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1
SILICA/ALUMINA COGEL CATALYSTS

FIELD OF THE INVENTION

This invention relates to novel hydrocarbon conversion
catalysts and their supports, methods for their preparation,
and use thereof in hydrocarbon conversion processes. More
particularly, the present invention relates to a high
activity, large-pore silicasalumina cogel suitable for the
conversion of hydrocarbon feeds. The cogel may also advan-
tageously incorporated into cracking and hydroprocessing

catalysts.

BACKGROUND OF THE INVENTION

gilica, alumina and their amorphous mixtures are well known
as catalysté used in hydrocarbon conversion process. The
method of preparation clearly controls the resultant activ-
ity (such as cracking or isomerization activity), and
physical properties (such as pore structure and volume,
surface area, density and catalyst strength). Silica/-
alumina catalysts such as in the present invention can be
used "as is", particularly in reactions that require acidic
catalysts, or can optionally be combined with zeolites,
clays or other binders, and inorganic oxides for the
cracking of liquid hydrocarbons in cracking reactors such as

fluid catalytic crackers.

DESCRIPTION OF RELEVANT ART

Numerous silica/alumina catalyst composites and processes
for their preparation are described in the patent litera-
ture. Silica-alumina composites have been used commercially

for a variety of hydrocarbon processing applications, such
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as cracking, desulfurization, demetalation, and

denitrification.

The variety of'manufaéturing techniques presented in the
art, which have been récognized as patentably distinct
modifications, attest to the fact that the final catalyst
properties are highly dependent upon the precise method of
manufacture. Such variety, with seemingly subtle differ-
ences, is also an indicia of the unpredictability of cata-
lyst manufacturing procedures in general. The change of a
single step to another apparently equivalent Step may result
in a more desirable pore structure,'increased activity,
lower deactivation rates, higher crush strengths or a
totally worthlesé product. Despite major advantages in the
art, as exhibited by great numbers of new emerging cata-
lysts, the effect upon the final catalyst of changing a
singlé step cannot be predicted with certainty, and thus
most catalyst research continues by laborious trial and

error.

The prior art teaches a number of ways to prepare these
compositions which affect the chemical and physical prop-
erties of the final catalyst composition. U.S. Patent

No. 4,499,197, Seese et al., for example, describes the
preparation of inorganic oxide hydrogels, and more parti-
cularly, catalytiCally active amorphous silica-alumina and
silica—aiumina rare earth cogels. The active cogels are
prepared by reacting aluminate and silicate solutions to
obtain a silica-alumina pregel, and then reacting the pregel
with an acidic rare earth and an aluminum salt solution with
complete mixing. C. J. Plank, Journal of Colloid Science,
2,413 (1947), describes the effect of pH, time, and exchange

medium on the porous structure of a silica-alumina gel.
U.S. Patent No. 4,226,743 describes a process for preparing

k=
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3
a silica-alumina catalyst which is dense and attrition
resistant. The silica-alumina hydrogel is precipitated at
high pH and subsequently reacted with sufficient acid alumi-
num salt at a pH below 4 to obtain an acidic hydrogel
slurry. Substantial quantities of clay and/or crystalline
alumino-silicate zeolites may be included. U.S. Patent
No. 4,310,441 describes large pore silica-alumina gels and a
method for producing them. The silica-alumina gel is
derived from a cationic aluminum source and also an anionic

aluminum source.

The patent literature contains examples that teach and claim
specific methods of silicasalumina matrix and catalyst pre-
paration. Some recent patents for preparing matrices and
FCC catalysts therefrom include: U.S. Patent No. 4,617,108,
Shyr, which purports to teach a process where catalyst is
prepared by a method comprising preparing hydrogel by mixing
an aluminum, ammonium and salt of a strong (pKa <2) acid,
and alkali metal silicate such that the concentration of
ammonium is enough to form a hydrogel, separating the hydro-
gel from solution and calcining it to form acidic silic-
a-alumina. Shyr teaches the combination of this matrix with

clay and zeolite for use in an FCC unit.

