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PROCESS FOR THE CONVERSION OF

HYDROCARBONS IN ATMOSPHERIC CRUDE
‘ RESIDUE

BACKGROUND OF THE INVENTION

The invention relates to a process for the preparation
of one or more atmospheric hydrocarbon oil distillates
from an atmospheric hydrocarbon oil residue.

In the atmospheric distillation of crude petroleum, as

“employed on a large scale in the refineries for the prepa-

ration of atmospheric hydrocarbon oil distillates, a re-
sidual oil is obtained as a by-product. In some cases this
residual oil is suitable to serve as base material for the
manufacture of lubricating oil, but often the residual oil,
which as a rule contains considerable quantities of sul-
fur, metals and asphaltenes, is only eligible for use as

- fuel oil.

In view of the growmg need for atmosphenc hydro-
carbon oil distillates various processes were proposed in
the past which aimed at converting the residual oils into
atmospheric distillates. Examples of such processes are
catalytic cracking, thermal cracking, gasification in
combination with hydrocarbon synthesis, coking and
hydrocracking. The use of the residual oils per se as
feed for each of these processes has considerable draw-
backs, which seriously hamper their application on a
commercial scale. Thus, for instance, hydrocracking
will lead to a rapid catalyst deactivation, a high gas
production, and a high consumption of hydrogen.

In view of the above and taking into account the fact
that in the atmospheric distillation of crude petroleum
about half of the crude oil is left behind as distillation
residue, it will be clear that there is an urgent need for
a process which offers the possiblity of converting, in an
economically acceptable way, atmospheric hydrocar-
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bon oil residues into atmospheric hydrocarbon oil distil-

lates, such as gasolines.

Since in practice hydrocracking has proved to be an
excellent process for the conversion of heavy hydrocar-
bon oil distillates such as gas oils into light hydrocarbon
oil distillates such as gasolines, the applicant has carried
out an investigation in order to find out to what extent

hydrocracking can be used for the conversion of atmo-

spheric hydrocarbon oil residues into atmospheric hy-
drocarbon oil distillates. The present invention relates
to certain combinations of hydrocracking together with
catalytic hydrotreatment and deasphalting resulting in a
process eminently suitable for this purpose.

SUMMARY OF THE INVENTION
In the process: according to the invention an atmo-
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one or more light distillates as end-products, if desired a
middle distillate Mz as end-product and a residue of
which at least part is again subjected to hydrocracking.
The' deasphalted oil mentioned has been obtained by
deasphalting either vacuum residue VR;, or vacuum
residue VR,.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In the process according to the invention hydro-
cracking is employed as the main process. In the hydro-
cracking process a considerable part of the heavy feed is
converted into lighter products. The desired end-
products are separated from the cracked product by
atmospheric distillation.

If it is the intention to prepare only one or more light
distillates as end-products, further processing of the
residue may take place in the following ways.

1. The entire residue is again subjected to hydrocrack-
ing.

2. The residue is split into two portions of the same
composition and one of these portions is again sub-
jected to hydrocracking whereas the other portion is
removed from the process and may be used, for in-
stance, as blending component for fuel oil.

3. In the atmospheric distillation of the cracked prod-
uct, besides one or more light distillates, an atmo-
spheric middle distillate M, is separated which is
again subjected to hydrocracking. The residue ob-
tained in this atmospheric distillation may be pro-
cessed further in the following ways.

a. The entire residue is removed from the process.

b. The residue is split into two portions of the same
composition and one of these portions is again

" 'subjected to hydrocracking, whereas the other
portion is removed from the process.

c. From the residue a distillate is separated by vac-
uum distillation, which distillate is again subjected
to hydrocracking. The residue obtained by this
vacuum distillation is removed from the process or
is split into two portions of the same composition,
of which one is again subjected to hydrocracking,
whereas the other portion is removed from the
‘process.

If it is the intention to prepare an atmospheric middle
distillate M, as end-product, as well as one or more light
distillates, further processing of the residue so obtained
may take place in the same way as indicated hereinbe-
fore under (1.), (2.) and (3.¢).

