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(57) ABSTRACT 

Process for the conversion of heavy charges such as heavy 
crude oils, tars from oil sands and distillation residues, by 
the combined use of the following three process units: 
hydroconversion With catalysts in slurry phase (HT), distil 
lation or ?ash (D), deasphalting (SDA), characterized in that 
the three units operate on mixed streams consisting of fresh 
charge and recycled streams, by the use of the following 
steps: 

sending at least one fraction of the heavy charge to a 
deasphalting section (SDA) in the presence of hydrocar 
bon solvents obtaining tWo streams, one consisting of 
deasphalted oil (DAO), the other of asphalts; 

mixing the asphalt With a suitable hydrogenation catalyst 
and optionally With the remaining fraction of heavy 
charge not sent to the deasphalting section and sending the 
mixture obtained to a hydro-treatment reactor (HT) into 
Which hydrogen or a mixture of hydrogen and H28 is 
charged; 

sending the stream containing the hydro-treatment reaction 
product and the catalyst in dispersed phase to one or more 
distillation or ?ash steps (D) Whereby the most volatile 
fractions are separated, among Which the gases produced 
in the hydro-treatment reaction; 

recycling at least 60% by Weight, preferably at least 80%, 
more preferably at least 95%, of the distillation residue 
(tar) or liquid leaving the ?ash unit, containing the cata 
lyst in dispersed phase, rich in metallic sul?des produced 
by demetallation of the charge and possibly coke, to the 
deasphalting Zone. 



Patent Application Publication Aug. 24, 2006 Sheet 1 0f 2 US 2006/0186021 A1 

1 

1a 3 
SDA ’ 

11. ' 

‘L 

13 



Patent Application Publication Aug. 24, 2006 Sheet 2 0f 2 US 2006/0186021 A1 

Fl Variation oi the k_ parameter in relation to the; 
composition of the mixture. 

k05 

00 1b 2'0" 35 4b 5b (50 7'0 8'0 9b 100 
recycle °/. with respect to total charge 



US 2006/0186021 A1 

PROCESS FOR THE CONVERSION OF HEAVY 
CHARGES SUCH AS HEAVY CRUDE OILS AND 

DISTILLATION RESIDUES 

[0001] The present invention relates to a process for the 
conversion of heavy charges, among Which heavy crude oils, 
tars from oil sands and distillation residues, by the use of 
three process units: hydroconversion of the charge using 
catalysts in dispersed phase, distillation and deasphalting, 
suitably connected and fed With mixed streams consisting of 
fresh charge and conversion products. 

[0002] The conversion of heavy crude oils, tars from oil 
sands and oil residues in liquid products can be substantially 
effected in tWo Ways: one exclusively thermal, the other by 
means of hydrogenating treatment. 

[0003] Current studies are mainly directed toWards hydro 
genating treatment, as thermal processes have problems 
linked to the disposal of the by-products, in particular coke 
(even obtained in quantities higher than 30% by Weight With 
respect to the charge) and to the poor quality of the conver 
sion products. 

[0004] Hydrogenating processes consist in treating the 
charge in the presence of hydrogen and suitable catalysts. 

[0005] Hydroconversion technologies currently on the 
market use ?xed bed or ebullated bed reactors and catalysts 
generally consisting of one or more transition metals (Mo, 
W, Ni, Co, etc.) supported on silica/alumina (or equivalent 
material). 
[0006] Fixed bed technologies have considerable prob 
lems in treating particularly heavy charges containing high 
percentages of heteroatoms, metals and asphaltenes, as this 
pollutants cause a rapid deactivation of the catalyst. 

[0007] Ebullated bed technologies have been developed 
and commercialized for treating these charges, Which pro 
vide interesting performances, but are complex and costly. 

[0008] Hydro-treatment technologies operating With cata 
lysts in dispersed phase can provide an attractive solution to 
the draWbacks met in the use of ?xed or ebullated bed 
technologies. Slurry processes, in fact, combine the advan 
tage of a Wide ?exibility of the charge With high perfor 
mances in terms of conversion and upgrading, and are 
therefore, in principle, simpler from a technological point of 
view. 

