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PROCESS FOR THE CONVERSION OF A HYDROCARBONACEQUS
FEEDSTOCK

The present invention relates to a process for the
catalytic conversion of a hydrocarbonaceous feedstock,
more particularly to a process for the fluid catalytic
cracking of a hydrocarbonaceous feedstock with enhanced
selectivity to production of gasoline range hydrocarbons
for the duration of the catalyst life, and to catalyst
compositions which can be used in such processes.

It is well known to employ fluid catalytic cracking
(FCC) processes for the conversion of hydrocarbonaceous
feedstocks of desired grade and boiling range into
lighter cracked products which find application, inter
alia, as motor fuels, diesel fuels, oils and chemical
feedstocks. In a standard FCC process, a feedstock is
- contacted with a catalyst at elevated temperature whereby
feedstock is converted into cracked products which are
recovered and of which some deposit on the catalyst to
form coke, deactivating the catalyst. The catalyst and
product are separated, catalyst passed through a
stripping zone in which the majority of entrained
hydrocarbon products are displaced and recovered,
whereafter catalyst is passed to a vessel for the
regenerahion of catalytic activity by means of combustlon
of remaining hydrocarbon deposits and coke at high
temperature, whereafter the regenerated catalyst is
recycled to the reaction zone.

In recent years it has become common practice to
convert increasingly high boiling range refractory
feedstocks, which conversion has been made possible by
the development of superior catalysts of stabilised
zeolite class having a high tolerance to the increased
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severity conditions required and to the deactivating
effects of feedstock contaminants. Such catalysts also
require periodic regeneration whereby the coke formed is
combusted. Due to the requirement to operate at specific
levels of coke formation for heat balance purposes, the
yield of certain product fractions, notably the gasoline
range fraction, tend to diminish in line with increasing
refractoriness of feedstock.

It is therefore desirable to further increase the
selectivity and level of conversion attainable with these
catalysts. Attempts have been made to protect the
catalysts from deactivating effect of carbon-rich
hydrocarbonaceous deposits and of metal deposits. Major
iﬁprovements have been achieved with the use of riser -
reaction zones which enable conversion to take place in
shorter periods of contact of catalyst and feedstock, and
of passivating agents which render metal deposits less
harmful to the catalyst. These improvements are limited

" in that deactivation occurs for the major part on initial

contact of catalyst and feedstock thereby deteriorating
the level of conversion throughout the further course of
the conversion process.

Accordingly it is an object of the present invention
to provide a hydrocarbon conversion process having
increased resilience to deterioration in level of
conversion incurred on initial contact of catalyst and
feedstock. We have now found that significant increase in
conversion to gasoline range products may be obtained by
restraining direct contact of the most refractory
feedstock components with the active catalyst component,
more particularly by rendering such feedstock components
in situ in form(s) retained on the catalyst remote from
the active catalyst component, or capable of being
converted by the active catalyst component without
deleterious effect, or both.
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Accordingly the present invention relates to a
process for the catalytic conversion of hydrocarbonaceous
feedstocks comprising contacting the feedstock with a
molecular sieve catalyst of particulate form at elevated
temperature in a conversion zone, wherein individual _
particles of catalyst comprise a core having thereabout a
shell and wherein the core comprises acidic microporous
molecular sieve crystal(s) and the shell comprises a
substantially non-acidic meso- or macroporous oxidic or
oxyanionic material.

Preferably the catalyst shell comprises substantially
non-acidic mesoporous oxidic or oxyanionic material.

