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(54) METHOD FOR PROCESSING HEAVY PETROLEUM FEEDSTOCK, SYSTEM FOR
PROCESSING HEAVY PETROLEUM FEEDSTOCK, CONCENTRATED RESIDUE AND USE OF
THE CONCENTRATED RESIDUE

(57) The invention relates to the field of petroleum
processing, in particular to a method for processing
heavy petroleum feedstock allowing the production of
valuable products from heavy residues, which are typi-
cally refractory products, wherein the method is charac-
terized by greater stability and efficiency. Themethod for
processing heavy petroleum feedstock comprises the
steps of suspending solid granular material in the feed-
stock and subjecting the resulting slurry to hydrocracking
in the presence of hydrogen in a slurry-phase hydro-
cracking reactor to obtain a heavy residue stream,
wherein the heavy residue stream is a slurry of an un-

converted hydrocracking residue and a spent solid gran-
ularmaterial; separating the spent solid granularmaterial
from the unconverted hydrocracking residue using a
solvent in a washing section to obtain a mixture of the
unconverted hydrocracking residue and the solvent; de-
livering the mixture to a vacuum column for separating
the solvent to obtain a separated heavy residue; evapor-
ating at least a portion of the separated heavy residue in
an evaporator to obtain a concentrated hydrocracking
residue and heavy vacuum gas oil (HVGO), wherein at
least a portion of the HVGO is used to produce the
solvent.
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Description

TECHNICAL FIELD

[0001] The invention relates to the field of petroleum processing, in particular to a method for processing heavy
petroleum feedstock allowing the production of valuable products from heavy residues, which are typically refractory
products, wherein the method is characterized by greater stability and efficiency, particularly, in the processes of thermal
cracking and hydrocracking of heavy residues from petroleum processing.

BACKGROUND

[0002] In the state of the art there are many known processes for processing heavy hydrocarbons in the presence of
special solid additives, adsorbents, and catalysts, for example, VCC, Uniflex, EST, GT-SACT, H-Oil, LC-Fining, etc.
Among them, a combined hydrocracking process ismost effective for processing heavy petroleum feedstocks such as tar
obtained after the fractional distillation of heavy Urals crude oil.
[0003] However, each of these processes faces problems associated with processing residual hydrocracking products
to obtain high-quality, demanded products.
[0004] For a combined hydrocracking process, documentCA2157052 contemplates the use of a solidified residue from
liquid-phase cracking as a binder added to coal charges for producing metallurgical coke, which residue comprises a
carbon additive and has passed steps of separation and subsequent vacuum distillation.
[0005] However, thisprocess isdescribed for residues from theprocessingofArabian light crudeoil and isnot applicable
to residues from theprocessingof heavy crudeoils since thehighcontent of heavyhydrocarbonsandasphaltenes in these
residues will inevitably lead to coking of equipment and fail to provide necessary sintering properties.
[0006] The problem facing the present invention is the development of an effective and stable method for processing
heavy petroleum feedstocks, such as heavy Urals crude oil, which makes it possible to derive valuable products from the
residues formed through such processing, especially a sintering additive or bitumen products, and a stream of heavy
vacuum gas oil, which can be converted into aromatic light gas oil through any known oil-refining and petrochemical
process used to enhance aromatic hydrocarbon content, wherein the aromatic light gas oil can in turn be used in the
processing of heavy petroleum feedstock, thereby increasing its efficiency and reducing its resource intensity.

SUMMARY OF THE INVENTION

[0007] The present invention relates to a method for processing heavy petroleum feedstock, comprising the steps of:
suspending a solid granularmaterial in said feedstock and subjecting the resulting slurry to hydrocracking in the presence
of hydrogen in a slurry-phasehydrocracking reactor to obtain aheavy residuestream,wherein theheavy residuestream is
a slurry of unconverted hydrocracking residue and spent solid granular material; separating the spent solid granular
material from the unconverted hydrocracking residue using a solvent in a washing section to obtain a mixture of the
unconvertedhydrocracking residueand thesolvent; deliveringsaidmixture toavacuumcolumn for separating thesolvent,
thusobtainingaseparatedheavy residue; evaporatingat least aportionof the separatedheavy residue in anevaporator to
produce a concentrated hydrocracking residueandheavy vacuumgasoil (HVGO);wherein at least a portion of theHVGO
is used to produce the solvent.
[0008] Preferably, the solid granular material is an adsorbent or a catalyst.
[0009] Preferably, the adsorbent is a carbon material.
[0010] The slurry-phase hydrocracking additionally further a gaseous mixture of hydrocarbons, which is subjected to
gas-phase hydrocracking, followed by fractionation of the hydrocracking products.
[0011] Preferably, at least a portion of the HVGO is subjected to catalytic cracking to produce the solvent.
[0012] Preferably, the HVGO is supplied to catalytic cracking in amixture with at least one of the following components:
straight-run vacuum gas oil, fuel oil from a gas condensate processing unit, and hydrotreated vacuum gas oil.
[0013] It is preferable that themixture for catalytic cracking is characterized by the following percentage ratios based on
the weight of the mixture:

- 10 to 80 hydrotreated vacuum gas oil and/or fuel oil; and
- 20 to 90 HVGO and, optionally, straight-run vacuum gas oil.

