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a hydrocarbon origin known as black oils,
11 by the combined use of the following three
process units: hydroconversion with catalysts
in slurry phase (HT), distillation or flash
(D), deasphalting (SDA), comprising the
following steps: ¢ mixing at least part of
the heavy feedstock and/or at least most of
the stream containing asphaltenes obtained
in the deasphalting unit with a suitable
hydrogenation catalyst and sending the
mixture obtained to a hydrotreatment reactor
(HT) into which hydrogen or a mixture of
hydrogen and H,S is charged; * sending the
stream containing the hydrotreatment reaction
product and the catalyst in dispersed phase
to one or more distillation or flash steps (D)
whereby the different fractions coming from

the hydrotreatment reaction are separated; ¢ recycling at least part of the distillation residue (tar) or liquid leaving the flash unit,
containing the catalyst in dispersed phase, rich in metal sulfides produced by demetallation of the feedstock and possibly coke, to
the deasphalting zone (SDA) in the presence of solvents, optionally also fed with at least a fraction of the heavy feedstock, obtaining
two streams, one consisting of deasphalted oil (DAO) and the other containing asphaltenes, characterized in that a fraction of the
stream containing as phaltenes, coming from the deasphalting section (SDA), called flushing stream, is sent to a treatment section
with a suitable solvent for the separation of the product into a solid fraction and a liquid fraction from which said solvent can be

subsequently removed.
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The present invention relates to a process for the
conversion of heavy feedstocks, among which heavy crude
oils, bitumens from oils sands, distillation residues,
various kinds of coal, using three main process units: hy-
droconversion of the feedstock using catalysts in dispersed
phase, distillation and deasphalting, suitably connected
and fed with mixed streams consisting of fresh feedstock
and conversion products, a treatment unit of the flushing
stream coming from the deasphalting plant, being added to
said three main units, in order to reduce its entity, up-
grade further feedstock to o0il products and recycle at
least part of the catalyst recovered to the hydrotreatment
reactor.

The conversion of heavy crude oils, bitumens from oil
sands and oil residues into liquid products can be substan-
tially effected by means of two methods: one exclusively

thermal, the other through hydrogenating treatment.
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Current studies are mainly directed towards hydrogen-
ating treatment, as thermal processes have problems linked
to the disposal of the by-products, particularly coke (also
obtained in quantities higher than 30% by weight with re-
spect to the feedstock) and to the poor quality of the con-
version products.

The hydrogenating processes consist in treating the
feedstock in the presence of hydrogen and suitable cata-
lysts.

Hydroconversion technologies currently on the market
use fixed bed or ebullated bed reactors and catalysts gen-
erally consisting of one or more transition metals (Mo, W,
Ni, Co, etc.) supported on silica/alumina (or equivalent
material) .

Fixed bed technologies have considerable problems in
treating particularly heavy feedstocks containing high per-
centages of heterocatoms, metals and asphaltenes, as these
contaminants cause a rapid deactivation of the catalyst.

Ebullated bed technologies have been developed and
commercialized for treating these feedstocks; these provide
interesting performances but are complex and costly.

Hydrotreatment technologies operating with catalysts
in dispersed phase can provide an attractive solution to
the drawbacks encountered in the use of fixed bed or ebul-

lated bed technologies. Slurry processes, in fact, combine



10

15

20

25

WO 2004/056946 PCT/EP2003/014544

the advantage of a wide flexibility for the feedstock with
high performances in terms of conversion and upgrading,
making them, in principle, simpler from a technological
point of view.

Slurry technologies are characterized by the presence
of catalyst particles having very small average dimensions
and being effectively dispersed in the medium: for this
reason the hydrogenation processes are simpler and more ef-
ficient in all points of the reactor. The formation of coke
is greatly reduced and the upgrading of the feedstock is
high.

The catalyst can be introduced as a powder with suffi-
ciently reduced dimensions or as an oil-soluble precursor.
In the latter case, the active form of the catalyst (gener-
ally the metal sulfide) is formed in-situ by thermal decom-
position of the compound used, during the reaction itself
or after suitable pretreatment.

The metal constituents of the dispersed catalysts are
generally one or more transition metals (preferably Mo, W,
Ni, Co or Ru). Molybdenum and tungsten have much more sat-
isfactory performances than nickel, cobalt or ruthenium and
even more than vanadium and iron (N. Panariti et al., Appl.
Catal. A: Gen. 2000, 204, 203).

Even though the use of dispersed catalysts solves most

of the problems listed for the technologies described
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above, it still has disadvantages mainly linked to the life
cycle of the catalyst itself and quality of the products
obtained.

The conditions of use of these catalysts (type of pre-
cursors, concentration, etc.) are, in fact, extremely im-
portant both from an economic point of view and also with
respect to environmental impact.

The catalyst can be used at a low concentration (a few
hundreds of ppm) in a “once-through” configuration, but in
this case the upgrading of the reaction products is gener-
ally insufficient (A. Delbianco et al., Chemtech, November
1995, 35). When operating with extremely active catalysts
(for example molybdenum) and with higher concentrations of
catalysts (thousands of ppm of metal), the quality of the
product obtained is much better but a recycling of the
catalyst is compulsory.

The catalyst leaving the reactor can be recovered by
separation from the product obtained by hydrotreatment
(preferably from the bottom of the distillation column
downstream of the reactor) by means of the conventional
methods such as decanting, centrifugation or filtration
(US-3,240,718; US-4,762,812). Part of said catalyst can be
recycled to the hydrogenation process without further
treatment. The catalyst recovered using the known hy-

drotreatment processes, however, normally has a reduced ac-
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tivity with respect to the fresh catalyst making an appro-
priate regeneration step necessary in order to restore the
catalytic activity and recycle at least part of said cata-
lyst to the hydrotreatment reactor. Furthermore, these re-
covery processes of the catalyst are costly and also ex-
tremely complex from a technological point of view.