Reference herein to microporous, mesoporous and
macroporous material respectively is made with respect to
porous materials as hereinbelow defined comprising pore
openings characterised by a specific diameter or range of
diameter in any given material, as is generally
understood in the art. The limitations of the range of
° pore opening diameters for materials falling in each
class is for the present purpose defined most precisely
by the function to be performed, whereby some variation
exists dependent on the pore configuration and on the
inorganic oxide material concerned. In general it should
be understood that microporous material comprises pores
of diameter of the same order as that of the dimensions
of substantially non-refractory hydrocarbonaceous
components to be converted whereby it is shape (i.e.
dimension) selective having regard to admission of such
components within the pores, suitably having pore
diameter of less than 1.0 nm, preferably in the range 0.3
nm to 0.9 nm, and may be rendered in acidic form as is
required for acidic cracking activity, whilst macroporous
material comprises pores of diameter at least an order
greater than that of the hydrocarbonaceous components to
be converted, suitably of greater than 50 nm, preferably
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greater than 100 nm, whereby it is Substantially non
selective having regard to admission of such components
within the pores, and is characterised by a substantial
lack of acid sites. Since there is some variation in pore
diameter in any given macroporous material, it is common
to define these by overall (external and pore internal)
surface area, the smaller the surface area the greater
the average pore diameter. Suitably macroporous material
has a surface area of less than or equal to 10 m2/g,
preferably less than 5 m2/g, most preferably in the range
of 0.01 to 2 m?/q. Materials falling in a class between
microporous and macroporous are known as mesoporous
materials which are defined for the present purpose as
able to admit hydrocarbon components in non-selective
manner via pores of a diameter in the range of 1.0 nm to
100 nm, for example of about 2.0 to 50 nm, also
characterized by a substantial absence of acid sites.
Reference herein to pores is made with respect to
" intracrystalline pores existing in a crystal lattice and
intraparticulate pores existing between discrete
molecules in a particle, to intercrystalline or
interparticulate pores existing within an agglomerate of
crystals or particles in solution, or to interagglomerate
pores, existing between discrete agglomerates of
particles or crystals which may be created on drying of
the shell coating, or to any other type of pore which may
be present in the material itself or once present as a-
shell coating of the catalyst core. It will be understood
that a given material may be naturally occurring or
synthesised in different forms thereby exemplifying more
than one of the above ranges, for example alumina exists
in the macroporous alpha form and in the mesoporous gamma
form, or in a single form exemplifying more than one of
the above ranges, for example clay comprises pores of
both mesoporous and microporous order.
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Reference herein to a core and a shell compdnent of
the catalyst is to respective zones relatively richer and
poorer in the two catalyst component materials above
defined. Preferably reference to core and shell component
is to discrete components comprising two separate radial
zones, whereby it will be understood that the core
material as above defined is substantially absent from
the catalyst shell and vice versa. It is found that this
represents a distinction fundamental to the invention,
whereby in the process of the invention feedstock
components penetrate sequentially each zone of the
catalyst, each zone being characterised by a particular
conversion process. More specifically the outer "shell"
zone being a locus for non-acidic thermal cracking of
certain feedstock components and the inner "core" zone
being a locus for standard acidic cracking conversion of
select feedstock components including thermally cracked
components exiting the shell zone.

The process of the invention is of particular
advantage in achieving an increase in the selectivity of
conversion of feedstocks to gasocline range products, and
moreover leads to an overall increase in yield of
gasoline at constant coke make, in comparison to standard
FCC processes. By the process of the invention,
refractory feedstock components are first contacted at
high temperatures with the substantially non-acidic meso-
or macroporous shell material whereby they are converted
to form less refractory components which proceed via the
meso- Or macropores to the core acidic microporous
molecular sieve material and are selectively converted to
product, and/or the refractory feedstock components
deposit on impact on the meso- or macroporous shell
material in the form of increased refractory level
components of such high carbon content that they are
resilient to further conversion and whereby they do not
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come into contact with the acidic microporous molecular
sieve material. By choice of meso~ or macroporous
material which is substantially non-acidic, the initial
conversion of most refractory feedstock components is via
thermally induced cracking which cracking is thought not
to be affected by deposits of high content carbon. It is
of particular advantage that such non-acidic meso- or
macroporous material does not compete with the acidic
microporous molecular sieve core in the selective
conversion of less refractory feedstock components,
thereby competing to a minor or substantially negligible
extent in the conversion of less refractory feedstock
components which may be converted to useful products in
more selective manner by the shape selective microporous
molecular sieve core.

In the process of the invention the catalyst is
suitably contacted with the feedstock for less than 10
seconds. Suitably the minimum contact time is 0.1 second.
* Very good results are obtainable with a process in which
the feedstock is contacted with the catalyst during 0.2
to 6 seconds.

The process is carried out at relatively high
temperature. A preferred temperature range is 450 to 800
°C, more preferably 475 to 650 °C, for example S00 to 550
°C.