[0014] Additionally, the method comprises a step of recycling at least a portion of the HVGO in a mixture with the
separated heavy residue into the evaporator.
[0015] Preferably, the heavy petroleum feedstock is characterized by an initial boiling point of at least 510°C and a
density at 20°C of over 1000 kg/m3, in particular it is tar.
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[0016] It is preferable that the concentrated hydrocracking residue hasan ash content of notmore than 1.0%, preferably
not more than 0.6%.
[0017] Preferably, the carbonmaterial consists of two fractions of particles,wherein theaverageparticle size of a coarse
fraction is greater than the average particle size of a fine fraction, and the ratio of the weighted average diameter of the
coarse fraction particles to the weighted average diameter of the fine fraction particles varies from 2 to 7, wherein the
coarse and fine fractions are characterized by different mesopore volumes.
[0018] Preferably, the mesopore volume of the fine fraction according to the Barrett-Joyner-Halenda (BJH) method is
not less than 0.07 cm3/g and not more than 0.12 cm3/g, while the mesopore volume according to the BJHmethod for the
coarse fraction is not less than 0.12 cm3/g and not more than 0.2 cm3/g.
[0019] Preferably, the carbonmaterial has aBETspecific surface area of not less than 230m2/g and notmore than 1250
m2/g, preferably not less than 250m2/g and notmore than 900m2/g, most preferably not less than 270m2/g and notmore
than 600 m2/g.
[0020] Preferably, the solvent is an aromatic light gas oil from catalytic cracking, comprising at least 80wt.%of aromatic
hydrocarbons having from 8 to 16 carbon atoms.
[0021] It is preferable that the evaporation is performed in a thin-film evaporator.
[0022] Preferably, the thin-film evaporator has a double jacket heated by flue gases.
[0023] The separated heavy residue is preferably fed into the thin-film evaporator using amanifoldmade in the formof a
hollow circular tube having supply holes evenly distributed along the diameter of the tube.
[0024] Preferably, the evaporation is performed from a constant-thickness film, wherein the thickness of the film is not
more than 1.5 mm, preferably not more than 1.3 mm, and even more preferably from 1.1 to 1.15.
[0025] Preferably, stream redistributors are provided along the height of the thin-film evaporator, which are circle-
shaped metal plates installed along the height of the reactor.
[0026] Preferably, the circulation of a bottom product in the thin-film evaporator with a tangential input.
[0027] The evaporation is preferably performed in the presence of atmospheric oxygen.
[0028] Preferably, the evaporation from the constant-thickness film is carried out for a predetermined time at a
temperature and an evaporation pressure which ensure the evaporation of volatile components to a volatile component
mass fraction of atmost 60% in the concentrated residue and to a ring-and-ball softening point of the concentrated residue
of at least 105°C.
[0029] Preferably,HVGO isproducedbycondensing vaporsof theevaporator usinga refrigerator, followedbycollection
of the resulting distillate.
[0030] According to another aspect of the invention, a system is provided for processing heavy petroleum feedstock,
comprising a slurry-phase hydrocracking section; a separation section; a washing section for separating spent solid
material from a slurry; a vacuum column; and an evaporator.
[0031] Preferably, the slurry-phase hydrocracking section comprises at least one slurry-phase hydrocracking reactor.
[0032] Preferably, the washing section comprises at least one mixing tank and at least one separating tank.
[0033] Preferably, the mixing tank is configured to mix a slurry of the spent solid material in an unconverted hydro-
cracking residue with a solvent.
[0034] Preferably, a separation vessel is configured to separate the spent solid material from the mixture of the
unconverted hydrocracking residue and the solvent, in particular, using centrifugal forces, gravitational forces, or flotation,
preferably centrifugal forces.
[0035] Preferably, the vacuum column is configured to separate the mixture of the unconverted hydrocracking residue
and the solvent to produce a recovered solvent, vacuum gas oil, and a recovered heavy residue.
[0036] Preferably, the evaporator is configured to concentrate the separated heavy residue by evaporation to produce a
concentrated hydrocracking residue and a heavy vacuum gas oil.
[0037] The evaporator is preferably a thin-film evaporator.
[0038] Preferably, the solvent is a product of the processing of heavy vacuumgasoil, wherein the processing is aimedat
increasing the content of aromatic hydrocarbons, in particular of catalytic cracking.
[0039] According to another aspect of the invention, a concentrated hydrocracking residue obtained by the method
according to the invention is provided, wherein the residue is characterized by an ash content of not more than 1.0% and
ring-and-ball softening point of not less than 105°C.
[0040] According to another aspect of the invention, the use of the claimed concentrated residue is provided as a
sintering additive in charge to produce a coke, the coke beingmetallurgical coke, foundry coke, in particular molded coke.
[0041] According to another aspect of the invention, the use of the claimed concentrated residue is provided as a
sintering additive in charge to produce carbon electrodes, wherein the carbon electrodes are an anode or cathode for
galvanic processes, in particular, for the production of aluminum.
[0042] According to another aspect of the invention, the use of the claimed concentrated residue is provided as a
sintering additive in charge to produce self-sintering electrodes.
[0043] According to another aspect of the invention, the use of the claimed concentrated residue is provided to produce
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petroleum coke, wherein the petroleum coke may be anode coke.

BRIEF DESCRIPTION OF THE DRAWINGS

[0044]

Fig. 1. Flow diagram of the process according to the claimed method.
Fig. 2. Schematic illustration of separation section 2;
Fig. 3. Cross-sectional view of the casing of the thin-film evaporator.
Fig. 4. General view of the rotor with installed scrapers in the thin-film evaporator.
Fig. 5. General view of the feedstock distributor in the thin-film evaporator.
Fig. 6. Illustration of the feedstock redistributor.