[0009] Slurry technologies are characterized by the pres 
ence of particles of catalyst having very small average 
dimensions and effectively dispersed in the medium: for this 
reason hydrogenation processes are easier and more imme 
diate in all points of the reactor. The formation of coke is 
considerably reduced and the upgrading of the charge is 
high. 

[0010] The catalyst can be charged as poWder With suffi 
ciently reduced dimensions (US. Pat. No. 4,303,634) or as 
oil-soluble precursor (US. Pat. No. 5,288,681). In this latter 
case, the active form of the catalyst (generally the metal 
sul?de) is formed in-situ by thermal decomposition of the 
compound used, during the reaction itself or after suitable 
pretreatment (US. Pat. No. 4,470,295). 

[0011] The metallic constituents of the dispersed catalysts 
are generally one or more transition metals (preferably Mo, 
W, Ni, Co or Ru). Molybdenum and tungsten have much 
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more satisfactory performances than nickel, cobalt or ruthe 
nium and even more than vanadium and iron (N. Panariti et 
al., Appl. Catal. A: January 2000, 204, 203). 

[0012] Although the use of dispersed catalysts solves most 
of the problems mentioned for the technologies described 
above, there are disadvantages, hoWever, mainly associated 
With the life cycle of the catalyst itself and With the quality 
of the products obtained. 

[0013] The procedure for the use of these catalysts (type of 
precursors, concentration, etc.) is in fact extremely impor 
tant from an economic point of vieW and also With respect 
to environmental impact. 

[0014] The catalyst can be used at a loW concentration (a 
feW hundreds of ppm) in a “once-through” con?guration, 
but in this case the upgrading of the reaction products is 
generally insuf?cient (N. Panariti et al., Appl. Catal. A: 
January 2000, 204, 203 and 215). When operating With 
extremely active catalysts (for example molybdenum) and 
With higher concentrations of catalyst (thousands of ppm of 
metal), the quality of the product obtained becomes much 
better, but the catalyst must be recycled. 

[0015] The catalyst leaving the reactor can be recovered 
by separation from the product obtained from hydro-treat 
ment (preferably from the bottom of the distillation column, 
doWnstream of the reactor) using conventional methods such 
as, for example, decanting, centrifugation or ?ltration (US. 
Pat. No. 3,240,718; US. Pat. No. 4,762,812). Part of the 
catalyst can be recycled to the hydrogenation process With 
out further treatment. HoWever, the catalyst recovered using 
knoWn hydro-treatment processes, normally has a reduced 
activity With respect to fresh catalyst and a suitable regen 
eration step must therefore be effected to restore the catalytic 
activity and recycle at least part of the catalyst to the 
hydro-treatment reactor. These recovery procedures of the 
catalyst, furthermore, are costly and extremely complex 
from a technological point of vieW. 

[0016] With respect to the chemical description of con 
version processes, it is convenient to introduce the stability 
concept Which, for a crude oil or oil residue, expresses their 
tendency to precipitate the asphaltene component due to a 
change in the operating conditions or chemical composition 
of the oil and/or asphaltenes (incompatibility) folloWing 
dilution With hydrocarbon cuts or chemical re-arrangement 
induced by cracking processes, hydrogenations, etc. 

[0017] Hydrocarbons Which can be precipitated by a crude 
oil or oil residue by treatment With n-heptane under standard 
conditions established by regulation lP-143, are convention 
ally de?ned as asphaltenes. 

[0018] From a qualitative point of vieW, it can be af?rmed 
that incompatibility phenomena arise When products With 
very different characteristics are mixed With each other, With 
respect to the nature of the maltene, or nonasphaltene 
component, as in the case of the mixing of para?inic crude 
oils With aromatic crude oils or the dilution of oil residues 
With cutter stocks of a paraf?nic nature (a typical case is the 
?ushing of tar from visbreaking With scarcely aromatic gas 
oils). 
[0019] In conversion processes of oil residues, tars from 
oil sands and heavy crude oils to distillates, the maximum 
conversion level is limited by the stability of the residue 
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produced. These processes, in fact, modify the chemical 
nature of oil and asphaltenes causing a progressive decrease 
in the stability With an increase in the degree of severity. 
Over a certain limit, the asphaltenes present in the charge 
can cause a phase separation (or precipitate) and therefore 
activate coke formation processes. 

