
EP0355929B1 Description The presen t invention relates to a hydrocracking
catalyst and use thereof in a hydrocracking process. Hydrocracking is a
well-known process in which hydrocarbonaceous fe edstocks are converted
into prod- 5   ucts with a lower average boiling point by contacting
thefeedstock with a hydrocracking catalyst in the presence of hydrogen.
From EP-A-0 247 679 it is known that it would be advantageous to crack
selectively to middle distillates, having a boiling point of about 130 -
[err], and in particular to produce as little gas, i.e. [err] hy-
drocarbons, as possible. Hydrocracking catalysts usually comprise acidic
sites to promote the scission of heavy hydrocarbon mol- 10  ecules and one
or more hydrogenating components to promote the supply of hydrogen to the
cracked mole- cules. Nowadays, hydrocracking catalysts frequently contain a
crystalline aluminosilicate, in particular zeolite Y. In this respect
reference is, for instance, made to the above-mentioned European patent
specification where- in a hydrocracking process has been described in which
use is made of a hydrocracking catalyst which corn- prises a modified
zeolite Y base material with a unit cell size below 2.435 nm and at least
one hydrogenation 15  component of a Group VI metal and/or at least one
hydrogenation component of a Group VIII metal. Further, from EP-A-0 288 122
a hydrocracking catalyst is known comprising a modified zeolite of the
Y-type having a unit cell size between 2.421 nm and 2.465 nm and at least
one hydrogenation component of a Group VI metal and/or at least one
hydrogenation component of a Group VIII metal. The acidic sites on the
aluminosilicate are the result of trivalent aluminium ions that occupy a
tetrahedral position in the crystalline structure. In order t o 20
maintain electroneutrality, positive ions, such as protons when the zeolite
is in its acidic form, are coordinated with the tetrahedrally coordinated
aluminium ions. Hence, if no aluminium ions were present in the structure,
there would not be any acidic sites and the crystalline structure would not
be suitable as a component in a zeolitic hydrocracking catalyst. The
silica/alumina ratio in crystalline faujasite-type aluminosilicates can be
determined by X-ray diffraction 25  measurements. The relationship of Breck
and Flanigen provides the most authoritative and suitable method for
determining the silica/alumina ratio. The Breck and Flanigen relationship
reads (see D.W. Breck, Zeolite Molecular Sieves, J.Wiley, New York, 1974,
page 94): [ERR] 30  wherein [err] is the unit cell size, b is 0.00868 and c
is 24.191, all expressed in [err], and R is the atomic Si/Al ratio. When
the values for b and c have been substituted into the relationship it
appears that [ERR] From this relationship it can be concluded that the
minimal unit cell size is regarded as being 24.191 A and 35  that at this
unit cell size the zeolite would not contain any aluminium and hence that
any catalyst containing such a zeolite would not have any cracking
activity. Recently, it was announced that zeolites Y with a unit cell size
well below the theoretical limits of 24.1 91 A could be obtained by
steaming and severe leaching of a zeolite Y in the ammonium form (see R.
Thomasson, International Symposium on Innovation in Zeolite Materials
Science, Nieuwpoort, Belgium, 13-17 September, 40  1987). It has now
surprisingly been found that a hydrocracking catalyst containing such a
zeolite does have a cracking activity and moreover, that the use of such a
hydrocracking catalyst in a hydrocracking process yields hardly any gaseous
products and shows an excellent selectivity towards middle distillates.
Accordingly, the present invention provides a hydrocracking catalyst
comprising a zeolite Y base material and at least one hydrogenating
component of a Group 8 metal and/or at least one hydrogenating component 45
of a Group 6b metal, which zeolite Y base material has a unit cell size
below 2A19 nm. The present invention further relates to the use of such a
catalyst in a hydrocracking process and to a proc- ess for the conversion
of a hydrocarbonaceous feedstock into products with a lower average boiling
point, com- prising contacting the feedstock in the presence of hydrogen
with a catalyst as described above, at elevated temperature and pressure.