DETAILED DESCRIPTION OF THE INVENTION

[0045] The method and system according to the present invention make it possible to process feedstocks, which are
traditionally very difficult to process into useful andmarketable products. Suitable feedstock includes tar, bottom products
of atmospheric columns, bottom products of vacuum columns, heavy gas oil from catalytic cracking, shale oil, coal oil,
crude oil bottoms, stripped crude oil and heavy bituminous crude oil from petroleum-bearing sandstones.
[0046] The system includes a slurry-phase hydrocracking (SPH) section 1, a separation section 2, a washing section 4
for separating a solid phase of the slurry, a vacuum column 5, and an evaporator 6. A gas-phase hydrocracking section 3
can be provided.
[0047] In themethod for processingheavypetroleum feedstockaccording to thepresent invention, as shown inFIG. 1, a
solid granular material is mixed with heavy hydrocarbon feedstock to produce a homogeneous slurry. In one aspect,
various solid particles can be used as the granular material to inhibit the coking process, such as catalysts or adsorbents,
provided that the solid particles are capable of withstanding the hydrocracking process. As a catalyst, particles of iron(II)
sulfate, metal naphthenate or metal octanoate may be contemplated, wherein the metal may be molybdenum, tungsten,
ruthenium, nickel, cobalt, or iron. As an adsorbent, non-metallized carbon-containing additives, unmodified or modified,
can be used. Non-metalized additives can bemodified, for example by depositingmetals, such as FeOOHand Fe2O3, on
its surface to impart catalytic properties to a carbon-containing additive. In another embodiment of the invention, the
carbon-containing additive ismodified to change its structure, in particular to increase the volumeofmesopores in order to
increase the probability of asphaltenemolecules accessing the internal pores of the carbon-containing additive, whichwill
lead to the removal of asphaltenes, which are precursors of coke formation, from the reaction zone and hydrocracking
products, thereby improving the quality of the residual hydrocracking products. In the present invention, mesopores
include pores with a diameter of 10 to 200 nm, preferably 20 to 50 nm.
[0048] At step1ofSPH,hydrocarbonsarecrackedand saturated in ahydrogenenvironment,wherein asphaltenes, and
alongwith themmetals such asNi, V, Fe, etc., which are catalytic poisons for gas-phase hydrocracking, are adsorbed on a
carbon additive.
[0049] In particular, carbon additives, which adsorb heavy hydrocarbons of the asphaltene series, are effective for tar
obtained by vacuum distillation of heavy oil. In a particular case, the additive comprises porous carbon material of two
different grain compositions, namely a coarse fraction and a fine fraction, wherein the ratio of the weighted average
diameter of the coarse fraction particles to the weighted average diameter of the fine fraction particles varies from 2 to 7.
The coarse and fine fractions are preferably characterized by differentmesopore volumes. Thus, themesopore volume of
thefine fractionaccording to theBarrett-Joyner-Halenda (BJH)method ispreferablynot less than0.07cm3/gandnotmore
than 0.12 cm3/g,while themesopore volumeof the coarse fraction according to theBJHmethod is preferably not less than
0.12 cm3/g andnotmore than0.2 cm3/g. For greater efficiency of the asphalteneadsorption, it is preferable that the carbon
material has a BETspecific surface area is not less than 230 m2/g and not more than 1250 m2/g, preferably not less than
250 m2/g and not more than 900 m2/g, most preferably not less than 270 m2/g and not more than 600 m2/g. Carbon
materials that can be used to produce carbon additives for combined hydrocracking are known in the art. They include, for
example, lignite, activated brown coal, and activated long-flame coal. In addition, the carbon additive can bemodifiedwith
metal salts (Mo, W, Fe, etc.) to enhance the cracking function and by attaching hydrogen to improve the conversion of
asphaltenes and heavy hydrocarbons.
[0050] Slurry-phase hydrocracking section 1 comprises at least one slurry-phase hydrocracking reactor. The number of
reactors canvarydependingonadesired yield. Thepreparedslurry, togetherwithheavyhydrocarbon feedstock, is heated
inaflameheaterand fed intoaslurry-phasehydrocracking reactor (SPHreactor).Heatedhydrogen issupplied to thesame
reactor. Thus, the feedstock entering the SPH reactor comprises three phases: solid particles, liquid hydrocarbons,
hydrogengas andevaporated hydrocarbons. A solid granularmaterial is used to reduce coke formation by decomposition
or adsorption of coke precursors, in particular heavy hydrocarbons such as asphaltenes, carbenes, and carboids. The
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solidmaterial is added in an effective amount adjusted to strike a balance between the effectiveness of the solidmaterial in
performing its function without a significant increase in the risk of erosive wear. Moreover, these amounts also vary for
different types of initial heavy petroleum feedstock and solid materials of different nature and can be adjusted by a skilled
person based on knownmethods and/or experiments. In particular, for tar obtained by vacuumdistillation of heavy oil, the
carbon additive is usually added in an amount of 1 to 2.5% by weight of the feedstock.
[0051] In one aspect, the method according to the present invention can be carried out in an SPH reactor at a pressure
ranging from 18 to 24 MPa. The temperature in the reactor typically ranges from 350 to 600°C, preferably from 400 to
500°C. The rate at which hydrogen id supplied ranges from 674 to 3370 Nm3/m3 of oil product. The slurry-phase
hydrocracking section may comprise one or more SPH reactors arranged in parallel or series. In addition, cold hydrogen
can be introduced into the reactor to cool (quench) the reactor.
[0052] Preferably, the hydrocracking-subjected stream, when passing through separation section 2, is divided into a
heavy residuestream,which isaslurry of thespent solidgranularmaterial in theunconvertedhydrocracking residue, anda
stream of a gaseous hydrocarbon mixture, which is supplied to fractionation with or without preliminary gas-phase
hydrocracking.Preferablysection2shown inFig. 2comprisesahigh-pressurehot separator21maintainedataseparation
temperature of 400 to 470°C and, in one aspect, at an SPH reaction pressure. In the high-pressure hot separator, the
effluent from the SPH reactor is separated into a gaseous stream and a liquid stream. The gaseous stream is a product of
flash distillation at the temperature and pressure of the high-pressure hot separator and comprises from 35 to 95% by
volume, preferably from70 to 95%by volumeof hydrocarbonproduct from theSPH reactor. Similarly, the liquid stream is a
liquid phase at the temperature and pressure of the high-pressure hot separator. The gaseous stream is withdrawn from
the top of the high-pressure hot separator, and the liquid stream, including the granular material, is withdrawn from the
bottom of the high-pressure hot separator. The liquid stream is delivered to a low-pressure hot separator 22 operating at
the same temperature as the high-pressure hot separator, but at a pressure between 690 kPa and 3447 kPa. The upper
gaseous fraction can be delivered to further separation, gas-phase hydrocracking, or fractionation, and the liquid fraction,
which isaslurryof thesolidgranularmaterial in theunconverted residue, flowsoutof the low-pressurehotseparator22and
enters the washing section 4.
[0053] As a result of slurry-phase hydrocracking, from 70 to 95% of hydrocarbons were converted into a gaseous
mixture of partially hydrogenated hydrocarbons, which are lighter components of liquid-phase hydrocracking products:
H2S, NH3, H2O, C1, C2, C3, C4, C5 hydrocarbons, naphtha, diesel fraction, and vacuum gas oil.
[0054] The remainder is a slurry of solid granular material in the unconverted residue, which is a mixture of pre-
dominantly high-boiling hydrocarbons with an initial boiling point above 525°C.
[0055] In the embodiment of the invention where a carbon additive is used, it is preferable that the additive has a
sufficiently high volume of mesopores, i.e., pores with a size exceeding 10 nm, such as more than 25% of the total pore
volume, for more efficient adsorption of asphaltenes. Such pores allow large, heavy hydrocarbon molecules to pass into
them and precipitate on the pore surface.
[0056] Adeveloped specific surface area (at least 230m2/g), especially if it is provided by a large number ofmesopores,
additionally contributes to a large "liquid-solid" phase boundary at which cracking reactions occur, and, in addition, amore
developedsurface facilitates theentryof asphaltenes intoporeswithout the riskof "flyingout" due to thecomplexgeometry
of the pores, i.e., they act as a kind of pore "lock" for asphaltenes.
[0057] However, about 10 wt.% of asphaltenes in the feedstock, as well as carbenes and carboids resulted from side