[0020] From a physico-chemical point of vieW, the phase 
separation phenomenon can be explained by the fact that as 
the conversion reactions proceed, the asphaltene phase 
becomes more and more aromatic due to dealkylation and 
condensation reactions. 

[0021] Consequently, over a certain limit, the asphaltenes 
are no longer soluble in the maltene phase also because, in 
the meantime, the latter has become more “para?inic”. 

[0022] The stability loss control of a heavy charge during 
a thermal and/or catalytic conversion process is therefore 
fundamental for obtaining the maximum conversion degree 
Without running into problems relating to the formation of 
coke and fouling. 

[0023] In once-through processes, the optimum operating 
conditions (mainly reaction temperature and residence time) 
are simply determined on the basis of the stability data of the 
reactor el?uent by means of direct measurements on the 
non-converted residue (P value, Hot Filtration Test, Spot 
Test, etc.). 
[0024] All these processes alloW more or less high con 
version levels to be reached depending on the charge and 
type of technology used, generating hoWever a non-con 
verted residue at the stability limit, Which We Will call tar, 
Which, depending on the speci?c cases, can vary from 30 to 
85% of the initial charge. This product is used for producing 
fuel oil, tars or it can be used as charge in gasi?cation 
processes. 

[0025] In order to increase the overall conversion degree 
of residue cracking processes, schemes have been proposed 
Which comprise the recycling of more or less signi?cant 
quantities of tar to the cracking unit. In the case of hydro 
conversion processes With catalysts dispersed in slurry 
phase, the recycling of the tar also alloWs recovery of the 
catalyst, and for this reason, the same applicants have 
described in patent application IT-95A00l095, a process 
Which enables recycling of the recovered catalyst to the 
hydro-trcatmcnt rcactor Without the need for a further rcgcn 
eration step, at the same time obtaining a high-quality 
product Without the production of residue (“Zero residue 
re?nery”). 

[0026] This process comprises the folloWing steps: 

[0027] mixing the heavy crude oil or distillation residue 
With a suitable hydrogenation catalyst and sending the 
mixture obtained to a hydro-treatment reactor into 
Which hydrogen or a mixture of hydrogen and H28 is 
charged; 

[0028] sending the stream containing the hydro-treat 
ment reaction product and the catalyst in dispersed 
phase to a distillation Zone in Which the most volatile 
fractions are separated; 

[0029] sending the high-boiling fraction obtained in the 
distillation step to a deasphalting step, and the conse 
quent production of tWo streams, one consisting of 
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deasphalted oil (DAO), the other consisting of asphalt, 
catalyst in dispersed phase and possibly coke and 
enriched With metals coming from the initial charge; 

[0030] recycling at least 60%, preferably at least 80%, 
of the stream consisting of asphalt, catalyst in dispersed 
phase and possibly coke, rich in metals, to the hydro 
treatment Zone. 

[0031] It has noW been found that in the case of the 
upgrading of heavy crude oils or tars from oil sands to 
complex hydrocarbon mixtures to be used as raW material 
for further conversion processes to distillates, it may be 
convenient to use different process con?gurations With 
respect to that described above, Whereby the folloWing 
advantages are obtained: 

[0032] maximization of conversion yields to distillable 
products (deriving from both atmospheric and vacuum 
distillation), and to deasphalted oil (DAO), Which in 
most cases may exceed 95%; 

[0033] maximization of the upgrading degree of the 
charge, i.e. of the removal of the poisons present 
(metals, sulfur, nitrogen, carbonaceous residue), mini 
miZing the production of coke; 

[0034] maximum ?exibility in treating charges differing 
in the nature of the hydrocarbon component (density) 
and level of pollutants present; 

[0035] possibility of completely recycling the hydroge 
nation catalyst Without the need for regeneration. 

