
EP 0 482 008 B1 Description This invention relates to catalyst systems and
processes for hydrotreating hydrocarbons by contacting the hydrocarbon with
hydrogen in the presence of an appropriate catalyst. An aspect of
hydrotreating which 5  is of particular interest in this invention is
denitrification in connection with hydrocracking. Denitrification of
hydrocarbon streams in petroleum  refining is particularly important
relative to hydrocracking in order to lower the nitrogen content of the
feed stream to an acceptable level before subjecting the hydrocarbon feed
stream to the complete hydrocracking process. In general, it is desirable
to reduce the nitrogen content of the hydrocarbon feed stream to less than
10 parts per million by weight 10  (ppm), preferably less than about 2 ppm
and in many cases for increased catalyst life it is important to have the
nitrogen content reduced to a level of less than 0.5 ppm.
Hydrodenitrification catalysts which have been used have various
disadvantages, which include a tendency to foul with coke or other
contamination at an excessive rate, which results in shorter catalyst life
than is desired. As the catalyst fouls or deactivates, the denitrification
process temperature must be 15 increased to maintain activity. When the
maximum temperature allowed by process and equipment limitations is
reached, the catalyst must be replaced or regenerated. Hydrotreating
catalysts of various compositions are known in the art. For example,
nickel-molybdneum and similar catalysts are disclosed in U.S. Patent No.
4,210,521; U.S. Patent No. 4,363,719; U.S. Patent No. 4,534,852 and U.K.
Application No. 2,073,770, the disclosures of which are incorporated herein
by 20 reference. However, none of these prior disclosures addresses the
problems of catalyst activity and catalyst life in a way which is relevant
to the present invention. It is the object of this invention to provide a
denitrification catalyst system which has increased activity, increased
operating life and thereby improved economics for hydrotreating processes.
The increased life of the denitrification catalysts is desirably provided
by reducing the tendency for coking and improving the 25 tolerance of the
catalysts for poisons as well as improving the diffusion of hydrocarbons in
the catalysts. Other objects of this invention will be apparent from the
description herein. These objects are solved by the catalyst systems
according to claim 1 and the process according to claim 8. The subclaims
contain special embodiments of the invention. In one aspect this invention
provides a layered catalyst system  for hydrotreating hydrocarbons 30
comprising a first layer of a catalyst which comprises a
nickel-molybdenum-phosphorus/alumina catalyst or a
cobalt-molybdenum-phosphorus/alumina catalyst having a molybdenum content
greater than about 14% by weight of the first layer catalyst and having an
average pore size of at least about 6 nm (BOA) and comprising a second
layer of a catalyst which comprises a
nickel-tungsten/silica-alumina-zeolite or a nickel-
molybdenum/silica-alumina-zeolite catalyst, wherein the zeolite component
comprises at least about 2% by 35 weight of the second layer catalyst.
Among the various advantages of this invention, it has surprisingly been
found that, when the layered catalyst is employed in hydrodenitrification
processes, this combination of catalyst layers produces improved
denitrification, improved catalyst life, and consequently improved
economics for denitrification. In addition, it has been found that the
layered catalyst of the present invention is less exothermic and can 40
therefore be operated at a more uniform temperature. It is, therefore,
easier to operate and control than previous catalysts. Consequently, an
additional advantage is that hot spots do not occur as readily in the
layered catalyst of the present invention compared to other catalysts. The
avoidance of hot spots provides the operating advantage of avoiding to a
significant degree the coking of the catalyst, which is caused at least in
part by hot spots in the catalyst bed. Lower levels and/or rates of coking
of the catalyst contribute to 45 increased catalyst life of the layered
catalyst of the present invention. In the first layer of the catalyst,
i.e., the nickel-molybdenum-phosphorus/alumina catalyst or cobalt-
molybdenum- phosphorus/alumina catalyst, it has been found advantageous to
use a relatively large pore size. It is believed that the larger pore size
contributes to improved tolerance towards poisons and improved resistance
to coking. A preferred catalyst for the first layer is a
nickel-molybdenum-phosphorus/alumina so catalyst. 



