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1. 0099141

PROCESS FOR THE PRODUCTION OF LOW-ASPHALTENES
HYDROCARBON MIXTURES

The invention relates to a process for the production of
deasphalted oils and hydrocarbon o0il distillates from asphalt-
enes—containing hydrocarbon mixtures.

The atmospheric distillation of crude mineral oil for the
preparation of light hydrocarbon oil distillates, such as gas-—
oline, kerosine and gasoil, yields an asphaltenes=—containing
reslidue as a by-product. At first such residues, which, in
addition to asphaltenes, generally contain a considerable pro-
portion of sulphur and metals, used to find application as fuel
oils. In view of the need of light hydrocarbon oil distillétes
and shrinking oil reserves, various treatments have already been
proposed which aimed at producing light hydrocarbon oil distillates
from atmospheric residues. For instance, solvent deasphalting
(for the sake of brevity hereinafter referred to as "DA") may be
hsed to separate from an atmospheric residue a deasphalted oil
which may be subjected to catalytic cracking in the presence or
in the absence of hydrogen. Another option is to separate an
atmospheric residue by vacuum distillation into a vacuum distil-
late and a vacuum residue, to separate a deasphalted oil from the
vacuum residue using DA and to subject both the vacuum distillate
and the deasphalted oill to catalytic cracking in the presence or
in the absence of hydrogen.

A drawback to the conventional DA treatment, in which an
asphaltenes—containing feed is separated in ome step into a
deasphalted oil as the desired main product and an asphaltic
bitumen as a by-product, is that if a sufficiently high yield of
deasphalted oll is to be realised, one must generally accept a
deasphalted o0il of unsatisfactory quality. In this connection the
quality of the deasphalted o0il should be taken to be its suita-
bility to be converted into hydrocarbon oil distillates by
catalytic cracking in the presence or in the absence of hydrogen.
This suitability becomes better according as the deasphalted oil
has, among other things, lower asphaltenes, metal and sulphur

contents. By subjecting a deasphalted oil of unsatisfactory
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quality to a pretreatment, it may still be rendered suitable
for conversion into hydrocarbon o0il distillates by catalytic
cracking in the presence or in the absence of hydrogen.

It has been found that the above—-mentioned drawback of
the conventional DA treatment can be overcome to some extent by
carrying out the DA treatment as a two—step process, in which the
asphaltenes—containing hydrocarbon mixture is separated into a
high—-quality deasphalted oil (for the sake of brevity hereinafter
referred to as "deasphalted oil 1"), a deasphalted oil of lower
quality (for the sake of brevity hereinafter referred to as
"deasphalted oil 2") and an asphaltic bitumen. Deasphalted oil 1
differs from deasphalted o0il 2 mainly by its considerably lower
asphaltenes, metal and sulphur contents. Comparison of the results
of the one—step process with those of the two-step process
shows that, starting from the same quantity of an asphaltenes-
containing hydrocarbon mixture for the preparation of the same
total quantity of deasphalted oil, which deasphalted oil in the
case of the one—~step process is of unsatisfactory quality, the
two—step process yields two deaspﬁalted oils, of which deasphalted
oil 1 is suitable, such as it is, for conversion into hydrocarbon
0il distillates by catalytic cracking in the presence or in the
absence of hydrogen. Although the two-step process produces a
deasphalted oil of unsatisfactory quality as well, it does so
in considerably smaller quantities than the one—step process.

Since DA treatment has proved in practice to be suitable
for the production of deasphalted oils from a variety of asphalt—
enes—containing hydrocarbon mixtures and since it has also been
found that a two—step DA treatment gives better results than a
one—step process, investigations were carried out into whether a
combination of the two—step DA treatment and a pretreatment of
the asphaltenes—containing feed can produce a better result than
using nothing but a two—step DA treatment. One of the pretreat-
ments investigated was a catalytic hydrotreatment (for the sake
of brevity hereinafter referred to as "HT") in which the asphalt-

enes—containing feed is converted into a product having a reduced
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asphaltenes content, from which one or more distillate fractions
are separated whilst the residue is used as the feed for the
two—step DA treatment. In the assessment of the results it is in
the first place the yield and quality of the deasphalted oils
and the asphaltic -bitumen that play a role. Then, the yield of

light product is of great importance as well. In this commection

_the quality of the asphaltic bitumen should be taken to be its

suitability to serve as fuel oil component. This suitability is

better according as the asphaltic bitumen has lower metal and

sulphur contents and lower viscosity and density.

In the investigation a comparison was made between the
results obtained in the production of deasphalted oils (and pos-
sibly a hydrocarbon oil distillate) starting from equal quantities
of an asphaltenes-containing hydrocarbon mixture using a)
nothing but two—step DA treatment and b) two—step DA treatment
preceded by a HT, whilst during the DA treatments the conditions
were chosen such that both procedures yielded equal quantities of
deasphalted oil l. Considering the quantities and qualities of
the various products obtained in the two procedures, the following
may be observed:

1) The deasphalted oil 1 obtained according to procedure b) has
considerably lower metal and sulphur contents than the deas-
phalted oil 1 obtained according to procedure a). ‘

2) Procedure b) produces a lower yield of deasphalted oil 2 than
procedure a).