The pressure in the present process can be varied
within wide ranges. It is however preferred that the
pressure is such that at the prevailing temperature the
feedstock is substantially in its gaseous phase or
brought thereinto by contact with the catalyst. Hence the
pressure is relatively low, suitably in the range from 1
to 10 bar. Subatmospheric pressures are possible but not
preferred. It can be economically advantageous to operate
at atmospheric pressure. Other gaseous materials may be
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present during the converSion, such as steam and/or
nitrogen.

The weight ratio of the catalyst used relative to the
feedstock to be converted (catalyst:feedstock ratio,
kg/kg) may vary widely, for example up to 150 kg catalyst
per kg of feedstock. Preferably the catalyst:feedstock
weight ratio is from 3 to 100:1, for example from 5 to
20:1.

The process according to the present invention can
suitably be carried out in a moving bed of catalyst.
Suitably this is achieved by passing a fluidizing gas
through the catalyst bed. The bed of fluidized catalyst
particles which may move up or down in riser or downer
flow, and is suitably fluidized to such an extent that a
dispersed catalyst phase is produced for operation at
short contact times. In this context it should be noted
that in FCC processes the catalyst particles only contain
a relatively small content of zeolitic components thereby
* satisfying attrition requirements.

During the process some coke forms on the catalyst,
whereby it is advantageous to regenerate the catalyst
after contact with the feedstock and separation of
products. Regeneration is preferably carried out by
subjecting the coked catalyst to a combustion step with
an oxidising gas such as air at elevated temperature.

The choice of meso- or macroporous non-acidic oxidic
or oxyanionic materials employed in the process of the
present invention is dependent to some extent on the
feedstock to be converted. With conversion of highly
refractory feedstocks a greater diameter of meso- or
macropore will be required than in the conversion of less
refractory feedstocks. Suitable mesoporous materials
include non-acidic oxides or oxyanion compounds of
elements selected from Groups 2A, 2B, 3A, 3B, 4A, 4B and
the Lanthanides of the Periodic Table of the Elements,
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for example'clays such as kaoline and meta-kaoline,

- alumina, silica, silica-alumina, magnesium aluminate,

magnesia, calcia, titania, zirconia, yttria, ceria,
lanthana, tin oxide, aluminium phosphate and mixtures
thereof. Examples of suitable substantially non-acidic
macroporous materials include alpha-alumina, silica, for
example in the form of amorphous silica, silica-aluminas,
for example in the form of mullite, magnesia-aluminas,
for example in the form of spinels, magnesia-silicas,
ceria, yttria, aluminium phosphate and mixtures thereof.

Suitably the meso- or macroporous shell has a
thickness sufficient to prevent access of the more
refractory feedstock components to the molecular sieve
core without hindering access of the leséﬁrefractory
feedstock and in-situ formed components. Suitably access
of such refractory feedstock components is prevented by
providing a shell comprising sufficient layers in radial
direction of crystals or particles of meso- or

" macroporous material, or agglomerates thereof, i.e.

having a sufficient radial thickness, that adjacent
interagglomerate, interparticulate or intercrystalline
meso= Oor macropores provide tortuous radiating channels.
By this means the chance of refractory feedstock
components penetrating the shell and impacting on meso-
or macropore walls where they are thermally cracked, is
greater than the chance of their proceeding, without '
contact with meso-~ or macropore walls to the core of a
catalyst particle. Preferably the shell comprises meso-
or macroporous material of substantially uniform size
agglomerates of substantially uniform siie particles or
crystals, whereby meso- or macropores created
therebetween are of substantial uniformity. It is to be
appreciated that cracking catalyst particles are subject
to abrasive influences in the course of the c¢yclic
process, whereby some attrition takes place. Accordingly
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the thickness of the meso- or macroporous shell is
suitably selected such that the thickness remaining in
equilibrium catalyst particles which are replaced by
fresh catalyst to maintain the overall activity and
particle size of the FCC unit catalyst inventory, is as
above defined. This may be determined having regard to
the attrition resistance of the shell material in a given
FCC unit. Preferably the thickness of the meso- or
macroporous shell remaining in equilibrium catalyst
particles is in the range of 1 to 20 micron, preferably
in the range of 2 to 10 micron.