An important aspect of the layered catalyst system of the present invention
is that the second layer contains a zeolite component. The second layer of
the catalyst may be nickel-tungsten or nickel- molybdenum and it is
preferred that the second layer of the catalyst contain a
silica-titania-alumina-matrix together with the zeolite component. 55    It
is believed that the unique features and advantages of the layered catalyst
system of this invention result in part from the fact that the first layer
is a more active catalyst for denitrification reactions, but does not
induce significant cracking activity. On the other hand, the second layer
catalyst is more acidic and has higher cracking activity which results in
the effective conversion of the refractory nitrogen compounds not 2    EP 0
482 008 B1 converted in the first layer catalyst. Therefore, the resulting
combination of the two layers of catalyst according to the present
invention, produces surprisingly improved and superior results compared to
previously known hydrodentrification catalyst systems. In another aspect,
this invention is a process for hydrotreating of hydrocarbons comprising
contacting 5  the hydrocarbon with hydrogen in the presence of a layered
catalyst system comprising a first layer of a catalyst which comprises a
nickel-molydenum-phosphorus/alumina catalyst or a cobalt-molybdenum-phos-
phorus/alumina catalyst having a molybdenum content greater than about 14%
by weight of the first layer catalyst and having an average pore size of at
least 6 nm (60A) and comprising a second layer of a catalyst which
comprises a nickel-tungsten/silica-alumina-zeolite or a
nickel-molybdenum/silica-alumina-zeolite, io  wherein the zeolite component
comprises at least about 2% by weight of the second layer catalyst. The
process of this invention provides advantageous operating conditions which
include lowered operating temperatures for extended periods of time. This
is in part made possible by the improved tolerance of the catalyst system
to poisoning and the resistance of the catalyst to coking, which enables
the operation of the process at lower temperatures for longer catalyst life
periods. 15     This invention is directed to layered catalysts and in a
preferred aspect relates in particular to compositions which provide
improved operating efficiency and catalyst life for hydrodenitrification of
hydrocarbons having a boiling range of about [err] to about [err] , such as
vacuum gas oils. However, other feed stocks or hydrocarbon streams may be
treated with the layered catalyst system of this invention under suitable
conditions to provide desired hydroprocessing or hydrodenitrification 20
of those feed stocks or streams. It has unexpectedly been found that the
layered catalyst system of this - invention results in numerous advantages
which are primarily manifested in increased catalyst life and activity. The
invention is based in part on the first layer of the catalyst system being
a nickel-molybdenum- phosphorus/alumina catalyst or
cobalt-molybdenum-phosphorus/alumina having at least about 14% by 25
weight molybdenum and a relatively large average pore size or diameter. The
pore size should be at least about 6 nm (60A), preferably at least about 7
nm (70A), and more preferably at least about 7,5 nm (75A). A preferred
range of average pore size is from about 7,5 nm (75A) to about 12 nm
(120A). As used herein, the pore size is the pore size conventionally
referred to in an alumina containing catalyst. The measurement and
determination of the pore size in metal-alumina catalyst is well known in
the art, as illustrated in 30  "Adsorption, Surface Area, and Porosity" by
S.J. Greg and KS.W. Sing (Academic Press, 1982). The alumina is preferably
a gamma alumina. The catalysts useful in this first layer are commercially
available catalysts which are relatively inexpensive. The low acidity
alumina surface is believed to provide a surface which generates less
fouling by coking. The large average pore size is believed to make a
catalyst less sensitive to fouling by coking. The reduced coking and
reduced. sensitivity to coking are two of the factors 35 which contribute
to the improved catalyst life exhibited by the catalyst system of this
invention. In the first layer of the catalyst system, it is preferred to
have Ni or Co present in the range of about 2 to about 7 wt.%, more
preferably about 3%, Mo present in the range of about 14 to about 18 wt.%,
more 



preferably about 15-17%, and P present in the range of about 1 to about 5
wt.%, more preferably about 3%. These percentages as used herein are % by
weight of metal content in the oxide form of catalyst 40  (although the
metals are actually present in the catalyst composition in the form of
oxides) and are the % by weight based on the weight of the catalyst before
sulfiding. The catalyst in the second layer of the catalyst system of this
invention comprises a nickel- tungsten/silica-alumina-zeolite catalyst or a
nickel-molybdenum/silica-alumina-zeolite catalyst, either of which may be a
preferred silica-titania-alumina-zeolite type catalyst. The zeolite
component of the catalyst 46  should comprise at least about 2% of by
weight of the second layer catalyst, preferably at least about 3% by
weight, and more preferably in the range of about 3% to about 20% by
weight. A most preferred catalyst for the second layer of the catalyst
system of this invention contains about 4%  by weight zeolite component.