All the hydroconversion processes described above al-
low more or less high conversion levels to be reached de-
pending on the feedstock and type of technology used, but
in any case generating a non-converted residue at the
stability 1limit, herein called tar, which, from case to
case, can vary from 15 to 85% of the initial feedstock.
This product is used to produce fuel 0il, bitumens or it
can be used as a feedstock in gasification processes.

In order to increase the overall conversion level of
the cracking processes of residues, schemes have been pro-
posed which comprise the recycling of more or less signifi-
cant quantities of tar in the cracking unit. In the case of
hydroconversion processes with catalysts dispersed in
slurry phase, the recycling of the tar also allows the re-
covery of the catalyst, insomuch that the same applicants
in IT-95A001095 describe a process which allows the recov-
ered catalyst to be recycled to the hydrotreatment reactor
without the necessity of a further regeneration step, at

the same time obtaining a good-quality product without the
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production of residue (zero residue refinery).

This process comprises the following steps:

* mixing the heavy crude oil or distillation residue with a
suitable hydrogenation catalyst and sending the mixture
obtained to a hydrotreatment reactor into which hydrogen
or a mixture of hydrogen and H,S is charged;

* sending the stream containing the hydrotreatment reaction
product and the catalyst in dispersed phase to a distil-
lation zone in which the most volatile fractions (naphtha
and gas oil) are separated;

e sending the high-boiling fraction obtained in the distil-
lation step to a deasphalting step, thus producing two
streams, one consisting of deasphalted oil (Da0), the
other consisting of asphaltenes, catalyst in dispersed
phase and possibly coke and enriched with metals coming
from the initial feedstock;

* recycling at least 60%, preferably at least 80%, of the
stream consisting of asphaltenes, catalyst in dispersed
phase and possibly coke, rich in metals, to the hy-
drotreatment zone.

It was then found, as described in patent application
IT-MI2001A-001438, that, in the upgrading of heavy crude
oils or bitumens from oil sands to complex hydrocarbon mix-
tures to be used as raw material for further conversion

processes to distillates, different process configurations
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can be used, with respect to those described above.

The process, described in patent application It-
MI2001A-001438, for the conversion of heavy feedstocks with
the combined use of the following three process units: hy-
droconversion with catalysts in slurry phase (HT), distil-
lation or flash (D), deasphalting (SDA), is characterized
in that the three units operate on mixed streams consisting
of fresh feedstock and recycled streams, using the follow-
ing steps:

e sending at least a fraction of the heavy feedstock to a

deasphalting section (SDA) in the presence of solvents
obtaining two streams, one consisting of deasphalted oil
(DAO), the other of asphaltenes;
* mixing the asphaltene stream with the remaining frac-
tion of heavy feedstock not sent to the deasphalting sec-
tion and with a suitable hydrogenation catalyst and send-
ing the mixture obtained to a hydrotreatment reactor (HT)
into which hydrogen or a mixture of hydrogen and H,S is
charged;

* sending the stream containing the hydrotreatment reaction
product and the catalyst in dispersed phase to one or
more distillation or flash steps (D) whereby the most
volatile fractions, among which the gases produced in the
hydrotreatment reaction, naphtha and gas oil, are sepa-

rated;
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e recycling at least 60% by weight, preferably at least
80%, more preferably at least 95%, of the distillation
residue (tar) or the liquid leaving the flash unit, con-
taining catalyst in dispersed phase, rich in metal sul-
fides produced by demetallation of the feedstock and pos-
sibly coke and various kinds of carbonaceous residues, to
the deasphalting zone.

It is generally necessary to effect a flushing on the
asphaltene stream leaving the deasphalting section (SDA) to
ensure that these elements do not accumulate too much in
the hydrotreatment reactor and, in the case of deactivation
of the catalyst, to remove part of the catalyst which is
replaced with fresh catalyst. This however is generally not
the case as the catalyst maintains its activity for a long
period; as it is necessary however to effect a flushing for
the above reasons, some of the catalyst must obviously be
used up even if it is nowhere near being completely deacti-
vated. Furthermore, although the volumes of the flushing
stream (0.5-4% with respect to the feedstock), are ex-
tremely limited compared with other hydrotreatment tech-
nologies, they still create considerable problems relating
to their use or disposal.

The application described is particularly suitable
when the heavy fractions of complex hydrocarbon mixtures

produced by the process (bottom of the distillation column)
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must be used as feedstock for catalytic cracking plants,
both Hydrocracking (HC) and fluid bed Catalytic Cracking
(FCC) .

The combined action of a catalytic hydrogenation unit
(HT) with an extraction process (SDA) allows deasphalted
oils to be produced with a reduced content of pollutants
(metals, sulfur, nitrogen, carbonaceous residue), and which
can therefore be more easily treated in catalytic cracking
processes.

A further aspect to be taken into consideration, how-
ever, is that the naphtha and gas oil produced directly by
the hydrotreatment unit still contain numerous contaminants
(sulfur, nitrogen, ...) and must in any case be reprocessed
to obtain the end-products.

It has now been found that both the process described
in patent application IT-MI20012-001438 and also the proc-
ess described in patent application IT-95A001095, now fully
incorporated in the present patent application, can be fur-
ther improved by the insertion of an additional secondary
post-treatment hydrogenation section of the flushing
stream.

