
TS 0271 SIN HYDROCARBON CONVERSION CATALYSTS The present invention relates
to a catalyst comprising a modified zeolite, a process for the preparation
of the modified zeolite, and a hydrocarbon conversion process using the
catalyst. Of the many hydrocarbon conversion processes known in the art,
hydrocracking is becoming increasingly important since it offers product
flexibility together with product quality. As it is also possible to
subject rather heavy feedstocks to hydrocracking it will be clear that much
attention has been devoted to the development of hydrocracking catalysts.
Whereas in the past catalytic hydrocracking was aimed primarily at the
production of lower boiling point products such as gasoline, nowadays
hydrocracking is often aimed at meeting the increasing demand for high
quality middle distillate products. Therefore, the object nowadays in
hydrocracking is to provide a hydrocracking catalyst having a high
selectivity towards middle distillates combined with a low selectivity
towards gas make, in addition to high activity and stability. To this end
modern hydrocracking catalysts are generally based on zeolitic materials
which may have been adapted by techniques like ammonium-ion exchange and
various forms of calcination in order to improve the performance of the
hydrocracking catalysts based on such zeolitic materials. One of the
zeolites which is considered to be a good starting material for the
manufacture of hydrocracking catalysts is the well-known synthetic zeolite
Y as described in US-A-3,130, 007. A number of modifications 



-2- has been reported for this material which include, inter alia,
ultrastable zeolite Y (US-A-3,536,605) and ultra- hydrophobic zeolite Y
(GB-A-2,014,970). It is known that the stability and activity of an
ultrastable zeolite Y (USY) can be improved further by subjecting it to a
high-temperature steaming step followed by a dealumination step. In this
respect reference is made, for instance, to GB-A-2,114,594. It is thought
that such a high-temperature steam treatment causes some tetrahedrally
co-ordinated aluminium (Al) species to be removed from the crystal
framework. The holes formed in the crystal framework as a result of the
removal of these tetrahedrally co-ordinated aluminium (Al) species are
believed to be filled by silicon (Si) species. The aluminium (Al) species
which are removed from the crystal framework are present in the pores and
channels of the crystal framework and are mainly octahedrally co-ordinated.
These octahedrally co- ordinated aluminium (Al) species can be removed in
the subsequent dealumination step. To this end the steamed material is
usually leached with an organic chelating agent, an organic acid or an
inorganic acid. Since the presence of octahedrally co-ordinated aluminium
(Al) species in the pores and channels of the crystal framework is believed
to reduce accessibility to the active sites of the crystal framework, it is
very desirable if zeolite Y materials can be prepared containing little or
no octahedrally co-ordinated aluminium (Al). Whilst the above dealumination
treatment 



is effective in removing octahedrally co-ordinated aluminium (Al) species
from ultrastable zeolite Y (USY) materials, the results obtained are
unsatisfactory when it is applied to very ultrastable zeolite Y (VUSY)
materials.    -3- However, it has now surprisingly been found possible to
prepare very ultrastable zeolite Y (VUSY) materials containing little, or
substantially no, octahedrally co- ordinated aluminium (Al). Therefore, in
accordance with the present invention, there is provided a catalyst for use
in a hydrocarbon conversion process comprising a very ultrastable zeolite Y
(VUSY) in which less than 15% of the total amount of aluminium (Al) present
is octahedrally co-ordinated. Preferably 12% or less, more preferably 10%
or less, and still more preferably 5% or less, of the total amount of
aluminium (Al) present in the very ultrastable zeolite Y (VUSY) is
octahedrally co-ordinated. Advantageously, the very ultrastable zeolite Y
(VUSY) is substantially free of octahedrally co-ordinated aluminium (Al).
The amounts of octahedrally and tetrahedrally co- ordinated aluminium (Al)
may be determined by means of 27A1 MAS NMR. This technique is well known in
the art and is described, for example, in "Advances in Catalysis", volume
33, 1985, pages 254-264. The present invention further provides a process
for reducing the amount of octahedrally co-ordinated aluminium (Al) present
in a very ultrastable zeolite Y 