The % by weight of zeolite in the second layer catalyst as expressed herein
is based on the weight of the second layer catalyst before sulfiding. In
this second layer catalyst it is preferred to have the so  Ni present in
the range of about 2 to about 10 wt.%, more preferably about 7 wt.%, W
present in the range of about 15 to about 25 wt.%, more preferably about 20
wt.%, Mo present in the range of about 12 to about 18 wt.%, more preferably
about 15 to about 17 wt.%, and Ti present in the range of about 2 to about
10 wt.%, preferably about 4 wt.%. The zeolite component in the second layer
catalyst is a Y-type zeolite, such as Na-USY, USY or LZ-20. 55 These
zeolites are well known in the art and described in "Zeolite Molecular
Sieves, Structure, Chemistry, and Use" by D.W. Breck (John Wiley & Sons,
New York, 1984). The silica-alumina-zeolite catalyst of the second layer of
the catalyst system of this invention is prepared by conventional methods
for preparing catalysts which contain an amorphous silica-alumina 3    EP 0
482 008 B1 component and a crystalline zeolite component. While cogell
methods of catalyst preparation are preferred for making the
silica-alumina-zeolite catalyst for the second layer, other conventional
methods of incorporat- ing silica-alumina into the catalyst may be used.
The first layer of the catalyst system will constitute up to about 70
vol.%, preferably from about 20 to 5  about 70 vol.%, and more preferably
from about 40 to about 60 vol.%, based on the total volume of the two
layers of catalyst system of this invention. Consequently, the second layer
will be at least about 30 vol.%, preferably from about 30 to about 80
vol.%, and more preferably from about 40 to about 60 vol.%, of the total
layered catalyst system. The layered catalyst system of this invention is
prepared by placing the first layer nickel-molybdenum- 10
phosphorus/alumina catalyst or the cobalt-molybdenum-phosporus/alumina
catalyst in a first top-most catalyst bed area of a vessel and placing the
second layer catalyst containing the zeolite component in a second
bottom-most or downstream bed area of the vessel. Thereby, the process is
adapted to contact the hydrocarbon feedstock with the first layer of
catalyst and then with the second layer of catalyst in sequence and in the
presence of hydrogen. In this configuration the liquid and gas contact the
catalyst by flowing 15  downward in the reactor vessel. When charging
catalysts to the reactor, all metals are nominally present as the following
oxides: Metal   Corresponding Metal Oxide 20
Ni               NiO Mo              [err] P               [err] W
[err] Ti              [err] 25                                Al
[err] Si              [err] 



The catalyst system of this invention is sulfided using conventional
sulfiding methods after charging to the reactor. 30     The feedstock which
can be treated with the catalyst system and process of the present
invention can contain up to about 6000 ppm nitrogen, but preferably the
nitrogen content of the feed stock will be in the range of about 500 to
about 3000 ppm nitrogen. The process of this invention employing the
catalyst system of this invention is normally conducted at a liquid hourly
space velocity in the range of about 0.4 to about 4 and preferably about
0.7 to about 2. The process is typically conducted in a temperature range
of about [err] to about [err], preferably in the range of about [err] to
about [err] and more preferably from about [err] to about [err]. The
pressure for the efficient operation of the process of the present
invention should be in the range of about 6.9x [err] Pa (1000) to about
2x[err]Pa (3000 psig), preferably in the range of about 8.3x106 (1200) to
about 1.7x107 - 40  (2500) and more preferably in the range of about
1.0x[err]Pa (1500 psig) to about 1.5x[err]Pa (2200 psig). The inlet rate of
hydrogen relative to that of oil should be in the range of about 616-1409
[err] (3500 - 8000 SCFB), preferably about 792-1145 [err] (4500 - 6500
SCFB). (SCFB = standard cubic feet of feed hydrogen per barrel of oil
feed.) It has been found that using these conditions and the above
feedstocks, the catalyst system and the process of this invention will
produce a hydrotreated product which will have a nitrogen content less than
about 10 ppm, more typically less than about 2 ppm and will generally have
less than about 0.5 ppm nitrogen. In determining the desirable
characteristics of a hydrodenitrification catalyst, one important
characteris- tic is the rate at which the catalyst fouls or, conversely,
the rate at which the catalyst activity decreases. With decreasing activity
of the catalyst, the process operating temperature must be increased in
order to maintain the conversion which is desired in the process. The
temperature can be increased until the operational limits are reached,
which may be the operational limits imposed by the catalyst system itself,
the particular feedstock and the conversion products desired therefrom, or
the temperature limitations of the process equipment being used. Thus, one
important criterion for judging the performance of a catalyst system is the
rate of activity loss. Obviously, the lower the rate of activity loss in a
catalyst having the desired activity, the more economical the catalyst will
be to operate, because fewer catalyst changes and/or 55 regeneration cycles
are required. Having described the catalyst system and process of the
present invention in general terms, the invention can be illustrated by the
following examples, which are merely specific exemplary embodiments of the
present invention. The following examples and specific embodiments are not
to be used to construe 4    EP 0 482 008 B1 the scope of the present
invention, which is defined by the claims appended hereto. EXAMPLES: 5
In the following examples, one of the first layer catalysts, "Catalyst A",
which was used was a commercially available nickel-molybdenum-phosphorus
supported on alumina ("Shell 411[err] available from Shell Oil Company,
Houston, Texas), which had the following general specifications: Catalyst A
2.6 wt%       nickel 14.3 wt%        molybdenum 2.9 wt%        phosphorus
remainder        alumina 15                            165 [err] /g
surface area 0.43 cc/g      pore volume 10.4 nm (1 04A)   average pore
diameter 20     Another catalyst used for the first layer is "Catalyst B"
having the following general specifications: 



Catalyst B 3.7 wt%      nickel 13.2 wt%      molybdenum 25
2.2 wt%       phosphorus remainder       alumina 173 m2/g       surface
area 0.43 cc/g    pore volume 30                               9.9 nm (99A)
average pore diameter Catalyst B is prepared as follows: 1. 400 g of Kaiser
Versal 250 alumina[err] and 600 g of catapal alumina are charged to a
mixer. 2. 20 g of 70% nitric acid is added to the alumina with sufficient
water to raise the volatiles level of the 35   resulting paste to 55%. 3.
