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GENERAL CHARACTERISTIC OF THE WORK

Relevance of the topic. The development of the petroleum refining
industry is aimed at increasing the efficiency of petroleum utilization,
deepening its processing, improving the quality of petroleum products,
including oils for various purposes.

The main direction is the development of environmentally safe
technologies for the processing of Azerbaijani petroleums, including
their heavy oil residues and the introduction of highly efficient
technological processes that provide high-quality products with high
yields.

Development of technologies in supercritical conditions is effective
for solving the problem of creation of waste-free technology of
deasphaltenization, demetallization, desalting, dehydration of oil and
for purification of its heavy residues from asphaltenes and metals in
order to obtain purified residues (deasphalticates) - feed for secondary
processes and valuable metals - concentrate of valuable
organometallic compounds, which are good raw materials for
synthesis of catalysts.

Residual oils (brightstocks) from Azerbaijani petroleums by
existing and supercritical technology are produced according to the
scheme: vacuum residue— deasphalting — selective purification —
dewaxing — hydrogen treating.

It is known that one of the promising technological processes in oil
production is the hydrocracking process, which helps to process raw
materials very efficiently and obtain high-quality products without
waste. This process is radical for rational processing (destructive
hydrogenation) of raw materials with changes in the structure of
molecules and obtaining petroleum products with new qualities absent
in the raw feedstock.!

With the development of technology and the aggravation of
ecological problems, the requirements for the quality of lubricating
oils used in machines and mechanisms operating under harsh operative

! XagkuH, B.A. TuporeHu3aMoOHHbIE MPOLECCHI EPEPAOOTKU HEPTSIHBIX
ocratkoB / B.A. XaBkun, JI.A. I'ynsesa, I1.A. Hukynsmun, I'.B. burunes //
Hedrenepepaborka u HepTexumus, - M.: - 2018. Ne 6, - ¢. 9-11.
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conditions have become more stringent. Existing oil production
processes do not allow for manufacturing oils that meet long-term
requirements.?

In this situation, the development of new environmentally safe and
energy-saving (hydrogenation, supercritical extraction) technologies
that ensure the production of a wide range of lubricating oils that meet
long-term requirements is relevant.

Object and subject of the research. The object of the study is oil
production in the oil refining industry of the fuel and energy complex,
and the subject is the development of innovative technologies that
ensure the production of quality oils based on Azerbaijani oils and
heavy fractions.

Purpose of the work. Creation of a new environmentally safe, low-
stage, energy-saving technology for purification of oil and its heavy
residue from asphaltenes, metals, salts, water and other impurities
using COz in its supercritical parameters, construction of a pilot plant
and issuing recommendations for implementation in industry.

The purpose of this research is also the development of technology
for obtaining oils from oil and heavy residue of a mixture of low-
paraffin oils by using CO: in its supercritical parameters and
hydrocracking (at a pressure of 5-6 MPa) of heavy residue and
distillate D-11 from a mixture of low-paraffin and paraffin oils in the
presence of oxides of metals of groups VI and VIII of the periodic
system on aluminum oxide. Development of technology for obtaining
semi-synthetic oils with improved viscosity-point properties, as well
as improvement of technology for obtaining white oils.

Methods of research. When performing the work of the thesis to
study the physicochemical and operational properties of the use of raw
materials (petroleum, fuel oil, distillate, vacuum residue, etc.) and
products obtained from them were determined by methods in
accordance with GOST and ASTM, spectral (IR, UV, NMR,
adsorption chromatography, mass spectrometry and atomic
adsorption) methods.

2 A66acoB, B.M. Pa3paboTku 6a30BEIX OCHOB MOTOPHBIX MAces U3 GAKHHCKHIX
Hedreii / B.M. A66acos, @.11. Camenosa, P.3. 'acanosa [u np.] /Hedrerazossie
TEXHOJIOTMH U aHaIMTHKa, - MockBa: - 2016. Ne 6, - ¢. 69-72.
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Main points presented for defense:

-Using the process of supercritical extraction of SC-CO, an
environmentally friendly technology of oil and its heavy residues
purification from water, salts, mechanical impurities, metals,
asphaltenes has been developed. Optimal regime parameters of oil and
heavy oil residues (fuel oil, vacuum residue) processing with high
technical and economic indicators of the process have been
established.

- A new technology and scheme of purification of distillate and
residual oil fractions meeting modern quality requirements on the
basis of supercritical fluid extraction process using two-phase solvent
system (SC-CO2and IL) is developed.

-A general scheme of producing brightstocks - residual oils from
heavy residues (vacuum residue) according to the classical scheme
using deasphalting, selective purification, dewaxing and hydrogen
treating processes is proposed.

- INCP MSE AR has developed technologies for obtaining high
quality white oils using selective purification and hydrogenation
processes (hydrogen treating, hydrogenation and hydrocracking), as
well as a combined process (dewaxing and selective purification using
a single solvent) and oleum refining.

-Studies of the process of hydrocracking of oil deasphalticates and
heavy petroleum residues, selection of optimal conditions in order to
obtain fuels, working fluids and oils for various purposes.