(VUSY) to below 15% which comprises contacting a very ultrastable zeolite Y
(VUSY) with a solution of one or more metal sulphates selected from
aluminium, gallium and iron sulphates, which solution has a pH of less than
5, preferably a pH of less than 4, and advantageously a pH of 3. In order
to obtain a pH of less than 5, the metal sulphate solution, preferably an
aluminium sulphate solution, may be acidified by the addition of an acid,
e.g. an inorganic acid such as sulphuric acid.    -4- The process according
to the invention may conveniently be carried out at temperatures up to 150
[err]C but is preferably carried out at a temperature in the range from 50
to 100 [err]C. In the context of the present application a very ultrastable
zeolite Y (VUSY) is a zeolite Y having an alkali metal oxide content below
0.5% by weight and a unit cell size below 2.445 nm (24.45 A). Preferably,
the very ultrastable zeolite Y (VUSY) has a unit cell size below 2.440 nm
(24.40 A). More preferably, the very ultrastable zeolite Y (VUSY) has a
unit cell size in the range from 2.425 to 2.435 nm (24.25 to 24.35 A). The
very ultrastable zeolite Y (VUSY) may have a SiO2/A1203 molar ratio up to
80, e.g. in the range from 3 to 80, preferably from 3 to 60, more
preferably from 5 to 40, and especially from 5 to 20. Very advantageous
results have been obtained using a very ultrastable zeolite Y (VUSY) having
a SiO2/A1203 molar ratio between 



9 and 10. A preferred very ultrastable zeolite Y (VUSY) to use in the
process of the present invention is one having a unit cell size below 2.435
nm (24.35 A), a degree of crystallinity which is at least retained at
increasing SiO2/A1203 molar ratios, a water adsorption capacity (at 25
[err]C and p/[err] value of 0.2) of at least 8% by weight of the zeolite
and a pore volume of at least 0.25 ml/g wherein between 10% and 60% of the
total pore volume is made up of pores having a diameter of at least 8 nm.
Such a zeolite is known from EP-B-247679. Preferably, between 10% and 40%
of the total pore volume of the very ultrastable zeolite Y (VUSY) is made
up of pores having a diameter of at least 8 nm.    -5- Suitably, the very
ultrastable zeolite Y (VUSY) has a water adsorption capacity in the range
from 8 to 10% by weight. Preferably, the very ultrastable zeolite Y (VUSY)
has a SiO2/A1203 molar ratio in the range from 4 to 25, more preferably in
the range from 8 to 15. The catalyst of the present invention may further
comprise a binder. As binder, it is convenient to use an inorganic oxide or
a mixture of two or more such oxides. The binder may be amorphous or
crystalline. Examples of suitable binders include alumina, silica,
magnesia, titania, zirconia, silica-alumina, silica-zirconia, silica-boria
and mixtures thereof. A preferred binder to use is alumina, or alumina in
combination with a dispersion of silica-alumina in an alumina matrix, 



particularly a matrix of gamma alumina. The catalyst of the present
invention may contain from 1 to 99 %w (per cent by weight) of the very
ultrastable zeolite Y (VUSY) and from 1 to 99 %w binder, based on the total
dry weight of zeolite and binder. Preferred catalysts of the invention are
those containing from 1 to 80 %w of the very ultrastable zeolite Y (VUSY)
and from 20 to 99 %w binder, based on the total dry weight of zeolite and
binder. Still preferred catalysts are those containing from 10 to 70 %w of
the very ultrastable zeolite Y (VUSY) and from 30 to 90 %w binder, in
particular from 20 to 50 %w of the VUSY and from 50 to 80 %w binder, based
on the total dry weight of zeolite and binder. Depending on the application
of the catalyst of the invention (e.g. in hydrocracking), it may further
comprise at least one hydrogenation component. Examples of hydrogenation
components useful in the present invention include Group 6B (e.g.
molybdenum and tungsten) and Group 8 metals (e.g. cobalt, nickel, iridium,
-6- platinum and palladium), their oxides and sulphides, the numbering of
the groups being in accordance with the system used by the Chemical
Abstracts Service (CAS) as shown in the Periodic Table of Elements in the
72nd edition of the "Handbook of Chemistry and Physics" by the Chemical
Rubber Company. The catalyst preferably contains at least two hydrogenation
components, e.g. a molybdenum and/or tungsten component in combination with
a cobalt and/or nickel component. Particularly preferred 