The paste is mixed for 30 minutes, then extruded through a 0.18 cm (0.07")
die. 4. The resulting noodles are then dried at [err]  for 2 hours and
[err]  for 2 hours. 5. The resulting extrudates are then calcined at [err]
for 4 hours. 6. A solution of nickel in phosphomolybdic acid was prepared
as follows: 40      - a solution is prepared from: 38.5 g phosphomolybdic
acid 6.4 g of 85% [err] enough water to bring to 30cc; - 10.6 g of [err] is
added to this solution; - 5 drops of 30% hydogen peroxide is added; and -
water added to bring to final volume of 65cc. 45    7. Solution from Step 6
is sprayed onto 100g of extrudates from Step 5. 8. The wet extrudates are
dried at [err] for 4 hours. 9. The dried extrudates are calcined at [err]
for 5 hours in 10 CFH dry air. Another catalyst used for the first layer
was "Catalyst C", a commercially available catalyst (Ketjen KF843[err]
catalyst from AKZO Chemicals, Inc., Pasadena, Texas), which had the
following general specifica- 50 tions. 55 5    EP 0 482 008 B1 Catalyst C
3.3 wt%      nickel 16.7 wt%      molybdenum -.5
3.1 wt%       phosphorus remainder       alumina 162 [err]/g       surface
area 0.37 cc/g    pore volume 9.1 nm (91A)  average pore diameter 10 The
catalyst used for the second layer, "Catalyst D", was a cogeled
nickel-tungsten/silica-alumina- titania-zeolite catalyst prepared by
methods of U.S. Patent 3,536,605. The general specifications of the second
layer Catalyst D are: 15 Catalyst D 7.1 wt%      nickel 19.4 wt%
tungsten 4.6 wt%      titanium 



20                              25.9 wt%      silica 28.9 wt%      alumina
4.0 wt%       Na-USY zeolite 270 m2/g       surface area 25
0.39 Cc/g     pore volume 5.8 nm (58A)   average pore diameter The
feedstock used in the tests was a blend of 70% North Slope vacuum gas oil
and 30% San Joaquin Valley vacuum gas oil, having 20.7 API, 0.78 wt.%
percent sulfur, 2400 ppm nitrogen and the following 30 D1160 distillation:
LV%        ( F)   C Start      490   255 35
5           590   310 10         643   340 30         721   383 50
764   407 70         798   426 40                                 90
848   454 95         877   470 End        913   490 Recovery    98    37 45
For each test a total of 130cc of catalyst was charged to a reactor having
a 2.54 cm I.D. and thus providing a total catalyst bed 30.48 cm in length.
In the following examples, the designated catalysts contained the following
amounts of each catalyst: 50                             non-layered   130
cc of a single catalyst 45% /55%    58.5 cc first layer 71.5 cc second
layer 75% / 25%    97.5 cc first layer 55
32.5 cc second layer After the catalysts were charged to the reactor, the
catalysts were sulfided as follows, using dimethyl disulfide (DMDS): 1.0
LHSV of a solution containing 2.0 wt% DMDS in normal heptane with 8.0 SCFH
6    EP 0 482 008 B1 hydrogen between [err]  for 9 hours. EXAMPLE 1: 5
The operating conditions in this example included 1.56x [err]Pa (2275
psig), 969 [err] (5500 SCFB) once through hydrogen, 1.5 LHSV and
temperature level to achieve 5.0 ppm nitrogen in the product. The results.