3) The deasphalted oil 2 obtained according to procedure b) has
considerably lower metal and sulphur contents than the deas—
phalted oil 2 obtained according to procedure a).

4) Procedure b) produces a considerably lower yield of asphaltic
bitumen than procedure a).

5) In procedure b) a substantial yield of hydrocarbon oil distil~-
late is obtained.

Considering the better quality of the deasphalted oils, the
lower yield of the by—product asphaltic bitumen and the high
yield of hydrocarbon oil distillate, procedure b) is much to be
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preferred to procedure a).

The present patent application therefore relates to a
process for the production of deasphalted oils and hydrocarbon
0il distillates from asphaltenes—containing hydrocarbon mixtures,
in which a HT is used to convert an asphaltenes—containing
hydrocarbon mixture into a product with a reduced asphaltenes
content which is separated by distillation into one or more
distillate fractions and a residual fraction and in which two-
step DA is used to separate the residual fraction into a de-
asphalted oil 1 of high quality, a deasphalted oil 2 of lower
quality and an asphaltic bitumen.

In the process according to the invention the feed used
is an asphaltenes—containing hydrocarbon mixture. A suitable
parameter for the assessment of the asphaltenes content of a
hydrocarbon mixture and for the reduction of the asphaltenes
content which occurs when a HT is applied to an asphaltenes—con-
taining hydrocarbon mixture, is the Ramsbottom Carbon Test value
(RCT). The higher the asphaltenes content of the hydrocarbon
mixture, the higher the RCT. The process is preferably applied to
hydrocarbon mixtures which substantially boil above 350°C and
more than 35 Zw of which boils above 520°C and which have an RCT
of more than 7.5 Zw. Examples of such hydrocarbon mixtures are
residues obtained in the distillation of crude mineral oils and
heavy hydrocarbon mixtures obtained from shale and tar sand. If
required, the process may also be applied to heavy crude mineral
oils, to residues obtained in the distillation of products
developed in the thermal cracking of hydrocarbon mixtures and to
asphaltic bitumen obtained in the solvent deasphalting of asphalt-
enes—containing hydrocarbon mixtures. The process according to
the invention is very suitable for application to residues
obtained in the vacuum distillation of atmospheric distillation
residues of crude mineral oils. The process according to the
invention is also very suitable for application to residues
obtained in the vacuum distillation of atmospheric distillation

residues of products developed in the thermal cracking of asphalt-
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enes—containing hydrocarbon mixtures. If the feed available for
the process according to the invention is an atmospheric distil-
lation residue, then it is preferred to separate a vacuum distil-~
late therefrom by vacuum distillation and to subject the result-
ing vacuum residue to the process according to the invention. The
separated vacuum distillate can be subjected to thermal cracking
or to catalytic cracking in the presence or in the absence of
hydrogen to convert it into light hydrocarbon oil distillates.
Asphaltenes—containing hydrocarbon mixtures generally
contain a considerable proportion of metals, in particular
vanadium and nickel. If such hydrocarbon mixtures are subjected
to a catalytic treatment, for instance a HT for the reduction of
the asphaltenes content, as in the process accordiﬁg to the
invention, these metals will deposit on the catalyst used in the
HT and thus shorten its life. In view of this, asphaltenes-—
containing hydrocarbon mixtures with a vanadium + nickel content
of more than 50 parts per million by weight (ppmw) should prefer-
ably be subjected to demetallization before being contacted with
the catalyst used in the HT. This demetallization may very
suitably be carried out by contacting the asphaltenes—containing
hydrocarbon mixture in the presence of hydrogen with a catalyst
consisting more than 80 7%w of silica. Both catalysts consisting
entirely of silica and catalysts containing one or more metals
having hydrogenating activity, in particular a combination of
nickel and vanadium, present on a carrier support substantially
consisting of silica, are suitable for the purpose. If in the
process according to the invention a catalytic demetalli-
zation in the presence of hydrogen is applied to an asphaltenes-
containing feed, this demetallization may be carried out in a
separate reactor. However, since the catalytic demetallization
and the HT for the reduction of the asphaltenes content can be
carried out under the same conditions, the two processes may also
very suitably be carried out in the same reactor, which will con-
tain a bed of the demetallization catalyst and a bed of the cata-
lyst used in the HT, successively.



