
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
2 

89
1 

69
6

A
1

TEPZZ 89_696A_T
(11) EP 2 891 696 A1

(12) EUROPEAN PATENT APPLICATION
published in accordance with Art. 153(4) EPC

(43) Date of publication: 
08.07.2015 Bulletin 2015/28

(21) Application number: 12869583.0

(22) Date of filing: 29.08.2012

(51) Int Cl.:
C10B 55/00 (2006.01)

(86) International application number: 
PCT/RU2012/000709

(87) International publication number: 
WO 2014/035279 (06.03.2014 Gazette 2014/10)

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA ME

(71) Applicant: Obschestvo S Ogranichennoi 
Otvestvennostyu 
"Promintekh¨
Perm 614000 (RU)

(72) Inventors:  
• VALYAVIN, Gennady Georgievich

Ufa 450055 (RU)

• ZAPORIN, Vi tor Pavlovich
Ufa 450068 (RU)

• SUKHOV, Sergei Vital’evich
Ufa 450007 (RU)

• MAMAEV, Mikhail Vladimirovich
Ufa 614030 (RU)

• BIDILO, Igor Viktorovich
Ufa 450075 (RU)

• VALYAVIN, Konstantin Gennadievich
Ufa 450055 (RU)

(74) Representative: Spengler, Robert
Küfergasse 11
89073 Ulm (DE)

(54) METHOD FOR THE RETARDED COKING OF PETROLEUM RESIDUES

(57) The invention relates to the oil-refining industry,
in particular to the process of delayed coking with the
purpose of obtaining oil coke and gas oil fractions.

The exploitation of many delayed coking installa-
tions, particularly in the reprocessing of oil residues, from
which coke with high sulfur content is obtained in the

process of coking, is oriented to obtaining the maximum
possible quantity of distillated fractions: gasoline, light
and heavy coking gas oil. Further on, high quality motor
fuels are produced from the obtained distillates by using
hydro-catalytic processes - hydraulic cleaning, catalytic
cracking, and hydrocracking.
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Description