were as follows: Non-layered   Non-layered Catalyst D   Layered catalyst 10
Catalyst A                         45% A/55% D Temperature required to
reach 5.0 ppm  (746) 397       (753) 401           (739) 393 product
nitrogen after 250 hours [err] 15    The layered catalyst system of
Catalyst A/catalyst D produced the desired nitrogen level at a
significantly lower temperature than either catalyst alone. EXAMPLE 2: 20
In this example, the operating conditions were 1.1x [err]Pa (1600 psig),
969 [err] (5500 SCFB) once through hydrogen, 1.5 LHSV and temperature level
to achieve 5.0 ppm nitrogen in the product. The results were as follows: 



25                                                            Non-Layered
Layered Catalyst Catalyst D   45% C/55% D Temperature required to reach 5.0
ppm product nitrogen [err]  (768) 409  (760) 405 Relative Rate of Activity
loss                              1.0            0.86 30 The layered
catalyst system of Catalyst C/Catalyst D produced the desired nitrogen
level at a significantly lower temperature than Catalyst D alone, and had a
lower relative rate of activity loss. EXAMPLE 3: 35 In this example, the
conditions were 1.1x [err]Pa (1600 psig), 969 [err] (5500 SCFB) once
through hydrogen, 1.5 LHSV and temperature level to achieve 5.0 ppm
nitrogen in the product. The results were are as follows: Non-Layered
Layered Catalyst Catalyst D   45% B/55% D Temperature required to reach 5.0
ppm product nitrogen [err]   (768) 409  (758) 404 Relative Rate of Activity
loss                              1.0            2.2 45 Use of Catalyst B
layered over Catalyst D did not improve performance over that of Catalyst D
alone. This example demonstrates the importance of having a molybdenum
content in the first layer catalyst greater than about 14%. EXAMPLE 4 In
this example, the conditions were 1.1x [err] Pa (1600 psig), 969 1/1 (5500
SCFB) once through hydrogen, 1.5 LHSV and temperature maintained at a level
to achieve 5.0 ppm nitrogen in the product. Results were as follows: 55 7
EP 0 482 008 B1 Non-layered   Layered Catalyst Catalyst D   75% C/25% D
Temperature required to reach 5.0 ppm product nitrogen [err]  (768) 409
(754) 401 5    Relative Rate of Activity loss
1.0            2.1 This example illustrates that if the second layer
catalyst amount is about 25% or less of the catalyst charge to the reactor,
then a significant increase in relative rate of activity loss is observed.
A non-layered 10 system of all Catalyst C would have a relative rate of
activity loss 5 to 10 times higher than the non-layered Catalyst D. The
present invention is described above and illustrated with the above
specific embodiments in the form of examples. How the scope and spirit of
this invention is set forth in the following claims. Claims 15 1. A layered
catalyst system for hydroprocessing of hydrocarbons, comprising a first
layer of a catalyst which comprises a nickel-molybdenum-phosphorus/alumina
catalyst or a cobalt-molybdenum-phos- phorus/alumina catalyst having a
molybdenum content greater than 14 % of the first layer catalyst and having
an average pore size of at least about 6 nm (60 A) and comprising a second
layer of a catalyst 20   which comprises a
nickel-tungsten/silica-alumina-zeolite or a nickel-molybd
num/silica-alumina-zeolite catalyst, wherein the zeolite component
comprises at least about 2 % by weight of the second layer catalyst, and
wherein the first layer catalyst constitutes up to 70 % by volume of the
total catalyst. 2. A catalyst system according to claim 1 wherein the first
layer catalyst comprises a nickel-molybdenum- 



25     phosphorous/alumina catalyst 3.  A catalyst system according to
claim 1 wherein the second layer catalyst further comprises a titanium
oxide. 30  4. A catalyst system according to claim 3 wherein the first
layer catalyst comprises a gamma alumina having an average pore size of at
least about 7 nm (70 A). 5.  A catalyst system according to claims 3 or 4
wherein the second layer catalyst zeolite component 35     comprises from
about 3 to about 20 % by weight of the second layer catalyst. 6. A catalyst
system according to claims 1, 2, 3 or 4 wherein the first layer catalyst
has an average pore size from about 7,5 (75) to about 12 nm (120 A). 7. A
catalyst system according to claim 1 wherein the catalyst is presulfided.
8. A process for dentrification of hydrocarbons comprising contacting the
hydrocarbons with hydrogen in the presence of a layered catalyst comprising
a first layer of a catalyst which comprises a nickel-
molybdenum-phosphorus/alumina catalyst or a
cobalt-molybdenum-phosphorus/alumina catalyst having 45     a molybdenum
content greater than about 14 % by weight of the first layer catalyst and
having an average pore size of at least about 6 nm (60 A) and comprising a
second layer of a catalyst which comprises a
nickel-tungsten/silica-alumina-zeolite or a
nickel-molybdenum/silica-alumina-zeolite cata- lyst, wherein the second
layer is placed downstream from the first layer, and the zeolite component
comprises at least about 2 % by weight of the second layer catalyst, and
wherein the first layer catalyst 50     constitutes up to 70 % by volume of
the total catalyst. 9. A process to claim 8 wherein the first layer
catalyst comprises a nickel-molybdenum-phospho- rous/alumina catalyst. 10.