The meso- or macroporous shell may be formed with the
use of suitable binders as known in the art, for example
silica. By this means the strength of the catalyst
composition to attrition may be increased.

The microporous molecular sieve core may be comprised
of one or more individual crystals but is typically
comprised of a cluster of crystals in the form of
* agglomerates of a size convenient for handling in the
cyclic process, suitably in the range of 10 to 100 micron
in diameter, preferably in the range of 40 to 90 micron,
for example in the range of 50 to 60 micron. Such
clusters may be formed as a part of the synthesis of the
crystals, by known means, for example by spray-drying in
the presence of a suitable binder material, such as an
organic component.

The acidic molecular sieve to be employed in the
process of the'present invention is suitably any known
acidic hydrocarbon conversion catalyst. Preferably the
molecular sieve comprises a shape selective zeolitic
material having pore dimensions suited for the selective
conversion of a desired feedstock, more preferably having
pore dimensions in the range 0.3-0.9 nm. Examples of
suitable zeolites having pore dimensions in the range 0.7
to 0.9 nm include faujasite type zeolites such as
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zeolites Y and X for example in stabilised form, zeolite
beta and zeolite omega. Examples of suitable zeolites
having pore dimensions in the range 0.3 to 0.7 nm include
crystalline silica (silicalite), silicoaluminophosphates
such as SAPO-4 and SAPO-11, aluminium phosphates such as
ALPO-11, titanium aluminophosphates and -silicates such
as TAPO-11 and TASO-45, boron silicates and crystalline
(metallo) silicates such as ferrierite, erionite, theta
and the ZsM-type zeolites such as ZSM-5, 2SM-11, ZsSM-12,
ZSM-35, ZSM-23, and Z2SM-38 wherein the metal may comprise
aluminium, gallium, iron, scandium, rhodium and/or
chromium, and mixtures thereof. Preferably the zeolite is
in its acidic hydrogen form.

It is to be appreciated that the greatest benefit in
terms of enhanced conversion is to be obtained by use of
the catalyst in the process of the invention as the bulk
catalyst component, but that additional benefit is to be
obtained by use as an additive catalyst component
* intended for the selective conversion of hydrocarbon
components formed in situ by the bulk catalyst component.

The microporous molecular sieve component of the
catalyst of the invention is suitably supported on a
matrix material known for this purpose, whereby the
attrition resistance of the composition is enhanced.
Suitable matrix materials are selected from clays, for
example in the form of kaoline or meta-kaoline, alumina,
silica, silica-alumina, magnesia, titania, zirconia and
mixtures thereof. Such matrix materials may be comprised
in a mixed phase with the microporous molecular sieve
material thereby forming a supported microporous
molecular sieve core. Matrix materials are suitably
present in a ratio to microporous material of from 10:90
to 90:10, preferably from 50:50 to 85:15.

Suitable feedstocks to be employed in the process of
the present invention include any feedstocks which are
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emp;oyed in FCC conversion processes,'for example long
residues, short residues, flashed distillates,
hydrotreated and hydrocracked feedstocks, gas oils,
vacuum gas oils, tar sands, shale oils and coal liquids.
Commonly employed feedstock_blends in FCC conversion
processes include residual fractions derived from the
crude oils, such as heavy residual oils. These fractions
comprise as a significant component asphaltenes, complex
carbonaceous products of the aromatic class, insoluble in
aromatic-free solvents such as paraffinic solvents. The
high carbon content of these residual components renders
them prone to coke precursor formation on cracking which
has deleterious effects on the cracking of less
refractory feedstock components. Hence it is usual to
treat such feedstocks for the removal of asphaltenes
prior to conversion. Deasphalting of oils is carried out
by mixing the oil with an aromatic-free paraffinic
solvent, such as pentane or heptane, from which the
* insoluble asphaltenes precipitate and are separated. In a
particular advantage of the process of the invention,
feedstocks having a high asphaltene content may be
converted directly without prior treatment to remove the
refractory asphaltene components, whereby the asphaltenes
are thermally cracked by the macroporous refractory shell
material as above described. A particular advantage is
obtained with the conversion of refractory feedstocks _
characterised by a high initial boiling point, for '
example of greater than 370 °C, and a high asphaltene
content, for example of greater than 4 $wt.