U.S. Patent No. 4,198,319, Alafandi, discloses a process
where catalyst is prepared by a method comprising mixing in
a slurry a faujasite or silica-alumina gel containing 50-70
mole silica, and clay, and spray-drying slurry into a cata-
lyst. Alafandi also shows combinations of gel with clay and

zeolite for use in an FCC unit.

U.S. Patent No. 4,289,653, Jaffe teaches preparing an
extruded catalyst by mixing aluminum sulfate and sulfuric
acid with sodium silicate to form a silica sol in an alumina
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4
salt solution at pH of 1-3, adding NH,OH under substantially

constant pH of at least 4 to 6; adding more NH,OH to form a
cogelled mass to pH 7.5-8.5; washing cogelled mass; mulling
the mass with peptizing agent, a Group VI-B metal compound
and a Group VIII metal compound to form extrudable dough;

extruding; and drying and calcining.

SUMMARY OF THE INVENTION

This invention comprises catalytically-active silica/alumina
cogels capable of hydrocarbon conversion. Specifically, it
comprises a catalyst base comprised of high surface area
silica/alumina cogel tailored to contribute to both the
activity and octane-enhancing characteristics of the cata-
lyst. The invention also comprises a process for preparing
the catalyst and a process for converting hydrocarbonaceous
feedstock using the catalyst. Among other factors, the
catalyst not only converts'hydrocarbon feeds to high octane
gasoline, but increases the light cycle oil yield and
decreases the heavy cycle oil yield also while improving the
quality of both. '

More specifically, the catalyst composition of this inven-
tion comprises a cogelled, silica-alumina matrix prepared by

the method which comprises:

a. mixing a silicate solution with an agueous solution of
an acid aluminum salt and an acid, to form an acidified
silica sol in said aluminum salt solution, and adjusting
said silica sol/aluminum salt solution mixture to a pH
in the range of about 1 to 4;

b. slowly adding sufficient base with vigorous stirring, to

said acidified silica sol/aluminum salt solution mixture

%
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5
to form a cogel slurry of silica and alumina, and to

adjust said slurry to a pH in the range of about 5 to 9;

c. aging said cogel slurry at a temperature of ambient to

95°C;
d. adjusting the pH of said cogel slurry to about 5-9;
e. recovering a cogelled mass from said slurry;

f. washing said cogelled mass;

g. adjusting the pH of said cogelled mass to between about
4 and 7, and controlling conditions to induce syneresis;

and
h. forming said combination into particles.
The catalyst also performs well in combination with known
"octane-enhancing" additives, such as H-ZSM-5, to yield an

increased octane rating of the gasoline fraction.

BRIEF DESCRIPTION OF THE FIGURES

FIGURE 1 is a graphic representation of the peak diameter of
the pore size distribution versus the apparent bulk density

(ABD) of a catalyst of the present invention.

FIGURE 2 is a graphic representation of the pore volume
versus the apparent bulk density of a catalyst of the

present invention.

FIGURE 3 is a graphic representation of the the peak

diameter of the pore size distribution versus the apparent
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6
bulk density (aBD) of another, modified cogel of the present

invention.

FIGURE 4 is a graphic representation of the pore volume
versus the apparent bulk density of another, modified

catalyst of the present invention.
All the figures illustrate the wide variation in pore size
distribution and pore volume obtainable with cogels of this

invention (as typified by Examples 1 and 5).

DETAILED DESCRIPTION OF THE INVENTION

The cogel comprising the present invention is preferably
composed of silica, alumina and their amorphous mixtures.
The method of preparation controls physical properties, such
as pore structure and volume, surface area, density and
catalyst strength, which in turn governs the resultant
act1v1ty such as cracking or isomerization. It must be
noted that seemingly very minor differences in the prepara-
tion factors discussed below can make significant differ-
ences in the make-up and effectiveness for a particular
purpose of the matrix and a catalyst of which it may be a

component.