[0001] The invention relates to the oil-refining industry, in particular to the process of delayed coking with the purpose
of obtaining oil coke and gas oil fractions.
[0002] The exploitation of many delayed coking installations, particularly in the reprocessing of oil residues, from which
coke with high sulfur content is obtained in the process of coking, is oriented to obtaining the maximum possible quantity
of distillated fractions: gasoline, light and heavy coking gas oil. Further on, high quality motor fuels are produced from
the obtained distillates by using hydro-catalytic processes - hydraulic cleaning, catalytic cracking, and hydrocracking.
Thereby the obtained coking products must correspond to certain quality requirements. The coking gasoline (fraction
initial boiling point 180 °C) is sent for hydraulic cleaning and is then subjected to reforming with obtaining a high-octane
component of commercial gasoline. The light coking gas oil (fraction 180-350 °C) is subjected to hydraulic cleaning with
obtaining diesel fuel. That is why there are requirements to the light gas oil with respect to the end boiling point because
the high content of high-boiling fractions in it contributes to the carburization of the hydraulic cleaning catalyst and its
premature regeneration. The heavy coking gas oil (fraction >350 °C) is subjected to hydraulic cleaning in the course of
the coking of the sulfur feed stock and then to catalytic cracking with obtaining high-octane gasoline or to hydrocracking
with obtaining diesel fuel. That is why there are strict requirements also to the heavy gas oil with respect to the end
boiling point because the high-boiling fractions in it, which determine the high level of the coking capacity, lead also to
premature carburization of the used catalysts. There are requirements to the heavy gas oil also with respect to the
bubble-point temperature because, first, the low-boiling fractions, which are boiling off at temperature of up to 350 °C,
diminish the yield of the light gas oil which is used for the production of diesel fuel; second, these low-boiling fractions
are a ballast in the hydro-catalytic processes, they overload the installation and reduce the end products yield. There
are particularly strict requirements to the heavy gas oil and the bottom liquid with respect to the content of coke particles,
the so-called carboides, which are deposited on the surface of the catalysts of the hydro-catalytic processes. If the
carboides content is high (for example > 0.1 %), then such product is not usable for hydro-catalytic processing and can
be used only as a component of boiler fuel.
[0003] In order to increase the production of distillates, the installations for delayed coking are exploited with the
minimum possible (sometimes even with a zero) recirculation ratio and at the minimum possible pressure in the coking
chamber. The operation of the installations for delayed coking at such technological parameters significantly contributes
to increasing the yield of the heavy coking gas oil (fractions boiling off at temperatures above 350 °C). However, along
with that, the end boiling point temperature increases significantly, the coking capability, as well as the content of high
molecular weight polycyclic aromatic hydrocarbons, resins, asphaltenes and metal-organic compounds also increase.
These high molecular hydrocarbons contained in the tail fractions of the heavy coking gas oil determine the quick
deactivation of the catalysts used for hydraulic cleaning and hydrocracking.
[0004] A method for delayed coking of oil residues is known, according to which it is proposed to increase the amount
of the fed "cold" heavy gas oil in the bottom portion of the column as reflux for the purpose of regulation of the end boiling
point temperature of the heavy coking gas oil obtained from the rectification column and as a result of that for improvement
of its quality [G.M.Sieli, A.Faegh, S.Shimoda, "Fine regulation of the coking behavior". - Oil-Gas Technologies, 2008,
No. 1, p. 74-77]. As a result, the highest boiling fractions contained in the heavy gas oil are condensed, form recirculate
and along with the fresh (primary) raw material at the bottom of the rectification column are fed through the furnace as
secondary raw material into the coking chamber. In this way, a portion of the highest boiling fractions is removed from
the heavy coking gas oil, which leads to improvement of its quality and has a favorable effect of the subsequent hydro-
catalytic processing for obtaining motor fuels.
[0005] An essential shortcoming of this method is the circumstance that despite the fact that when the amount of cold
reflux is fed into the bottom part (cube) of the rectification column, the end boiling point temperature of the heavy coking
gas oil decreases, at the same time the recirculation ratio increases, which leads to higher energy consumption, reduces
the fresh raw material productivity and decreases the yield of heavy gas oil. In addition to that, the coke particles, which
are introduced into the rectification column from the coking chambers, are dragged into the secondary raw material and
after getting into the furnace they cause its premature carburization.
[0006] The closest method to the object of the application is the method for delayed coking of oil residues, including
heating of the source raw material, its division into light fraction and heavy residue in the vaporizer, fractioning of the
light fractions in the rectification column together with the vapor-liquid products of the coking process, mixing of the
heavy residue from the vaporizer with the recirculate - bottom liquid, obtained during the functioning of the rectification
column with subsequent coking of the preheated mixture. The quantity and quality of the bottom liquid is regulated by
changing the amount of the fed cold heavy gas oil as a reflux for watering the mass-exchange devices at the bottom
part of the rectification column, whereby the bottom liquid is fed into the upper portion of the vaporizer equipped with
mass-exchange devices (Patent of the Russian Federation RF No. 2209826 from August 10, 2003 MPK C10B55/00).
[0007] This method is oriented in the first place towards regulation of the quality (with respect to density, coking
capability and fractional composition) of the bottom liquid extracted from the bottom of the rectification column and sent
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to the vaporizer for mixing with the source raw material as a recirculate. In this method, the bottom liquid, which is formed
in the main rectification column, is taken out from the bottom of the column and is fed to the vaporizer as recirculate for
mixing with the source raw material with the formation of secondary raw material, its heating in the furnace and its feeding
into the coking chambers for coking. The organization of the dosed feeding of the cooling gas oil to the mass-exchange
devices in the bottom part of the rectification column, the feeding of the bottom liquid from the bottom of the rectification