This secondary section consists in the post-treatment
of the flushing stream in order to significantly reduce its
entity and enable at least part of the catalyst, still ac-

tive, to be recycled to the hydrotreatment reactor.
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The process, object of the present invention, for the
conversion of heavy feedstocks selected from heavy crude
oils, distillation residues, heavy oils coming from cata-
lytic treatment, thermal tars, bitumens from oil sands,
various kinds of coals and other high-boiling feedstocks of
a hydrocarbon origin known as black oils, by the combined
use of the following three process units: hydroconversion
with catalysts in slurry phase (HT), distillation or flash
(D), deasphalting (SDA), comprises the following steps:

e mixing at least part of the heavy feedstock and/or at
least most of the stream containing asphaltenes obtained in
the deasphalting unit with a suitable hydrogenation cata-
lyst and sending the mixture obtained to a hydrotreatment
reactor (HT) into which hydrogen or a mixture of hydrogen
and H;S is charged;

¢ sending the stream containing the hydrotreatment reaction
product and the catalyst in dispersed phase to one or more
distillation or flash steps (D) whereby the different frac-
tions coming from the hydrotreatment reaction are sepa-
rated;

® recycling at least part of the distillation residue (tar)
or liquid leaving the flash unit, containing the catalyst
in dispersed phase, rich in metal sulfides produced by de-
metallation of the feedstock and possibly coke, to the

deasphalting zone (SDA) in the presence of solvents, op-

- 10 -



10

15

20

25

WO 2004/056946 PCT/EP2003/014544

tionally also fed with at least a fraction of the heavy
feedstock, obtaining two streams, one consisting of
deasphalted oil (DAO) and the other containing asphaltenes,
characterized in that a fraction of the stream containing
asphaltenes, coming from the deasphalting section (SDA),
called flushing stream, is sent to a treatment section with

a suitable solvent for the separation of the product into a

solid fraction and a liquid fraction from which said sol-

vent can be subsequently removed.

The treatment section of the flushing effluent, pref-
erably in a quantity ranging from 0.5 to 10% by volume with
respect to the fresh feedstock, consists in a deoiling step
with a solvent (toluene or gas oil or other streams rich in
aromatic components) and a separation of the solid fraction
from the liquid fraction.

At least part of said liquid fraction can be fed:

e to the "“pool fuel o0il”, as such or after being sepa-
rated from the solvent and/or after the addition of a
suitable fluxing liquid;

. and/or to the hydrotreatment reactor (HT) as such.

In specific cases, the solvent and fluxing liquid can
coincide.

The solid fraction can be disposed of as such or, more
advantageously, it can be sent to a selective recovery

treatment of the transition metal or metals contained in

- 11 -
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the transition catalyst (for example molybdenum) (with re-
spect to the other metals present in the starting residue,
nickel and vanadium) so as to effect the optional recycling
of the stream rich in transition metal (molybdenum) to the
hydrotreatment reactor (HT).

This composite treatment has the following advantages

with respect to a traditional process:

* the entity of the flushing fraction is greatly reduced;

® a large part of the flushing fraction is upgraded to fuel
oil by separating the metals and coke;

e the fraction of fresh catalyst to be added to the feed-

stock to the primary hydrotreatment is reduced, as at least

a part of the molybdenum extracted from the selective re-

covery treatment is recycled.

The deoiling step consists in the treatment of the
flushing stream, which represents a minimum fraction of the
asphaltene stream coming from the deasphalting section
(SDA) at the primary hydrotreatment plant of the heavy
feedstock, with a solvent which is capable of bringing the
highest possible quantity of organic compounds to liquid
phase, leaving the metallic sulfides, coke and more refrac-
tory carbonaceous residues (insoluble toluene or similar
products), in solid phase.

Considering that the components of a metallic nature

can become pyrophoric when they are very dry, it is advis-

- 12 -
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able to operate in an inert atmosphere, containing as lit-
tle oxygen and humidity as possible.

Various solvents can be advantageously used in this
deoiling step; among these, aromatic solvents such as tolu-
ene and/or xylene blends, hydrocarbon feedstocks available
in the plant, such as the gas o0il produced therein, or in
refineries, such as Light Cycle 0il coming from the FCC
unit or Thermal Gas o0il coming from the Visbreaker/Thermal
Cracker unit, can be mentioned.

Within certain limits, the operating rate is facili-
tated by increases in the temperature and the reaction time
but an excessive increase is unadvisable for economic rea-
sons.

The operating temperatures depend on the solvent used
and on the pressure conditions adopted; temperatures rang-
ing from 80 to 150°C, however, are recommended; the reac-
tion times can vary from 0.1 to 12 h, preferably from 0.5
to 4 h.

The volumetric ratio solvent/flushing stream is also
an important variable to be taken into consideration; it
can vary from 1 to 10 (v/v), preferably from 1 to 5, more
preferably from 1.5 to 3.5.

Once the mixing phase between the solvent and flushing
stream has been completed, the effluent maintained under

stirring is sent to a separation section of the liquid

- 13 -
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phase from the solid phase.

This operation can be one of those typically used in
industrial practice such as decanting, centrifugation or
filtration.

The liquid phase can then be sent to a stripping and
recovery phase of the solvent, which is recycled to the
first treatment step (deoiling) of the flushing stream. The
heavy fraction which remains, can be advantageously used in
refineries as a stream practically free of metals and with
a relatively low sulfur content. If the treatment operation
is effected with a gas o0il, for example, part of said gas
0il can be left in the heavy product to bring it within the
specification of pool fuel oil.

Alternatively, the liquid phase can be recycled to the
hydrogenation reactor.

The solid part can be disposed of as such or it can be
subjected to additional treatment to selectively recover
the catalyst (molybdenum) to be recycled to the hydrotreat-
ment reactor.

It has been found, in fact, that by adding a heavy
feedstock but without metals such as, for example, part of
the Deasphalted 0il (DAO) coming from the deasphalting unit
of the plant itself, to the above solid phase, and mixing
said system with acidulated water (typically with an inor-

ganic acid), almost all of the molybdenum is maintained in

- 14 -
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the organic phase whereas substantial quantities of other
metals migrate towards the aqueous phase. The two phases
can be easily separated and the organic phase can then be
advantageously recycled to the hydrotreatment reactor.