Residual fractions further comprise heavy metals in
significant amount, which metals deposit on the catalyst
during the cracking process, thereby deteriorating the
catalyst selectivity to gasoline production leading to
production of undesired dry gas components. In a further
advantage of the process of the invention certain
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contaminating metals present in residual fractions will
also be deposited on the macroporous refractory material
and immobilised by coordination with the macroporous
material, thereby preventing the deactivation of the
microporous molecular sieve core. Such contaminants
include nickel, vanadium, iron and sodium.

In a further aspect of the present invention there is
provided a catalyst composition in particulate form,
wherein individual particles of catalyst comprise a core
having thereabout a shell and wherein the core comprises
acidic microporous molecular sieve crystal(s) and the
shell comprises substantially non-acidic meso- or
macroporous oxidic or oxyanionic material.

The catalyst of the invention is suitably obtained by
a first stage synthesis of the acidic microporous
molecular sieve core material, optionally supporting this
on a matrix. In a second stage the outer shell meso- or
macroporous material precursor is introduced about the
* catalyst core. Preferably each synthesis stage is
discrete, the material obtained from each stage being
suitably dried before proceeding with the subsequent
stage.

Preferably the catalyst core may be prepared by any
known means of preparing commercially available FCC
catalyst, suitably by slurrying and spray-drying zeolite
and matrix precursors separately or together, or by
mixing cooled aqueous solutions of each of a salt of
silica and of alumina and isolating, ‘drying and calcining
the solid zeolite-containing catalyst core obtained. The
supported zeolite may then be coated with a shell of
meso- or macroporous material by means known in the art
for deposit of such materials, which means should not
affect the integrity of the microporous molecular sieve
core. Suitably the meso- or macroporous shell is formed
by performing a second spray-drying of the synthesised
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and once spray—driéd molecular sieve crystals, or
particles of molecular sieve crystals composited in a
matrix, with a solution comprising suitable precursors of
the desired meso- or macroporous material, or by
immersion of the molecular sieve crystals or of particles
of molecular sieve crystals composited in a matrix
material, in such a solution, and drying the resulting
composition once a desired thickness of shell has
accumulated, or by immersion of the molecular sieve
crystals or of particles of molecular sieve crystals
composited in a matrix material, in a solution of a
precursor of the substantially inert meso- or macroporous
oxidic or oxyanionic material at appropriate pH whereby
the meso- or macroporous precursor precipitated
preferentially on the surface of the (particles of)
molecular sieve crystals and conversion to the meso- or
macroporous material by a heat treatment once a desired
thickness of shell has accumulated. The shell is thus
" formed of crystals or particles of material, having
intercrystalline/~-interparticulate meso- or macropores.

The catalyst composition thus obtained may then be
calcined and subsequently steam treated as appropriate
for the conversion of amorphous material, if present, in
the catalyst shell to the desired macroporous form.

Preferably the catalyst shell is obtained by any of
the afore-mentioned techniques, from a "sol" comprising
suitable precursors of the meso- or macroporous material.
A sol is generally understood in the art to comprise
dispersed particles of a substantially regular size in
continuous fluid. Preference is also given to processes
employing sol-type solutions or certain slurries which
provide the same uniformity of particle size and
distribution.

More preferably the catalyst shell is obtained by the
afore-mentioned spray-drying technique under carefully
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selected conditions of temperature, fluidizing air rate,
sol or slurry concentration and spray rate, whereby the
desired coating is achieved and catalyst particle
integrity is maintained.

In a further aspect of the invention of the invention
there are provided hydrocarbonaceous products or
fractions thereof when obtained by the process of the
present invention.

The invention is further illustrated by means of the
following non-limiting examples.

EXAMPLE 1 - Preparation of catalysts according to the
invention

This example describes the preparation of Catalysts
1A to 1J by modification of samples of a commercially
available fluid catalytic cracking catalyst comprising Y-
zeolite and matrix material, hereinafter catalyst 1.
Catalyst 1 was determined by means of N adsorption, to
have micropore volume of 0.081 ml/g. The samples of
* catalyst 1 were calcined prior to modification.