column into the upper portion of the vaporizer, and the organization of the dosed feeding of steam into the bottom portion
of the vaporizer lead to increasing the weight of the residue from the bottom of the vaporizer (the secondary raw material)
and as a consequence to increasing the production of coke and reducing the power consumption.
[0008] This method has a shortcoming in the sense that in the case of foam transfer from the working coking chambers
the bottom liquid from the bottom of the rectification column may contain coke particles which will be deposited on the
mass-exchange devices in the vaporizer and infringe upon their operation, whereby the coke particles get in the furnace
together with the secondary raw material, which leads to their carburization and, therefore, to a shorter time between
the overhauls of the delayed coking installation. This method does not provide regulation of the quantity and quality of
the light gas oil extracted from the installation. The change in the amount of the cooling gas oil in this method leads to
a change in the recirculation ratio.
[0009] The objective of the proposed method is to increase the time between the overhauls of the installation for
delayed coking of oil residues by decreasing the carburization of the mass-exchange devices of the vaporizer and the
coils of the reaction furnace by excluding the entry of coke particles in them as well as to obtain two kinds of heavy gas
oil with a possibility for regulation of the quality of the obtained gas oil fractions (light gas oil and two kinds of heavy gas
oil) independently of the recirculation ratio.
[0010] In the method for delayed coking of oil residues, according to the invention, including heating the source raw
material for coking, its feeding into the vaporizer for its mixing with the recirculate and forming a secondary raw material,
heating the secondary raw material and its feeding into the coking chamber, feeding the products of the coking from the
coking chamber into the rectification column for fractioning with obtaining gas, gasoline, light and heavy coking gas oil
as well as bottom liquid, feeding the cooled heavy gas oil to the mass-exchange devices in the lower part of the rectification
column with this achieved by feeding cooled light gas oil to the gas-exchange devices in the bottom portion of the
rectification column.
[0011] The quantity of the fed cooled light and heavy gas oil is changed depending on the required quantity and quality
of the obtained light and heavy gas oil and bottom liquid.
[0012] Heavy coking gas oil is used as recirculate.
[0013] In particular, cooled heavy coking gas oil is used as reflux for regulation of the end boiling point of the heavy
gas oil, and cooled light coking gas oil is used for regulation of the bubble-point temperature of the heavy gas oil.
[0014] The principle diagram of the installation for delayed coking for implementation of the proposed method is shown
in the drawing.
[0015] The installation comprises a tube-type furnace 1 for heating the source raw material, vaporizer 2 with mass-
exchange devices, rectification column 3, tube-type furnace 4, coking chamber 5, strippings 6, coolers 7.
[0016] The method is realized as follows. The source raw material is heated in the tube-type furnace 1 and/or in the
heat exchangers and is fed into the vaporizer 2, the upper part of which receives as recirculate heavy coking gas oil
from the main rectification column 3. The obtained secondary raw material - a mixture of the source raw material with
the recirculate is heated in the tube-type furnace 4 and is fed into one of the alternately operating coking chambers 5.
The distillate products formed as result of the coking are fed through the overhead gas line into the rectification column
3 for fractioning. Gas and unstable gasoline are extracted from the top of the column. In order to regulate the quality of
the gasoline, a portion of the unstable gasoline is sent to the first tray in the form of live reflux. Light and heavy coking
gas oil is extracted in the form of off-stream from the main rectification columns through the strippings 6. The major part
of the heavy gas oil from the stripping 6 and after the cooler 7 is extracted from the installation in the form of a finished
product, and a portion of it is fed into the overhead gas line as coolant. Cooled-off heavy gas oil from the accumulator
of the column 3 is fed into the first mass-exchange device in the bottom part of the rectification column as flush liquid
and for regulation of the end boiling point of the heavy coking gas oil. A regulated amount of the cooled-off light coking
gas oil is fed to the mass-exchange devices of the upper part of the rectification column 3 for regulation of the bubble-
point temperature of the heavy gas oil and, consequently, the end boiling point of the light coking gas oil.
[0017] The quantity of the fed cooled light and heavy gas oil as reflux is changed depending on the required quantity
and quality of the obtained light and heavy gas oil and bottom liquid.
[0018] After the cooling, the bottom liquid is extracted from the bottom of the rectification column 3 as a commercial
product.
[0019] In this way, the proposed method permits to obtain and to regulate the quality of two heavy gas oil fractions at
the same time: the heavy coking gas oil, which can be sent for hydrocracking or hydraulic cleaning and further for catalytic
cracking, and the bottom liquid which, depending on its quality, can be used either as raw material for the hydro-catalytic
processes or as a component of boiler fuel. Thereby the recirculation ratio does not change.
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[0020] The increase in the reflux amount in the bottom part of the rectification column promotes the condensation of
the heaviest boiling fractions from the coking distillate coming from the coking chambers. As a result of that, the end
boiling point temperature of the heavy gas oil falls down and its density, coking capability and the content of polycyclic
aromatic hydrocarbons decrease. Along with that, as a result of the dilution of the heavy gas oil, a relief takes place in
the functional composition of the bottom liquid extracted from the bottom of the column, whose density, coking capability
and the carboides content are also decreased.
[0021] The organization of the feed of the regulated amount of the cooled light gas oil to the mass-exchange devices
of the upper part of the rectification column permits to regulate the bubble-point temperature of the heavy coking gas
oil and, respectively, the end boiling point of the light gas oil.
[0022] Thereby the regulation of the qualitative characteristics of the fed coking gas oils is not connected with a change
of the recirculation ration because the quantity of the recirculating fractions drawn into the coking is strictly regulated by
the amount of the heavy coking gas oil fed into the vaporizer.
[0023] The method is illustrated by the following examples.