50     The catalyst according to the invention comprises a zeolite Y base
material with a unit cell size below the theoretical minimum. In the
Symposium referred to above, it was claimed that there has been synthesised
a zeolite with a unit cell size of 23.98 A, i.e. 2.398 nm. Suitably the
present catalysts comprise a zeolite Y base material with a unit cell size
from 2.380 to 2.419 nm, in particular from 2.395 to 2A18 nm. Although it
was ex- 



pected that the present zeolites would not contain any aluminium, it was
found that there was still some alu- 55  minium left in the structure. By,
for example solid-state [err]-NMR, it can be determined how much aluminium
is present in the structure of the above-described zeolites Y. Preferably,
the aluminium content in the structure of the zeolite base material is from
1 to 0.001 %wt, more preferably from 0.8 to 0.05 %wt, calculated on total 2
EP 0 355 929 B1 zeolite Y base material. It will be appreciated that some
more aluminium compounds may be present in the zeolite that is obtained as
base material, but that these are not incorporated in the structure. The
total amount of aluminium can easily be determined by elemental analysis.
Zeolite base material used in the presentinvention will have been
stabilized, and generally will contain very 5   little alkali metal ion,
the amount thereof, calculated as alkali metal oxide, being in particular
less than 0.4 %wt, based on total zeolite base material. Catalysts
according to the invention suitablyfurther comprise a bindermaterial to
give the catalyst particles sufficient strength. Therefore the catalysts
advantageously further comprise a refractory oxide. The refractory oxide
has preferably been selected from the group consisting of alumina, silica,
silica-alumina, zirconia, thoria, 10  titania, magnesia and mixtures
thereof. It is in particular preferred to use alumina as refractory oxide.
Another preferred embodiment is to use a mixture of silica-alumina and
alumina. The silica-alumina will then act not only as a binder material but
also as an amorphous cracking component The amount of refractory oxide in
the catalyst may vary within wide ranges. Suitably, the amount of refrac-
tory oxide is from 10 - 90 % wt, based on the total of zeolite Y base
material and refractory oxide. More prefer- 15   ably, the amount of
refractory oxide is from 15 - 50 %wt, based on the total of zeolite Y base
material and re- fractory oxide. When a mixture of e.g. silica-alumina and
alumina is used as refractory oxide the total amount of these materials
will usually be above 50 %wt of the total of zeolite and refractory oxides.
The hydrogenating components on the hydrocracking catalysts are
conveniently selected from nickel, co- balt, palladium and platinum as
Group 8 metals and molybdenum and tungsten compounds as Group 6b metals 20
and mixtures thereof. On the catalyst the group 8 metal is preferably
present in an amount of 0.05 to 10 parts by weight (pbw), calculated as
metal, per 100 pbw of total catalyst, and the group 6b metal is preferably
present in an amount of 2 to 40 pbw, calculated as metal, per 100 pbw of
total catalyst. When a noble Group 8 metal is used the amount is more
preferably from 0.05 - 2 pbw; and when a non-noble metal is employed the
amount thereof is more preferably from 2 - 10 pbw per 100 pbw of total
catalyst Especially the non-noble metals of 25   Group 8 and the metals of
Group 6b are suitably present in the catalyst according to the invention in
their oxidic or sulphidic form. The preparation methods for preparing the
catalyst are known in the art. Suitable methods include ion-ex- change,
impregnation and co-mulling. The preparation generally involves also one or
more drying and/or cal- cination steps either before or after the catalyst
has been shaped. 30      Hydrocarbonaceous feedstocks that can be used in
the present process include gas oils, vacuum gas oils, deasphalted oils,
long residues, short residues, catalytically cracked cycle oils, thermally
cracked gas oils and syncrudes, optionally originating from tar sands,
shale oils, residue upgrading processes or biomass. Combin- ations of
various hydrocarbonaceous feedstocks can also be employed. The
hydrocarbonaceous feedstockwill generally be such that a major part, say
over 50 %wt, has a boiling point above [err]. The present process 35  can
be used with feedstocks containing nitrogen. Typical nitrogen contents are
in the range of up to 5000 ppmw. Nitrogen contents may start from 50 ppmw.