condensation reactions during slurry-phase hydrocracking, remain in the form of a dispersed phase surrounded by a
dispersionmediumat any type of the used solid granularmaterial, which leads to an imbalance between asphaltenes and,
on the one hand, aromatic hydrocarbons which disperse asphaltenes, and, on the other hand, saturated hydrocarbons
which promote the precipitation of asphaltenes. As a consequence, such an unconverted residue is aggregatively
unstable, which leads to its delamination and the appearance of difficult-to-control deposits in the form of asphaltene
sediment. Such deposits negatively affect the operation of equipment, leading to wear, shutdowns and difficulties in
cleaning and replacing deposit-prone equipment.
[0058] In this regard, it will be desirable to increase the content of aromatic hydrocarbons in the dispersion medium,
thereby preventing the precipitation of the asphaltenes remaining in the unconverted residue.
[0059] In addition, the unconverted residue is a fairly viscous liquid, and its flow can entrain the solid granularmaterial to
further processing. Therefore, effective reductionof the viscosity of theunconverted residue is necessary to separate solid
granular material from it. Effective reduction of the viscosity means, in this case, the creation of a viscosity and density
gradient between the unconverted residue and the solid granular material so that the created gradient facilitates the
separation of said solid material. In view of the above, in order to reduce the viscosity, while eliminating delamination, an
aromatic solvent free of paraffins, which are natural precipitants of asphaltenes, is suitable.
[0060] The process of separating the spent solid material from the unconverted residue occurs in separation step 4, in
which in the washing section, the slurry is mixed with a solvent to wash the solid material and separate it from the
unconverted residue.
[0061] Thewashing section is preferably a paired section consisting of amixing tank anda separation tank. The number
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of paired sections can vary depending on a desired productivity and a required efficiency of the separation of spent
additive. In themixing tank, the slurry of the spent solid material in the unconverted hydrocracking residue is mixed with a
solvent. In themixing tank, the slurry of the unconverted high-boiling residue togetherwith the spent solid additive ismixed
at a flow rate of 15‑20 tons/h at a temperature of about 400‑450°C and a pressure of 0.15 to 0.35 MPa(g) with a solvent
supplied at a flow rate of 30‑35 tons/hour and a temperature of about 220‑260°C. In the separation vessel, for example,
equipped with a cyclone unit, a decanter, or a flotation apparatus, the spent solid granular material is separated from the
unconverted residue in themixture with the solvent, for example, using centrifugal forces, gravitational forces, or flotation.
[0062] In the separation tank, which in particular is a vertical cylindrical apparatus with a conical bottom, the spent solid
additive is separated from the mixture of the unconverted high-boiling residue with the solvent due to the hydrocyclone
operation. A gas cushion is provided at the top of the separation tank to control the level of fluid in the tank and to regulate
drainage from the tank. The spent solid additive, if necessary, can be pushed further downstream by increasing the
pressure of the gas cushion, thus reducing the risk of equipment clogging.
[0063] The hydrocyclone generally consists of a short cylindrical (upper) part with a pipe for tangential input of the
mixture (tangentially to the surface of the cylinder) and a conical (lower) part with a hole at the top of the cone to discharge
solid fractions.
[0064] Tangential input of themixtureandaxial dischargeof theseparationproducts lead to the rotationof themixture, its
axial and radial movement from the walls of the apparatus to the drain and discharge holes. The rotating flow in the
hydrocyclonehas several zones: external (wall) - downward; internal - ascending;middle - circulation, occupying themain
volumeof the hydrocyclone.Heavyand large solid particles comingwith the initial pulp are thrownby centrifugal forceonto
the inner surface of the cylinder and are carried down by the rotating flow. Under the action of the radial component of the
flow (from thewalls to the center) and the turbulent nature of itsmovement, light and small grains are carried into the inner
zone. Part of the downwardwall vortex flow in the lower zone of the cone turns upward, forming a drain. The hydrocyclone
is the preferred embodiment of separators because it contains no moving parts, which increases its reliability while
providing high efficiency in separating heavier and lighter fractions. The pressure in the separation tank should be
maintained in the range of 0.25 to 0.27 MPa, and the temperature should be maintained at 220‑260°C.
[0065] The mixture entering the separation tank is separated in a hydrocyclone into an upper light stream and a lower
heavy stream. The upper light stream, which includes predominantly a liquid phase, is sent to a vacuum stripping column.
In case of multiple sections, the upper flow is directed to the mixing tank of the second section.
[0066] The lower heavy stream from the hydrocyclone, which includes predominantly wet solids, is removed from the
process.
[0067] Suitablesolvents for thesectionofwashing thesolidgranularmaterial can includeheavy reformate, light orheavy
catalytic cracking gas oil, and toluene.
[0068] Preferably, the solvent is aromatic light gasoil frompetroleumprocessing andpetrochemical process to increase
the aromatic hydrocarbon content, in particular, of catalytic cracking due to the content of C6‑18 aromatic hydrocarbons
exceeding 80% by weight.
[0069] The function of the solvent is to effectively reduce the viscosity of the unconverted residue and eliminate the
precipitation of asphaltenes. Aromatic light gas oil is advantageous because it increases the aromatics proportion in a
dispersed system and is free of paraffins, which are natural precipitants for asphaltenes. Thus, the group composition
provided in aromatic light gas oil comprisingmore than 80wt.%aromatic hydrocarbons provides better separation of solid
material from the unconverted residue.
[0070] The purification degree of the unconverted residue from solid material plays an important role when the
unconverted residue is processed into a petroleum sintering additive, whichmust have low reactivity and low ash content
to improve its performance properties. Catalytic or carbon particles of the solid granular material, if present in the additive
composition, negatively affect these parameters.
[0071] Light aromatic gas oil, resulting from petroleum processing, is usually used to produce diesel fuels and, as a
consequence, its use as a solvent is impractical and unprofitable. Therefore, in order to provide additional light aromatic
gas oil, it is proposed to use heavy vacuum gas oil produced by the method according to the present invention, as
described below. This additional amount can be used as a solvent in the separation step, which will additionally increase
the efficiency and reduce the resource intensity of the method according to the invention. Thus, the present invention
providesanadditional sourceof feedstock for theproductionof light aromatic gasoil, at least aportionofwhichcanbeused
as a solvent according to the present invention. The features of providing said feedstock source will be clear from the
further description of the method.
[0072] It should be noted that the smaller the amount of asphaltene compounds remains in the unconverted residue, i.e.
the more efficient the solid granular material, the less aromatic solvent is required in step 4 of separating spent carbon
additive from the unconverted residue. In addition, the more efficiently the solid granular material is separated from the
unconverted residue in separation step 4, the more stable the unconverted residue in terms of a petroleum dispersed
system.
[0073] After the washing section, the granular material can be removed from the process or recycled to the SPH step,
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and theseparatedunconverted residuemixedwith thesolventpasses tostep5 toavacuumcolumn.Thevacuumat the top
of the vacuumcolumn is from10 to150mmHg, preferably from10 to70mmHg, evenmorepreferably from10 to30mmHg.
The pressure difference between the bottom part of the vacuum column and the lower packing bed, including a "blind"
plate, is not more than 15 mmHg, preferably not more than 10 mmHg, even more preferably from 5 to 7 mmHg. The
temperature of the vacuum still in the vacuum column is not more than 305°C, preferably from 250 to 295°C, even more
preferably about 270°C. In the vacuum column, the mixture of the solvent is separated from the separated unconverted
residue.
[0074] The products resulted from the vacuum distillation process are:

- a regenerated solvent;
- light vacuum gas oil (LVGO) and purified vacuum gas oil (VGO), and
- a separated heavy hydrocracking residue.

[0075] Thecompositionof theseparatedheavy residue is consistentlyhomogeneous, viscous, low-ash,witha lowsulfur
content, and freeofbenzopyrene,which is important for theenvironment.Since thestepofhydrocrackingheavypetroleum
feedstock is carriedout in ahydrogenenvironment, theproducts of this process, in particular residual products, comprisea
reduced content of sulfur and are free of benzopyrenes. In the washing section, an aromatic solvent is preferable to use
because the contained aromatic compounds allow the asphaltene compounds to be dispersed, and the absence of
paraffin compounds prevents their precipitation. The solvent advantageously has a composition that effectively reduces
viscosity to maximize the removal of the solid granular material to ensure stability and uniformity, as well as reactivity and
ash content of both the separated heavy residue and the petroleumsintering additive based thereon. In the caseof using a
carbon additive, it is preferable to comply with the requirement for a mesopore content of more than 25% of the total pore
volumesince thisallowsanadditional increase in theadsorptionefficiencyand removalof asphaltenecompounds from the
unconverted residue.
[0076] The separated heavy residue has properties and composition which facilitate its use as a feedstock to prepare a
sintering additive used for the production of metallurgical or foundry coke or electrodemass in themanufacture of carbon
anodes, for example, for the aluminum industry. In addition, the concentrated residue can be used to produce petroleum
coke or anode coke, for example, in a delayed coking unit.
[0077] To obtain a sintering additive, the separated heavy residuemust be subjected to concentration step 6 to remove
heavy vacuum gas oil (VG). Such a concentration apparatus can be a traditional vacuum column, or it can have a special
function for stripping VG from the separated heavy residue by forming a film of evaporated material, which facilitates the
evaporationof low-boiling components from theseparatedheavy residue.Special film-formingevaporatorsare capableof
stimulating the evaporation of VG quickly enough to avoid coking. Film evaporators can be a stripping evaporator, a thin-
film evaporator, a film evaporator, a falling film evaporator, a rising film evaporator, and a scraper evaporator. Some of
these film-forming evaporators can include a movable part for resurfacing the separated heavy residue in the concentra-
tion apparatus. Other types of thin-film evaporators are also applicable. For example, a thin-film evaporator (TFE) heats
the separated heavy residue on the inner surface of a heated pipe until the VG begins to evaporate. The separated heavy
residue is kept in the formof a thin filmon the inner surfaceof thepipeusing a rotatingbladewith a fixedgap.VGvapors are
then liquefied on cooler pipes of a condenser. A film evaporator (WFE) differs from a thin-film evaporator in that it uses a
hinged blade with minimal gap clearance from the internal surface that agitates the flowing heavy residue to promote
separation. In both the thin-film evaporator and theWFE, the heavy residue enters the device tangentially above a heated
inner tube and is evenly distributed around the inner periphery of the tube by a rotating blade. The heavy residuematerial
spirally moves down along the wall, and the VG evaporates. The VG can condense in a condenser located outside the
evaporator, but as close as possible to it. Another type of evaporator is a molecular distillation device that has an internal
condenser. A scraper evaporator works on a principle similar to the WFE’s principle. However, the scraper evaporator is
designed not only to maintain a thin film on the internal heated surface, but also to protect the film on the heated surface
from overheating by frequent scraping.
[0078] In a falling filmevaporator, the separated residueenters theevaporator from the topand is evenly distributedover
heating pipes. A thin film enters the heating pipes andmoves downward at the boiling point, partially evaporating. An inert
gas, such as water vapor, can be used to heat the pipes from the outside. Both the heavy residue and the VG vapor move
down through the pipes to a lower separator, where the vaporous VG is separated from the heavy residue.
[0079] A rising film evaporator operates on the thermosyphon principle. The heavy residue enters heating pipes from
below, which are heated by water vapor supplied to the outer surface of the pipes. As the heavy residue heats up, VG
vapors begin to form and rise upward. The ascending force of this evaporating VG causes liquid and vapors to flow
upwards in parallel flow. At the same time, the production of VG vapors increases and the rising heavy residue is
compressed into a thin film on the walls of the pipes. This co-current upward movement against gravity has a beneficial
effect of creating a high degree of turbulence in the heavy residue material, which promotes heat transfer and coke
inhibition.
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[0080] Inoneaspect, theevaporator canbeaspeciallydesignedTFE,asdescribedbelow,configured toconcentrate the
separated heavy residue by evaporation to produce a concentrated hydrocracking residue (CHR) and a heavy vacuum
gas oil (HVGO). At the same time, for the quality of CHR and HVGO, it is important to prevent local overheating of TFE
because this leads to local cokingof a filmwith the riskof formationof larger volumesof cokedeposits inside theapparatus.
Such coking-prone inclusions in CHR, when used as a sintering additive, reduce its sintering properties due to a solid
carbon fraction remained in thecokedmaterial that loses its sinteringpropertiesandactsasballast in thesinteringadditive.
Themain elements of theTFEaccording to the present invention, as generally illustrated in Fig.3, are a tubular casingwith
a vertical wall forming a chamber, a distribution device located in the upper part of the casing and configured to supply
hydrocracking residue into the chamber, a rotor mounted coaxially to the casing, and blades mounted on the rotor. To
prevent local coking, the TFE was equipped with a double jacket heated by flue gases which are fed into the outer jacket
and then distributed into the inner one. This feature is illustrated in Fig. 3. The presence of two jacketsmakes it possible to
evenly distribute flue gases over the outer surface of the reactor vessel and avoid local overheating.
[0081] A film is created on the vertical inner wall of the chamber using rotor blades. To ensure a constant film thickness,
the blades are distributed along the height of the rotor, forming a row in the form of a fragment of a spiral, with adjacent
blades in the row located partially overlapping each other, as shown in Fig.4.
[0082] All other things being equal, the higher the heating temperature of the feedstock, the better the quality of the
sinteringadditive in termsof "ringandball softening temperature (R&B)", but the lower its yield.Themaximumtemperature
in the chamber is limited by the possibility of coke formation and the residence time of the mixture in the evaporator.
Preferably the temperature is 400‑450°C.
[0083] The vacuum in the system can significantly reduce the temperature at which light hydrocarbons begin to
evaporateandcan reduce the riskof cokingof theseparatedheavy residue.Adecrease inpressurepromotes reducing the
content of volatile components in the sintering additive due to improved conditions for evaporation of intermediate
products (or secondary resins). Preferably, the process occurs at a residual pressure of minus 85 kPa to minus 99 kPa
relative to atmospheric pressure (i.e., from 2.325 kPa to 16.325 kPa).
[0084] The residence time of the feedstock in the apparatus is calculated based on the condition required to obtain a
product with a residual mass fraction of volatile substances of not more than 60%, and preferably ranges from 20 to 30
seconds.
[0085] It is desirable to carry out the process from a film with a thickness of not more than 1.5 mm, most preferably not
more than1.2mm,and in the rangeof 1.1 to 1.15. Theevaporationof a substance froma thin filmof the specified thickness
on the evaporator surface provides high rates of heat andmass transfer. In addition, the film thickness directly impacts the
quality of the resulting sinteringadditive, ensuring fewer volatile substancesandenhancedsintering capability. In addition,
a film with the specified thickness according to the claimed method reduces the risk of coking. In a larger film thickness,
there is a risk of coking on thewalls, and the scrapers can become ineffective, which can lead to jamming of the rotor. If the
thickness is less than the specified one, then evaporation will occur too intensely, the residue will not have time to drain,
which will also lead to local build-up, which in turn will lead to coking.
[0086] The streamof the separated heavy residue after the vacuum stripping column is supplied to the upper part of the
TFEbyadistributiondevice. Thedistribution device comprisesamanifoldmade in the formof ahollowcircular tubehaving
supply holes evenly distributed along the diameter, as shown in Fig.5. Preferably, the distribution device further comprises
a circular distribution plate configured to receive hydrocracking residue coming from the supply holes. This input ensures
additional prevention of equipment from coking over time and the elimination of coking inclusions in the resulting sintering
additive.
[0087] Stream redistributors are provided along the height of the apparatus, which are circle-shaped metal plates
installed along the height of the apparatus. The plates have grooves for blades. They are aimed at ensuring uniform
application of the feedstock stream to the walls along the height of the reactor, thereby eliminating stagnant zones. This
feature is shown in Fig.6.
[0088] To intensify the process, evaporation canbeconducted in thepresenceof oxygen.For this purpose, anair supply
can be provided to the lower part of the TFE at a rate of 40‑50 L/hour, preferably 44‑47 L/hour, even more preferably 45
L/hour, depending on the composition of the feedstock, as well as the necessary requirements for the quality of the
sintering additive. In this case, the process temperature can be reduced to 210‑240°C.
[0089] The concentrated hydrocracking residue (CHR) is removed from TFE’s still. In some embodiments, constant
circulation of the CHR is provided in the TFE’s still by tangential input into the lower part of the TFE.
[0090] The upper product of the TFE, which is distillate vapor, is removed from the reactor and condensed in a
refrigerator. The condensed distillate, which is heavy vacuum gas oil (HVGO), is collected in a distillate collection tank. A
portion of the resultingHVGOcanbe recycled into theTFE in amixturewith the separated heavy residue.At least a portion
of the HVGO is involved in processing step 7 to increase the content of aromatic hydrocarbons, in particular, of catalytic
cracking to obtain an aromatic solvent for the additive washing section.
[0091] HVGOafter processing in theTFEhasacomposition andproperties suitable for processes suchas, for example,
catalytic cracking, namely:
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- a low content of catalytic poisons, in particular nickel (not more than 0.006 wt.%);
- a kinematic viscosity at 50°C of not more than 60 mm2/s;
- a fractional composition close to the fractional composition of straight-run vacuum gas oil;
- a low coking capacity and asphaltenes content; and
- a low sulfur content (not more than 3 wt.%).