[0036] The process, object of the present invention, for the 
conversion of heavy charges by means of the combined use 
of the folloWing three process units: hydroconversion With 
catalysts in slurry phase (HT), distillation or ?ash (D), 
deasphalting (SDA), is characteriZed in that the three units 
operate on mixed streams consisting of fresh charge and 
recycled streams, using the folloWing steps: 

[0037] sending at least one fraction of the heavy charge 
to a deasphalting section (SDA) in the presence of 
solvents obtaining tWo streams, one consisting of deas 
phalted oil (DAO), the other of asphalts; 

[0038] mixing the asphalt With a suitable hydrogenation 
catalyst and optionally With the remaining fraction of 
heavy charge not sent to the deasphalting section and 
sending the mixture obtained to a hydro-treatment 
reactor (HT) into Which hydrogen or a mixture of 
hydrogen and H28 is charged; 

[0039] sending the stream containing the hydro-treat 
ment reaction product and the catalyst in dispersed 
phase to one or more distillation or ?ash steps (D) 
Whereby the most volatile fractions are separated, 
among Which the gases produced in the hydro-treat 
ment reaction; 

[0040] recycling at least 60% by Weight, preferably at 
least 80%, more preferably at least 95%, of the distil 
lation residue (tar) or liquid leaving the ?ash unit, 
containing the catalyst in dispersed phase, rich in 
metallic sul?des produced by demetallation of the 
charge and possibly coke, to the deasphalting Zone. 

[0041] The heavy charges treated can be of different kinds: 
they can be selected from heavy crude oils, distillation 
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residues, heavy oils coming from catalytic treatment, for 
example heavy cycle oils from catalytic cracking treatment, 
thermal tars (coming for example from visbreaking or 
similar thermal processes), tars from oil sands, various kinds 
of coals and any other high-boiling charge of a hydrocarbon 
origin generally knoWn in the art as “black oils”. 

[0042] The possible remaining part of the distillation 
residue (tar) or liquid leaving the ?ash unit, not recycled to 
the deasphalting Zone, can be either totally or partially 
recycled, to the hydro-treatment section. 

[0043] The catalysts can be selected from those obtained 
from easily decomposable oil-soluble precursors (metallic 
naph-thenates, 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. 

[0044] The concentration of catalyst, de?ned on the basis 
of the concentration of metal or metals present in the 
hydro-conversion reactor, ranges from 350 to 10000 ppm, 
preferably from 1000 to 8000 ppm, more preferably from 
1500 to 5000 ppm. 

[0045] The hydro-treatment step is preferably carried out 
at a temperature ranging from 370 to 480° C., preferably 
from 380 to 440° C., and at a pressure ranging from 3 to 30 
MPa, preferably from 10 to 20 MPa. 

[0046] The hydrogen is fed to the reactor, Which can 
operate either under doWn-?oW or, preferably up-?oW con 
ditions. The gas can be fed to different sections of the 
reactor. 

[0047] The distillation step is preferably carried out at 
reduced pressure, at a pressure ranging from 0.001 to 0.5 
MPa, preferably from 0.05 to 0.3 MPa. 

[0048] The hydro-treatment step can consist of one or 
more reactors operating Within the range of conditions 
indicated above. Part of the distillates produced in the ?rst 
reactor can be recycled to the subsequent reactors. 

[0049] The deasphalting step, effected by an extraction 
With a solvent, Which may or may not be hydrocarbon, (for 
example With para?ins having from 3 to 6 carbon atoms), is 
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 operating With the same 
solvent or With different solvents; the solvent can be recov 
ered under supercritical conditions thus alloWing further 
fractionation betWeen asphalt and resins. 

[0050] 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 
charge for ?uid bed Catalytic Cracking treatment or Hydro 
cracking. 