The feedstock will generally also comprise sulphur compounds. The sulphur
content will usually be in the range of from 0.2 to 6 %wt. As to the
process conditions in the hydrocracking process, the temperature is
preferably from 250 to 500 [err], in particularfrom 280 to [err],  the
pressure from 30 to 300 bar, in particular from 40 to 170 bar, the space 40
velocityfrom 0.1 to 10 kg/l/h, in particularfrom 0.3 to 2 kg/l/h, and the
hydrogen/oil ratio from 100 to 5000 Nl/kg, in particular from 200 to 2000
Nl/kg. The catalyst according to the present invention can be employed in
any hydrocracking process, such as 



a single-stage hydrocracking process, e.g. under relatively mild conditions
(pressure of 30 to 80 bar), a series- flow hydrocracking process, and a
two-stage hydrocracking process. 45     The invention will further be
elucidated by means of the following Examples. EXAMPLE 1 A zeolite Y base
material (157.9 g), with a loss on ignition of 24.0 %wt, having a unit cell
size of 2.416 nm so   determined by X-ray  diffraction (ASTM D-3942-80),
and an aluminium content of 0.5 %wt, determined by [err]- NMR, in the
zeolite structure (supplied by Conteka BV), was mixed with 40.0 g hydrated
alumina with a loss on ignition of 25.7 %wt. To the mixture 68.0 ml of an
aqueous solution containing 5.78 g NiO in the form of nickel nitrate and
18.02 g of [err] in the form of ammonium metatungstate and 4.5 g of acetic
acid, was added. After mulling the mixture obtained, it was extruded. The
extrudates were dried at [err] for2 hours and calcined 55   at [err]  for 2
hours. After the calcination, a catalyst was obtained with 2.6 %wt nickel
and 8.2 %wt tungsten, calculated as metal on total catalyst. The weight
ratio zeolite Y/alumina was 80/20. 3    EP 0 355 929 B1 EXAMPLE 2 The
catalyst as described in Example 1, i.e. catalyst 1, was subjected to a
hydrocracking experiment in- volving a vacuum gas oil with an initial
boiling point of [err] , a 50 %wt boiling point of [err] , and a final 5
boiling point of [err]. The catalyst was first subjected to a presulphiding
step by heating the catalyst in a [err] atmosphere to [err] . Then the
catalyst was tested in a 1:1 dilution with 0.2 mm SiC particles in a
hydrogen atmosphere under the following operating conditions: a space
velocity of 1.1 kg/l.h, a total pressure of 130 bar, a [err] partial
pressure of 1.4 bar and a gas/feed ratio of 1,000 Nl/kg. The experiment was
carried out in a once-through operation. 10     The catalyst performance
was compared with a hydrocracking catalyst 2, prepared in the same manner
as described in Example 1, but starting from a zeolite Y with a unit cell
size of 2.433 nm (aluminium content in the zeolite structure 4.0 % wt).