EXAMPLE 1A - Preparation of catalyst 1A

A sample of catalyst 1 was placed in a commercial
spray coating unit (NIRO-Aeromatic STREA-1), and
fluidized with air having an inlet temperature of 80 °C
at a fan speed of 4. A silica sol, AKZO-Nobel Nyacol
2040NH4, containing 40 %w SiO dry solids in an aqueous
solution, was supplied to the Spray Coater using a liquid
displacement pump, the sol was sprayed over the fluidized
catalyst 1 using atomizing air at a pressure of 1.0 Barg.
After addition of the sol was completed, the fluidizing
of the catalyst was continued for another 30 minutes (for
additional drying). The catalyst was unloaded, and
calcined in a well ventilated furnace at 550 °C for
2 hours to yield the product catalyst 1A. The silica
sprayed onto the base catalyst 1 was 14.8 %w of the mass
of the final catalyst 1A as determined from the mass
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balance, which is in accordance with the reduction of the
micropore volume to 0.068 ml/g as determined by N
adsorption of catalyst 1A. |
EXAMPLE 1B - Preparation of catalyst 1B

The procedure of Example 1A was followed, with the
exception that the amount of silica sol supplied to the
spray coating unit was varied, yielding the product
catalyst 1B. The silica sprayed onto the base catalyst 1
was 22.6 ¥w of the mass of the final catalyst 1B, also in
accordance with the measured reduction in pore volume.
EXAMPLE 1C -~ Preparation of catalyst 1C

The procedure of Example 1A was followed, with the
exception that a zirconia sol, Bacote, containing 15.5 s$w
ZrOp dry solids, was supplied to the spray coating unit,
to yield the product catalyst 1C. The zirconia sprayed
onto the base catalyst 1 was 11.3 $w of the mass of the
final catalyst 1C.
EXAMPLE 1D - Preparation of catalyét 1D

The procedure of Example 1A was followed, with the
exception that a cerium acetate sol, PQ Corporation
Nyacol, containing 20 %w CeOs dry solids, was supplied to
the spray coating unit, to yield the product catalyst 1D.
The ceria sprayed onto the base catalyst 1 was 15.5 %$w of
the mass of the final catalyst 1D. B
EXAMPLE 1E - Preparation of catalyst 1E

The procedure of Example 1A was followed, with the
exception that an aluminium phosphate sol-type solution,
containing 46 g solids per litre solution, obtained by
coprecipitation from a solution of aluminium nitrate and
phosphoric acid of equimolar ratio Al:P, was supplied to
the spray coating unit, to yield the product catalyst 1E.
- The aluminium phosphate sprayed onto the base catalyst 1
was 10 %w of the mass of the final catalyst 1E.
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EXAMPLE 1F - Preparation of catalyst 1F

The procedure of Example 1A was followed, with the-
exception that a magnesium aluminate sol-type sclution,
containing 26 g solids per litre solution, obtained by
coprecipitation from an equimolar solution comprising
magnesium and aluminate, was supplied to the spray
coating unit, to yield the product catalyst 1F. The
magnesium aluminate sprayed onto the base catalyst 1 was
8 $¢w of the mass of the final catalyst 1F.
EXAMPLE 1G - Preparation of catalyst 1G

The procedure of Example 1A was followed, with the
exception that an yttria sol, PQ Corporation Nyacol,
containing 14 3w Y703 dry solids, was supplied to the
spray coating unit, to yield the product catalyst 1G. The
yttria sprayed onto the base catalyst 1 was 12 %w of the
mass of the final catalyst 1G.
EXAMPLE 1H - Preparation of catalyst 1lH

The procedure of Example 1A was followed, with the

- exception that a stannite sol, PQ Corporation Nyacol SN-

15 CG, containing 15 %w SnO; dry solids, was supplied to
the spray coating unit, to yield the product catalyst 1H.
The stannite sprayed onto the base catalyst 1 was 12 %w
of the mass of the final catalyst.
EXAMPLE 1I - Preparation of catalyst 1I

The procedure of Example 1A was followed, with the
exception that a mullite sol, Magnesium Electron )
Chemicals, containing Al03/SiOz in a molar ratio of 3/2,
was supplied to the spray coating unit, to yield the
product catalyst 1I. The mullite sprayed onto the base
catalyst 1 was 8 %w of the mass of the final catalyst 1I.
EXAMPLE 1J - Preparation of catalyst 1J

The procedure of Example 1A was followed, with the
exception that a titania "slurry", Degussa P50,
containing 30 %w TiOs solids in water, was supplied to
the spray coating unit, to yield the product catalyst 1J.
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The titania sprayed onto the base catalyst 1 was 10 %$w of
the mass of the final catalyst 1J.
EXAMPLE 2

This example demonstrates the catalytic cracking
performance according to the invention in the process
using equilibrium steam contaminated coated catalyst.