10

15

20

25

30

35

XN
aesn
LR

0099141
—6-

Suitable catalysts for carrying out the HT are those contain-
ing at least one metal chosen from the group formed by nickel and
cobalt and in addition at least one metal chosen from the group
formed by molybdenum and tungsten supported on a carrier, which
carrier consists more than 40 Zw of alumina. Very suitable cata-
lysts for use in the HT are those comprising the metal combina-
tions nickel/molybdenum or cobalt/molybdenum on alumina as a car—=
rier. The HT is preferably carried out at a temperature of from
300-500°C and in particular of from 350-450°C, a pressure of from
50-300 bar and in particular of from 75-200 bar, a space velocity
of from 0.02-10 g.g"l.h'l and in particular of from 0.1-2
geg~l.h7! and a Hy/feed ratio of from 100-5000 Nl.kg™1 ’
and in particular of from 500-2000 Nl.kg'l. As regards the
conditions used in a possible catalytic demetallization in
the presence of hydrogen, the same preference applies as that
stated hereinbefore for the HT for the reduction of the asphal-
tenes content.

The HT is preferably carried out in such a manner that it
yields a product the C5+ fraction of which meets the follow—

ing requirements:

a) the RCT of the C5¥ fraction is 20-70% of the RCT of the
feed and

b) the difference between the percentages by weight of hydrocar-
bons boiling below 350°C present in the Cs¥ fraction and
in the feed is at most 40.

It should be noted that in the catalytic demetallization the
reduction of the metal content is normally accompanied with some
reduction of the RCT and some formation of C5-350°C product. A
similar phenomenon is seen in the HT, in which the reduction of
RCT and the formation of C5-350°C product are normally accompanied

with some reduction of the metal content. As regards the require-

ments mentioned hereinbefore under a) and b), these relate to the

total RCT reduction and C5-350°C product formation (viz.
including those occurring in a possible catalytic demetallizatiom).
In the HT a product with a reduced asphaltenes content

is obtained from which one or more distillate fractions and
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a heavy fraction are separated. The distillate fractions sepa=-
rated from the product may be atmospheric distillates only,
but it is preferred to separate a vacuum distillate from the
product as well. This vacuum distillate may be converted into
light hydrocarbon oil distillates in the manners indicated
hereinbefore.

In the process according to the invention two—step DA
treatment is applied to a distillation residue obtained as one of
the products of the HT. Suitable solvents for carrying out the DA
treatment are waxy hydrocarbons having 3-7 carbon atoms per
molecule, such as propane, n—butane isobutane, n—-pentane, iso-
pentane and mixtures thereof, such as mixtures of propane.and
n~butane and mixtures of n-butane and isobutane. Suitable solvent/
0il weight ratios lie between 7:1 and l:l. The DA treatment is
preferably carried out at elevated temperature and pressure. The
two—step DA treatment ma§ essentially be carried out in two ways.

According to the first embodiment the residue from the
HT to be treated is subjected to extraction uander mild con-
ditions in which the residue is separated into a deasphalted
0il 1 and a "light" asphaltic bitumen and subsequently the light
asphaltic bitumen is subjected in the second step to a second
extraction in which it 1s separated into a deasphalted oil 2 and
the final asphaltic bitumen as a by-product. The same solvent
can be used in both steps and the degree of extraction is con-
trolled with the aid of the temperature (temperature in the first
step higher than in the second step). Different solvents may
also be used, for instance propane in the first step and n—-bu-
tane in the second step.

According to the second embodiment the residue from the
HT to be treated is subjected to extraction under severe condi-
tions in which the residue is separated into a deasphalted oil
and the final asphaltic bitumen as a by-product and subsequently
the deasphalted oil is separated in the second step into a
deasphalted oil 1 and a deasphalted oil 2. To this end the mix—

ture of deasphalted oil and solvent coming from the extractor
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need only be fed into a settler in which a higher temperature
prevails than that used in the first step.

For carrying out the process according to the invention
a number of embodiments are suitable. Each one of these embodi-
ments may be assigned to one of two main classes, depending on
whether the asphaltenes—containing feed is subjected to the
HT immediately (class I) or whether the asphaltenes—containing
feed is first subjected to thermal cracking (for the sake of
brevity hereinafter referred to as TC) and the HT is applied to
a residual fraction of the thermally cracked product (class II).

The embodiments belonging to class I may further be arranged
according to whether the apparatus in which the process is carried
out is confined to a HT zome and a two—-step DA zone (class IA) or
whether the apparatus in addition to a HT zone and a two=-step DA
zone also includes a TC zone (class IB), a CC zone (IC) or both a
TC zone and a CC zone (class ID), in which the deasphalted oil 2
and/or the asphaltic bitumen separated in the two-step DA zone,
are further processed. _

The term "CC" as used hereinbefore should be taken to refer
to a special type of catalytic cracking for the preparation of
light hydrocarbon o0il distillates, in which the feed used is a
deasphalted oil 2. This feed is distinguished from the feed which
is normally used in a catalytic cracking process by the fact that
the deasphalted oil 2 has, among other things, a much higher RCT
and a much higher metal content.

The embodidments belonging to class IA may further be ar-

ranged as follows:

IA - 1l: The deasphalted oil 2 and the asphaltic bitumen are sepa-

rated as final products.

IA - 2: The deasphalted oil 2 is recirculated to the HT.
IA - 3: The asphaltic bitumen is recirculated to the HT.