This catalyst 2 also contained 2.6 %wt nickel, 8.2 %owt tungsten and had a
zeo- litelalumina ratio of 80/20. The catalysts were compared at two
conversion levels: one level such that 50 %wt of the [err]  material 15
was converted to products with lower boiling point and another level such
that 70 %wt thereof was converted. The results of the experiments involving
catalysts 1 and 2 are indicated in the Table below. In the Table, the
"temperature required" means the temperature to obtain the desired
conversion level. 20 TABLE Experiment No.                        1
2          3         4 25 Catalyst No.                          1
1         2          2 Conversion level,  %wt               50        70
50         70 30 Distribution of 300  C  product,  %wt [err]
4          6          5         6 [err]                           34
42         33         44 [err]   - [err]                      62        52
62         50 Temperature required,   C    332              343        315
325 From the above experiments it is apparent that the catalyst according
to the present invention shows crack- ing activity and when used in a
hydrocracking process yields either less gas (cf. experiments 1 and 3) or
pro- 45  duces more middle distillates (cf. experiments 2 and 4) than the
prior art catalyst. Claims 50  1.  Hydrocracking catalyst comprising a
zeolite Y base material and at least one hydrogenating component of a Group
8 metal and/or at least one hydrogenating component of a Group 6b metal,
which zeolite Y 



base material has a unit cell size below 2.419 nm. 2. Catalyst according to
claim 1, in which the zeolite Y base material has a unit cell size of 2.380
to 2.419 55      nm. 3.   Catalyst according to claim 1 or 2, in which the
zeolite Y base material has an aluminium content of 1 to 0.001 %wt,
calculated on total zeolite Y base material. 4    EXAMPLE 2 The catalyst as
described in Example 1, i.e. catalyst 1, was subjected to a hydrocracking
experiment in- volving a vacuum gas oil with an initial boiling point of
[err],  a 50 %wt boiling point of 428 C, and a final 5   boiling point of
[err].  The catalyst was first subjected to a presulphiding step by heating
the catalyst in a [err] atmosphere to [err].  Then the catalyst was tested
in a 1:1 dilution with 0.2 mm SiC particles in a hydrogen atmosphere under
the following operating conditions: a space velocity of 1.1 kg/l.h, a total
pressure of 130 bar, a [err] partial pressure of 1.4 bar and a gas/feed
ratio of 1,000 Nl/kg. The experiment was carried out in a once-through
operation. 10     The catalyst performance was compared with a
hydrocracking catalyst 2, prepared in the same manner as described in
Example 1, but starting from a zeolite Y with a unit cell size of 2.433 nm
(aluminium content in the zeolite structure 4.0 %wt). This catalyst 2 also
contained 2.6 %wt nickel, 8.2 %wt tungsten and had a zeo- lite/alumina
ratio of 80/20. The catalysts were compared at two conversion levels: one
level such that 50 %wt of the [err]  material 15  was converted to products
with lower boiling point and another level such that 70 %wt thereof was
converted. The results of the experiments involving catalysts 1 and 2 are
indicated in the Table below. In the Table, the "temperature required"
means the temperature to obtain the desired conversion level. 20 TABLE
Experiment No.                        1         2          3          4 25
Catalyst No.                          1         1          2          2
Conversion level,  %wt               50        70         50        70 30
Distribution of [err]  product, %wt [err]
4          6         5          6 [err]                             34
42         33         44 [err]   - [err]                      62        52
62        50 Temperature required,  *C    332              343        315
325 From the above experiments it is apparent that the catalyst according
to the present invention shows crack- ing activity and when used in a
hydrocracking process yields either less gas (cf. experiments 1 and 3) or
pro- 45  duces more middle distillates (cf. experiments 2 and 4) than the
prior art catalyst. Claims so  1.  Hydrocracking catalyst comprising a
zeolite Y base material and at least one hydrogenating component of a Group
8 metal and/or at least one hydrogenating component of a Group 6b metal,
which zeolite Y base material has a unit cell size below 2.419 nm. 2.