combinations are nickel/tungsten and nickel/molybdenum. Very advantageous
results are obtained when the metals are used in the sulphide form. The
catalyst of the invention may contain up to 50 parts by weight of
hydrogenation component, calculated as metal per 100 parts by weight of
total catalyst. For example, the catalyst may contain from 2 to 40, more
preferably from 5 to 25 and especially from 10 to 20, parts by weight of
Group 6B metal(s) and/or from 0.05 to 10, more preferably from 0.5 to 8 and
advantageously from 2 to 6, parts by weight of Group 8 metal(s), calculated
as metal per 100 parts by weight of total catalyst. The catalysts of the
present invention which additionally comprise a binder and/or at least one
hydrogenation component may be prepared in accordance with techniques
conventional in the art. For example, a catalyst for use in cracking
comprising a very ultrastable zeolite Y (VUSY) in which less than 15% of
the total amount of aluminium (Al) is octahedrally co-ordinated and a
binder, may conveniently be prepared by first mixing the binder with water
to form a slurry or sol, adjusting the pH of the slurry or sol as
appropriate and adding the VUSY in powder form together with additional
water to obtain the required solids concentration. The slurry or sol is
then spray-dried. The    -7- spray-dried particles thus formed may be used
directly or may be calcined prior to use. Alternatively, a catalyst for use
in hydrocracking comprising a very ultrastable zeolite Y (VUSY) in which 



less than 15% of the total amount of aluminium (Al) is octahedrally
co-ordinated, a binder and at least one hydrogenation component of a Group
6B and/or Group 8 metal, may be prepared by co-mulling the VUSY and binder
in the presence of one or more solutions of Group 6B and/or Group 8 metal
salts and, optionally, a peptising agent, extruding the mixture so formed
into pellets and then calcining the pellets. However, a preferred method of
preparing such a hydrocracking catalyst comprises co-mulling the VUSY and
binder in the presence of water and, optionally, a peptising agent,
extruding the resulting mixture into pellets and calcining the pellets. The
pellets thus obtained are then impregnated with one or more solutions of
Group 6B and/or Group 8 metal salts and again calcined. The present
invention still further provides a process for converting a
hydrocarbonaceous feedstock into lower boiling materials which comprises
contacting the feedstock at elevated temperature with a catalyst according
to the invention. The hydrocarbonaceous feedstocks useful in the present
process can vary within a wide boiling range. They include lighter
fractions such as kerosine fractions as well as heavier fractions such as
gas oils, coker gas oils, vacuum gas oils, deasphalted oils, long and short
residues, catalytically cracked cycle oils, thermally or catalytically
cracked gas oils, and syncrudes, optionally originating from tar sands,
shale oils, residue upgrading processes or biomass. Combinations of various
hydrocarbon oils may also be employed. The feedstock will generally   



