vary by FCC unit, feedstock, operating conditions and desited output as is well known
in the art.
[0042) The catalysts of the invention may he used to crack any typical
hydrocarbon feedstock. The bayerite alumina-clad zeolite cracking catalysts are
especially useful for cracking heavy petroleum feedstocks such as resids, deep cut
vacuum gas oils, etc. The feedstock may contain 10 percent or greater hydrocarbon
components having a boiling point of above 1000°F(540°C) with 1.5 percent or
greater con-carbon content.
[0043] The bayerite alumina-clad zeolite containing cracking catalysts have
expectedly been found to minimize formation of coke and to provide enhanced
cracking of petroleum 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 Lo 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.% ALQs. This was referred to as alum/USY shurry. 20 parts of
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magnesium hydroxide sturry (40% MgO) was dissolved in 18,000 parts of water at
160°F in a 10 gallon steam-jacketed tank. This was referred to as the heel. The heel
water was circulated through a three-stream mix-pump and back into the 10 galion
tank at the rate of 1400 parts/min. The other streams to the mix-pump were a sodium
aluminate solution, containing 21% Al;Os and 19% NapO and the alum/USY slurty.
The flow rate of the sodium aluminate solution was set at 60 parts/min, and the flow
rate of the alum/USY shurry was adjusted to maintain the pH at 10.7. Alumina
precipitation was continued until about 20% alumina has been clad on the USY. At
the end of precipitation, sufficient 20% H,SOy solution was added to the shurry o
bring the pH to 9.0 to facilitate salt removal. The slurry was aged for 3 hours at
160°F, filtered and washed with 40 gallons of water at 160°F. The washed filter cake
was oven dried overnight at 180°F.

[0047] The resulting product was examined by X-ray diffraction using a
longer exposwre time revealing the presence of bayerile phase alumina. The coaling
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 Pseudoboehmite-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 alnminum sulfate solution (7.66% AlLOs) was added to
the shurry to bring the pILto 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;0) and an aluminum sulfate solution
(7.66% Al2Os) 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 sodivm aluminate. The sharry was aged for 3
hours at 120°F, filtered and washed with 40 galflons of water. The washed filter cake

was aven dried overnight at 180°F.
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MAT Testing
[0049] Each of the alumina-clad zeolites formed according to Examples 1 and
Comparison Example above were used to produce particulate cracking catalyst
compositions containing 40 wt. % of the alumina-clad zeolite, 20 wt.% silica sol, and
40 wt.% clay. Properties of the catalysts are shown in Table 1. The catalysts were
each impregnated with 2000 ppm Ni and 3000 ppm V and subjected to Cyclic
Propylene Steam (CPS). Detailed CPS deactivation procedure can be found in ACS
Symposium Series 634, p.171-183 (1996). The resuliing particles were then used to
crack a resid feedstock in a standard MAT test (ASTM D3907-87). The results
indicated that the catalyst containing bayerite-clad zeolite (Example 1) produced

lower bottoms and less hydrogen and less coke (Table 2).

Table 1

Example 1 Comparison Fxample
Analyses:
%Na20 0.31 0.28
%AI203 33.46 33.65
%RE203 1.99 2.03
%S04 0.39 0.52
Davison Index 1 9
Bulk Density (cm3/g) (.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 Arca (m2/g) 131 121
Matrix Area (m2/g) 42 46
Unit Cell Size 24.26 24.27
(Angstroms)
Ni (ppmy) 2178 2157
V (ppm) 3020 3000
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Table 2
Example 1 Comparison Example

Wt. Conversion 75.00 75.00
Cat/Oil 4.46 4.77
Wt. Yields
H2 0.58 0.70
Cl1 1.17 1.27
Total C1 +C2 2.76 2.98
C3= 4.33 4.48
Total C3s 527 5.41
Isobutylene 1.67 1.71
Total C4= 14.03 14.59

3.01 3.09
ic4
Total C4s 9.91 9.98
C5+Gaso 50.06 48.38
LCO 2033 19.95
640+Btms 4.67 5.05
Coke Wt. Feed 6.42 7.53
[0050] Throughout this specification and the claims which follow, unless the

context requires otherwise, the word "comprise", and variations such as "comprises" and
"comprising", will be understood to imply the inclusion of a stated integer or step or group
of integers or steps but not the exclusion of any other integer or step or group of integers or
steps.