Catalyst according to claim 1, in which the zeolite Y base material has a
unit cell size of 2.380 to 2.419 55      nm. 3.  Catalyst according to
claim 1 or 2, in which the zeolite Y base material has an aluminium content
of 1 to 0.001 %wt, calculated on total zeolite Y base material. 4   



EP 0355 929 B1 4.  Catalyst according to any one of claims 1-3, which
further comprises a refractory oxide. 5.  Catalyst according to claim 4, in
which the refractory oxide has been selected from the group consisting of
alumina, silica, silica-alumina, zirconia, thoria, titania, magnesia and
mixtures thereof. 6 6.  Catalyst according to claim 4 or 5, in which the
amount of refractory oxide is from 10- 90 %wt, based on the total of
zeolite Y base material and refractory oxide. 7.  Catalyst according to any
one of claims 1-6, in which the group 8 metal is nickel, cobalt, platinum,
palladium or a mixture thereof. 8.  Catalyst according to any one of claims
1-7, in which the group 6b metal is molybdenum, tungsten or a mixture
thereof. 9.  Catalyst according to any one of claims 1-8, in which the
group 8 metal is present in an amount of 0.05 15      to 10 parts by weight
(pbw), calculated as metal, per 100 pbw of total catalyst, and the group 6b
metal is present in an amount of 2 to 40 pbw, calculated as metal, per 100
pbw of total catalyst. 10. Use of a catalyst according to any one of claims
1-9 in a hydrocracking process. 20  11. Process for the conversion of a
hydrocarbonaceous feedstock into products with a lower average boiling
point, comprising contacting the feedstock in the presence of hydrogen with
a catalyst according to any one of claims 1-9, at elevated temperature and
pressure. 12. Process according to claim 11, in which the temperature is
from 250 to 500 C, the hydrogen pressure is 25      from 30 to 300 bar, the
space velocity is from 0.1 to 10 kg/l.h and the hydrogen/feedstock ratio is
from 100 to 5000 Nl/kg. Patentansprfche 1.  Hydrocrack-Katalysator,
umfassend sin Material auf der Basis eines Zeoliths Y und mindestens eine
hy- drierend wirkende Komponente eines Metalls der Gruppe 8 und hoder
mindestens eine hydrierend wir- kende Komponente eines Metalls der Gruppe
6b, welches Material auf der Basis von Zeolith Y eine Ele-
mentarzellengr8oe von weniger als 2,419 nm aufweist. 35  2.  Katalysator
nach Anspruch 1, in welchem das Material auf der Basis von Zeolith Y sine
Elementarzellen- grole von 2,380 bis 2,419 nm aufweist. 3. Katalysator nach
Anspruch 1 oder 2, in welchem das Material auf der Basis des Zeoliths Y
einen Alumi- niumgehalt von I bis 0,001 Gewichtsprozent, bezogen auf das
gesamte Material auf der Basis von Zeolith 40      y, aufweist. 4.
Katalysator nach einem der Ansprfche 1 bis 3, welcher ferner ein
feuerfestes Oxid enthalt. 5.  Katalysator nach Anspruch 4, in welchern das
feuerfeste Oxid ausgewahIt ist aus der Gruppe, bestehend 45
ausAluminiumoxid, Siliciumdioxid, Siliciumdioxid-Aluminiumoxid, Zirkonoxid,
Thoriumoxid,Titanoxid, Ma- gnesiumoxid und Mischungen davon. 6.
Katalysator nach Anspruch 4 oder 5, in welchem die Menge an feuerfestem
Oxid 10 bis 90 Gewichtspro- zent, bezogen auf die Gesamtmenge an Material
auf der Basis von Zeolith Y und feuerfestern Oxid, be- 50      tragt. 7.