-8- comprise hydrocarbons having a boiling point of at least 330 [err]C. In
a preferred embodiment of the invention, at least 50 %w of the feedstock
has a boiling point above 370 [err]C. Nitrogen and sulphur contents in the
hydrocarbonaceous feedstock are not critical. It is possible and may
sometimes be desirable to subject part or all of the feedstock to a
pre-treatment, for example, hydrodenitrogenation, hydrodesulphurisation or
hydrodemetallisation, methods for which are known in the art. If the
process is carried out under catalytic cracking conditions (i.e. in the
absence of added hydrogen), the process is conveniently carried out in an
upwardly or downwardly moving catalyst bed, e.g. in the manner of
conventional Thermofor Catalytic Cracking (TCC) or Fluidised Catalytic
Cracking (FCC) processes. The process conditions are preferably a reaction
temperature in the range from 400 to 900 [err]C, more preferably from 450
to 800 C and especially from 500 to 650 [err]C; a total pressure of from 1
x 105 to 1 x 106 Pa (1 to 10 bar), in particular from 1 x 105 to 7.5 x 105
Pa (1 to 7.5 bar); a catalyst/feedstock weight ratio (kg/kg) in the range
from 5 to 150, especially 20 to 100; and a contact time between catalyst
and feedstock of from 0.1 to 10 seconds, advantageously from 1 to 6
seconds. However, the process according to the present invention is
preferably carried out under hydrogenating conditions, i.e. under catalytic
hydrocracking conditions. Thus, the reaction temperature is preferably in
the range from 250 to 500 [err]C, more preferably from 300 to 



450 [err]C and especially from 350 to 450 [err]C. The total pressure is
preferably in the range from 5 x 106 to 3 x 107 Pa (50 to 300 bar), more
preferably from 7.5 x 106 to 2.5 x 107 Pa (75 to 250 bar) and even    -9-
more preferably from 1 x 107 to 2 x 107 Pa (100 to 200 bar). The hydrogen
partial pressure is preferably in the range from 2.5 x 106 to 2.5 x 107 Pa
(25 to 250 bar), more preferably from 5 x 106 to 2 x 107 Pa (50 to 200 bar)
and still more preferably from 6 x 106 to 1.8 x 107 Pa (60 to 180 bar). A
space velocity in the range from 0.05 to 10 kg feedstock per litre catalyst
per hour (kg.[err]) is conveniently used. Preferably the space velocity is
in the range from 0.1 to 8, particularly from 0.1 to 5, kg.[err].
Furthermore, total gas rates (gas/feed ratios) in the range from 100 to
5000 Nl/kg are conveniently employed. Preferably, the total gas rate
employed is in the range from 250 to 2500 N1/kg. The present invention will
be further understood from the following illustrative Example. Example a)
Preparation of a catalyst according to the present invention A commercially
available very ultrastable zeolite Y (VUSY) having a unit cell size of
2.433 nm (24.33 A), a SiO2/A1203 molar ratio of 9.3, a water adsorption
capacity (at 25 [err]C and a p/[err] value of 0.2) of 12.5% by weight, a
nitrogen pore volume of 0.45 ml/g wherein 26% 



of the total pore volume is made up of pores having a diameter of at least
8 nm, and a loss of ignition of 13% by weight, and in which 40% of the
total amount of aluminium (Al) present is octahedrally coordinated, was
contacted with an aluminium sulphate solution (0.75 mol/l) of pH 3 at a
temperature of 95 [err]C for one hour. After separation from this solution,
the zeolite was washed and ammonia exchanged twice with a 1.0 mol/l
ammonium nitrate solution at 95 [err]C. The thus treated zeolite was found
to have a unit cell size of 2.435 nm    - 10 - (24.35 A) and a SiO2/Al203
molar ratio of 20.9; 5% of the total amount of the aluminium (Al) present
was octahedrally co-ordinated. Subsequently 26.4 g of the treated zeolite
was mixed with 131.5 g hydrated aluminium oxide (ex-Criterion). To this
mixture was added water and 3.8 g acetic acid. After mulling, the mixture
was further mixed with 2.6 g extrusion aids and then extruded into pellets
of cylindrical shape. The pellets were dried (with rotation) for 4 hours at
250 [err]C and subsequently calcined for 3 hours at 600 [err]C. The pellets
so obtained had a water pore volume of 0.63 ml/g and a circular end surface
diameter of 1.65 mm. The pellets contained 20% by weight of very
ultrastable zeolite Y (VUSY), in which 5% of the total amount of aluminium
(Al) present was octahedrally co-ordinated, and 80% by weight alumina, on a
dry basis. A nickel/tungsten solution was made up containing 11.57 g of
nickel nitrate solution and 17.48 g of ammonium metatungstate. The
nickel/tungsten solution was diluted with water to 18.9 ml and used to
impregnate 