Example 1 (based on a prototype).

[0024] In an industrial installation, raw material was coked, whose characteristics are presented in table 1. The raw
material is heated in heat exchangers up to a temperature of 270 °C and is then fed into the bottom portion of the
vaporizer. Here, in the upper part of the vaporizer, bottom liquid as recirculate is fed from the main rectification column
in a quantity of 10% with respect to the raw material. The secondary raw material formed in such a way in the vaporizer
is heated in the furnace to a temperature of 500 °C and is fed into one of the coking chamber for coking. The products
of the coking in the coking chambers are fed through the overhead gas line into the lower part of the main rectification
column. For the condensation of the heaviest boiling products of the coking in the top mass-exchange device in the
lower part of the rectification column, the feeding of cold heavy coking gas oil is organized as lower reflux in the amount
of 10% with respect to the source raw material. All condensed heavy boiling products of the coking (bottom liquid) are
sent to the vaporizer as recirculate for mixing with the source raw material, and the non-condensed light boiling products
are fed into the upper part of the rectification column for fractioning with obtaining of gas, gasoline, light and heavy coking
gas oils. The time between the overhauls was 275 days. The yield and the quality of the gas oil fractions obtained in the
process of coking as well as the length of time between the overhauls are provided in table 2.
[0025] As result of the coking, the yield of the heavy gas oil was 28.2%; it has low density and low level of coking
capability, but it contains 37 vol. % fractions boiling off up to 350 °C, which had a negative effect on the yield of the light
gas oil (27.1 mass %) used as raw material for the production of diesel fuel.
[0026] Example 2 (based on the proposed method). According to the technological diagram shown in the drawing,
coking of oil raw material, whose characteristics are shown in table 1, was performed. The given raw material is heated
in heat exchanges to a temperature of 270 °C and then it is fed into the vaporizer, on whose top tray heavy coking gas
oil as recirculate is fed in amount of 10% with respect to the source raw material. The obtained secondary raw material
from the bottom of the vaporizer is heated in the furnace to a temperature of 500 °C and is then fed into one of the coking
chambers for coking. The products of the coking are fed into the bottom part of the rectification column through the
overhead gas line. For regulation of the end boiling point temperature of the heavy coking gas oil extracted from the
installation, feeding of cooled heavy gas oil as lower reflux in the amount of 10 % with respect to the source raw material
is organized to the first mass-exchange device of the bottom part of the rectification column. For regulation of the bubble-
point temperature of the heavy coking gas oil in the mass-exchange devices in the upper part of the rectification column,
feeding of cooled light coking gas oil in the amount of 20 % with respect to the source raw material (top reflux) was
organized. The yield and the quality of the gas oil fractions obtained thereby as well as the length of time between the
overhauls are provided in table 2.
[0027] As it can be seen from the table, the yield of heavy gas oil compared to the prototype (example 1) has decreased
a little bit, but the organization of the feeding of top reflux has led to reducing the content of the fractions in it, which are
boiling off to a temperature of up to 350 °C, from 37 vol. % to 20 vol. %. Such heavy gas oil can be used as a raw material
for obtaining motor fuels by means of hydrocracking.
[0028] In addition to that, the yield of the light gas oil has increased compared to the prototype.
[0029] From the bottom part of the rectification column, bottom liquid in the amount of 7 % with respect to the source
raw material is extracted, which, taking into account the insignificant content of carboide particles in it, can be used for
obtaining diesel fuel by means of hydrocracking.
[0030] In this way, the given example shows that the proposed method permits to increase not only the yield of light
gas oil, but also the total yield of heavy gas oils (heavy coking gas oil and bottom liquid) up to 30.4 % (in the prototype,
the heavy gas oil yield is 28.2 %) with guaranteed quality characteristics.
[0031] Example 3 (based on the proposed method). In this case, the task was to increase the yield of heavy gas oil
compared to example 2, which, due to its quality, could be used as raw material for the hydrocracking.
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[0032] To this purpose, coking of the source raw material, analogical to example 2, was performed, but the amount
of heavy gas oil, which was fed for refluxing the mass-exchange device in the bottom part of the rectification column of
up to 5 vol. %, was reduced, whereby the light gas oil amount, which was fed for refluxing the mass-exchange device
in the upper part of the rectification column has remained the same as in example 2.
[0033] The results of the coking are presented in table 2.
[0034] As one can see from example 3, the reduction of the lower reflux quantity compared to example 2, i.e. the reflux
fed to the first mass-exchange device in the bottom part of the rectification column leads to increasing the weight of the
fractional composition of then fed heavy coking gas oil, which is due to the lower condensation of the high-boiling fractions
from the coking distillate: If in the case of feeding 10 % of lower reflux the content of the fractions boiling off at a
temperature higher than 500 °C was 10 vol. %, then when 5 % lower reflux is fed, the content of the fractions boiling off
at a temperature higher than 500 °C, has increased up to 14 %. However, at the same time, when the amount of the
fed top reflux is unchanged, the content in the heavy gas oil, according to example 3, of the fractions boiling off at a