The solid phase is dispersed in a sufficient quantity
of organic phase (for example deasphalted o0il coming from
the same process) to which acidulated water is added.

The ratio between aqueous phase and organic phase can
vary from 0.3 to 3; the pH of the agqueous phase can vary
from 0.5 to 4, preferably from 1 to 3.

In addition to the post-treatment section of the
flushing stream, a further secondary post-treatment hydro-
genation section of the C,-500°C fraction, preferably Cs-
350°C fraction, deriving from the high pressure separation
section situated upstream of the distillation, can also be
present.

In this case, the stream containing the hydrotreatment
reaction product and the catalyst in dispersed phase, be-
fore being sent to one or more distillation or flash steps,
is subjected to a high pressure separation pre-step in or-
der to obtain a light fraction and a heavy fraction, the
heavy fraction alone being sent to said distillation
step(s) (D).

The light fraction obtained by means of the high pres-

sure separation step can be sent to a hydrotreatment sec-

- 15 -
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tion, producing a lighter fraction containing C;-C4 gas and

HyS and a heavier fraction containing hydrotreated naphtha

and gas oil.

The optional insertion of the secondary post-treatment
hydrogenation section of the C,-500°C fraction, preferably
the Cs-350°C fraction, exploits the availability of this
fraction together with hydrogen at a relatively high pres-
sure, which is approximately that of the hydrotreatment re-
actor, allowing the following advantages to be obtained:

e it allows the production, starting from oil feedstocks
extremely rich in sulfur, of fuels in line with the most
severe specifications on the sulfur content (< 10-50 ppm
of sulfur) and improved with respect to other character-—
istics of diesel gas oil such as density, polyaromatic
hydrocarbon content and cetane number;

* the distillates produced do not suffer from problems of
stability.

The hydrogenation post-treatment on a fixed bed con-
sists in the preliminary separation of the reaction efflu-
ent of the hydrotreatment reactor (HT) by means of omne or
more separators operating at a high pressure and a high
temperature. Whereas the heavy part, extracted from the
bottom, is sent to the main distillation unit, the part ex-
tracted at the head, a C,-500°C fraction, preferably a Cs-

350°C fraction, is sent to a secondary treatment section in

- 16 -
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the presence of hydrogen, available at a high pressure,
wherein the reactor is a fixed bed reactor and contains a
typical de-sulfuration/de-aromatization catalyst, in order
to obtain a product which has a much lower sulfur content
and also lower levels of nitrogen, a lower total density
and, at the same time, as far as the gas oil fraction is
concerned, increased cetane numbers.

The hydrotreatment section normally consists of one or
more reactors in series; the product of this system can
then be further fractionated by distillation to obtain a
totally desulfurated naphtha and a diesel gas o0il within
specification as fuel.

The hydrodesulfuration step with a fixed bed generally
uses typical fixed bed catalysts for the hydrodesulfuration
of gas oils; this catalyst, or possibly also a mixture of
catalysts or a set of reactors with different catalysts
having different properties, considerably refines the light
fraction, by significantly reducing the sulfur and nitrogen
content, increasing the hydrogenation degree of the feed-
stock, thus decreasing the density and increasing the
Cetane number of the gas oil fraction, at the same time re-
ducing the formation of coke.

The catalyst generally consists of an amorphous part
based on alumina, silica, silico-alumina and mixtures of

various mineral oxides on which a hydrodesulfurating compo-

- 17 -~
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nent is deposited (with various methods) together with a
hydrogenating agent. Catalysts based on molybdenum or tung-
sten, with the addition of nickel and/or cobalt deposited
on an amorphous mineral carrier are typical catalysts for
this type of operation.

The post-treatment hydrogenation reaction is carried
out at an absolute pressure slightly lower than that of the
primary hydrotreatment step, generally ranging from 7 to 14
MPa, preferably from 9 to 12 MPa; the hydrodesulfuration
temperature ranges from 250 to 500°cC, preferably from 280
to 420°C; the temperature normally depends on the desul-
furation level required. The space velocity is another im-
portant variable in controlling the quality of the product
obtained: it can range from 0.1 to 5 h, preferably from
0.2 to 2 h™.

The quantity of hydrogen mixed with the feedstock is
fed to a stream between 100 and 5000 Nm>/m?, preferably be-
tween 300 and 1000 Nm?/m’.

Various kinds of heavy feedstocks can be treated: they
can be selected from heavy crude oils, bitumens from oil
sands, various types of coals, distillation residues, heavy
oils coming from catalytic treatment, for example heavy cy-
cle oils from catalytic cracking treatment, bottom products
from hydroconversion treatment, thermal tars (coming for

example from visbreaking or similar thermal processes), and

- 18 -
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any other high-boiling feedstock of a hydrocarbon origin
generally known in the art as black oils.

As far as the general process conditions are con-
cerned, reference should be made to what is already speci-
fied in patent applications IT-MI20012-001438 and IT-
95A0010095.

According to what is described in patent application
IT-95A0010985, all the heavy feedstock can be mixed with a
suitable hydrogenation catalyst and sent to the hydrotreat-
ment reactor (HT), whereas at least 60%, preferably at
least 80% of the stream containing asphaltenes, which also
contains catalyst in dispersed phase and possibly coke and
is enriched with metal coming from the initial feedstock,
can be recycled to the hydrotreatment zone.

According to what is described in patent application
IT-MI2001A-001438, part of the heavy feedstock and at least
most of the stream containing asphaltenes, which also con-
tains catalyst in dispersed phase and possibly coke, are
mixed with a suitable hydrogenation catalyst and sent to
the hydrotreatment reactor, whereas the remaining part of
the quantity of the heavy feedstock i1s sent to the
deasphalting section.