[0051] The reference in this specification to any prior publication (or information
derived from it), or to any matter which is known, is not, and should not be taken as an
acknowledgment or admission or any form of suggestion that that prior publication (or
information derived from it) or known matter forms part of the common general

knowledge in the field of endeavour to which this specification relates.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A coated zeolite-containing particle comprising a crystalline zeolite particle
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 or 2, wherein the coating 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
zeolites of type Y, USY, CREY, REY and mixtures thereof.

5. The product of any one of Claims | to 4, wherein said bayerite phase

alumina forms at least 50 weight percent of said coating.

6. The product of Claim 5, wherein said coating consists essentially of
bayerite phase alumina.

7. The product of Claim 5 or 6, wherein the zeolite is a Y type zeolite.

S 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.

9. The cracking catalyst of Claim 8, wherein said catalyst contains about 10 to

about 80 weight percent of said bayerite-alumina coated zeolite particles.
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The cracking catalyst of Claim 8 or 9, wherein the catalyst contains about

30 to about 70 weight percent of said zeolite.

The cracking catalyst of any one of Claims 8 to 10, wherein said zeolite is
selected from the group consisting of zeolites of type Y, USY, CREY, REY

and mixtures thereof.

The cracking catalyst of any one of Claims 8 to 11, wherein said bayerite

phase alumina forms at least 50 weight percent of said coating.

The cracking catalyst of Claim 12, wherein said coating consists essentially

of bayerite phase alumina.

The cracking catalyst of Claim 12 or 13, wherein the zeolite is a Y type

zeolite.

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 to cause
the resultant slurry to have a pH of at least 10, and allowing bayerite

alumina to precipitate onto the zeolite particles.

The method of Claim 15, wherein the resultant slurry has a pH of from 10
to about 11.5.

The method of Claim 15 or 16, wherein the aluminum ion containing

solution comprises an aqueous solution of aluminum sulfate.
The method of any one of claims 15 to 17, wherein the aluminum ion-

containing solution, the zeolite particles and the base are contacted

substantially simultaneously.
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The method of any one of Claims 15 to 18, wherein the base is selected
from alkali metal hydroxide, ammonium hydroxide, or alkali metal

aluminate.

The method of Claim 19, wherein the base is sodium aluminate.

A method of forming bayerite alumina 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.

The method of any one of Claims 15 to 21, wherein the bayerite alumina-

coated zeolite particles are separated and washed with water.

A bayerite alumina-coated zeolite particulate product formed by initially
mixing a solution of an aluminum ion source with a slurry of zeolite
particles to provide a slurry having a pH of less than 7, contacting the
resultant slurry with a strong basic material in sufficient amount to cause
the resultant slurry to have a pH of at least 10, and allowing bayerite

alumina to precipitate onto the zeolite particles.

The product of Claim 23, wherein the base is selected from alkali metal

hydroxide, ammonium hydroxide, or alkali metal aluminate.

The product of Claim 23 or 24, wherein said zeolite is selected from
zeolites of type Y, USY, CREY, REY and mixtures thereof,

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
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49° C, contacting said slurry with CO; to cause the resultant slurry to have a
pH of at least 10, and allowing bayerite alumina to precipitate onto the

zeolite particles.

The product of Claim 26, wherein the aluminum ions are provided by alkali

metal aluminate.

The product of Claim 26 or 27, wherein the slurry is maintained at a
temperature of from about 33°t0 49° C.

The product of any one of Claims 26 to 28, wherein said zeolite is selected

from zeolites of type Y, USY, CREY, REY and mixtures thereof.

Bayerite alumina coated zeolite particles substantially as herein described

with reference to the accompanying drawings and/or Example 1.

A method of forming bayerite alumina coated zeolite particles, substantially
as herein described with reference to the accompanying drawings and/or

Example 1.

A process for fluidized catalytic cracking of a hydrocarbon feedstock
wherein (i) said feedstock is cracked in a cracking zone in the presence of
cracking catalyst particles, (ii) said cracking catalyst particles are
regenerated in a regeneration zone, and (iii) an inventory of particles,
including cracking catalyst particles, is repeatedly circulated between the
cracking zone and regeneration zone, wherein said inventory comprises
bayerite alumina coated zeolite particles according to any one of Claims |
to 14 and 23 to 30 or formed by a method according to any one of Claims
15 to 22 and 31.
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