If in the further processing of a residue obtained by

" distillation of the hydrocracked product use is made of

spheric hydrocarbon oil residue is split by vacuum dis-

tillation into a vacuum distillate VD, and a vacuum
residue VR;. The vacuum residue or an asphalt ob-
tained therefrom by deasphalting is subjected to a cata-
lytic hydrotreatment and the hydrotreated product is
split into one or more light atmospheric distillates as
end-products, a middle distillate M as end-product or as
intermediate product and an atmospheric residue which
is split further by vacuum distillation into a vacuum
distillate VD, and a vacuum residue VR,. The vacuum
residue VR; or an asphalt obtained therefrom by deas-

.phalting is at least partly again subjected to the catalytic

hydrotreatment. The vacuum distillates VD, and VD,,
together with a deasphalted oil and, if desired, the atmo-

“spheric middle distillate M, are hydrocracked. The

cracked product is split by atmospheric distillation into
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a process in which the residue is divided into two por-
tions of the same composition of which one is again
subjected to hydrocracking whereas the other portion is
removed from the process, the quantity of material that
is recirculated is preferably more than 25%w of the
available quantity of residue and this quantity is prefer-
ably chosen higher according as the residue concerned
has a lower initial boiling point.

The hydrocracking used as the main treatment in the
process according to the invention takes place by con-
tacting the feed at elevated temperature and pressure
and in the presence of hydrogen with a suitable hydro-
cracking catalyst. Preferably the hydrocracking is car-
ried out as a two-step process, the hydrocracking
proper, which takes place in the second step, being
preceded by a catalytic hydrotreatment in order to
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reduce the nitrogen and polyaromatics content of the
feed to be hydrocracked. Suitable catalysts for use in
the one-step hydrocracking process as well as for use in
the second step of the two-step hydrocracking process
are moderately acidic and strongly acidic catalysts
which contain one or more metals with hydrogenating
activity on a carrier. Examples of suitable catalysts for
use in the one-step hydrocracking process are fluorine-
containing sulfidic catalysts comprising nickel and/or
cobalt and in addition molybdenum and/or tungsten on
amorphous silica-alumina as carrier, sulfidic catalysts
containing or not containing fluorine, and comprising
nickel and/or cobalt and in addition molybdenum and-
/or tungsten on crystalline silica-alumina as carrier, and
catalyst, containing or not containing fluorine and com-
prising one or more noble metals from Group VIII and
in particular palladium on crystalline silica-alumina as
carrier. Suitable catalysts for use in the first step of the
two-step hydrocracking processes are weakly acidic
and moderately acidic catalysts comprising one or more
metals with hydrogenating activity on a carrier, such as
fluorine-containing sulfidic catalysts comprising nickel
and/or cobalt and in addition molybdenum and/or
tungsten on alumina or amorphous silica-alumina as
carrier.

If in the process according to the invention the hy-
drocracking is carried out in one step preferably the
following reaction conditions are applied: a tempera-
ture in the range from about 250° to 425° C and particu-
larly of from 300° to 390° C, a hydrogen partial pressure
in the range from about 50 to 300 bar and particularly
from 75 to 150 bar, a space velocity in the range from
about 0.1 to 10 kg.1-1.hour—! and particularly of from
0.25 to 2 kg.1-Lhour-'and a hydrogen/feed ratio in the
range from about 200 to 3000 N1.kg—!and particularly
of from 1000 to 2000 N1.kg-1. If according to the inven-
tion the hydrocracking is carried out in two steps the
following reaction conditions are preferably employed

in the first step: a temperature in the range from about

300° to 450° C and particularly from 350° to 420° C, a
hydrogen partial pressure in the range from about 50 to
300 bar and particularly of from 75 to 150 bar, a space
velocity in the range from about 0.1-5 kg.1-Lhour-!

.and particularly from 0.75 to 1.5 kg.1-Lhour-! and a

hydrogen/feed ratio from 200 to 3000 N1.kg—!. In the
second step preferably substantially the same conditions

are applied as indicated hereinbefore for the one-step

process. When the hydrocracking is carried out ac-
coridng to the two-step process preferably the whole
reaction product from the first step i.e., without ammo-
nia, hydrogen sulfide or other volatile components hav-
ing been separated therefrom, is used as feed for the
second step.