According to what is described in patent application
IT-MI2001A-001438, at least most of the stream containing

asphaltenes, which essentially consists of said asphalte-
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nes, is mixed with a suitable hydrogenation catalyst and
sent to the hydrotreatment reactor, whereas all the heavy
feedstock is fed to the deasphalting section.

When only part of the distillation residue (tar) or
liquid leaving the flash unit is recycled to the deasphalt-
ing zone (SDA), at least part of the remaining quantity of
said distillation or flash residue can be sent to the hy-
drotreatment reactor, optionally together with at least
part of the stream containing asphaltenes coming from the
deasphalting section (SDa).

The catalysts used can be selected from those obtained
from precursors decomposable in-situ (metallic naphthen-
ates, metallic derivatives of phosphonic acids, metal-
carbonyls, etc.) or from preformed compounds based on one
or more transition metals such as Ni, Co, Ru, W and Mo: the
latter is preferred due to its high catalytic activity.

The concentration of the catalyst, defined on the ba-
sis of the concentration of the metal or metals present in
the hydroconversion reactor, ranges from 300 to 20,000 ppm,
preferably from 1,000 to 10,000 ppm.

The hydrotreatment step is preferably carried out at a
temperature ranging from 370 to 480°C, more preferably from
380 to 440°C, and at a pressure ranging from 3 to 30 MPa,
more preferably from 10 to 20 MPa.

The hydrogen is fed to the reactor, which can operate
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with both the down-flow and, preferably, up-flow procedure.
Said gas can be fed to different sections of the reactor.

The distillation step is preferably effected at re-
duced pressure ranging from 0.0001 to 0.5 MPa, preferably
from 0.001 to 0.3 MPa.

The hydrotreatment step can consist of one or more re-
actors operating within the range of conditions specified
above. Part of the distillates produced in the first reac-
tor can be recycled to the subsequent reactors.

The deasphalting step, effected by means of an extrac-
tion with a solvent, hydrocarbon or non-hydrocarbon (for
example with paraffins or iso-paraffins having from 3 to 6
carbon atoms), 1is generally carried out at temperatures
ranging from 40 to 200°C and at a pressure ranging from 0.1

to 7 MPa. It can also consist of one or more sections oper-

ating with the same solvent or with different solvents; the

recovery of the solvent can be effected under subcritical
or supercritical conditions with one or more steps, thus
allowing a further fractionation between deasphalted oil
(DAO) and resins.

The stream consisting of deasphalted oil (DAO) can be
used as such, as synthetic crude oil (syncrude), optionally
mixed with the distillates, or it can be used as feedstock
for fluid bed Catalytic Cracking or Hydrocracking treat-

ment.
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Depending on the characteristics of the crude oil
(metal content, sulfur and nitrogen content, carbonaceous
residue), the feeding to the whole process can be advanta-
geously varied by sending the heavy residue alternately ei-
ther to the deasphalting unit or to the hydrotreatment
unit, or contemporaneously to the two uﬁits, modulating:

* the ratio between the heavy residue to be sent to the hy-
drotreatment section (fresh feedstock) and that to be
sent for deasphalting; said ratio preferably varies from
0.01L to 100, more preferably from 0.1 to 10, even more
preferably from 1 to 5;

* the recycling ratio between fresh feedstock and tar to be
sent to the deasphalting section; said ratio preferably
varies from 0.01 to 100, more preferably from 0.1 to 10;

* the recycling ratio between fresh feedstock and asphalte-
nes to be sent to the hydrotreatment section; said ratio
can vary in relation to the variations in the previous
ratios;

® the recycling ratio between tar and asphaltenes to be
sent to the hydrotreatment section; said ratio can vary
in relation to the variations in the previous ratios.

This flexibility is particularly useful for fully ex-
ploiting the complementary characteristics of the
deasphalting units (discrete nitrogen reduction, and de-

aromatization) and hydrogenation wunits (high removal of
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metals and sulfur).

Depending on the type of crude oil, the stability of
the streams in question and quality of the product to be
obtained (also in relation to the particular treatment
downstream), the fractions of fresh feedstock to be fed to
the deasphalting section and hydrotreatment section can be
modulated in the best possible way.

The application described is particularly suitable
when the heavy fractions of the complex hydrocarbon mix-
tures produced by the process (bottom of the distillation
column) are to be used as feedstock for catalytic cracking
plants, both Hydrocracking (HC) and fluid bed Catalytic
Cracking (FCC).

The combined action of a catalytic hydrogenation unit
(HT) with an extractive process (SDA) allows deasphalted
oils to be produced with a reduced content of contaminants
(metals, sulfur, nitrogen, carbonaceous residue), and which
can therefore be more easily treated in the catalytic
cracking processes.

A preferred embodiment of the present invention is
provided hereunder with the help of the enclosed figure 1
which, however, should in no way be considered as limiting
the scope of the invention itself.

The heavy feedstock (1), or at least a part thereof

(la), is sent to the deasphalting unit (SDA), an operation
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which is effected by means of extraction with a solvent.

Two streams are obtained from the deasphalting unit
(SDA) : one stream (2) consisting of deasphalted oil (DaO),
the other containing asphaltenes (3).