The embodiments belonging to class IB may further be ar-

ranged as follows:

IB - l: The deasphalted oil 2 is used as the feed for the TC

treatment and a residual fraction of the thermally

cracked product is recirculated to the HT.



10

15

20

25

30

35

0099141

-0 -

IB - 2: The deasphalted oil 2 is used as the feed for the TC

treatment and a residual fraction of the thermally
cracked product, together with the asphaltic bitumen, is
recirculated to the HT.

IB - 3: The asphaltic bitumen is used as the feed for the TC

treatment and a residual fraction of the thermally

cracked product is recirculated to the HT.

IB - 4: Both the deasphalted oil 2 and the asphaltic bitumen are

used as feed components for the TC treatment and a
residual fraction of the thermally cracked product is
recirculated to the HT.

The embodiments belonging to class IC may be arranged as

follows:

IC - 1: The deasphalted oil 2 was used as the feed for the CC

treatment and a residual fraction of the catalytically

cracked product is recirculated to the HT.

IC - 2: The deasphalted oil 2 is used as the feed for the CC

treatment and a residual fraction of the catalytically
cracked product, together with the asphaltic bitumen, is
recirculated to the HT.

As regards the embodiment belonging to class ID:

ID ¢ The deasphalted o0il 2 is used as the feed for the CC

treatment, the asphaltic bitumen is used as the feed for
the TC treatment and a residual fraction of the catalytically
cracked product is recirculated, together with a residual
fraction of the thermally cracked product, to the HT.

The embodiments belonging to class II may further be

arranged as follows:

IT1 - 1: The deasphalted oil 2 and the asphaltic bitumen are

separated as final products.

II - 2: The deasphalted oil 2 is recirculated to the TC treatment.
II - 3: The deasphalted oil 2 is recirculated to the HT.

II - 4: The asphaltic bitumen is recirculated to the TC treatment.
I1 - 5: The asphaltic bitumen is recirculated to the HT.

II - 6: The deasphalted oil 2 and the asphaltic bitumen are

recirculated to the TC treatment.
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I1 - 7: The deasphalted oil 2 is recirculated to the HT and

the asphaltic bitumen is recirculated to the TC treatment.

I1 - 8: The deasphalted oil 2 is recirculated to the TC treatment

and the asphaltic bitumen is recirculated to the HT.

The various embodiments of the process according to the
invention are represented schematically in Figures IA - 1 to
IA - 3 inclusive, IB - 1 to IB - 4 inclusive, IC - 1, IC -~ 2,
ID and II - 1 to II - 8 inclusive. In the figures the various
streams and the various zones are indicated by the following
numerals:
stream 1 = asphaltenes—containing feed

" 2 = hydrocarbon oil distillate ex HT

= residue ex HT

= deasphalted o0il 1 ex DA treatment
= deasphalted 0il 2 ex DA treatment

3

4

5
" 6 = agphaltic bitumen ex DA treatment

7 = hydrocarbon oil distillate ex TC treatment

8 = residue ex TC treatment

9 = hydrocarbon oil distillate ex CC treatment
" 10 = residue ex CC treatment

zone 11 = HT

" 12 =DA
" 13=TC
" 14 = CC

In the embodiments where the object is to obtain as com—
plete as possible a conversion of the asphaltenes-contéining
feed into deasphalted oil and hydrocarbon oil distillates,it is
preferred to separate what is called a bleed stream from one
of the heavy streams in the process. In this way the build-up of
undesirable heavy components during the process can be prevented.
Carrying out the process according to the invention by
using a TC treatment and/or a CC treatment yields cracked products
from which one or more distillate fractions are separated. These
distillate fractions may be atmospheric distillates only, but

preferably a vacuum distillate should also be separated from the
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cracked products. This vacuum distillate may be converted into
light hydrocarbon o0il distillates by the methods mentioned
hereinbefore.

If the process according to the invention 1s carried out in
an apparatus which includes a TC zone, whilst the streams which
are fed into this TC zone comnsist of one or more relatively
low—asphaltenes streams — such as a deasphalted oil 2 = as well
as of one or more relatively asphaltenes—rich streams - such as
asphaltic bitumen separated in the process and/or the asphaltenes-
containing feed which is to be processed with the aid of the
process = , 1t is preferred to use a TC zone which includes two
cracking units and to crack the types of feed separately into
products from which one or more distillate fractions and a
residual fraction are separated. When a TC zone 1s used which
includes two cracking units, a heavy fraction of the cracked
product coming from the cracking unit in which a relatively
low—~asphaltenes feed 1s processed, 1s preferably recirculated to
that cracking unit. When a TC zone is used which includes two
cracking units, then, from the product obtained in the cracking
unit in which the relatively asphaltenes-rich feed is cracked, a
relatively low—asphaltenes heavy fraction may be separated, if
desired, and the latter may be used as a feed component for the
cracking unit in which the relatively low—asphaltenes feed
is processed. When a TC zone is used which includes two cracking
units, it is not necessary for the distillation of the cracked
products (atmospheric distillation and optionally vacuum distil-
lation) to be carried out in separate distillation units. If
desired, the cracked products or fractions thereof may be combined
and distilled together.