A process according to claim 8 wherein the second layer catalyst further
comprises titanium oxide. 55 11. A process according to claim 10 wherein
the first layer catalyst comprises a gamma alumina having an average pore
size of at least about 7 nm (70 A). 8    EP 0 482 008 B1 Non-layered
Layered Catalyst Catalyst D   75% C/25% D Temperature required to reach 5.0
ppm product nitrogen [err]    (768) 409  (754) 401 5    Relative Rate of
Activity loss                               1.0             2.1 This
example illustrates that if the second layer catalyst amount is about 25%
or less of the catalyst charge to the reactor, then a significant increase
in relative rate of activity loss is observed. A non-layered 10 system of
all Catalyst C would have a relative rate of activity loss 5 to 10 times
higher than the non-layered Catalyst D. The present invention is described
above and illustrated with the above specific embodiments in the form of
examples. How the scope and spirit of this invention is set forth in the
following claims. Claims 15 1. A layered catalyst system for
hydroprocessing of hydrocarbons, comprising a first layer of a catalyst
which comprises a nickel-molybdenum-phosphorus/alumina catalyst or a
cobalt-molybdenum-phos- phorus/alumina catalyst having a molybdenum content
greater than 14 % of the first layer catalyst and having an average pore
size of at least about 6 nm (60 A) and comprising a second layer of a
catalyst 20     which comprises a nickel-tungsten/silica-alumina-zeolite or
a nickel-molybdenum/silica-alumina-zeolite catalyst, wherein the zeolite
component comprises at least about 2 % by weight of the second layer
catalyst, and wherein the first layer catalyst constitutes up to 70 % by
volume of the total catalyst. 2. A catalyst system according to claim 1
wherein the first layer catalyst comprises a nickel-molybdenum- 



25     phosphorous/alumina catalyst. 3. A catalyst system according to
claim 1 wherein the second layer catalyst further comprises a titanium
oxide. 30 4. A catalyst system according to claim 3 wherein the first layer
catalyst comprises a gamma alumina having an average pore size of at least
about 7 nm (70 A). 5. A catalyst system according to claims 3 or 4 wherein
the second layer catalyst zeolite component 35     comprises from about 3
to about 20 % by weight of the second layer catalyst. 6. A catalyst system
according to claims 1, 2, 3 or 4 wherein the first layer catalyst has an
average pore size from about 7,5 (75) to about 12 nm (120 A). 40  7. A
catalyst system according to claim 1 wherein the catalyst is presulfided.
8. A process for dentrification of hydrocarbons comprising contacting the
hydrocarbons with hydrogen in the presence of a layered catalyst comprising
a first layer of a catalyst which comprises a nickel-
molybdenum-phosphorus/alumina catalyst or a
cobalt-molybdenum-phosphorus/alumina catalyst having a molybdenum content
greater than about 14 % by weight of the first layer catalyst and having an
average pore size of at least about 6 nm (60 A) and comprising a second
layer of a catalyst which comprises a
nickel-tungsten/silica-alumina-zeolite or a
nickel-molybdenum/silica-alumina-zeolite cata- lyst, wherein the second
layer is placed downstream from the first layer, and the zeolite component
comprises at least about 2 % by weight of the second layer catalyst, and
wherein the first layer catalyst constitutes up to 70 % by volume of the
total catalyst. 50 9. A process to claim 8 wherein the first layer catalyst
comprises a nickel-molybdenum-phospho- rous/alumina catalyst. 55  10. A
process according to claim 8 wherein the second layer catalyst further
comprises titanium oxide. 11. A process according to claim 10 wherein the
first layer catalyst comprises a gamma alumina having an average pore size
of at least about 7 nm (70 A). 8    EP 0 482 008 B1 12. A process according
to claims 10 or 11 wherein the second layer catalyst zeolite component
comprises from about 3 to about 20 % by weight of the second layer
catalyst. 13. A process according to claims 8, 9, 10 or 11 wherein the
first layer catalyst has an avarage pore size 5      from about 7,5 (75) to
about 12 nm (120 A). 14. A process according to claim 8 wherein the layered
catalyst is presulfided. 15. A process according to claims 8, 10 or 14
wherein the hydrocarbon is a vacuum gas oil. 10 PatentansprOche 1.