[0092] TheHVGO is supplied to catalytic cracking in amixturewith one ormore components of straight-run vacuumgas
oil, hydrotreated vacuum gas oil from a combined hydrocracking unit, and fuel oil. The ratio between these four feed
streams of a catalytic cracking unit can vary over wide ranges, wt.%:

• hydrotreated feedstock (hydrotreated vacuumgas oil from the combined hydrocracking unit and/or fuel oil from a gas
condensate processing unit) of 10 to 80; and

• non-hydrotreated feedstock (HVGO and, optionally, straight-run vacuum gas oil) of 20 to 90.

[0093] It is important to recognize that increasing a non-hydrotreated feedstock fraction leads to a higher yield of light
gas oil from catalytic cracking. However, to prolong catalyst life, it is advisable to dilute non-hydrotreated feedstock with
hydrotreatedone. Inaddition, anon-hydrotreated feedstock fractionshouldnotbe increased, as this couldadverselyaffect
the quality of the main product - catalysate, which is then used in the production of motor gasoline.
[0094] In the case of using fuel oil, it is important to note that straight-run fuel oil obtained by distillation from petroleum
cannot be used for catalytic cracking in the classical sense. For catalytic cracking, fuel oil obtained froma gas condensate
processing unit (GCPU) is used since in this case its properties are similar to vacuum gas oil obtained by distillation from
petroleum, i.e. the GCPU fuel oil lacks heavy fractions (tar).
[0095] TheTFEbottomproduct is a concentrated hydrocracking residue. The concentrated residue obtained according
to the present invention is characterized by a low ash content, in particular, not more than 1.0 wt.%, preferably not more
than 0.6 wt.%, an R&B softening point of at least 105°C, and a volatile component content of not more than 60 wt.%. The
characteristics of the resulting concentrated residue allow its use as a sintering additive for the production of various types
of products in the coke industry. Suitable products can be, for example, coke,more particularlymetallurgical coke, foundry
coke, in particularmolded coke,where sintering additive is usedas part of charge for their production. In addition, sintering
additive can be used as part of charge for the production of carbon electrodes, such as an anode or cathode for galvanic
processes, in particular, for the production of aluminum. Sintering additive can also be used as part of charge for the
production of self-sintering electrodes. The concentrated residue may undergo additional processing, for example, in a
delayed coking unit, to yield petroleum coke or anode coke.
[0096] The invention provides stable non-stop operation of the combined hydrocracking unit without coking of the
equipment, the resulting products with advantageous performance characteristics, and the resolves the issue of
processing residual hydrocracking products into marketable products.
[0097] According to the present invention, the stable operation of the combined hydrocracking unit means continuous
operation in established modes with a given productivity.