Five flow diagrams for the preparation of deasphalted oils
and hydrocarbon oil distillates from asphaltenes—containing hydro—

carbon mixtures will hereinafter be explained in more detail with
the aid of Figures III-VII.
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Flow diagram A (based on embodiment IA-1l).

See Figure III

The process is carried out in an apparatus consisting of a HT zone
composed of a catalytic hydrotreatment unit (11), an atmospheric
distillation unit (15) and a vacuum distillation unit (16) and a
two—step DA zonme (12), successively.

An asphaltenes—containing hydrocarbon mixture (1), together with
hydrogen (20), is subjected to a catalytic hydrotreatment. The
hydrotreated product (21) is separated by atmospheric distillation
into a gas fraction (22), an atmospheric distillate (2A) and an
atmospheric residue (23). The atmospheric residue (23) is separated
by vacuum distillation into a vacuum distillate (2B) and a vacuum
residue (3). The vacuum residue (3) is separated by two—step de-
aspalting into a deasphalted oil 1 (stream 4), a deasphalted oil 2
(stream 5) and an asphaltic bitumen (6).

Flow diagram B (based on embodiment IB-3).

See Figure IV .

The process is carried out in an apparatus-consisting of a HT zone
composed of a catalytic hydrotreatment unit (ll), an atmospheric
distillation unit (15) and a vacuum distillation unit (16), a
two—step DA zone (12) and a TC zone composed of a thermal cracking
unit (13), a second atmospheric distillation unit (17) and a
second vacuum distillation unit (18), successively.

An asphaltenes—containing hydrocarbon mixture (1) is mixed with

a recirculation stream (8) and the mixture (29), together with
hydrogen (20), is subjected to a catalytic hydrotreatment. The
hydrotreated product (21) is separated by atmospheric distillatiomn
into a gas fraction (22), an atmospheric distillate (2A) and an
atmospheric residue (23). The atmospheric residue (23) is separated
by vacuum distillation into a vacuum distillate (2B) and a vacuum
residue (3). The vacuum residue (3) is separated by two-step
solvent deasphalting into a deasphalted oil 1 (stream 4), a de-
asphalted oil 2 (stream 5) and an asphaltic bitumen (6). The
asphaltic bitumen (6) is divided into two portioms (30) and (31).
Portion (30) is subjected to thermal cracking. The thermally
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cracked product (24) is separated by atmospheric distillation into
a gas fraction (25), an atmopsheric distillate (7A) and an atmo-
spheric residue (26). The atmospheric residue (26) is separated

by vacuum distillation into a vacuum distillate (7B) and a vacuum
residue (8).

Flow diagram C (based on embodiment IC-1)

See Figure V

The process is carried out in an apparatus consisting of a HT zone
composed of a catalytic hydrotreatment unit (11), an atmospheric
distillation unit (15) and a vacuum distillation unit (16), a
two-step DA zone (12) and a CC zone composed of a catalytic crack-
ing unit (14) and a second atmospheric distillation unit (19),
successively.

An asphaltenes—containing hydrocarbon mixture (1) is mixed with

a recirculation stream (10) and the mixture (32), together with
hydrogen (20), is subjected to a catalytic hydrotreatment. The
hydrotreated product (21) is separated by atmospheric distillation

_into a gas fraction (22), an atmospheric distillate (2A) and an

atmospheric residue (23). The atmospheric residue (23) is separated
by vacuum distillation into a vacuum distillate (2B) and a vacuum
residue (3). The vacuum residue (3) is separated by two—step
solvent deasphalting into a deasphalted oil 1 (stream 4), a
deasphalted oil 2 (stream 5) and an asphaltic bitumen (6). The
deasphalted oil 2 (stream 5) is subjected to catalytic cracking.
The catalytically cracked product (27) is separated by atmo—
spheric distillation into a gas fraction (28), an atmospheric
distillate (9) and an atmospheric residue (10).

Flow diagram D (based on embodiment ID).

See Figure VI

The process is carried out in an apparatus consisting of a HT zone
composed of a catalytic hydrotreatment unit (11), an atmospheric
distillation unit (15) and a vacuum distillation unit (16), a
two—step DA zone (l12), a TC zone composed of a thermal cracking
unit (13), a second atmospheric distillation unit (17) and a

second vacuum distillation unit (18) and a CC zone composed of a
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catalytic cracking unit (14) and a third atmospheric distillation
unit (19), successively.