In the process according to the invention catalytic
hydrotreatment is applied to a vacuum residue or as-
phalt. In this treatment compounds whose presence in
the feed for a hydrocracker is not very desirable are
converted into compounds more suitable for this pur-
pose. In this treatment at the same time a small quantity
of atmospheric hydrocarbon oil distillate is formed,
which is isolated as end-product. The hydrotreated
product is split into one or more light atmospheric dis-
tillates as end-products, an atmospheric middle distillate
M; and an atmospheric residue, which is further split by
vacuum distillation into a vacuum distillate VD, and a
vacuum residue VR,.

If it is the intention to prepare only one or more light
distillates as end-products by the process according to
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the invention, the atmospheric middle distillate M, is
used as feed component for the hydrocracker. If, how-
ever, it is the intention to prepare, besides one or more
light distillates, also higher boiling atmospheric middle
distillate M, as end-product, fraction M, is removed
from the process as end-product.

In the process according to the invention the cata-
lytic hydrotreatment may be applied to a vacuum resi-
due or to an asphalt obtained therefrom by deasphalt-
ing. If the catalytic hydrotreatment is applied to a vac-
uum residue, an asphalt is separated from the vacuum
residue VR, by deasphalting, at least part of which
asphalt is again subjected to the catalytic hydrotreat-
ment. If the catalytic hydrotreatment is applied to an
asphalt obtained from a vacuum residue by deasphalt-
ing, at least part of the vacuum residue VR, per se is
subjected again to the catalytic hydrotreatment.

If in the further procesing of the vacuum residue
VR; or an asphalt obtained therefrom by deasphalting
use is made of a process in which the residue or the
asphalt is divided into two portions of the same compo-
sition of which one is again subjected to catalytic hy-
drotreatment, whereas the other portion is removed
from the process, the quantity of material which is recir-
culated is preferably 25-75%w of the available quantity
of residue or asphalt.

The catalytic hydrotreatment which in the process
according to the invention is applied as supplementary
treatment takes place by contacting the feed at elevated
temperature and pressure and in the presence of hydro-
gen to a non-acidic or weakly acidic catalyst. In the
catalytic hydrotreatment the following reaction condi-
tions preferably are used: a temperature in the range
from about 380° to 500° C and particularly from 400° to
450° C, a hydrogen partial pressure in the range from
about 50 to 300 bar and particularly from 75 to 150 bar,
a space velocity in the range from about 0.1 to 5
kg.1-Lhour-! and particularly from 02 to 1
kg.1-Lhour—! and a hydrogen/feed ratio in the range
from about 200 to 2000 N1.kg—! and particularly from
500 to 1500 N1.kg-1. In the catalytic hydrotreatment
preferably a temperature is applied which is at least 10°
C and more preferably at least 20° C higher than the
applied hydrocracking temperature. (If the hydrocrack-
ing is carried out in two steps then in this context the
hydrocracking temperature should be understood to be
the temperature of the second step). Examples of suit-
able catalysts for carrying out the catalytic hydrotreat-
ment, are alumina, sulfidic catalysts optionally contain-
ing fluorine and comprising nickel and/or cobalt and in
addition molybdenum, tungsten and/or vanadium on
alumina as carrier, and sulfidic catalysts comprising
nickel and/or cobalt and in addition molybedenum,
tungsten and/or vanadium on silica or silica-alumina as
carrier.

In the process according to the invention, finally,
deasphalting is used as a supplementary treatment. Thus
from a vacuum residue a deasphalted oil is obtained
which serves as feed component for the hydrocracker.
The deasphalting is preferably carried out at elevated
temperature and pressure and in the presence of an
excess of a lower hydrocarbon such as propane, butane
or pentane as solvent.