The stream containing asphaltenes, with the exception
of a flushing (4), is mixed with the fresh make-up catalyst
(5) necessary for reintegrating that lost with the flushing
stream (4), with part of the heavy feedstock (1lb) not fed
to the deasphalting section and part of the tar (24) not
fed to the deasphalting section (SDA) and optionally with
the stream (15) coming from the treatment section of the
flushing (whose description will be dealt with further on
in the text) to form the stream (6) which is fed to the hy-
drotreatment reactor (HT) into which hydrogen is charged
(or a mixture of hydrogen and H,S) (7). A stream (8), con-
taining the hydrogenation product and the catalyst in dis-
persed phase, leaves the reactor and is first fractionated
in one or more separators operating at high pressure (HP
Sep). The fraction at the head (9) is sent to a fixed bed
hydrotreatment reactor (HDT Cs-350) where a light fraction
containing C;-Cs gas and H,S (10) and a Cs-350°C fraction
(11) containing hydrotreated naphtha and gas oil, are pro-
duced. A heavy fraction (12) leaves the bottom of the high
pressure separator and i1s fractionated in a distillation

column (D) from which the vacuum gas oil (13) is separated
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from the distillation residue containing the dispersed
catalyst and coke. This stream, called tar (14), is com-
pletely or mostly (25) recycled to the deasphalting reactor
(SDA), with the exception of the fraction (24) mentioned
above.

The flushing stream (4) can be sent to a hydrotreat-
ment section (Deoiling) with a solvent (16) forming a mix-
ture containing liquid and solid fractions (17). Said mix-
ture is sent to a treatment section of solids (Solid Sep)
from which a solid effluent (18) is separated and also a
liquid effluent (19), which is sent to a recovery section
of the solvent (Solvent Recovery). The recovered solvent
(16) is sent back to the deoiling section whereas the heavy
effluent (20) is sent to the Fuel 0il fraction (22), as
such or with the addition of a possible fluxing liquid
(21) .

The solid fraction (18) can be disposed of as such or
it can be optionally sent to a section for additional
treatment (Cake Treatment), such as that described, for ex-
ample, in the text and examples, to obtain a fraction which
is practically free of molybdenum (23), which is sent for
disposal and a fraction rich in molybdenum (15), which can
be recycled to the hydrotreatment reactor.

Some examples are provided hereunder for a better il-

lustration of the invention, which however should in no way
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be considered as limiting its scope.
EXAMPLE 1

Following the scheme represented in figure 1, the fol-
lowing experiment was effected.

Deasphalting step

® Feedstock: 300 g of vacuum residue from Ural crude oil

(Table 1)

® Deasphalting agent: 2000 cc of liquid propane (extraction
repeated three times)
e Temperature: 80°C

e Pressure: 35 bar

Table 1: Characteristics of Ural vacuum residue 500°C+

API gravity 10.8
Sulfur (w%) 2.6
Nitrogen (w%) 0.7
CCR (w%) 18.9
Ni + V (ppm) 80 + 262

Hydrotreatment step

¢ Reactor: 3000 cc, steel, suitably shaped and equipped

with magnetic stirring

e Catalyst; 3000 ppm of Mo/feedstock added using molybdenum
naphthenate as precursor |

e Temperature: 410°C

® Pressure: 16 MPa of hydrogen

e Residence time: 4 h

Flash step
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* Effected with a laboratory apparatus for liquid evapora-

tion (T = 120°C)

Experimental results

Ten consecutive deasphalting tests were effected using
for each test a feedstock consisting of Ural vacuum residue
(fresh feedstock) and atmospheric residue obtained from the
hydrotreatment reaction of C; asphaltenes of the previous
step in order to allow the complete recycling of the cata-
lyst added during the first test. For each step, the auto-
clave was fed with a quantity of feedstock consisting of
Ural vacuum residue (fresh feedstock) and C3 asphaltenes
deriving from the deasphalting unit so as to bring the to-
tal mass of feedstock (fresh feedstock + recycled C3; as-
phaltenes) to the initial value of 300 g.

The ratio between the quantity of fresh feedstock and
quantity of recycled product reached under these operating
conditions was 1:1.

The data relating to the outgoing streams after the
last recycling (weight % with respect to the feedstock) are

provided hereunder.

oe

s Gas: 7

e Naphtha (C5-170°C): 8%

Atmospheric gas oil (AGO 170-350°C): 17%

Deasphalted oil (VGO + DAO): 68%

The asphaltene stream recovered at the end of the test
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contains all the catalyst fed initially, the sulfides of
the metals Ni and V produced during the ten hydrotreatment
reactions and a quantity of coke in the order of about 1%
by weight with respect to the total quantity of Ural resi-
due fed. In the example indicated, it is not necessary to
effect a flushing of the recycled stream. Table 2 specifies
the characterization of the product obtained.

Table 2: characteristics of test reaction products accord-

ing to Example 1

15

20

25

Sulfur|Nitrogen| Sp. Gr. RCC Ni+Vv
(w%) (ppm) (g/ml) (w®) | (ppm)
Naphtha Cs5-170°C | 0.06 450 0.768 - -
AGO 170-350°C 0.52 2100 0.870 - -
VGO + DAO 1.45 2500 0.938 3 1
EXAMPLE 2

20.7 g of flushing stream (composition indicated in

Table 3), coming from the conversion plant of a Ural resi-
due 500+, are treated with 104 g of toluene (w/w ratio sol-
vent/flushing = 5) at 100°C for 3 h. The resulting fraction
is subjected to filtration. 3.10 g of solid are collected
(composition indicated in Table 4) together with 17.60 g of
heavy o0il (after removal of the toluene by evaporation),
which has a metal content as specified in Table 5.