[0051] Depending on the characteristics of the crude oil 
(metal content, content of sulfur and nitrogen, carbonaceous 
residue), it is possible to advantageously modulate: 

[0052] the ratio betWeen the heavy residue to be sent to 
the hydro-treatment section (fresh charge) and that to 
be sent for deasphalting; said ratio can vary from 0 to 
100, preferably from 0.1 to 10, more preferably from 1 
to 5; 
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[0053] the recycling ratio betWeen fresh charge and tar 
to be sent to the deasphalting section; said ratio pref 
erably varies from 0.1 to 100, more preferably from 0.1 
to 10; 

[0054] the recycling ratio betWeen fresh charge and 
asphalts to be sent to the hydro-treatment section; said 
ratio can vary in relation to the variation in the previous 
ratios; 

[0055] the recycling ratio betWeen tar and asphalts to be 
sent to the hydro-treatment section; said ratio can vary 
in relation to the variation in the previous ratios. 

[0056] This ?exibility is particularly useful for better 
exploiting the complementary characteristics of the deas 
phalting units (reasonable HDN and dearomatiZation) and 
hydrogenation units (high HDM and HDS). 

[0057] 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 doWnstream 
treatment), the fractions of fresh charge to be fed to the 
deasphalting and hydro-treatment sections can be modulated 
in the best possible Way. 

[0058] Furthermore, to achieve the best possible running 
of these processes, it is advisable to guarantee compatibility 
of the streams to be mixed, or that the ?oWs of 

[0059] fresh charge and tar 

[0060] fresh charge and asphalt (possibly containing 
resins or an aliquot thereof) 

[0061] tar and asphalt (possibly containing resins or an 
aliquot thereof) 

having different physico-chemical characteristics, are 
mixed in such ratios as to avoid precipitation of 
asphaltenes in all process phases. 

[0062] The process, object of the present invention, can be 
further improved, as far as the compatibility of the streams 
to be mixed is concerned, by controlling that the recycling 
betWeen the streams containing asphaltenes, or fresh charge, 
tar and asphalt, has such a ratio that: 

[0063] vmix is the molar volume of the maltene component 
(i.e. nonasphaltene) of the mixture (cm3/mole); 

[0064] 25m 
component of the mixture (cal/cm 

is the solubility parameter of the maltene 

[0065] zsasph is the solubility parameter of the asphaltenes 
of the mixture (the highest value among the values of the 
tWo components of the mixture is considered)(cal/cm3)l/ 
2; 

[0066] R=Gas Constant (1.987 cal/mol° K.); 

[0067] T: temperature expressed in Kelvin degrees. 

[0068] The asphaltenes used as reference for determining 
the properties indicated above are the insoluble n-heptane 
fraction (C7 asphaltenes). 
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[0069] The values indicated in the formula are calculated 
as follows: 

[0070] vmix=molar average of the molar volumes of the 
maltene components 

[0071] omix=volumetric average of the solubility param 
eters of the maltene components 

[0072] k=constant Whose value ranges from 0.2 to 0.5. 

[0073] The application described is particularly suitable 
When the heavy fractions of complex hydrocarbon mixtures 
produced by the process must be used as charge for catalytic 
cracking plants, both Hydrocracking (HC) and ?uid bed 
Catalytic Cracking (FCC). 

[0074] The combined action of a catalytic hydrogenation 
unit (HT) With an extractive process (SDA), in fact, alloWs 
deasphalted oils to be produced With a reduced content of 
contaminants (metals, sulfur, nitrogen, carbonaceous resi 
due), Which can therefore be more easily treated in catalytic 
cracking processes. 

[0075] Furthermore, the investment cost of the Whole 
complex can also be minimized as, With respect to the 
scheme described in patent application lT-95A001095, for 
the same charge unit treated, the dimensions of the deas 
phalting section are increased Whereas those of the hydro 
treatment section (and doWnstream distillation column) are 
reduced; as the deasphalting unit involves loWer investment 
costs than the hydro-treatment unit, there is a consequent 
saving on the investment cost of the Whole complex. 