Catalyst 1B was contacted with steam at 788 °C for 5
hours in a fluidized bed to mimic equilibrium catalyst
activity, and thereafter contacted with a feedstock
described in Table 1 below, in a microactivity testing
(MAT) unit at a temperature of 540 °C. The process
conditions and product yields are given in Table 2 below.
EXAMPLE 3

This example demonstrates the catalytic cracking
performance according to the invention in the process
using equilibrium coke, steam and heavy metals
contaminated coated catalyst.

Catalyst 1A was contacted in a cyclic deactivation
- unit (CDU) with a vanadium and nickel-containing gasoil,
and with steam at 750 °C, to mimic activity of an
equilibrium catalyst loaded with 7200 mg/kg vanadium and
2400 mg/kg nickel. The deactivated catalyst was contacted
with the feed$tock of Example 2, in a MAT unit following
the procedure described in Example 2. The process
conditions and product yields are given in Table 2 below.
EXAMPLE 4 (Comparative) )

The procedure of Example 2 was repeated with use of
catalyst 1. The process conditions and product yields are
given in Table 2 below.
EXAMPLE 5 (Comparative)

The procedure of Example 3 was repeated with use of
catalyst 1. The process conditions and product yields are
given in Table 2 below.
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TABLE 1: Feedstock Atmospheric Residue

Gravity, API : 21.8
Hydrogen, %w 12.3
Sulphur, %w 0.85
Nitrogen, %w 0.2

' Vanadium, ppmv 8.60
Nickel, ppnv 4.10
Conradson Carbon, %w 3.66
Kinematic Viscosity, @ 100 C 16.2
Aromatic Carbon, %w 15.5
TABLE 2

Example 2 Example 4 Example 3 Example 5
Catalyst 1 Catalyst Catalyst 1 Catalyst

T/°C 540 540 540 540
Cat/oil 3 3 3 3
- ratiol

Yields %w

C1-C4 18.5 22.0 11.6 10.7
Cg-221 °C 47.9 46.6 48.7 42.2
221-370 °C 18.4 17.1 22.7 22.7

370+ °C 7.6 5.8 8.5 15.3
Cokel 7.6 8.5 8.5 9.1

1 For a given cat/oil ratio, MAT unit conversion and’

coke yield are typically higher than those in large scale
riser operation.

From Table 2 it is apparent that catalysts 1B and 1A
exhibit more attractive product yields and lower coke
yields than the comparative catalyst 1.

By comparison of the performance of Examples 2 and 3
it is apparent that improvement in performance is
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observed whether or not the catalyst has been
contaminated by heavy metals.
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CLAIMS

1. Process for the catalytic conversion of
hydrocarbonaceous feedstocks comprising contacting the
feedstock with a moleéular sieve catalyst of particulate
form at elevated temperature in a conversion zone,
characterised in that individual particles of catalyst
comprise a core having thereabout a shell wherein the
core comprises acidic microporous molecular sieve
crystal(s) and the shell comprises a substantially non-
acidic meso- or macroporous oxidic or oxyanionic
material.

2. Process according to claim 1 carried out in a moving
bed of catalyst wherein the catalyst is contacted with
the feedstock for less than 10 seconds and suitably more
than 0.1 second, preferably during 0.2 to 6 seconds in a
- weight ratio of up to 150 kg catalyst per kg of
feedstock, preferably from 5 to 100:1, for example from 7
to 20:1, at relatively high temperature, preferably in
the range of 450 to 800 °C, more preferably 475 to

650 °C, for example 500 to 550 °C, and at a pressure
suitably in the range from 1 to 10 bar.