Table 3: Characteristics of the flushing stream coming from

Ural treatment 500°C+
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1 Sp.Gravity (g/ml) 1.1
S 2.4
Mo (w$%) 0.68
Ni (w%) 0.12
v 0.36
Fe (w%) 0.07

5 Table 4: Characteristics of the solid

(cake)

PCT/EP2003/014544

coming from

the treatment with toluene of the Ural 500°C+ flushing

stream
C (w%) 82.0
H (w%) 3.9
S (w%) 4.8
10 Mo (w%) 4.1
Ni (w%) 0.6
vV (w%) 2.2
Fe (w%) 0.4

Table 5: Metal content in the heavy o0il extracted from the

treatment of the flushing stream coming from Ural 500°C+

15 treatment

Mo (ppm) 10
Ni (ppm) 26
V_(ppm) 23
Fe (ppm) 10
EXAMPLE 3
20 The same procedure is used as described in Example 2;

10.6 g of flushing stream

(composition indicated in Table

3) are treated with 62 ml of gas oil, produced during a hy-

drotreatment test of Ural residue,

effected according to

the procedure described in Example 1 above and with the

25 quality specified in Table 2; the gas 0il/flushing ratio is
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5 and the operation is carried out at 130°C for 6 h. The
resulting fraction is subjected to centrifugation (5000
rpm). 1.78 g of solid are collected (composition indicated
in Table 6) together with 8.82 g of heavy oil (after re-
moval of the gas oil by evaporation).

Table 6: Characteristics of the solid (cake) coming from

treatment with gas o0il of the Ural 500°C+ flushing stream

Mo (w%) 3.43
Ni (w%) 0.53
V. (w%) 1.75

EXAMPLE 4

1.0 g of solid residue deriving from the treatment
described in Example 2 and with the composition specified
in Table 4, is treated with a mixture of 50 ml of acidu-
lated water (pH = 2) and 50 ml of Deasphalted 0il, DAO,
with the composition indicated in Table 7.

After 24 h at 70°C, the liquid phases are left to de-
cant and the analysis of the metals is effected in the two
phases.

The total amount (> 99%) of molybdenum remains in the
organic phase, whereas the nickel and vanadium are found in
the aqueous phase in quantities corresponding to an extrac-
tion efficiency of 23.5% and 24.4%, respectively.

The organic phase containing molybdenum was then fed

with fresh Ural residue to a hydrotreatment test, carried
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out with the procedure described in Example 1: the molybde-
num maintains its catalytic activity properties.
Table 7: Characteristics of the DAO coming from the treat-

ment of Ural 500°C+ residue

Sulfur |Nitrogen| Sp.Gr. RCC Ni+V
(w%) (ppm) (g/ml) (W) (ppm)
DAO 1.02 2100 0.934 3 < 1

EXAMPLE 5

The same procedure is adopted as described in Example
4 but using, instead of DAO, a gas oil produced during a
hydrotreatment test of Ural residue (see Example 1) and
acidulated water (pH = 2)

The total amount of molybdenum remains in the organic
phase, whereas the nickel and vanadium are found in the
aqueous phase in quantities corresponding to an extraction
efficiency of 41.0% and 26.8%, respectively.

EXAMPLE 6

Following the scheme represented in Figure 1, the
products leaving the head of a high pressure separator are
sent to a fixed bed reactor, fed with a stream of reagents
with a downward movement. The reactor is charged with a
typical commercial hydrodesulfuration catalyst based on mo-
lybdenum and nickel.

The operating conditions are the following:

LHSV: 0.5 h™t
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Hydrogen pressure: 10 Mpa
Reactor temperature: 390°C
Table 8 indicates the quality of the feeding entering
the fixed bed reactor and of the product obtained.
Table 8: Hydrotreatment of the C5-350°C fraction coming

from the treatment of Ural residue 500°C+

Feedstock Product
Sp. Gravity (g/ml) 0.8669 0.8294
MonoAromatics (w%) 30.1 19.5
DiAromatics (w%) 8.3 1.2
TriAromatics (w%) 2.8 0.4
PolyAromatics (w%) 11.1 1.6
Sulphur (ppm) 5300 37
Nitrogen (ppm) 2280 3
Distillation curve
Ti0 (°C) 187 145
Tso (°C) 271 244
Too (°C) 365 335
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1.

CLATMS
A process for the conversion of heavy feedstocks se-
lected from heavy crude oils, distillation residues,
heavy o0ils coming from catalytic treatment, thermal
tars, bitumens from oil sands, various kinds of coals
and other high-boiling feedstocks of a hydrocarbon
origin known as black oils, by the combined use of the
following three process units: hydroconversion with
catalysts in slurry phase (HT), distillation or flash
(D), deasphalting (SDa), comprising the following
steps:
e mixing at least part of the heavy feedstock and/or
at least most of the stream containing asphaltenes ob-
tained in the deasphalting unit with a suitable hydro-
genation catalyst and sending the mixture obtained to
a hydrotreatment reactor (HT) into which hydrogen or a
mixture of hydrogen and H,S is charged;
¢ sending the stream containing the hydrotreatment
reaction product and the catalyst in dispersed phase
to one or more distillation or flash steps (D) whereby
the different fractions coming from the hydrotreatment
reaction are separated;
* recycling at least part of the distillation residue
(tar) or liquid leaving the flash unit, containing the

catalyst in dispersed phase, rich in metal sulfides
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produced by demetallation of the feedstock and possi-
bly coke, to the deasphalting zone (SDA) in the pres-
ence of solvents, optionally also fed with at least a
fraction of the heavy feedstock, obtaining two
streams, one consisting of deasphalted oil (DAO) and
the other containing asphaltenes,

characterized in that a fraction of the stream con-
taining asphaltenes, coming from the deasphalting sec-
tion (SDA), called flushing stream, is sent to a
treatment section with a suitable solvent for the
separation of the product into a solid fraction and a
liquid fraction from which said solvent can be subse-
quently removed.

The process according to claim 1, wherein the flushing
stream is in a quantity ranging from 0.5 to 10% by
volume with respect to the fresh feedstock.

The process according to claim 1, wherein at least
part of the liquid fraction deriving from the treat-
ment section of the flushing is sent as such or after
being separated from the solvent and/or after the ad-
dition of a suitable fluxing liguid to the Fuel Oil
fraction.

The process according to claim 1, wherein at least
part of the liquid fraction deriving from the treat-

ment section of the flushing is recycled to the hy-
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drotreatment reactor (HT).