temperature up to 350 °C was reduced by 20 vol. % (example 3) up to 16 vol. %, which increases the yield of heavy
coking gas oil. Thereby, at the same time, the weight of the bottom liquid has increased and its yield has decreased.
The fairly high carboide content in the bottom liquid (0.12 %) does not permit to use it in a pure form as raw material for
the hydro-catalytic processes due to the possible deactivation of the catalysts. That is why it can be used either as a
component of the boiler fuel or as raw material for the cracking after its preliminary mixing with the heavy gas oil, extracted
from the side portion of the column, for decreasing the concentration of the carboides.
[0035] Example 4 (based on the proposed method). The task was to increase the yield of the light gas oil compared
to example 2 by preserving the quality of the heavy gas oil for its use as raw material for the hydrocracking. The same
raw material as in the examples 1-3 was subjected to coking in a similar manner as in example 2. The amount of the
heavy gas oil added as reflux to the mass-exchange device in the bottom part of the rectification column has remained
the same as in example 2, but at that the quantity of the fed top reflux (of the light gas oil) was 15 %.
[0036] The results of the coking are presented in table 2.
[0037] As it can be seen, by decreasing the quantity of the top reflux we increased the yield of the light gas oil by 1.6
% with respect to the source raw material, increasing its weight by density and end boiling point. Thereby, at the same
time, the yield of the heavy gas oil has decreased and, naturally, its quality has changed: the density has increased by
0.9517 g/cm3 up to 0.9541 g/cm3, the coking capability has increased from 0.31 to 0.49, the content of the fractions
boiling off at up to 350 °C has decreased from 20 vol. % to 9 vol. %.
[0038] In this way, it follows from the data in table 2 that the organization of the two refluxes: with heavy gas oil in the
bottom part of the rectification column and with light gas oil in the upper part of the column permits to regulate, depending
on the production needs, both the yield and the quality of the products extracted from the column. Therefore, when it is
required to increase the generation of heavy coking gas oil, for example as raw material for the installation for catalytic
cracking, and at the same time for reducing the generation of bottom liquid used as a component of the furnace oil, it is
necessary to decrease the quantity of the bottom reflux of the heavy gas oil (examples 2 and 3). Thereby, at the same
time, the quality of the heavy gas oil and the bottom liquid extracted from the rectification column change: in the heavy
gas oil within the limits of the requirements that are admissible for the raw material of the catalytic cracking, the density
and the coking capability increase, the fraction composition becomes heavier (the content of the fractions boiling off at
temperatures above 500 °C), the density and the coking capability of the bottom liquid also increase and its fraction
composition becomes heavier.
[0039] On the other hand, when it is required, for example, to increase the yield of light coking gas oil used for the
production of diesel fuel and at the same time to reduce in the heavy coking gas oil the content of the fractions boiling
off at temperatures of up to 350 °C (i.e. namely the diesel fuel fraction), it is necessary to decrease the amount of the
top reflux (examples 2 and 4). Thereby the yield of light coking gas oil will increase from 29.9 % to 31.4 % with some
weight increase on density, fractional composition, and at the same time the content of the fractions boiling off at
temperatures up to 350 °C in the heavy gas oil was reduced from 20 vol. % to 9 vol. %.
[0040] In this way, the use of the proposed method will permit, compared to the prototype, to increase the time between
the overhauls of the installation for implementation of the delayed coking of oil residues due to the fact that the use of
the heavy coking gas oil as recirculate and the extraction of the bottom liquid from the bottom part of the rectification
column, containing coke particles, as a commercial product excludes the involvement of the bottom liquid in the coking
process, prevents the probability for penetrating of coke particles (carboides) into the mass-exchange trays of the
vaporizer and in the reaction furnace and their carburization.
[0041] In addition, the proposed method for delayed coking ensures the obtaining of two kinds of heavy coking gas
oils which differ in their physico-chemical quality characteristics and have concrete areas of use: of the heavy coking
gas oil extracted from the side part of the rectification column, from which one can obtain motor fuels by means of
hydrocracking or hydrofinishing, with subsequent catalytic cracking, and bottom liquid which, depending on its quality,
can be used either as raw material in the hydrocatalytic processes or as a component of the boiler fuel.
[0042] In addition, the total yield of the heavy coking gas oils in the proposed method is higher than in the method
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according to the prototype. This is due to the fact that in the method according to the prototype the bottom liquid is
involved in the coking in a mixture with the source raw material with the formation of additional amount of coke, gas and
gasoline, while in the proposed method the bottom liquid is extracted from the installation in the form of a finished product.
[0043] In addition, the proposed method will permit to regulate both the quality and the quantity of the obtained light
gas oil, heavy gas oil and bottom liquid, whereby the said regulation is not connected with any change of the recirculation
ratio, whereby, in the method according to the prototype, when the amount of the cooling gas oil fed to the mass-exchange
devices in the bottom part of the rectification column changes, the recirculation ratio also changes.