The numerous specific factors that are involved in preparing

materials containing silica-alumina mixtures include:

the mole ratio of silica to alumina;

2. the molar concentrations of the silica and alumina in
water;

3. the type and/or source of silica;

4. the type and/or source of alumina;

5. the order of addition of silica and alumina;
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7
6. the pH of the solutions when combined;
7. the pH of the mixture during precipitation;
8. the pH of the mixture after precipitation;
9. the precipitating agent;
10. temperatures throughout the process;

11. mixing rates;

12. presence or absence of aging;

13. presence Or absence of syneresis;
14. peptization agent;

15. washing and washing agents;

16. method of drying.

The properties of the composition are highly sensitive to
each of these factors, and variations among these factors,
especially in combination, will greatly influence the
particular properties of the final cogel produced.

This cogel is surprisingly active for the cracking of large
molecules, such as in vacuum gas oils, to smaller molecules,
such as gasoline, and finds particular use as the active
matrix for catalysts. The olefinicity of the products, as
indicated by the C, olefin to C, total ratio, is surpris-
ingly high. This is indicative of gasoline of high octane.

Besides the cogel itself, the present invention also con-
templates a process for preparing the amorphous silica-
alumina cogel, which can be formed into spheres via spray
drying, and then subsequently dried to a water content of
less than 5 wt. percent. It is also contemplated that the
cogel may be incorporated into a multi-component catalyst.
The process for preparing the amorphous silica-alumina cogel
yields a material which is surprisingly attrition-resistant
in spray-dried spheres, and surprisingly versatile with

respect to the pore volumes, pore size distributions, and
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8

apparent bulk densities, attainable. The cogels can be made
in either a batch or a continuous mode.

Among the unique characteristics of the fresh/non-steamed

cogel are:

high MAT conversions obtainable between about 55% and
80%;

high surface areas, ranging from about 150 to 450 m?2/gm;

N, pore volumes ranging from about 0.2 cc/gm to
1.2 cc/gm;

N, pore size distribution peak diameter ranging from
about 30A to 260A, most pores occurring in the mesopore
range of 20 to 500A. (Micropores are defined as <20A.
Macropores are defined as >500A. This poré size distrib-
ution éllows access into the catalyst of larger hydro-
carbon molecules, rendering the present catalyst
particularly suitable for residua apglications.)

Y-Al,04 content of the cogels of less than 20 weight
percent, usually less than 5 weight percent, after

calcining.

The preferred cogel may be further defined as one which, in
its equilibrium state, exhibits a specified'activity
expressed as a weight percentage derived from the micro-
activity test (MAT). It may also be described as one which
exhibits a specifiéd selectivity expressed as the ratio of
C4
The preferred MAT activity of the present catalyst is

olefins to the total Cy product as derived by the MAT.
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9
measured by a modified ASTM D-3907. The ASTM D-3907 proce-
dure provides relative MAT activity for conversion of a
standard feed at standard conditions. We have modified the
procedure by changing conditions and feedstocks as shown in
the Tables. The ratio of the C, olefin to the total C,
product correlates well with the octane values of the light
gasoline, i.e., the higher the C, olefin to C, total ratio,
the higher the octane of the light gasoline. This ratio
also suggests that the octane of the heavy gasoline will
also be improved. For the purposes of this invention, light
gasoline is defined as the Cg fraction up to material boil-
ing at approximately 265°C and heavy gascline as the mate-

rial boiling from approximately 265°C to 430°C.

The foregoing weight percentage and ratio of Cy olefins to
the total Cy product are the values obtained on a standard
feed at 496°C (925°F), 15 to 16 (weight hourly space velo-
city), 3 C/0 (catalyst to oil weight ratio), and calculated
on the basis of a pre-equilibrated (as described above)
catalyst dried at 593°C (1100°F) in air.

The preferred cogel can also be categorized as one which, in
the course of extended operation, maintains a level of
conversion of at least 40% by weight or volume énd, more
preferably, of at least 50% by weight, particularly on a
reedstock such as Feedstock A in the Examples.