An asphaltenes—containing hydrocarbon mixture (1) is mixed with

a recirculation stream (34) and the mixture (33), together with
hydrogen (20), is subjected to a catalytic hydrotreatment. The
hydrotreated product (21) is separated by atmospheric distillatiomn
intc a gas fraction (22), an atmospheric distillate (2A) "and an
atmospheric residue (23). The atmospheric residue (23) is separated
by vacuum distillation into a vacuum distillate (2B) and a vacuum
residue (3). The vacuum residue (3) is separated by two-step sol-
vent deasphalting into a deasphalted oil 1 (stream 4), a deasphalted
0oil 2 (stream 5) and an asphaltic bitumen (6). The asphaltic
bitumen (6) is divided into two portions (30) and (31). Portion
(30) is subjected to thermal cracking. The thermally cracked
product (24) is separated by atmospheric distillation into a gas
fraction (25), an atmospheric distillate (7A) and an atmospheric
residue (26). The atmospheric residue (26) is separated by vacuum
distillation into a vacuum distillate (7B) and a vacuum residue (8).
The deasphalted oil 2 (stream 5) is subjected to catalytic cracking.
The catalytically cracked product (27) is separated by atmospheric
distillation into a gas fraction (28), an atmospheric distillate (9)
and an atmospheric residue (10). Streams (8) and (10) are mixed to

form the recirculation stream (34).

Flow diagram E (based on embodiment II-1)

See Figure VII

The process is carried out in an apparatus consisting of a TC zone
composed of a thermal cracking unit (13), an atmospheric distillation
unit (17) and a vacuum distillation unit (18), a HT zone composed

of a catalytic hydrotreatment unit (11), a second atmospheric dis-
tillation unit (15) and a second vacuum distillation unit (16) and

a two—step DA zome (12), successively. An asphaltenes—containing
hydrocarbon mixture (1) is subjected to thermal cracking. The ther—
mally cracked product (24) is separated by atmospheric distillatiom
into a gas fraction (25), an atmospheric distillate (7A) and an
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atmospheric residue (26). The atmospheric residue (26) is separated
by vacuum distillation into a vacuum distillate (7B) and a vacuum
residue (8). The vacuum residue (8), together with hydrogen (20),
is subjected to a catalytic hydrotreatment. The hydrotreated pro-—
duct (21) is separated by atmospheric distillation into a gas frac—
tion (22), an atmospheric distillate (2A) and an atmospheric resi-
due (23). The atmospheric residue (23) is separated by vacuum dis-
tillation into a vacuum distillate (2B) and a vacuum residue (3).
The vacuum residue (3) is separated by two—step solvent deasphalting
into a deasphalted oil 1 (stream 4), a deasphalted oil 2 (stream 5)
and an asphaltic bitumen (6).

. . The present patent application also includes apparatuses for
carrying out the embodiments according to the process according
to the invention which substantially correspond with those
schematically represented in Figures I-VII.

The invention is now elucidated with the aid of the following

Examples.

In the process according to the invention the starting
material was an asphaltenes—containing h&drocarbon mixture
obtained as a residue in the vacuum distillation of an atmospheric
distillation residue of a crude mineral oil. The vacuum residue
boiled substantially above 520°C and had an RCT of 18.8 Zw, an
overall vanadium and nickel content of 167 ppmw and a sulphur
content of 5.4 Zw.vThe process was carried out according to the
flow diagrams A-E. The following conditions were used in the
various zones.

In all the flow diagrams the catalytic hydrotreatment unit
consisted of two reactors, the first of which was filled with a
Ni/V/Si09 catalyst containing 0.5 parts by weight (pbw) of
nickel and 2.0 pbw of vanadium per 100 pbw of silica and the
second of which was filled with a Ni/Mo/Al1903 catalyst
containing 4 pbw of nickel and 12 pbw of molybdenum per 100 pbw
of alumina. The catalysts were used in a volume ratio l:4. The HT
was carried out at a hydrogen pressure of 150 bar, a space

velocity (measured over the two reactors) of 0.5 kg of feed per
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litre of catalyst per hour, a Hy/feed ratio of 1000 N1 per kg
and an average temperature of 410°C in the first reactor and
390°C in the second reactor.

In all the flow diagrams the two—step DA treatment was
carried out by contacting the feed to be deasphalted in the first
step (in an extractor) with a n—butane/isobutane mixture (weight
ratio 65:35) at a temperature of 110°C, a pressure of 40 bar and
a solvent/oil weight ratio of 2:1 and, after the asphaltic
bitumen has been separated off, separating the deasphalted oil in
a second step (in a settler) at a temperature of 140°C and a
pressure of 40 bar into a deasphalted oil 1 and a deasphalted
oil 2.

In flow diagrams B, D and E, respectively, the TC treatment
was carried out in a cracking coil at a pressure of 10 bar, a
space velocity of 0.4 kg of fresh feed per litre of cracking coil
volume per minute and at a temperature of 460°C (measured at the
outlet of the cracking coil). )

In flow diagrams C and D, respectively, the CC treatment was
carried out at a temperature of 510°C, a pressure of 2.2 bar, a
space velocity of 2 kg.kg‘l.h'1 and a catalyst renewal rate
of 1.0 pbw of catalyst per 1000 pbw of oil and using a zeolite
cracking catalyst.