Example

[0098] Heavy petroleum feedstock, which was tar obtained after distillation of low-boiling fractions from heavy Urals
crudeoil andhadan initial boiling point of at least 510°Candadensity at 20°Cofmore than1000kg/m3,wasmixedwith1.5
wt.% (based on the tar weight) of carbon additives of two granulometric compositions: coarse fraction with a particle
diameter of about 1 mm and a fine fraction with a particle diameter of about 0.3 mm. The coarse and fine fractions were
characterized by different mesopore volumes: the BJHmesopore volume of the fine fraction was at least 0.07 cm3/g, and
theBJHmesopore volumeof the coarse fractionwasat least 0.12 cm3/g formore efficient adsorptionof asphalteneswith a
moleculesizeof 40 to90nmfor tar fromUrals crudeoil. ThecarbonadditivehadaBETspecificsurfaceareaofnot less than
230 m2/g and not more than 1230 m2/g.
[0099] The feedstock in the formof slurrywas supplied toSPH,where hydrogenwas supplied at a temperature of 450°C
and a pressure of 20MPa. Amixture of the carbon additive, tar and gas passed through three SPH reactors. The resulting
mixture consisted of gaseous products and slurry comprising a spent carbon additive and an unconverted high-boiling
residue. This mixture was delivered to the separation step, after which a gaseous stream was subjected to gas-phase
hydrocracking, and the slurrywas sent to theadditivewashing section consistingof amixing tankandacyclone separation
tank.
[0100] The slurry of the unconverted high-boiling residue together with the spent solid additive at a flow rate of 15‑20
tons/h, a temperatureof about420°C,andapressureof notmore than0.3MPawasmixed inamixing tankwithanaromatic
light gasoil fromcatalytic cracking supplied at a flow rate of 30‑35 tons/h, a temperature of about 220‑260°C. Thepressure
in the mixing tank was from 0.15 to 0.35 MPa(g) and was regulated by a system of control valves to avoid excessive
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evaporation of the solvent.
[0101] Further, the stream was fed into a separation tank equipped with a cyclone unit, where the spent additive was
separated from the unconverted high-boiling residuemixedwith the aromatic light gas oil fromcatalytic cracking under the
action of centrifugal forces.
[0102] After the washing section, the spent carbon additive was extracted from the process, and a separated
unconverted high-boiling residue heated to a temperature of not more than 385°C and mixed with the aromatic light
gas oil from catalytic crackingwas delivered to a vacuumcolumn. At the top of the vacuumcolumn, the vacuumwas about
20mmHg, the pressure difference between the bottom part of the vacuum column and the lower packing bed, including a
"blind" plate, was about 7 mmHg, and the temperature of the still of the vacuum column was about 290°C.
[0103] The products obtained from the vacuum distillation process were:

- light vacuum gas oil (LVGO) and vacuum purified gas oil (VPGO); and
- separated heavy residue, which was a tar-hydrocracking residual product (THRP).

[0104] The heavy residue (bottom residue) obtained by the above method had the following physical and mechanical
properties:

Table 1

1 Density at 15°C, kg/m3 1.054

3 Flash point in open cup, °C 195

4 Mass fraction of sulfur, % by weight 1.945

5 Coking capacity, % by weight 21.21

6
Dynamic viscosity, sPa
at 200°C 221
at 240°C 45

7

Fractional composition, % by weight

Initial boiling point, °C 340

130‑180°C Fraction

180‑200°C Fraction

200‑340°C Fraction

340‑460°C Fraction 22.98

Residue, more than 460°C 77.02

460‑480°C Fraction 7.60

480‑500°C Fraction 7.60

500‑540°C Fraction 14.80

Residue, more than 540°C 47.02

8 Asphaltenes, % by weight 20.69

9 Carbenes, % by weight 1.01

10 Carboids, % by weight 2.27

11 Setting point, °C plus 30

[0105] The above bottom residue (the separated heavy residue) was fed through a manifold comprising discrete feed
points into a thin-film evaporator (TFE) for concentration.
[0106] In the TFE, the temperature wasmaintained at 400°C. The pressure in the TFEwasmaintained atminus 95 kPa
relative to atmospheric pressure (6.325 kPa vacuum).
[0107] The film thickness was 1.12 mm and was constant along the height of the apparatus.
[0108] The residence time of the feedstock in the TFE for the above-mentioned bottom residue and the specified film
thickness was 20 seconds.
[0109] The distillate obtained by the method according to the present invention had the following characteristics:
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Table 2

No. Parameter Test method Test results (average data)

1 Density at 20°C, kg/cm3 GOST 3900 982.1

2 Mass fraction of sulfur, % GOST P 51947 1.93

3 Coking capacity, % by weight EN ISO 10370 1.55

4

Fractional composition:

- initial boiling point, °C
ASTM D 86

302

- distilled at 400°C, % 37

5 Kinematic viscosity at 50°C, mm2/s GOST 33 56,12

6 Setting temperature, °C GOST 20287 (Method B) 23.4

7 Flash point in closed cup, °C ASTM D 93 175.4

8 Asphaltenes content, mg/kg Total 642 710.6

9

Metal content

Sodium, mg/kg

ASTM D 5863

1.02

Iron, mg/kg 20.32

Nickel, mg/kg 2.51

Vanadium, mg/kg 1.05

[0110] These parameters allow the resulting HVGO to be used as a feedstock for catalytic cracking.
[0111] The concentrated residue from tar hydrocracking produced by the proposed method has the characteristics
shown in Table 3.

Table 3

Determined parameters Unit of
meas.

Test
results ND for test method

Ash content, dry state, Ad % 0.6 GOST 22692‑77

Mass fraction of volatile substances, dry state, Vd % 52.4 GOST 22898‑78

Mass fraction of total sulfur, dry state, Std % 2.23 GOST 32465‑2013

Mass fraction of total carbon, dry state, Cd % 87.3 GOST 32979‑2014

Mass fraction of water, W % 0.1 GOST 2477‑2014

Mass fraction of insoluble substances in toluene, α % 25 GOST 7847‑2020

Mass fraction of substances insoluble in quinoline, α1 % 5 GOST 10200‑2017

R&B softening point (melting point), T °C 113 GOST 9950‑2020

B&R Softening point (melting point), T °C 128 GOST 11506‑1973

Softening (melting) temperature according to Mettler, T °C 131 GOST 32276‑2013

Gray-King coke type type G13 GOST 16126‑91 (ISO502‑82)

Coking index, G (1:5) unit 80 GOST ISO 15585‑2013

Coking index, G (1:7) unit 68 GOST ISO 15585‑2013

[0112] Theseparameters enable the use of THRPasa sintering additive in theproduction ofmetallurgical coke, foundry
coke, or anodes for the aluminum industry, which have excellent sintering properties similar to the sintering properties of
coal tar pitches.
[0113] Asa result of industrial tests of the claimedmethod, theachievedproductivity of feedstock, in particular tar,wasat
least 2,600,000 tons per year.
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Claims

1. A method for processing heavy petroleum feedstock, comprising the steps of:

- suspending solid granular material in the feedstock and subjecting the resulting slurry to hydrocracking in the
presence of hydrogen in a slurry-phase hydrocracking reactor to obtain a heavy residue stream, wherein the
heavy residue stream is a slurry of an unconverted hydrocracking residue and a spent solid granular material;
- separating the spent solid granular material from the unconverted hydrocracking residue using a solvent in a
washingsection toobtain separatedspent solidgranularmaterial andamixtureof theunconvertedhydrocracking
residue and the solvent;
- delivering the mixture of the unconverted hydrocracking residue and the solvent to a vacuum column for
separating the solvent to obtain a separated heavy residue;
- evaporating at least a portion of the separated heavy residue in an evaporator to obtain a concentrated
hydrocracking residue and heavy vacuum gas oil (HVGO); and
- using at least a portion of the HVGO to produce the solvent.

2. The method according to claim 1, wherein the solid granular material is an adsorbent or a catalyst.

3. The method according to claim 2, wherein the adsorbent is a carbon material.

4. The method according to claim 1, wherein the slurry-phase hydrocracking further produces a gaseous mixture of
hydrocarbons which is subjected to gas-phase hydrocracking, followed by fractionation of the hydrocracking
products.