In a preferred embodiment, the silica-alumina cogelled

catalyst is prepared by the steps comprising:

1. adding a silicate solution to an aqueous solution of an
acid aluminum salt, such as aluminum chloride or alumi-
num sulfate and an acid, such as hydrochloric or sul-
furic, but preferably a weak acid such as acetic, to
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10
form an acidified silica sol in said aluminum salt solu-

tion; the pH of said mixture being in the range of 1 to
less than about 4;

raising the pH of the mixture by adding base, such as
NaOH or NH,OH, preferably NH ,OH, to a pH range of about
5-9; :

aging the cogelled slurry slurry by time and/or

temperature combinations;
removing the filtrate to recover the cogelled mass;

adding an acid, such as nitric, sulfuric, or hydro-
chloric, but preferably a weak acid such as acetic acid,
to adjust the pH to 4-7 to induce controlled syner951s
various comblnatlons of time, temperature, pH and Na*
concentratlon can also be used to induce the desired

syneresis;
spray-drying the cogel mass to form spherical particles;
washing either the cogelled hydrogel or the spray-dried

particles to reduce the Na,O content to less than 1
weight percent.

The mixing steps to make the cogelled slurry can be prepared

in either a batch or a continuous mass.

Several definitions and explanations are required to clarify

further the steps comprising the preparation of the cogel.

First, the silica sol described in Step 1 is preferably

deflned as a colloidal dispersion or suspension of the metal
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11
oxide in a liquid. 1In a step 3, cogelled slurry or hydrogel
may be described as a coagulated colloid with an imbibed
liquid phase. In step 5, "syneresis" refers to molecular
rearrangements which occur in hydrogels, in particular,
silica and silica-alumina hydrogels. These rearrangements
consist of condensation reactions among the units present in
the hydrogels. Any factors which promote or disrupt these
reactions affect the structure of the hydrogel and also the
ctructure of the final dried cogel.

A process parameter critical to the successful creation of
the desired catalyst is the syneresis of the cogelled mass.
Syneresis may be best defined or analogized to an aging
process in which a composition, particularly a hydrogel,
contracts and gives up a liquid, usually water, in the
process. This syneresis in the present invention materially
alters the nature of the cogelled may and therefore the
resulting spray-dried cogel catalyst, rendering it uniquely
suitable for the purposes discussed above. For a discussion
of syneresis in silica-alumina gels, see C. J. Plank, et
al., J. Colloid. Sci., 2 (1947) 399, and C. J. Plank,

J. Colloid. sci., 2 (1947) 413, incorporated herein by

reference.

Several factors affect syneresis. Among these are the
composition of the hydrogel or gel, the solids concentration
of the gel, the pH, time, temperature, [Na+] and the base
exchange medium. Consequently, step 5 helps to control the
physical and chemical characteristics of the spray-dried
co-gel, e.g., pore volume and pore size distribution.
several definitions and explanations are required to clarify
further the steps comprising the preparation of the cogel.
First, the silica sol described in Step 1 is preferably
defined as a colloidal dispersion or suspension of the netal
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oxide in a liquid. 1In step 3, "hydrogel" refers to
molecular rearrangements which occur in hydrogels, in par-
ticular, silica and silica-alumina hydrogels. These
rearrangements consist of condensation reactions among the
units present in the hydrbgels. Any factors which promote
or disrupt these reaction affect the structure of the
hydrogel and the structure of the final dried cogel.
Aging at temperatures of about 25-105°C, preferably 60-90°C,
in step 3 affects the rate of filtration in step 4 and the
physical characteristics of the spray-dried product of
step 6. In a less preferred embodiment, step 5 may be
eliminated. Step 7, washing the cogelled mass or the spray-
dried particles, may be accomplished at ambient or elevated
temperatures, i.e. <100°C, with base exchange medium such as
ammonium acetate, or a1"tt containing solution to reduce the
Nat concentration to less that about 0.5 weight percent.
Ammonium acetate at elevated washing temperatures is par-
ticularly effective. Step 7 may be done at various points
in the procedure after step 2. Generally, the cogelled mass
is washed prior to mixing with the zeolite. The gellation,
encompassed by step 1 and 2, may be done in a batch or

continuous manner.