Scientific novelty. For the first time, the scientific and practical
foundations of oil production intensification technologies have been
developed, providing for the creation of new advanced technologies
(CO2 fluid, combined dewaxing — selective purification, hydrotreating
— hydrocracking) that ensure the production of a wide range of
promising quality oils based on Azerbaijani oils and their heavy
residues.

Using the unique properties of COz in supercritical state a new
environmentally safe process of purification of distillate and residual
oil fractions meeting modern quality requirements has been created.

Processing of purified petroleum and its residues by hydrocracking
at pressure of 4-6 MPa and points of 400-425 °C in turn creates the
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possibility of obtaining environmentally safe fuels, oils and other
petroleum products from them.

The influence of point and pressure of the process on the degree of
destruction of feedstock, quality and assortment of obtained oils has
been established. The modes of obtaining low-viscosity and high-
viscosity oils and liquids have been worked out.

Using a set of modern physicochemical methods of analysis,
including spectral methods, the structure-group composition of
petroleum fractions of petroleums and oil blends was studied for the
first time.

The chemistry of transformation of hydrocarbons of petroleum
residue deasphalticate at hydrocracking under pressure of 5 MPa and
points of 400-450 °C has been studied. It is shown that hydrocracking
of deasphaltic residue at 400 °C and 425 °C leads to enrichment of oil
fractions of hydrogenated residue with saturated (methane-
naphthenic) hydrocarbons. The structure-group composition of
hydrocarbons changes: the amount of condensed aromatics increases
in the oil fractions due to the transformation of resinous substances.

Under the studied hydrocracking conditions, condensed aromatic
and hybrid hydrocarbons of feedstock are subjected to hydrogenation
and splitting, along with resinous substances, turning into low-
molecular-weight hydrocarbons. Hydrocracking and isocracking of
deasphaltizate and its raffinates using industrial catalysts were also
carried out.

Residual oils are obtained using existing and supercritical
technology from heavy residues according to the scheme:

deasphalting — selective treating — dewaxing — hydrogenation.

The possibility of using oil fractions of the studied Azerbaijani
petroleums as feedstock for white oil production has been
scientifically substantiated and experimentally proved:

- For the first time white oil meeting all the requirements of the
standard for medical vaseline oil was produced from oil fractions of
Balakhanskaya heavy and Naftalan petroleum using the technology of
the Yaroslavl Refinery;

- INCP technology of white oil production from Azerbaijani
petroleums by combination of highly effective technological processes
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- selective treating, combined purification developed in of the Ministry
of Science and Education of the Azerbaijan Republic (MSE AR),
hydrogenation ~ processes  (hydrodistillation,  hydrogenation,
hydrocracking) and oleum after-treatment was developed;

-the influence of individual processes on the quality and structure-
group composition of intermediate products and finished oils was
studied,;

experimentally substantiated data were obtained and corresponding
scientific conclusions were made on selection of feedstock and method
of its purification for obtaining white oil of medical vaseline type;

- the possibility of waste reduction in white oil production was
scientifically substantiated and experimentally proved.

Practical value. Application of supercritical extraction with
participation of CO. provides a high degree of purification of
petroleum treating from asphaltenes and metals, increases the yield of
deasphalted product - feedstock for subsequent secondary processes in
order to obtain fuels, base oils and other petroleum products.
Supercritical extraction process was also applied for oil preparation
for distillation and tested as a substitute for the existing technology of
oil electrotreatment (EDP AVD) from water, salts and mechanical
impurities before atmospheric-vacuum distillation.

Preliminary calculations have shown that energy requirements of
the process of extraction of petroleum and its heavy residues at
supercritical parameters of CO2 are much less than in known
processes.

Comparative technological and economic indicators of dehydration
and desalting process at processing of 6 min. tons of petroleum can
make up to 2,3 min. manat per year.

Scientific and technological developments are the basis of
recommendations for obtaining white oil from oil fractions of
Azerbaijani petroleums.

Various variants of white oil production by combination of
processes of selective and combined purification of step
hydrogenation and oleum purification have been developed. In this
case it is possible to increase the yield of the target product, sharply
reduce the consumption of reagents and hard-to-dispose of wastes
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polluting the environment.

The economic effect of obtaining residual oil (brightstock) when
processing 89419 tons of tar to produce 50 thousand tons of oils by the
proposed technology is 7138 thousand manat.

Publications. On materials of the dissertation 63 works were
published, including 1 monograph, 27 articles in leading foreign and
republican scientific and branch editions, 32 theses, 1 author's
certificate, 2 patents of Azerbaijan.