5. Themethod according to claim 1, wherein at least a portion of the HVGO is subjected to catalytic cracking to produce
the solvent.

6. Themethod according to claim 5, wherein the HVGO is supplied for catalytic cracking in amixture with at least one of
the following components: straight-run vacuum gas oil, fuel oil from a gas condensate processing unit, and
hydrotreated vacuum gas oil.

7. The method according to claim 6, wherein the mixture for catalytic cracking is characterized by the following
percentage ratios based on the weight of the mixture:

- 10 to 80 hydrotreated vacuum gas oil and/or fuel oil; and
- 20 to 90 HVGO and, optionally, straight-run vacuum gas oil.

8. The method according to claim 1, additionally comprising a step in which at least a portion of the HVGO is fed for
recycling in a mixture with the separated heavy residue into the evaporator.

9. Themethodaccording to claim1,wherein theheavypetroleum feedstock ischaracterizedbyan initial boiling point of
at least 510°C and a density at 20°C of over 1000 kg/m3, in particular the heavy petroleum feedstock is tar.

10. The method according to claim 1, wherein the concentrated hydrocracking residue has an ash content of not more
than 1.0%, preferably not more than 0.6%.

11. The method according to claim 3, wherein the carbon material consists of two fractions of particles, wherein the
average particle size of a coarse fraction is greater than the average particle size of a fine fraction, and the ratio of the
weighted average diameter of the coarse fraction particles to the weighted average diameter of the fine fraction
particles varies from 2 to 7, wherein the coarse and fine fractions are characterized by different mesopore volumes.

12. The method according to claim 11, wherein the volume of mesopores for the fine fraction according to the Barrett-
Joyner-Halenda (BJH)method is not less than 0.07 cm3/g and notmore than 0.12 cm3/g, while themesopore volume
according to the BJH method for the coarse fraction is not less than 0.12 cm3/g and not more than 0.2 cm3/g.

13. The method according to claim 11, wherein the carbon material has a BETspecific surface area of not less than 230
m2/g andnotmore than1250m2/g, preferably not less than250m2/g andnotmore than 900m2/g,most preferably not
less than 270 m2/g and not more than 600 m2/g.
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14. Themethod according to claim1,wherein the solvent is an aromatic light gas oil from catalytic cracking, comprising at
least 80 wt.% of aromatic hydrocarbons having from 8 to 16 carbon atoms.

15. The method according to claim 1, wherein the evaporation is performed in a thin-film evaporator.

16. The method according to claim 15, wherein the thin-film evaporator has a double jacket heated by flue gases.

17. The method according to claim 15, wherein the separated heavy residue is fed into a thin-film evaporator using a
manifold made in the form of a hollow circular tube having supply holes evenly distributed along the diameter of the
tube.

18. Themethod according to claim 15, wherein the evaporation is performed from a constant-thickness film, wherein the
thickness of the film is not more than 1.5mm, preferably not more than 1.3mm, and evenmore preferably from 1.1 to
1.15.

19. The method according to claim 15, wherein stream redistributors are provided along the height of the thin-film
evaporator, which are circle-shaped metal plates installed along the height of the reactor.

20. The method according to claim 15, wherein the circulation of a bottom product in the thin-film evaporator with a
tangential input is provided.

21. The method according to claim 1, wherein the evaporation is performed in the presence of atmospheric oxygen.

22. The method according to claim 18, wherein the evaporation from a constant-thickness film is carried out for a
predetermined time at a temperature and an evaporation pressure which ensure the evaporation of volatile
components to a volatile component mass fraction of at most 60% in the concentrated residue and to a ring-and-
ball softening point of the concentrated residue of at least 105°C.

23. The method according to claim 1, wherein the HVGO is produced by condensing vapors of the evaporator using a
refrigerator, followed by collection of the resulting distillate.

24. A system for processing heavy petroleum feedstock, comprising:

a slurry-phase hydrocracking section intended for slurry-phase hydrocracking heavy petroleum feedstock, the
slurry-phase comprising a slurry of the heavy petroleum feedstock and a solid granular material, to produce a
hydrocracking-subjected stream;
a separation section designed to receive the hydrocracking-subjected stream from the slurry-phase hydrocrack-
ing section intended for separating said hydrocracking-subjected stream to obtain a heavy residue stream,
wherein the heavy residue stream is a slurry of an unconverted hydrocracking residue and a spent solid granular
material;
a washing section designed to receive the heavy residue stream from the separation section and intended for
separating spent solid material from the unconverted hydrocracking residue of the slurry to produce a separated
spent solid granular material and a stream of a mixture of the unconverted hydrocracking residue and a solvent;
a vacuumcolumndesigned to receive the streamof themixtureof theunconvertedhydrocracking residueand the
solvent from the washing section and intended for separating the mixture of the unconverted hydrocracking
residue and the solvent to produce a regenerated solvent, vacuum gas oil and a separated heavy residue of
hydrocracking; and
an evaporator designed to receive the stream of the separated heavy residue of hydrocracking from the vacuum
column and intended for removing a heavy vacuum gas oil to obtain a low-ash concentrated heavy residue of
hydrocracking and a stream of the heavy vacuum gas oil.

25. The system according to claim 24, wherein the slurry phase hydrocracking section comprises at least one slurry-
phase hydrocracking reactor.

26. The system according to claim 25, wherein the washing section comprises at least one mixing tank and at least one
separating tank.

27. The systemaccording to claim26,wherein themixing tank is configured tomix a slurry of the spent solidmaterial in an
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unconverted hydrocracking residue with a solvent.

28. The system according to claim 26, wherein the separating tank is configured to separate the spent solidmaterial from
the mixture of the unconverted hydrocracking residue and the solvent, in particular, using centrifugal forces,
gravitational forces, or flotation, preferably centrifugal forces.

29. The system according to claim 28, wherein the evaporator is a thin-film evaporator.

30. A concentrated slurry-phase hydrocracking residue obtained by the method according to any one of claims 1 to 22,
characterized by an ash content of not more than 1.0% and a ring-and-ball softening point of not less than 105°C.

31. Use of the concentrated residue according to claim 30 as a sintering additive in charge to produce a coke.

32. The use according to claim 31, wherein the coke is metallurgical coke, foundry coke, in particular molded coke.

33. Use of the concentrated residue according to claim 30 as a sintering additive in charge to produce carbon electrodes.

34. The use according to claim 33, wherein the carbon electrodes are an anode or cathode for galvanic processes, in
particular, for the production of aluminum.

35. Use of the concentrated residue according to claim 36 as a sintering additive in charge to produce self-sintering
electrodes.

36. Use of the concentrated residue according to claim 30 to produce petroleum coke.

37. The use according to claim 36, wherein the petroleum coke is anode coke.
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