The process according to claim 1, wherein the solvent
used in the treatment section of the flushing is an
aromatic solvent or a mixture of gas oils produced in
the process itself or available in refineries.

The process according to claim 5, wherein the aromatic
solvent is toluene and/or a mixture of xylenes.

The process according to claim 1, wherein the volumet-
ric ratio solvent/flushing stream varies from 1 to 10.
The process according to claim 7, wherein the volumet-
ric ratio solvent/flushing stream varies from 1 to 5.
The process according to claim 8, wherein the volumet-
ric -ratio solvent/flushing stream varies from 1.5 to
3.5.

The process according to at least one of the claims
from 1 to 9, wherein all the heavy feedstock is mixed
with a suitable hydrogenation catalyst and sent to the
hydrotreatment reactor (HT), whereas at least 60% of
the stream containing asphaltenes, which also contains
catalyst in dispersed phase and possibly coke and is
enriched with metals coming from the initial feed-
stock, is recycled to the hydrotreatment zone.

The process according to claim 10, wherein at least
80% of the stream containing asphaltenes is recycled

to the hydrotreatment zone.
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12.

13.

14.

15.

The process according to at least one of the claims
from 1 to 9, wherein part of the heavy feedstock and
at least most of the stream containing asphaltenes,
which also contains catalyst in dispersed phase and
possibly coke, are mixed with a suitable hydrogenation
catalyst and sent to the hydrotreatment reactor,
whereas the remaining part of the heavy feedstock is
sent to the deasphalting section.

The process according to at least one of the claims
from 1 to 9, wherein at least most of the stream con-
taining asphaltenes, which essentially consists of
said asphaltenes, is mixed with a suitable hydrogena-
tion catalyst and sent to the hydrotreatment reactor,
whereas all the heavy feedstock is fed to the
deasphalting section.

The process according to claim 1, wherein part of the
distillation residue (tar) or liquid leaving the flash
unit is recycled to the deasphalting zone (SDA) and at
least part of the remaining part of said distillation
or flash residue is sent to the hydrotreatment reac-
tor.

The process according to claim 14, wherein at least
part of the distillation or flash residue is sent to
the hydrotreatment reactor together with at least part

of the stream containing asphaltenes coming from the
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16.

17.

18.

19.

20.

21.

22.

deasphalting section (SDa).

The process according to claim 1, wherein at least 80%
by weight of the distillation residue is recycled to
the deasphalting zone.

The process according to claim 16, wherein at least
95% by weight of the distillation residue is recycled
to the deasphalting zone.

The process according to claim 1, wherein at least
part of the remaining quantity of distillation residue
(tar), not recycled to the deasphalting zone is recy-
cled to the hydrotreatment section.

The process according to claim 1, wherein the distil-
lation steps are carried out at a reduced pressure
ranging from 0.0001 to 0.5 MPa.

The process according to claim 19, wherein the distil-
lation steps are carried out at a reduced pressure
ranging from 0.001 to 0.3 MPa.

The process according to claim 1, wherein the hy-
drotreatment step is carried out at a temperature
ranging from 370 to 480°C and at a pbressure ranging
from 3 to 30 MPa.

The process according to claim 21, wherein the hy-
drotreatment step is carried out at a temperature
ranging from 380 to 440°C and at a pressure ranging

from 10 to 20 MPa.



10

20

25

WO 2004/056946 PCT/EP2003/014544

23.

24.

25.

26.

27.

28.

29.

30.

The process according to claim 1, wherein the
deasphalting step is carried out at tegperature rang-
ing from 40 to 200°C and at a pressure ranging from
0.1 to 7 MPa.

The process according to claim 1, whérein the
deasphalting solvent is a light paraffin with from 3
to 7 carbon atoms.

The process according to claim 1, wherein the
deasphalting step is carried out under subcritical or
supercritical conditions with one or more steps.

The process according to claim 1, wherein the stream
consisting of deasphalted oil (DAO) is fractionated by
means of conventional distillation.

The process according to claim 1, wherein the stream
consisting of deasphalted oil (DAO) is mixed with the
products separated in the distillation step after be-
ing condensed.

The process according to claim 1, wherein the hydro-
genation catalyst is a decomposable precursor or a
preformed compound based on one or more transition
metals.

The process according to claim 28, wherein the transi-
tion metal is molybdenum.

The process according to claim 1, wherein the concen-

tration of the catalyst in the hydroconversion reac-
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31.

32.

33.

34.

35.
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tor, defined on the basis of the concentration of the
metal or metals present, ranges from 300 to 20000 ppm.
The process according to claim 30, wherein the concen-
tration of the catalyst in the hydroconversion reactor
ranges from 1000 to 10000 ppm.

The process according to at least one of the claims
from 1 to 9, wherein the stream containing the hy-
drotreatment reaction product and the catalyst in dis-
persed phase, before being sent to one or more distil-
lation or flash steps, is subjected to a high pressure
separation pre-step in order to obtain a light frac-
tion and a heavy fraction, the heavy fraction alone
being sent to said distillation step(s) (D).

The process according to claim 32, wherein the light
fraction obtained by means of the high pressure sepa-
ration step is sent to a secondary post-treatment hy-
drogenation section, producing a lighter fraction con-
taining C;-C; gas and H,S and a heavier fraction con-
taining hydrotreated naphtha and gas oil.

The process according to claim 33, wherein the post-
treatment hydrogenation reaction is effected at a
pressure ranging from 7 to 14 MPa.

The process according to claims 1 and 28, wherein the
solid fraction of the product treated is sent to a

further selective recovery treatment of the transition
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metal (s) contained in the hydrogenation catalyst.

36. The process according to claim 35, wherein the transi-

tion metal(s) recovered, is recycled to the hy-

drotreatment reactor (HT).
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