Table 1

Characteristics of the source raw material for the coking (oil tar mixture of West-Siberian and Arlansk oils)

No. Parameter name Parameter value

1 Density, p4
20 1.0360

2 Sulfur content, mass %: 3.9
3 Coking capacity, mass % 18.2
4 Funnel viscosity, °E

at 80°C 952.4

at 100°C 202
5 Fractional composition:

- up to 460 °C boils off, mass % 1.0
- up to 500 °C boils off, mass % 4.72
- above 500 °C boils off, mass % 95.28
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Claims

1. A method for delayed coking of oil residues, including heating the source raw material for coking, its feeding into
the vaporizer for its mixing with the recirculate and forming a secondary raw material for coking, heating the secondary
raw material and its feeding into the coking chamber, feeding the products of the coking from the coking chamber
into the rectification column for fractioning with obtaining gas, gasoline, light and heavy coking gas oil as well as
bottom liquid, feeding the cooled heavy gas oil to the mass-exchange devices in the lower part of the rectification
column, characterized in that the cooled light gas oil is fed to the gas-exchange devices in the upper portion of
the rectification column.

2. The method from Claim 1, characterized in that the quantity of the fed cooled light and heavy gas oil is changed
depending on the required quantity and quality of the obtained light and heavy gas oils and bottom liquid.

3. The method according to claims 1 or 2, characterized in that heavy coking gas oil is used as recirculate.
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