[0076] A preferred embodiment of the present invention is 
noW provided With the help of FIG. 1 enclosed, Which 
hoWever should not be considered as limiting the scope of 
the invention itself. 

[0077] The heavy charge (1), or at least a part thereof (1a), 
is sent to the deasphalting unit (SDA), an operation Which is 
effected by means of extraction With solvent. 

[0078] TWo streams are obtained from the deasphalting 
unit (SDA): one (2) consisting of deasphalted oil (DAO), the 
other consisting of asphalts and resins (3); the latter can be 
further separated into the tWo groups of compounds of 
Which it is formed, and the fraction of resins (4) can be 
divided betWeen DAO and asphalt. 

[0079] The stream consisting of asphalt and resins (or a 
fraction of these) is mixed With fresh make-up catalyst (5) 
necessary for reintegrating that used up With the ?ushing 
stream (14), With the part of heavy charge (1b) not fed to the 
deasphalting section and optionally With the stream (15) 
(Which Will be described further on in the text) coming from 
the bottom of the distillation column (D) to form a stream (6) 
Which is fed to the hydro-treatment reactor (HT) into Which 
hydrogen (or a mixture of hydrogen and H2S) (7), is 
charged. A stream (8) containing the hydrogenation product 
and catalyst in dispersed phase, leaves the reactor and is 
fractionated in a distillation column (D) from Which the 
lighter fractions (9) and distillable products (10), (11) and 
(12) are separated from the distillation residue containing 
the dispersed catalyst and coke. This stream, called tar, (13), 
is completely or for the most part, except for a ?ushing (14), 
recycled to the deasphalting reactor (SDA). A part of this 
(15) can be optionally sent to the hydro-treatment unit (HT). 
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[0080] Some examples are provided beloW for a better 
illustration of the invention Without limiting its scope. 

EXAMPLE 1 

[0081] FolloWing the scheme represented in FIG. 1, the 
folloWing experiment Was carried out. 

Deasphalting Step 

[0082] Charge: 300 g vacuum residue from Ural crude oil 
(Table 1) 

[0083] Deasphalting agent: 2000 cc of liquid propane 
(extraction repeated 3 times) 

[0084] Temperature: 80° C. 

[0085] Pressure: 35 bars 

TABLE 1 

Characteristics of Ural vacuum residue 5000 C.+ 

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

Hydro -Treatment Step 

[0086] Reactor: 3000 cc, steel, suitably shaped and 
equipped With magnetic stirring 

[0087] Catalyst: 3000 ppm of Mo/charge added using 
molybdenum naphthenate as precursor 

[0088] Temperature: 4100 C. 

[0089] Pressure: 16 MPa of hydrogen 

[0090] Residence time: 4 h 

Flash Step 

[0091] Elfected by means of a laboratory apparatus for 
liquid evaporation (T=120o C.) 

Experimental Results. 

[0092] 10 consecutive deasphalting tests Were effected 
using, for each test, a charge consisting of Ural vacuum 
residue (fresh charge) and atmospheric residue obtained 
from the hydro-treatment reaction of C3 asphaltenes of the 
previous step in order to alloW the complete recycling of the 
catalyst added during the ?rst test. At every step, the 
autoclave Was fed With a quantity of charge consisting of 
Ural vacuum residue (fresh charge) and C3 asphaltenes 
deriving from the deasphalting, Which Was such as to bring 
the total charge mass (fresh charge+recycled C3 asphaltenes) 
to the initial value of 300 g. 

[0093] The ratio betWeen quantity of fresh charge and 
quantity of recycled charge reached under these operating 
conditions Was 1:1. 

[0094] The data relating to the out-going streams after the 
last recycling (Weight % With respect to the charge) are as 
folloWs: 

[0095] Gas: 7% 

[0096] Naphtha (cs-170o c); 8% 
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[0097] Atmospheric gas oil (AGO 170-3500 C.): 17% 

[0098] Deasphalted oil (VGO+DAO): 68% 

[0099] The asphaltene stream recovered at the end of the 
test contains all the catalyst initially fed, sul?des of the 
metals Ni and V produced during the 10 recycles from the 
hydro-treatment and a quantity of coke in the order of about 
1% by Weight With respect to the total quantity of Ural 
residue fed. In the example indicated, there Was no need to 
effect any ?ushing of the recycled stream. 