Katalysator nach einem der Ansprfiche I bis 6, in welchem das Metall der
Gruppe 8 Nickel, Kobalt, Platin, Palladium oder sine Mischung davon ist. 8
Katalysator nach einem derAnspruche 1 bis 7, in welchem das Metall der
Gruppe 6b Molybdin, Wolfram oder eine Mischung davon ist. 9.  Katalysator
nach einem der Anspruche 1 bis 8, in welchem das Metall der Gruppe 8 in
einer Menge von 5    EP O 355 929 B1                            111   HE
111  11 MI !  I! 0,05 bis 10 Gewichtsteilen, berechnet als Metall je 100
Gewichtsteile des Gesamtkatalysators, und das Metall derGruppe 6b in
einerMengevon 2 bis40 Gewichtsteilen, berechnetals Metall je 100
Gewichtsteile 



Gesamtkatalysator, vorliegt. 5   10. Verwendung eines Katalysators nach
einem der AnsprOche I bis 9 in einem Hydrocrack-Verfahren. 11. Verfahren
zur Umwandlung sines kohlenwasserstoffhaltigen Ausgangsmaterials in
Produkte mit elnem niedrigeren durchschnittlichen Siedepunkt, umfassend das
Kontaktieren des Ausgangsmaterials in Ge- genwart von Wasserstoff mit einem
Katalysator nach einem der Ansprflche I bis 9, bei erhohter Tempe- 10
ratur und erh6htem Druck. 12. Verfahren nach Anspruch 11, in welchem die
Temperatur 250 bis 500C, der Wasserstoffdruck 30 bis 300 bar, die
Raumgeschwindigkeit 0,1 bis 10 kgfl.h und das
Wasserstoff/Ausgangsmaterial-Verhaltnis 100 bis 5000 Nl/kg betragen. 15
Rovendications 1.  Catalyseur d'hydrocraquage cornprenant une substance
debase de type zeolitheY etau moins un compo- sant d'hydrog6nation d'un
m6tal du group. Vill et/ou au moins un composant d'hydrogenation d'un m6tal
du groupe VIB, la substance de base de type z~olithe Y ayant une maille
unitaire de dimension inf6rieure t 2,419 nm. 2. Catalyseursolon la
revendication 1, dans lequel la substance de base de type z6olithe Y a une
maille uni- taire de dimension 2,380 a 2,419 nm. 25 3. Catalyseur selon la
revendication I ou 2, dans lequel la substance de base de type z6olithe Y a
une teneur en aluminium de I & 0,001%, calcul6e par rapport a la substance
de base de type z6olithe Y totale. 4. Catalyseur selon lune quelconque des
revendications 1-3, qui comprend en outre un oxyde r6fractaire. 30 5.
Catalyseur selon la revendication 4, dans lequel l'oxyde refractaire a ete
choisi dans le groups constitue par l'alumine, la silice, la
silice-alurnine, la zirconia, l'oxyde de thorium, le dioxyde de titans, la
magnesie et lours m6langes. 35  6  Catalyseur solon Ia revendication 4 ou
5, dans lequel la quantite d'oxyde r6fractaire est de 10-90% on poids, par
rapport au total de la substance de base de type z6olithe Y et de l'oxyde
rhfraclare. 7. Catalyseurselon l'une quelconque des revendications 1-8,
dans lequel le mAtal du groups Vill est le nickel, le cobalt, le platine,
le palladium ou un m6lange de ceux-ci. 40  S. Catalyseurselon lune
quelconque des revendications 1-7, dans lequel le m6tal du groups VIB est
le mo- Iybdbne, le tungstene ou un m6lange de ceux-ci. 9. Catalyseur selon
l'une quelconque des revendications 1-8, dans lequel le m6tal du groupe
VIil est prisent a raison de 0,05 a IO parties en poids, calcul6 en metal,
pour 100 parties en poids du catalyseur total, et 45      le metal du
groupe VIAest pr6sent & raison de 2 6 40 parties en poids, calcul6 en
mftal, pour 100 parties en poids du catalyseur total. 10. Utilisation d'un
catalyseur salon l'une quelconque des revendications 1-9 dans un procede
d'hydrocra- quage. 11. Proc6de pour transformer une charge d'hydrocarbures
en produits ayant un point d'ebullition moyen in- fWrieur,
proced6comprenantla miso en contactde la charge, en presenced'hydrogbne,
avecun catalyseur selon l'une quelconque des revendications 1-9, a une
temperature et sous une pression 6lev6es. 12. Proc6d6 solon la
revendication 11, dans lequel la temperature est de 250 & 500sC, la
pression d'hydrogbne est de 30 a 300 bars, la vitesse spatiale est de 0,1 a
10 kgl/h et le rapport hydrogbnelhuile de 100 a 5000 litrestkg (dans lea
conditions normales). 6    