Six attractive process schemes for carrying out the
process according to the invention will be explained in
more detail below with reference to the accompanying
figures.
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PROCESS SCHEME 1 (see FIG. I)

The process is carried out in a plant which consecu-
tively comprises a first vacuum distillation unit 1, a
deasphalting unit 2, a catalytic hydrotreating unit 3, a
first atmospheric distillation unit 4, a second vacuum
distillation unit 5, a catalytic hydrocracking unit 6 and a
second atmospheric distillation unit 7. An atmospheric
distillation residue 8 is split by vacuum distillation into
a vacuum distillate 9 and a vacuum residue 10. The
vacuum residue is split by deasphalting irito a deas-
phalted oil 11 and an asphalt 12. The asphalt is subjected
to a catalytic hydrotreatment and the hydrotreated
product 13 is split by atmospheric distillation into a
C,—fraction 14, a gasoline fraction 15, a middle distillate
fraction 16 and a residue 17. The residue 17 is split by
vacuum distillation into a vacuum- distillate 18 and a
vacuum residue 19. The residue 19 is divided into two
portions of the same composition, of which one 20 is
again subjected to the catalytic hydrotreatment,
whereas the other 21 is removed from the process. Vac-
uum distillates 9 and 18 are hydrocracked together with
the deasphalted oil 11. The cracked product 22 is split
by atmospheric distillation into a C,— fraction 23, a
gasoline fraction 24, a middle distillate fraction 25 and a
residue 26. The residue 26 is again subjected to hydro-
cracking.

PROCESS SCHEME II (see FIG. I)

The process is carried out in the same plant as de-
scribed under process scheme 1. The processing of the
atmospheric distillation residue 8 takes place in substan-
tially the same way as described under process scheme
1, the difference being that now the residue 26 is divided
into two portions of the same composition, of which
one 27 is again subjected to hydrocracking, whereas the
other 28 is removed from the process.

PROCESS SCHEME III (see FIG. I)

The process is carried out in the same plant as de-
scribed under process scheme 1. The processing of the
atmospheric distillation residue 8 takes place in substan-
tially the same way as described under process scheme
II, the difference being that now the middle distillate
fraction 16 is used as feed component for the hydro-
cracking unit and that the middle distiliate fraction 25 is
again subjected to the hydrocracking.

PROCESS SCHEME 1V (see FIG. II)

The process is carried out in a plant which consecu-
tively comprises a first vacuum distillation unit 1, a
catalytic hydrotreating unit 2, a first atmospheric distil-
lation unit 3, a second vacuum distillation unit 4, a deas-
phalting unit 5, a catalytic hydrocracking unit 6 and a
second atmospheric distillation unit 7. An atmospheric
distillation residue 8 is split by vacuum distillation into
a vacuum distillate 9 and a vacuum residue 10. The
vacuum residue is subjected to a catalytic hydrotreat-
ment and the hydrotreated product 11 is split by atmo-
spheric distillation into a  C,— fraction 12, a gasoline
fraction 13, a middle distillate fraction 14 and a residue
15. The residue 15 is split by vacuum distillation into a
vacuum distillate 16 and a vacuum residue 17. The vac-
uum residue 17 is split by deasphalting into a deas-
phalted oil (18) and an asphalt 19. The asphalt 19 is
divided into two portions of the same composition, of
which one 20 is again subjected to the catalytic hydro-
treatment whereas the other 21 is removed from the
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process. Vacuum distillates 9 and 16 together with the
deasphalted oil 18 are hydrocracked. The cracked prod-
uct 22 is split by atmospheric distillation into a C,—
fraction 23, a gasoline fraction 24, a middle distillate
fraction 25 and a residue 26. The residue 26 is divided
into two portions of the same composition, of which
one 27 is again subjected to hydrocracking, whereas the
other 28 is removed from the process.

PROCESS SCHEME V (see FIG. II)

The process is carried out in the same plant as de-
scribed under process scheme IV. The processing of the
atmospheric distillation residue 8 takes place in substan-
tially the same way as described under process sceheme
1V, the differences being that now the middle distillate
fraction 14 is used to feed component for the hydro-
cracking section and that the middle distillate fraction
25 is again subjected to hydrocracking.