This amorphous silica-alumina cogel catalyst shows high MAT
conversion both as prepared and after steaming. The MAT
conversions of the fresh cogelled catalyst as prepared
ranges from 45 to 80 weight percent conversion, preferably
$65%, most preferably > 70 weight %. The MAT conversion of
the steamed materials range from about 40 to ~65 weight

percent, more preferably >50 weight percent.

As discussed above, it is preferable that the cogelled
product is spray-dried after homogenizing the slurry.

These particlesrwhich are formed by spray-drying may also be

wn
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exchanged with polyvalent ions subsequent to spray-drying,
more preferably exchanged with rare earth ions subsequent to

spray-drying.

other components can be combined with the cogel, for example
zeolites (large, intermediate, and/or small pore), sieves,
such as Beta, SAPO's, AlPO's etc., clays, modified clays,
inorganic oxides, and oxide precursors, metals, carbon,
organic substances, etc. These may be added in steps 1,2,5,
and/or 7, above. In addition, other metals may be used to
exchange residual Na,0. In these compositions the cogels
have been found to be excellent matrices for FCC applica-
tions, as well as excellent supports for hydrocracking
applications. See U.S.S.N. 252,236, filed September 30,

1988, incorporated herein by reference.

The spray-dried cogel may be used as a cracking catalyst,
particularly when used in combination with clays or other
binders, and/or with a zeolite. 1In general, in order to
employ a cracking catalyst which shows high levels of
activity in a commercial FCC operation, it is preferred to
employ a catalyst which, in the course of extended opera-
tion, maintains a level of conversion of at least 40% by
weight and more preferably of at least 50% by weight. 1In
this context, the weight percent conversion represents 100
minus the weight percent of fresh feed boiling above the
temperature of 221°C (430°F). The weight percent conversion
includes the weight percent coke and the weight percent
fresh feed boiling below the temperature of 221°C (430°F).
The conversion capabilities may be expressed in terms of the
conversion produced during actual operation of the FCC
process or in terms of the conversion produced in standard
catalyst activity tests. It is also within the contemplation

of the invention to include the use of the cogel for the in
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a process for the catélytic cracking of hydrocarbonaceous
feedstocks. It finds particular use for processing residuum
or incremental residuum, more particularly residuums

containing catalyst-contaminating metals.

The following Examples are illustrative of the present
invention, but are ndt intended to limit the invention in
any way beyond what is contained in the claims which follow.
The data for Examples 1-5 are shown in Table I.

EXAMPLES

Examgle 1

Into a mixing tank, 1.808 lbs. of acetic acid was added to
10.25 lbs. of deionized water (DI). 24.173 albs. of
aluminum trichloride solution was added, which contained
4.38 weight percent aluminum and which had a pH of 1.1. The
solution was stirred for ten minutes and had a resultant pH
of about 0.44.

Into a different mixing vessel, 10.453 lbs. of a sodium
silicate solution containing 28.7 wt. % SiO2 with 56.69 lbs.
of DI water. The solution was mixed for 10 minutes and had

a resultant pH of about 10.3.

The sodium silicate solution was slowly pumped into the tank
containing the aluminum trichloride solution. It took 52
minutes to add the silicate solution; the final solution was
clear and had a pH of about 2. The aluminum trichloride

solution was stirred vigorously.

A dilute solution of NH40H by adding 13.48 lbs. of NH,OH,
which contained 28 wt. % NH3 to 43.28 1bs. of DI HZO. The

"
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NH ,OH solution was slowly pumped into the silica-, alumina-,
acetic acid solution, with vigorous mixing, until a pH of 8
was reached. It took approximately 57 minutes to add the
NH ,OH. The ammonium hydroxide addition rate must be
sufficiently slow to prevent the contents of the vessel from

hydrogelling too quickly.

The resulting slurry was stirred for 3 hours and the final
pH was readjusted to 8, if necessary. The slurry was

filtered at room temperature.

The filter cake was washed with a solution of 1.18 lbs. of
NH4HCO3 dissolved in 30 liters of water (DI). This wash was
repeated three more times. It was then washed once with 30

liters of water (DI).