30 g of pellets. The impregnated pellets were dried, with rotation, for 4
hours at 250 [err]C and finally calcined for 2 hours at 500 [err]C. The
pellets contained 4% by weight of nickel and 17% by weight of tungsten,
based on total catalyst. b) Hydrocracking experiment The catalyst was
subjected to a hydrocracking performance test involving a hydrotreated
heavy vacuum gas oil having the following properties: C (%wt)         :
86.21 H (%wt)         : 13.79 S (ppm)         : 35 N (ppm)         : < 2 d
(70/4)        : 0.8257 I.B.P. ([err]C)    : 205 2/10            : 252/332
20/30           : 370/392 40/50           : 410/428 60/70           :
448/467 80/90           : 492/525 F.B.P.          : 598 The catalyst was
firstly subjected to a presulphiding treatment by slowly heating in a 15 %v
H2S/H2-atmosphere to a temperature of 375 [err]C. The catalyst was tested
in a 1:1 dilution with 0.1 mm SiC particles under the following operating
conditions: a space velocity of 1.1 kg.[err], [err] 1.1 %v, total pressure
of 14 x 106 Pa (140 bar), and a gas/feed ratio of 1500 Nl/kg. The
experiment was carried out in once- through operation. The catalyst
performance is expressed 



at 70% by weight conversion of 370 [err]C+ boiling point material in the
feed after allowing the catalyst to stabilize. The following results were
obtained with the catalyst: Temperature required (70 % conv. of 370
[err]C+): 346[err]C Middle distillate selectivity (%wt)            : 49 Gas
make (%wt)                                    5 From the above results it
will be clear that attractive results can be obtained with a catalyst
according to the present invention.    *    C    L    M    S    * - 12 - TS
0271 SIN C L A I M S 1. A catalyst for use in a hydrocarbon conversion
process comprising a very ultrastable zeolite Y (VUSY) in which less than
15% of the total amount of aluminium (Al) present is octahedrally
co-ordinated. 2.   A catalyst according to claim 1, wherein 10% or less of
the total amount of aluminium (Al) present is octahedrally co-ordinated. 3.
A catalyst according to claim 1 or claim 2, wherein the very ultrastable
zeolite Y (VUSY) has a unit cell size in the range from 2.425 to 2.435 nm
(24.25 to 24.35 A). 4. A catalyst according to any one of claims 1 to 3,
wherein the very ultrastable zeolite Y (VUSY) has a SiO2/A1203 molar ratio
in the range from 3 to 80. 5. A catalyst according to any one of the
preceding 



claims which further comprises a binder. 6. A catalyst according to any one
of the preceding claims which further comprises at least one hydrogenation
component. 7. A catalyst according to claim 6, wherein the at least one
hydrogenation component is selected from Group 6B and Group 8 metals, their
oxides and sulphides. 8. A process for reducing the amount of octahedrally
co- ordinated aluminium (Al) present in a very ultrastable zeolite Y (VUSY)
which comprises contacting a very ultrastable zeolite Y (VUSY) with a
solution of one or more metal sulphates selected from aluminium, gallium
and iron sulphates, which solution has a pH of less than 5. 9. A process
for converting a hydrocarbonaceous feedstock into lower boiling materials
which comprises    - 13 - contacting the feedstock at elevated temperature
with a catalyst as claimed in any one of claims 1 to 7. 10. A process
according to claim 9, wherein the feedstock is contacted with a catalyst as
claimed in claim 6 or claim 7 under hydrogenating conditions. 11. A process
according to claim 10 which is carried out at a temperature in the range
from 250 to 500 [err]C and a total pressure in the range from 5 x 106 to 3
x 107 Pa. C24/TS0271FF    