PROCESS SCHEME VI (see FIG. II)

The process is carried out in a plant which is substan-
tially equal to the one described under process scheme
IV, the difference being that now there is a third vac-
uum distillation unit after the second atmospheric distil-
lation unit 7. The processing of the atmospheric distilla-
tion residue 8 takes place in substantially the same way
as described under process scheme V, the differences
being that now the atmospheric residue 26 is split by
vacuum distillation into a vacuum distillate 27 and a
vacuum residue 28, that the vacuum distillate 27 is again
subjected to hydrocracking and that the vacuum resi-
due 28 is divided into two portions of the same composi-
tion, of which one 29 is again subjected to hydrocrack-
ing, whereas the other 30 is removed from the process.

The invention is now explained with reference to the
following examples.

The process according to the invention was applied
to an atmospheric distillation residue of a crude oil
originating from the Middle East. The atmospheric
distillation residue had an initial boiling point of 370° C,
a sulphur content of 4.5 %w and a Cs-asphaltenes con-
tent of 7.5 %w. The process was carried out according
to process schemes I-VL In the various units the fol-
lowing conditions were applied.

In all the process schemes use was made of a sul-
phidic Ni/Mo/A1,0; catalyst containing 100 parts by
weight of alumina, 5 parts by weight of nickel and 10
parts by weight of molybdenum for the catalytic hydro-
treatment and this treatment was carried out at a hydro-
gen partial pressure of 120 bar and a hydrogen/feed
ratio of 1000 N1.kg-!. When process schemes I, II and
111 were used the catalytic hydrotreatment took place at
an average temperature of 430° C and a space velocity
of 0.3 kg.1-Lhour—!; when process schemes IV, V and
VI were used this treatment was carried out at an aver-
age temperature of 440° C and a space velocity of 0.6
kg.1-Lhour-1. :

In all the process schemes the catalytic hydrocrack-
ing was carried out in two steps, the total reaction prod-
uct from the first step being used as feed for the second
step; part of the cracked product was recycled to the
first step. In all the process schemes use was made of a
sulphidic Ni/Mo/F/Al,O; catalyst containing 5 parts
by weight of nickel, 20 parts by weight of molybdenum
and 15 parts by weight of fluorine per 100 parts by
weight of alumina for the first step of the catalytic hy-
drocracking and of a sulphidic Ni/W/F/faujasite cata-
lyst containing 3 parts by weight of nickel, 10 parts by
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weight of tungsten and 5 parts by weight of fluorine per
100 parts by weight of faujasite for the second step. In
all the process schemes the first step of the catalytic
hydrocracking was carried out at a hydrogen partial
pressure of 115 bar and a hydrogen/feed ratio of 1000
N1.kg-1. When process schemes 1, IL, ITI, IV, V and VI
were used, in the first step average temperatures of
395°, 380°, 380°, 380°, 390° and 390° C, respectively, and
space velocities of 0.8, 1.0, 0.6, 1.0, 0.6 and 0.6
kg.1-Lhour-1, respectively, were applied and in the
second step average temperatures of 375°, 370°, 370°,
370°, 375° and 375° C, respectively, and space velocities
of 0.8, 1.0, 0.6, 1.0, 0.6 and 0.8 kg.1-Lhour-1.

In all the process schemes the deasphalting was car-
ried out at 120° C with liquid butane as the solvent and
using a solvent/oil weight ration varying between 2.5:1
and 3.5:1.

EXAMPLE I

This example was carried out according to process
scheme I. Starting from 100 parts by weight of 370° C+
atmospheric distillation residue (8) the following quanti-
ties of the various streams were obtained:

42.0 parts by weight of 370°~520° C vacuum distillate

58.0 parts by weight of 520° C+ vacuum residue 10,

34.0 parts by weight of deasphalted oil 11,

24.0 parts by weight of asphalt 12,

25.8 parts by weight of hydrotreated product 13,

3.1 parts by weight of C4~— fraction 14,

1.9 parts by weight of C5~170° C gasoline fraction 15,

9.5 parts by weight of 170°~370° C middle distillate
fraction 16,

11.3 parts by weight of 370° C+ atmospheric residue

5.7 parts by weight of 370°-520° C vacuum distillate
18,

b 5.6 parts by weight of 520° C+ vacuum residue 19,

1.4 parts by weight of portion 20,

4.2 parts by weight of portion 21,

93.8 parts by weight of cracked product 22,

4.6 parts by weight of C,— fraction 23,

51.9 parts by weight of Cs-170° C gasoline fraction

27.9 parts by weight of 170°-370° C middle distillate
fraction 25, and

9.4 parts by weight of 370° C+ atmospheric residue
26.