3. Process according to any of claims 1 or 2, wherein
the feedstock is selected from long residues, short
residues, flashed distillates, hydrotreated and
hydrocracked feedstocks, gas oils, vacuum gas oils, tar
sands, shale oils and coal liquids, and preferably
comprises residual fractions derived from crude oils such
as heavy residual oils more preferably having a high
initial boiling point, for example of greater than

370 °C, and a high asphaltene content, for example of
greater than 4 %wt.

* c L M S *
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4. Process according to any of claims 1 to 3, wherein
the catalyst core comprises microporous material having
pore diameter of less than 1.0 nm, preferably in the
range 0.3 nm to 0.9 nm and the shell comprises mesoporous
material having pore diameter of 1.0 nm to 100 nm, for
example of 2.0 to 50 nm, or comprises macroporous
material having pore diameter of greater than 50 nm.
5. Process according to any of claims 1 to 4 wherein the
core and shell component of the catalyst are present as
discrete components comprising two separate radial zones.
6. Process according to any of claims 1 to 5 wherein the
substantially non-acidic mesoporous material is selected
from non-acidic oxides or oxyanion compounds of elements
selected from Groups 2A, 2B, 3A, 3B, 4A, 4B and the
Lanthanides of the Periodic Table of the Elements, for
example clays, such as kaoline and meta-kaoline, alumina,
silica, silica-alumina, magnesium aluminate, magnesia,
calcia, titania, zirconia, yttria, ceria, lanthana, tin
* oxide, aluminium phosphate and mixtures thereof, or
wherein the substantially non-acidic macroporous material
is selected from alpha-alumina, silica, for example in
the form of amorphous silica, silica-aluminas, for
example in the form 6fdﬁullite, magnesia-aluminas, for
example in the form of spinels, magnesia-silicas, ceria,
yttria, aluminium phosphate and mixtures thereof.
7. Process according to any of claims 1 to 6, wherein
the thickness of the meso- or macroporous shell remaining
in equilibrium catalyst particles is in the range of 1 to
20 micron, preferably in the range of 2 to 10 micron.
8. Process according to any of claims 1 to 7, wherein
the shell comprises meso- or macroporous material of
substantially uniform size agglomerates of substantially
uniform size particles or crystals.
9. Process according to any of claims 1 to 8, wherein
the catalyst shell is obtained by spray-drying,
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immersion, impregnation or precipitation of a sol
comprising suitable precursors of the meso- or
macroporous material, onto the preformed core, preferably
by spray-drying.

10. Process according to any of claims 1 to 9, wherein
the catalyst shell comprises substantially non-acidic
mesoporous oxidic or oxyanionic material.

11. Process according to any of claims 1 to 10, wherein
the molecular sieve comprises a shape selective zeolitic
material having pore dimensions in the range 0.3-0.9 nm,
for example in the range 0.7 to 0.9 nm including
faujasite type zeolites such as zeolites Y and X for
example in stabilised form, zeolite beta and zeolite
omega, or in the range 0.3 to 0.7 nm including
crystalline silica (silicalite), silicoaluminophosphates
such as SAPO-4 and SAPO-11, aluminium phosphates such as
ALPO-11, titanium aluminophosphates and -silicates such
as TAPO-11 and TAS0O-45, boron silicates and crystalline
(metallo) silicates such as ferrierite, erionite, theta
and the 2SsM-type zeolites such as ZSM-5, ZSM-11l, ZSM-12,
ZSM-35, ZSM-23, and ZSM-38 wherein the metal may comprise
aluminium, gallium, iron, scandium, rhodium and/or
chromium, and mixtures thereof.

12. Process according to claim 11 wherein the zeolite is
substantially in its acidic hydrogen form.

13. Process according to any of claims 1 to 12 wherein
the catalyst is employed as the bulk catalyst componené,
and/or as an additive catalyst compornent intended for the
selective conversion of hydrocarbon components formed in
situ by the bulk catalyst component.

14. Process according to any of claims 1 to 13 which is a
fluid catalytic cracking process.

15. Catalyst composition comprising a core of acidic
microporous molecular sieve crystal(s) having thereabout
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a shell of substantially non-acidic meso- or macroporous
oxidic or oxyanionic material.
16. Hydrocarbonaceous products or fractions thereof when
obtained by the process of the present invention.
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