The dried and washed cogelled mass was then divided into

several batches, A-E, for further treatment and spray

drying.

Batch A: 600 mls. of water (DI) was added to 4100 grams of
cogelled mass. The mixture was homogenized. 1Its pH was

about 8.1. The mixture was then spray dried.

Batch B,C,D: 62 grams of acetic acid was added to 8,679.04

grams of the cogelled mass (LOI~90 wt. %) to reduce the pH

to about 5.42 and induce syneresis. 22 additional grams of
acetic acid were added to reduce further the pH to 4.83.

The mixture was then homogenized, after which ammonium

hydroxide was added to raise the pH to 5.59.

Batch B was aged at ambient temperature for 1 hour. The pH

was 5.59.
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Batch C was aged at ambient temperature for 4 hours. The pH
was 5.61.

Batch D was aged at ambient temperature for 24 hours. The
pH was 5.81.

Batch E: 50 grams of acetic acid was added to 4544 grams of
the cogelled mass (LOI-~90) to adjust the pH to 5.58. An
additional 28 grams of acid was added to reduce the pH
further to 5.21, and finally 19 grams more was added to
reduce the pH to 4.85. The mixture was constantly
homogenized. The pH was then raised to 5.58 by adding
ammonium hydrox1de. The material was again homogenized,

screened, and aged at ambient conditions for 24 hours.

These materials were all spray dried to form an attrition

resistant solid cogel catalyst.

ExamEle 2

Additional cogel catalyst samples were prepared as in
Example 1, all using the synefesis step as in Batch E. The
materials were spray dried at various spray drying
conditions to form Batches F, G, H, I, and J. The results

are shown in Table I.

Example 3

Material was prepared as in Example 1, except the after
titrating with NH,OH, to a pH of 8, the slurry was heated to
52°c for a total heatlng time of about 30 mlnutes, and
flltered. The cake was washed as in Example 1. The
syneresis step was accomplished by adding acetic acid to
reduce the pH to 4.96. NH,OH was added to raise the pH to

m
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5.63. The material was homogenized, aged overnight to a pH

of ~5.57, rehomogenized, and spray dried.

Examgle 4

Material was prepared as in Example 3, except that the

slurry was heated to g1°C for 47 minutes.

Example 5

Material was prepared as in Example 3, except that it was
titrated with NH,OH to a pH of 5.6, heated to go°c over a 30

minute period and held at go°Cc for 10 minutes.

Comparative Cogel Catalyst Performance and
Physical Characteristics After Steaming

Iin order to mimic the type of conditions cogels of the
present invention experience in an FCC process unit,
representative cogel was steamed at 1450°F for about 5 hours
in 100% steam. To provide comparative examples with related
cogels in the prior art, tests were also run on the cogels
produce as described in U.S. Patents 4,198,319 and

4,289,653. Table II, compares the range of characteristics
for the steamed cogels of Example 1-5, with the
above-identified patents.
CHARACTERISTICS OF FEEDSTOCK A
Aniline Point, °F 181.5
API Gravity 23.5
1600

Nitrogen, ppm

Ramsbottom Carbon, wt % 0.1
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Pore size dist.

Pore VOlume
% YA1203

MAT

Conversion, wt.%

C5—430°F

Coke
C4E/C4T

18

TABLE II

STEAMED COGELS

Examples 1-5

Us 4,198,319

PCT/US89/05298

(£

Us 4,289,653

(averaged)

140-200

100-250

0.3-0.9
<2-20

52-60
36-40
3-5
0.4-0.7

176-189

69-111

0.4-0.5
>29%

52-60
36-38
3-4
0.5-0.7

106
39
0.2

49
35
3.1
0.61

™»
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WHAT IS CLAIMED IS:
1. A catalyst composition comprising a cogelled, silica-
alumina cogel prepared by the method which comprises:

a. mixing a silicate solution with an aqueous solution
of an acid aluminum salt and an acid, to form an
acidified silica sol in said aluminum salt solu-
tion, and adjusting gaid silica sol/aluminum salt
solution mixture to a pH in the range of about 1
to 4;

b. slowly adding sufficient base with vigorous
stirring, to said acidified silica sol/aluminum
salt solution mixture to form a cogel slurry of
silica and alumina, and to adjust said slurry to a
pH in the range of about 5 to 9;

c. aging said cogel slurry at a temperature of ambient
to 95°C;

d. adjusting the pH of said cogel slurry to about 5-9;

e. recovering a cogelled mass from said slurry;