EXAMPLE 11

This example was carried out according to process
scheme IL. Starting from 100 parts by weight of 370°
C+ atmospheric distillation residue 8 the quantities indi-
cated in example I were obtained of streams 9 up to and
including 21 and the following quantities of the remain-
ing streams:
88.6 parts by weight of cracked product 22,
4.4 parts by weight of C,— fraction 23,
49.1 parts by weight of Cs~170° C gasoline fraction
24,

26.5 parts by weight of 170°-370° C middle distillate
fraction 25,

8.6 parts by weight of 370° C+ atmospheric residue
26,

4.3 parts by weight of portion 27 and

4.3 parts by weight of portion 28.
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EXAMPLE III

This example was carried out according to process
scheme III. Starting from 100 parts by weight of 370°
C+ atmospheric distillation residue 8 the quantities indi-
cated in example I were obtained of streams 9 up to and
including 21 and the following quantities of the remain-
ing streams:

143.5 parts by weight of cracked product 22,

7.4 parts by weight of C4~ fraction 23,

83.7 parts by weight of Cs-170° C gasoline fraction

43.8 parts by weight of 170°-370° C middle distillate
fraction 25,

8.6 parts by weight of 370° C+ atmospheric residue
26,

4.3 parts by weight of portion 27 and

4.3 parts by weight of portion 28.

EXAMPLE IV

This example was carried out according to process
scheme IV. Starting from 100 parts by weight of 370°
C%  atmospheric distillation residue 8 the following
quantities of the various streams were obtained.

42.0 parts by weight of 370°~520° C vacuum distillate

9

58.8 parts by weight of 520° C+ vacuum residue 10,

59.6 parts by weight of hydrotreated product 11,

7.1 parts by weight of C,— fraction 12,

4.2 parts by weight of Cs-170° C gasoline fraction 13,

22.0 parts by weight of 170°-370° C middle distillate
fraction 14,

26.2 parts by weight of 370° C+ atmospheric residue
15,

13.1 parts by weight of 370°~520° C vacuum distillate

6

13.1 parts by weight of 520°C+ vacuum residue 17,
10.5 parts by weight of deasphalted oil 18,

2.6 parts by weight of asphalt 19,

0.7 parts by weight of portion 20,

1.9 parts by weight of portion 21,

71.3 parts by weight of cracked product 22,

3.6 parts by weight of C4— fraction 23,

39.4 parts by weight of Cs-170° C gasoline fraction

21.2 parts by weight of 170°-370° C middle distillate
fraction 25,

7.1 parts by weight of 370° C+ atmospheric residue
26,

3.6 parts by weight of portion 27, and

3.5 parts by weight of portion 28.

EXAMPLE V

This example was carried out according to process
scheme V. Starting from 100 parts by weight of 370°
C+ atmospheric distillation residue 8 the quantities indi-
cated in example IV were obtained of streams 9 up to
and including 21 and the following quantities of the
remaining streams:
139.0 parts by weight of cracked product 22,
6.9 parts by weight of C,— fraction 23,
81.3 parts by weight of Cs-170° C gasoline fraction
24,

43.7 parts by weight of 170°-370° C middle distillate
fraction 25,

7.1 parts by weight of 370° C+ atmospheric residue
26,

3.6 parts by weight of portion 27, and
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3.5 parts by weight of portion 28.