[0100] Table 2 provides the characteriZation of the product 
obtained. 

TABLE 2 

characteristics of test reaction products according to Example 1. 

Sul?lr Nitrogen RCC Ni + V 

W % (ppm) Sp. Gr. (W %) (ppm) 

Naphtha 05-1700 0. 0.06 450 0.768 f i 

AGO 17041500 0. 0.52 2100 0.870 f i 

VGO + DAo 1.45 2500 0.938 3 1 

EXAMPLE 2 

[0101] An experiment Was conducted, similar to the one 
described in experiment 1, effecting the hydro-treatment 
step, hoWever, at 4200 C. 

[0102] The ratio betWeen quantity of fresh charge and 
quantity of recycled product reached under these operating 
conditions Was 1:1.5. 

[0103] The data relating to the out-going streams after the 
last recycling (Weight % With respect to the charge) are as 
folloWs: 

[0104] Gas: 9% 

[0105] Naphtha (cs-170o c); 11% 

[0106] Atmospheric gas oil (AGO 170-3500 C.): 24% 

[0107] Deasphalted oil (V GO+DAO): 56% 

[0108] In the example indicated, there Was no need to 
effect any ?ushing of the recycled stream. 

[0109] Table 3 provides the characteriZation of the product 
obtained. 

TABLE 3 

characteristics of test reaction products according to Fxamnle 2. 

Sul?lr Nitrogen RCC Ni + V 
W % (ppm) Sp. Gr. (W %) (ppm) 

Naphtha C5-170° C. 0.05 300 0.759 f i 

AGO 170*350O C. 0.51 1950 0.864 f i 

VGO + DAO 1.45 2200 0.922 2.5 1 
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EXAMPLE 3 

[0110] The folloWing example shoWs the use of the rela 
tion 

(Vm;x/RD(9asph-9mb<)2<k 
indicated in the present invention to evaluate the compat 
ibility limits of the various streams to be subjected to 
hydro-treatment. 
[0111] The streams used in Examples 1 and 2 Were char 
acteriZed to determine the properties used in the above 
relation. 

[0112] Starting from the properties indicated in Table 4 
and using the above relation, the parameter k values Were 
calculated in all the possible mixture situations of the tWo 
streams: from 0% of the ?rst component and 100% of the 
second component up to the reverse situation, ie 100% of 
the ?rst component and 0% of the second component. The 
temperature to Which reference Was made for determining 
the properties is 1400 C. 

[0113] The values obtained are indicated in the graph of 
FIG. 2. 

TABLE 4 

Properties of the streams used in Examples 1 and 2 

PROPERTIES CHARGE (RV) RECYCLE 

6 mix (cal/cm3)l/2 8.9 9.15 
6 asph. (cal/cm3)l/2 9.2 9.4 
v mix (cm3/mole) 1300 750 
Density@15° c. (g/cm3) 0.912 1.11 
k 0.28329 0.11350 

[0114] It can be noted from the graph that the tWo separate 
streams are stable (k§0.5), Whereas the vacuum residue 
charge immediately becomes unstable (k values >0.5) With 
small additions of recycled stream. For recycled stream 
additions higher than 25%, the mixture becomes stable again 
(k values 20.5). 