Geschichtetes Katalysatorsystem far die hydrierende Behandlung von
Kohlenwasserstoffen, welches aufweist: t5       - eine erste
Katalysatorschicht, welche einen
Nickel-Molybdan-Phosphor/Aluminiumoxid-Katalysator odor einen
Kobalt-Molybdan-Phosphor/Aluminiumoxid-Katalysator mit einem MolybdIngehalt
gr6- Ber als 14 % der ersten Katalysatorschicht und mit einer
durchschnittlichen PorengroBe von mindestens etwa 6 nm (60 A) umfaft, und -
eine zweite Katalysatorschicht, welche einen Nickel-Wolfram/
Siliciumdioxid-Aluminiumoxid-Zeo- 20          lith- odor einen
Nickel-Molybdan/Siliciumdioxid-Aluminiumoxid-Zeolith-Katalysator umfa~t,
wobei. der Zeolithbestandteil mindestens etwa 2 Gew.-% der zweiten
Katalysatorschicht umfa~t, und wobei die erste Katalysatorschicht bis zu 70
Vol.-% des gesamten Katalysators bildet. 2. Katalysatorsystem nach Anspruch
1, wobei die erste Katalysatorschicht einen Nickel-Molybdin- 25
Phosphor/Aluminiumoxid-Katalysator umfaet. 



3. Katalysatorsystem nach Anspruch 1, wobei die zweite Katalysatorschicht
weiter ein Titanoxid umfa~t. 4. Katalysatorsystem nach Anspruch 3, wobei
die erste Katalysatorschicht ein gamma-Aluminiumoxid mit' 30     einer
durchschnittlichen PorengroBe von mindestens etwa 7 nm (70 A) umfalt. 6.
Katalysatorsystem nach Anspruch 3 oder 4, wobei der Zeolithbestandteil der
zweiten Katalysatorschicht etwa 3 bis etwa 20 Gew.-% der zweiten
Katalysatorschicht umfaft. 35  6. Katalysatorsystem  nach den AnsprOchen 1,
2, 3 oder 4, wobei die erste Katalysatorschicht eine durchschnittliche
Porengr6Be von etwa 7,5 (75A) bis etwa 12nm (120 A) hat. 7.
Katalysatorsystem nach Anspruch 1, wobei der Katalysator vorsulfidiertist.
4o  a  Verfahren zur Denitrifikation von Kohlenwasserstoffen, das das
Kontaktieren der Kohlenwasserstoffe mit Wasserstoff in der Anwesenheit
eines geschichteten Katalysators umfaBt, wobei der geschichtete Katalysator
umfaBt: - eine erste Katalysatorschicht, welche einen
Nickel-Molybdan-Phosphor/Aluminiumoxid-Katalysator oder einen
Kobalt-Molybdan-Phosphor/Aluminiumoxid-Katalysator mit einem Molybdangehalt
gro- 45          Ber als etwa 14 Gew.-% der ersten Katalysatorschicht und
mit einer durchschnittlichen Porengr6- Be von mindestens etwa 6 nm (60 A)
umfaft, und - eine zweite Katalysatorschicht, welche einen
Nickel-Wolfram/Siliciumdioxid-Aluminiumoxid-Zeo- lith- odor einen
Nickel-Molybdaln/Siliciumdioxid-Aluminiumoxid-Zeolith-Katalysator umfagt,
wobei die zweite Schicht stromabwarts der ersten Schicht angeordnet ist,
und der Zeolith-Bestandteil 50          mindestens etwa 2 Gew.-% der
zweiten Katalysatorschicht umfaBt, und wobei die erste Katalysa- torschicht
bis zu 70 Vol.-% des gesamten Katalysators bildet. 9. Verfahren nach
Anspruch 8, wobei die erste Katalysatorschicht einen Nickel-Molybdan-
Phosphor/Aluminiumoxid-Katalysator umfaft. 55 10. Verfahren nach Anspruch
8, wobei die zweite Katalysatorschicht weiter Titanoxid umfait.    EP O 482
008 B1 11. Verfahren nach Anspruch 10, wobei die erste Katalysatorschicht
ein gamma-Aluminiumoxid mit einer durchschnittlichen Porengro8e von
mindestens etwa 7 nm (70 A) umfaSt. 12. Verfahren nach Anspruch 10 oder 11,
wobei der Zeolithbestandteil der zweiten Katalysatorschicht etwa 5      3
bis etwa 20 Gew.-% der zweiten Katalysatorschicht umfaBt. 13. Verfahren
nach den AnsprUchen 8, 9, 10 oder 11, wobel die erste Katalysatorschicht
eine durchschnittli- che Porengr8Be von etwa 7,5 (75 A) bis etwa 12 nm (120
A) hat. tO  14. Verfahren nach Anspruch 8, wobei der geschichtete
Katalysator vorsulfidiert ist. 15. Verfahren nach den Ansprachen 8, 10 oder
14, wobel der Kohlenwasserstoff ein Vakuumgasdl ist. Revendlcatlons 15 1.