EXAMPLE VI

This example was carried out according to process
scheme VI. Starting from 100 parts by weight of 370°
C+atmospheric distillation residue 8 and the quantities
indicated in example IV were obtained of streams 9 up
to and including 21 and the following quantities of the

remaining streams:

143.3 parts by weight of cracked product 22,
7.0 parts by weight of C,~ fraction 23,
83.9 parts by weight of Cs~170° C gasoline fraction

45.2 parts by weight of 170°-370° C middle distillate
fraction 25,

7.2 parts by weight of 370° c+ atmosphenc residue
26,

5.4 parts by weight of 370°-520° C vacuum distillate

1.8 parts by weight of 520° C+ vacuum residue 28,

0.9 parts by weight of portion 29, and

0.9 parts by weight of portion 30.

What is claimed is:

1. A process for the production of at least one atmo-
spheric hydrocarbon oil distillate from an atmospheric
hydrocarbon oil residue comprising:

..a. distilling said atmospheric residue by vacuum dis-
tillation in a first vacuum distillation zone to obtain

. a vacuum distillate, which is passed to step £, and a

+-vacuum residue,

- b. hydrotreating said vacuum residue in a hydrotreat-

ing zone to obtain a hydrotreated product,

c. distilling said hydrotreated product in a first atmo-
spheric distillation zone to obtain at least one light
atmospheric distillate, an atmospheric middle dis-
tillate and an atmospheric hydrotreated residue,

d. distilling said atmospheric hydrotreated residue in
a second vacuum distillation zone to obtain a vac-
uum hydrotreated distillate and a vacuum hydro-
treated residue, .

e. recycling at least part of the vacuum hydrotreated
_residue from step d to the hydrotreatmg zone of
step b,

f. hydrocracking the vacuum distillates from step a
and the vacuum hydrotreated distillate from step
(d) in a hydrocracking zone, to obtain a hydro-
cracked product,

g. distilling said hydrocracked product in a second
atmospheric distillation zone to obtain at least one
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light atmospheric hydrocracked hydrocarbon oil
distillate and a hydrocracked residue, and

h. recycling at least part of the hydrocracked residue

from step g to the hydrocracking zone of step £

2. A process as in claim 1 further comprising interme-
diate to steps 4 and b deasphalting the vacuum residue
product of step @ in a deasphalting zone at elevated
temperature and pressure in the presence of an excess of
a lower hydrocarbon as solvent to obtain a deasphalted
oil and an asphalt, and

passing the deasphalted oil to the hydrocracking zone

of step (f) and passing the asphalt to the hydrotreat-
ing zone of step (b).

3. A process as in claim 1 wherein in step (%), at lest
25% of the residue is recycled to the hydrocracking
zone of step (f).

4. A process as in claim 1 wherein step f the hydro-
cracking is carried out as a two-step process using a
catalyst selected from the group consisting of weakly
acidic and moderately acidic catalyst comprising one or
more metals with hydrogenating activities on a carrier
in the first step, and a catalyst selected from the group
consisting of moderately acidic and strongly acidic
catalysts comprising one or more metals with hydroge-
nating activity on a carrier in the second step.

5. A process as in claim 1, wherein in step f in the
one-step hydrocracking or in the second step of the
two-step hydrocracking the following conditions are
used: a temperature of from 250° to 425° C, a hydrogen
partial pressure of from 50 to.300 bar, a space velocity
of from 0.1 to 10 kg.1-! and a hydrogen/feed ratio of
from 200 to 3000 N1. kg-1.

6. A process as in claim 5 wherein the hydrocracking
is carried out in two steps, using the following condi-
tions in the first step: a temperature of from 300° to 450°
C, a hydrogen partial pressure of from 50 to 30 bar, a
space velocity of from 0.1 to 5 kg.1-1. hour-! and a
hydrogen/feed ratio of from 200 to 3000 N1.kg-1.

7. A process as in claim 1 wherein the catalytic hy-
drotreatment the following conditions are employed: a
temperature of from 380° to 500° C, a hydrogen partial
pressure of from 50 to 300 bar, a space velocity of from
0.1 to 5 kg.1-1. hour-! and a hydrogen feed ratio of
from 200 to 2000 N1.kg-!.

8. A process as in claim 1 wherein in step b in the
catalytic hydrotreatment a temperature is used which is
at least 10° C higher than the hydrocracking tempera-
ture employed in step ().

* %

* & %

65