1. A process for the conversion of heavy charges selected 
from heavy crude oils, distillation residues, “heavy oils 
coming from catalytic treatment, “thermal tars”, tars from 
oil sands, various kinds of coals and other high-boiling 
charges 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), distil 
lation or ?ash (D), deasphalting (SDA), characteriZed in that 
the three units operate on mixed streams consisting of fresh 
charge and recycled streams, With the use of the folloWing 
steps: 

sending at least one fraction of the heavy charge to a 
deasphalting section (SDA) in the presence of hydro 
carbon solvents obtaining tWo streams, one consisting 
of deasphalted oil (DAO), the other of asphalts; 

mixing the asphalt With a suitable hydrogenation catalyst 
With the remaining fraction of heavy charge not sent to 
the deasphalting section and sending the mixture 
obtained to a hydro-treatment reactor (HT) into Which 
hydrogen or a mixture of hydrogen and H2S is charged; 

sending the stream containing the hydro-treatment reac 
tion product and the catalyst in dispersed phase to one 
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or more distillation or ?ash steps (D) whereby the most 
volatile fractions are separated, among Which the gases 
produced in the hydro-treatment reaction; 

recycling at least 60% by Weight of the distillation residue 
(tar) or liquid leaving the ?ash unit, containing the 
catalyst in dispersed phase, rich in metallic sul?des 
produced by demetallation of the charge and possibly 
coke, to the deasphalting Zone. 

2. The process according to claim 1, Wherein at least 80% 
by Weight of the distillation residue or liquid leaving the 
?ash unit is recycled to the deasphalting Zone. 

3. The process according to claim 2, Wherein at least 95% 
by Weight of the distillation residue or liquid leaving the 
?ash unit is recycled to the deasphalting Zone. 

4. The process according to claim 1, Wherein at least part 
of the remaining part of distillation residue (tar) or liquid 
leaving the ?ash unit, not recycled to the deasphalting Zone, 
is recycled to the hydro-treatment section. 

5. The process according to claim 1, Wherein the recycling 
ratio betWeen the streams containing asphaltenes, or fresh 
charge, tar and asphalts, must be such that: 

(VmiX/R T) (6asph_ 6mix)2 <k 

Wherein: 

zsasph is the highest value among the solubility parameters 
of the tWo C7 asphaltenes of the mixture (highest value) 

vmix is the molar average of the molar volumes of the 
maltene components 

saw is the volumetric average of the solubility parameters 
of the maltene components 

k is a constant Whose value ranges from 0.2 to 0.5; 

R is the gas constant With a value of 1.987 cal/mol K; and 

T is the temperature With units of K. 
6. The process according to claim 1, Wherein the distil 

lation step is carried out at a reduced pressure ranging from 
0.001 to 0.5 MPa. 

7. The process according to claim 6, Wherein the distil 
lation step is carried out at a reduced pressure ranging from 
0.05 to 0.3 MPa. 
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8. The process according to claim 1, Wherein the hydro 
treatment step is carried out at a temperature ranging from 
370 to 4500 C. and a pressure ranging from 30 to 300 Atm. 

9. The process according to claim 8, Wherein the hydro 
treatment step is carried out at a temperature ranging from 
380 to 4400 C. and a pressure ranging from 100 to 200 Atm. 

10. The process according to claim 1, Wherein the deas 
phalting step is carried out at temperatures ranging from 40 
to 2000 C. and a pressure ranging from 1 to 70 Atm. 

11. The process according to claim 1, Wherein the deas 
phalting solvent is a light para?in With from 3 to 6 carbon 
atoms. 

12. The process according to claim 1, Wherein the deas 
phalting step is carried out by means of extraction With a 
solvent operating in supercritical phase. 

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

14. The process according to claim 1, Wherein the stream 
consisting of deasphalted oil (DAO) is mixed With the 
products separated in the ?ash step after being condensed. 

15. The process according to claim 1, Wherein the hydro 
genation catalyst is an easily decomposable precursor or a 
preformed compound based on one or more transition met 
als. 

16. The process according to claim 15, Wherein the 
transition metal is molybdenum. 

17. The process according to claim 1, Wherein the con 
centration of catalyst in the hydroconversion reactor, de?ned 
on the basis of the concentration of the metal or metals 
present, ranges from 350 to 10000 ppm. 

18. The process according to claim 17, Wherein the 
concentration of catalyst in the hydroconversion reactor 
ranges from 1000 to 8000 ppm. 

19. The process according to claim 18, Wherein the 
concentration of catalyst in the hydroconversion reactor 
ranges from 1500 to 5000 ppm. 