For comparison, an experiment was carried out in which the
vacuum residue was subjected to two—step DA treatment for producing a de-
asphalted oil 1 and a deasphalted oil 2, using no previous HT
(Example 6) and also an experiment in which the vacuum residue
was subjected to a one-step DA treatment for preparing a de-—
asphalted oil 3, using no previous HT (Example 7). In Example 6
the two—step DA treatment was carried out in substantially the
same way as described in the Examples 1-53, with the distinction
that the temperature prevailing in the settler described in
Example 6 was 144°C. The one~step DA treatment described in
Example 7 was carried out in the same way as the first step of
the two—step DA treatment as described in the Examples 1-6,

In all the experiments the asphaltenes—containing hydrocarbon
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mixture (1) used as starting material was 100 pbw of vacuum
residue.

The quantities of the various streams obtained in the
experiments described in the Examples 1-5 and the RCT's of
certain streams are given in Table I.

Table II lists the yields of final products obtained in the

experiments described in Examples 1-7.

Table III lists the properties of the final products obtained

in the experiments described in Examples 1-7.
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TABLE 1
Example No. 1 * 2 3 4 5
Example carried out according
to flow diagram No. A B C D E
Flow diagram respresented
in Figure No. I1I v \ Vi ViI
Quantities in pbw
Cs = 350°C atmosph.distillate (24) 20.8 20.9 21.6 21.8 14.4
Cs = 350°C " " (74) - 0.4 - 0.4 10.4
Cg = 350°C - " (%) - - 10,2 12.1 -
350 = 520°C vacuum distillate (2B) 31.4 31.6 33.4 33.8 21.9
350 - 520°Cc " " (78) - 0.5 - 0.5 16.5
deasphalted oil 1 (stream 4) 22.0 23,5 23.2 24.8 16.8
deasphalted oil 2 (stream 5) 16.5 18.1 14.4 18.1  12.2
asphaltic bitumen (6) 7.3  53.9 8.5 49.5 5.8
520°Ct vacuunm residue (8) - 50.0 - 45.6 73.1
370°C* atmospheric residue (10) - - 3.1 4ok -
portion (30) - 50.9 - 46.5 -
(31) - 3.0 - 3.0 -
RCT's of various streams in Zw
Cst fraction of product (21) 4,6 21.4 4,3 21.8 6.5
mixture (29) - 30.7 - - -
" (32) - - 18.3 - -
" (33) - - - 31.3 -
520°CT vacuum residue (8) - - - - 25.7
TABLE 11
Example No. 1 2 3 4 5 6 7
Yields in pbw
hydrocarbon oil distillates 52.2 53.4 65.2 68.6 63.2 - -
deasphalted oil 1 22.0 23.5 23.2 24.8 16.8 22.0 -
" - 2 16.5 18.1 - - 12.2 40.2 -
3 - - - - - - 62.2
asphaltic bitumen 7.3 3.0 8.5 3.0 5.8 37.8 37.8
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With reference to Tables I-III the following should be
noted.

The advantage of a two—step DA treatment over a one=step DA
treatment becomes evident upon comparison of the results described
in the Examples 6 and 7.

The advantage of applying a HT to the feed for the two—-step
DA treatment becomes evident upon comparison of the results
described in the Examples 1l and 6.

Comparison of the results described in the Examples 1 and 2
shows that application of a TC treatment to the asphaltic bitumen
and recirculation of the residue ex TC treatment to the HT
produces higher yields of hydrocarbon oil distillates and deas-
phalted oils.

Comparison of the results described in the Examples 1 and 2
shows that application of a CC treatment to the deasphalted oil 2
and recirculation of the residue ex CC treatment to the HT produces
considerably higher yields of hydrocarbon oil distillates.

Example 4, describing experiments in which both a TC treatment
and a CC treatment are used, provides a combination of the
advaﬁtages mentioned for Examples 2 and 3.

Comparison of Examples 1 and 5 shows that application of a
TC treatment to the feed for the HT produces considerably higher
yields of hydrocarbon o0il distillates.
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CLAIMS

1. A process for the production of deashalted oils and
hydrocarbon oil distillates from asphaltenes—containing hydrocarbon
mixtures, characterized in that a catalytic hydrotreatment is
used to convert an asphaltenes—containing hydrocarbon mixture
into a product with a reduced asphaltenes content which is
separated by distillation into one or more distillate fractions
and a residual fraction and that two—step solvent deasphalting is
used to separate the residual fraction into a deasphalted oil 1
of high quality, a deasphalted oil 2 of lower quality and an
asphaltic bitumen.

2, A process as claimed in claim 1, characterized in that the
feed used is a hydrocarbon mixture which boils substantially
above 350°C and more than 35 Zw of which boils above 520°C and
which has an RCT of more than 7.5 %w, preferably a residue
obtained in the vacuum distillation of an atmospheric distillation
residue of a crude mineral oil.