Formulation de catalyseur stratifide pour l'hydrotraitement
d'hydrocarbures, comprenant une premiere couche d'un catalyseur qui
comprend un catalyseur nickelmolybdene-phosphore/alumine ou un cataly- seur
cobalt-molybdbne-phosphore/alumine ayant une teneur en molybdene superieure
& 14 % du catalyseur de la premibre couche et ayant un diambtre moyen des
pores d'au moins environ 6 nm (60 20     A), et comprenant une seconde
couche d'un catalyseur qui comprend un catalyseur nickel-tungstb-
ne/silice-alumine-zeolite ou un catalyseur
nickel-molybdbne/silice-alumine-zdolite, dans laquelle le constituant
zeolitique reprdsente au moins environ 2 % en poids du catalyseur de la
seconde couche, et dans laquelle le catalyseur de la premibre couche
reprdsente jusqu'a 70 % en volume du catalyseur total. 25 2. Formulation de
catalyseur suivant la revendication 1, dans laquelle le catalyseur de la
premibre couche comprend un catalyseur nickel-molybdbne-phosphore/alumina. 



3. Formulation de catalyseur suivant la revendication 1, dans laquelle le
catalyseur de la seconde couche 30     comprend en outre un oxyde de
titans. 4. Formulation de catalyseur suivant la revendication 3, dans
laquelle le catalyseur de la premiere couche comprend une gamma-alumine
ayant un diametre moyen des pores d'au moins environ 7 nm (70 A). 95  5.
Formulation de catalyseur suivant la revendication 3 ou 4, dans laquelle le
constituant zeolitique du catalyseur de la seconde couche repr6sente
environ 3 a environ 20 % en poids du catalyseur de la seconde couche. 6.
Formulation de catalyseur suivant la revendication 1, 2, 3 ou 4, dans
laquelle le catalyseur de la 40     premiere couche possbde un diambtre
moyen des pores d'environ 7,5 (75) a environ 12 nm (120 A). 7. Formulation
de catalyseur suivant la revendication 1, dans laquelle le catalyseur est
prdsulfur6. 8  Proc~d6 de denitrification d'hydrocarbures, comprenant la
mise en contact des hydrocarbures avec de 45     l'hydrogbne en prdsence
d'un catalyseur stratifiM comprenant une premibre couche d'un catalyseur
qui comprend un catalyseur nickel-molybdbne-phosphore/alumine ou un
catalyseur cobalt-molybdbne- phosphore/alumine ayant une teneur en
molybdbne sup~rieure I environ 14 % en poids du catalyseur de la premibre
couche et ayant un diambtre moyen des pores d'au moins environ 6 nm (60 A)
et comprenant une seconde couche d'un catalyseur qui comprend un catalyseur
nickel-tungstene/silice- 50     alumine-z~olite ou un catalyseur
nickel-molybdbne/silice-alumine-z6olite, dans lequel la seconde cou- che
est plac~e en aval de la premibre couche, et le constituant z6olitique
represente au moins environ 2 % en poids du catalyseur de la seconde
couche, et dans lequel le catalyseur de la premibre couche reprdsente
jusqu'a 70 % en volume du catalyseur total. 55  9. Procede suivant la
revendication 8, dans loquel le catalyseur de la premibre couche comprend
un catalyseur nickel-molybdbne-phosphore/alumine. 10             !i    L ll
IINIi  l!    EP 0 482 008 Bi 10. Proc~d6 suivant la revendication 8, dans
loquel le catalyseur de la seconde couche comprend en outre de l'oxyde de
titane. 11. Proced6 suivant la revendication 10, dans loquel le catalyseur
de la premibre couche comprend une 6      gamma-alumine ayant un diambtre
moyen des pores d'au moins environ 7 nm (70 A). 12. Procedd suivant la
revendication 10 ou 11, dans lequel le constituant zdolitique du catalyseur
de la seconde couche repr~sente environ 3 a environ 20 % en poids du
catalyseur de la seconds couche. 1O  13& Proc6dd suivant la revendication
8, 9, 10 ou 11, dans lIquel le catalyseur de la premibre couche possbde un
diametre des pores d'environ 7,5 (75) a environ 12 nm (120 A). 14. Procedd
suivant la revendication 8, dans loquel le catalyseur stratifi4 est
prdsulfurd. 16  15. Proc~d4 suivant la revendication 8, 10 ou 14, dans
lequel l'hydrocarbure est un gas-oil sous vide. 20 25 30 36 40 45 50 55    