£. washing said cogelled mass;

g. adjusting the pH of said cogelled mass to between
about 4 and 7, and controlling conditions to induce
syneresis; and

h. forming said combination into particles.
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The composition as claimed in Claim 1 wherein said
catalyst composition has meso and macropore sizes, high
surface area, and high pore volume.

The composition as claimed in Claim 2 wherein said
mesopore sizes are between 20 to 500A in diameter and
said macropore sizes are >500A, said surface area is
between about 150 and 450 m?/g and said pore volume is
between about 0.2 and 1.2 cc/g.

The composition as claimed in Claim 3 wherein after
exposure to a temperature greater than about 1200°F and
steam, said pore sizes are retained between 40 to 100A
in diameter, and 100 to 1000A in diameter, said surface
area is between about 100 and 300 m?/g and said pore

volume is less than or equal to 0.7 cc/g.

The composition as claimed in Claim 1 wherein said
cogelled, silica-alumina matrix is comprised of silica

between 10 and 90% by weight.

The composition as claimed in Claim 5 wherein said
silica is between 45 and 65% by weight.

The composition as claimed in Claim 6 wherein said
silica is about 60% by weight.

The composition as claimed in Claim 1 wherein said base

in step b. comprises ammonium hydroxide.

The composition as claimed in Claim 8 wherein said
ammonium hydroxide is added at a rate sufficiently slow

to avoid hydrqgeliing.

[$]

o
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The composition as claimed in Claim 1 wherein said
catalyst has a MAT activity of between about 55 and 80

wt % conversion.

The composition as claimed in Claim 10 wherein said
cogel has a MAT activity of between 65 and 80 wt %

conversion.

The composition as claimed in Claim ., wherein said
cogel has a y-Alzo3 content of less than 20 weight

percent.

The composition as claimed in Claim , wherein said
Y—A1203 content is less than 5 weight percent

The composition as claimed in Claim 1 wherein said
cogel is partially or totally ion-exchanged with

polyvalent ions.

The composition as claimed in Claim 12 wherein said
cogel is partially or totally ion-exchanged with rare

earth ions.

The composition as claimed in Claims 1 wherein said
aging takes place at ambient temperature for a period

of between 1 and 24 hours.

The composition as claimed in Claims 1 wherein said
aging takes place at a temperature less than 95°C for a

period between about 1 and 3 hours.

The composition as claimed in Claims 1 wherein said

essentially spherical particles of said catalyst



WO 90/05702 ' ' PCT/US89/05298

01
02
03
04
05
06
07
08
09
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34

17.

18.

19.

20.

21.

22.

23.

22
composition have an average particle size of from about
40 to 90 microns, a bulk density of from 0.4 to 0.9
g/cc. ' :

The composition as claimed in Claim 16 wherein said
average particle size is from 60 to 80 microns.

The composition as claimed in Claims 1 wherein said
particles are formed by spray-drying after homogenizing
the slurry. '

The composition as claimed in Claim 18 wherein said
particles which are formed by spray-drying are
exchanged with polyvalent ions subsequent to
spray-drying.

The compoéition as claimed in Claim 19 wherein said
particles are exchanged with rare earth ions subsequent

to spray-drying.

A process for catalytically cracking hydrocarbonaceous
feedstock, wherein said cracking catalyst comprises the

composition as claimed in Claim 1.

The process as claimed in Claims 21 wherein said
hydrocarbonaceous feed comprises residuum or

incremental residuum.

The process as claimed in Claim 22 wherein said

residuum contains catalyst-contaminating metals.

o
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