3. A process as claimed in claim 1 or 2, characterized

in that in the catalytic hydrotreatment for the reduction of the
asphaltenes content a catalyst is used which comprises at least
one metal chosen from the group formed by nickel and cobalt and,
in addition, at least one metal chosen from the group formed by
molybdenum and tungsten supported on a carrier, more than 40 Zw
of which carrier consists of alumina, preferably the metal
combination nickel/molybdenum or cobalt/molybdenum supported on
alumina as carrier.

4, A process as claimed in claim 3, characterized in that
when use is made of a feed for the catalytic hydrotreatment which
has a vanadium + nickel content of more than 50 ppmw, this feed
is contacted with two successive catalysts, the first of which is
a demetallization catalyst comsisting more than 80 Zw of silica
and the second of which is an asphaltenes conversion catalyst as

described in claim 3.

5. A process as claimed in any one of claims l-4, character-
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ized in that the catalytic hydrotreatment is carried out at a
temperature of 350-450°C, a pressure of 75-200 bar, a space
velocity of 0.1-2 g.g”l.h™l and a Hp/feed ratio of 500~2000 Nl.kg™l.
6. A process as claimed in any one of claims 1-5, characterized
in that the catalytic hydrotreatment is carried out in such a way
that a product is obtained the Cs5t fraction of which meets
the following requirements:
a) the RCT of the Cst fraction is 20-~70% of the RCT of the feed
and
b) the difference between the percentages by weight of hydrocarbons
boiling above 350°C present in the Cst fraction and in the
feed is at most 40.
7. A process as claimed in any one of claims 1-6, character-
ized in that the two—step solvent deasphalting is carried out by
subjecting the residual fraction separated from the product of
the catalytic hydrotreatment in the first step to extraction
under mild conditions in which it 1is separated into a deasphalted
0il 1 and a "light" asphaltic bitumen and by subjecting the light
asphaltic bitumen in the second step to a second extraction
treatment in which it is separated into a deasphalted oil 2 and
the final asphaltic bitumen as a by-product of the process.
8. A process as claimed in any one of claims 1-7, characterized
in that the two—step solvent deasphalting is carried out by
subjecting the residual fraction separated from the product of
the catalytic hydrotreatment in the first step to extraction
under severer conditions in which it is separated into a deas-—
phalted oil and the final asphaltic bitumen as a by-product of
the process and separating deasphalted oil in the second step
into a deasphalted o0il 1 and a deasphalted oil 2.
9. A process as claimed in any one of claims 1-8, characterized
in that the deasphalted o0il 2 or the asphaltic bitumen is used as
a feed component for the catalytic hydrotreatment.
10. A process as claimed in any one of claims 1-9, characterized
in that the deasphalted oil 2 and/or the asphaltic bitumen is
sub jected to thermal cracking and that a distillation residue of
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the thermally cracked product, preferably both a distillation
residue of the thermally cracked product and the asphaltic

bitumen, is (are) used as a feed component for the catalytic

hydrotreatment.

-11. A process as claimed in any one of claims 1-9, character—

ized in that the deasphalted oil 2 is subjected to catalytic
cracking and that a distillation residue of the catalytically
cracked product,, either or not together with the asphaltic
bitumen, is used as a feed component for the catalytic hydro-
treatment.

12. A process as claimed in any one of claims 1-9, characteg-
ized in that the deasphalted oil 2 is subjected to catalytic
cracking, that the asphaltic bitumen is subjected to thermal
cracking and that both a distillation residue of the catalytically
cracked product and a distillation residue of the thermally
cracked product are used as feed components for the catalytic
hydrotreatment.

13. A process as claimed in any one of claims 1-9, character-
izéd in that the asphaltenes—containing hydrocarbon mixture which
serves as the feed for the process is first subjected to thermal
cracking and that a distillation residue of the thermally cracked
product is used as the feed for the catalytic hydrotreatment.

14, A process as claimed in claim 13, characterized in that
the deasphalted 0il 2 or the asphaltic bitumen is used as a feed
component for the thermal cracking or for the catalytic hydro-
treatment.

15. A process as claimed in claim 13, characterized in that
both the deasphalted oil 2 and the asphaltic bitumen are used as
feed components for the thermal cracking.

16. A process as claimed in claim 13, characterized in that
the deasphalted oil 2 is used as a feed component either for the
thermal cracking or for the catalytic hydrotreatment, whilst the
asphaltic bitumen is used as a feed component either for the
catalytic hydrotreatment or for the thermal cracking, respectively.

17. A process for the production of deasphalted oils and



10

0099141

eoaa

-2 -

hydrocarbon oil distillates from asphaltenes—containing hydro-—
carbon mixtures, as claimed in claim 1, substantially as described
hereinbefore and in particular with reference to Examples 1-5.

18. Deasphalted oils and hydrocarbon oil distillates whenever
produced according to a process ag described in claim 17.

19. Apparatuses for carrying out the process as claimed in
claim 17 corresponding substantially with those represented
schematically in Figures I-VII.
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