Approbation of the work. Sections of the work were reported and
discussed at: Il Republican Conference dedicated to the 25th
anniversary of the Institute of Additives Chemistry (Baku, 1990); IV
Scientific and Technical Conference of Young Scientists and
Specialists dedicated to the memory of Y.G. Mammadaliyev (Baku,
1992); | Baku International Conference on Petrochemistry, 1994; II
Baku International Petrochemical Conference dedicated to the
memory of Academician Y. G. Mammadaliyev, 1996; Fourth Baku
International Congress, Baku, Azerbaijan Republic, 1997; Il
International Conference, Tomsk, 1997; III, IV, V, VIII, IX Baku
International Mammadaliyev Petrochemical Conferences, 1998, 2000,
2002, 2012, 2016; VI International Conference “Chemistry of
Petroleum and Gas”, Tomsk, 2006; VII Baku International
Mammadaliyev Conference on Petrochemistry, dedicated to the 80th
anniversary of the Institute of Petrochemical Processes of NAS of
Azerbaijan, 2009; VII Scientific and Practical Conference with
international participation, p. Listvyanka, Lake Baikal, 2011;
Scientific-Republican Conference dedicated to the 100th anniversary
of Academician A.M. Kuliyev, Baku, 2012; | International Chemical
and Chemical Engineering Conference, Baku, 2013; Republican
Scientific and Practical Conference dedicated to the 100th anniversary
of Academician S.D. Mehdiyev, Baku, 2014; Republican conference
dedicated to the 50th anniversary of the Institute of Additives
Chemistry named academician A.M. Kuliyev, Baku, 2015;
Republican scientific conference dedicated to the 80th anniversary of
the Institute of Catalytic Inorganic Chemistry named academician M.
Nagiyev, Baku, 2016; International scientific and technical conference
dedicated to the 100th anniversary of academician B.K. Zeynalov,
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Baku, 2017; Scientific and technical republican conference dedicated
to the 90th anniversary of professor S.A. Sultanov, Baku, 2017;
International Conference dedicated to the 110th anniversary of
Academician M. Nagiyev, Baku, 2018; International Scientific
Conference dedicated to the 90th anniversary of the Institute of
Petrochemical Processes named after Academician Y.G.
Mammadaliyev, Baku, 2019; International Scientific and Practical
Conference “Science and texnology research”, Russia, Petrozavodsk,
2022; XII International Scientific Conference “Chemistry of
Petroleum and Gas” (Tomsk, 2022); International Conference
dedicated to the 95th anniversary of Academician A.H.
Mirzajanzadeh, Russia, Ufa, 2023; XIII International Conference
“Chemistry of Petroleum and Gas” (Tomsk, 2024).

Place of dissertation work. The dissertation work was carried out
at the Institute of Petrochemical Processes named Academician Y.G.
Mammadaliyev (INCP MSE AR) in accordance with the working
programs 3/86, 6/91, 6/96, 3/2001, 3/2004, 3/2006, 2/2013 (state
registration Ne 01880011926, 0194Az00145, 0101Az00089,
0104Az00006, 0106Az00014, 0113Az2037).

Personal participation of the author. The author determined the
main purpose of research, directions and tasks for its implementation,
carried out systematization, processing and discussion of the obtained
results. The author was also directly involved in setting up and
conducting laboratory, pilot and pilot-industrial tests.

Structure and scope of the work. The dissertation work is set out
on 383 pages, consists of an introduction, 7 chapters, including 157
tables, 30 figures, 7 graphs, conclusions, list of literature, consisting
of 414 names. Excluding figures, tables, list of used literature and
appendices the thesis is 345385 characters (including introduction
15772, first chapter 98115, second chapter 13556, third chapter 59775,
fourth chapter 19276, fifth chapter 38971, sixth chapter 30679,
seventh chapter 61996 and conclusions 7245 characters).

The introduction substantiates the relevance of the topic, purpose
and objectives of the dissertation work, scientific novelty and practical
value of the results obtained in the process of work. The results of the
research presented in chapters 1-V1I are briefly characterized.
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The first chapter presents a review of scientific and patent
literature reflecting the current state of oil production and methods of
processing of oils and their residual fractions in Azerbaijan and in
advanced foreign countries. Based on the analysis of the presented
literature data the aim and objectives of the dissertation work are
outlined.

In the second chapter the methodology of experiments is
described, characterization and methods of analysis of petroleums,
residual fractions and oils are presented. The schemes of installations
used during laboratory, pilot and pilot-industrial tests are described.

The third chapter of the dissertation presents the results of
research on the development of environmentally safe supercritical
technology for processing of Azerbaijani petroleums and their heavy
residues for dehydration, desalting, deasphalting, demetallization.

In the fourth chapter the results of obtaining high quality waste-
free products of hydrocracking of petroleum and its residues purified
in the process of supercritical extraction, recommendations for a new
processing scheme are given, the economic indicators of oil
production are evaluated.

The fifth chapter of the thesis is devoted to the topic of expanding
the resources of raw materials for obtaining residual oils -
brightstocks. It also shows the possibility of improving the quality of
petroleum base oils by compounding with various synthetic oils.

In the sixth chapter the resources and selection of feedstock for
production of white oils from Azerbaijani petroleums are expanded.
Results of researches devoted to improvement of technology of white
oil production are given.

In the seventh chapter the results of research of hydrocracking
process of distillate

D-11 under pressure of 4-5 MPa and deasphaltizates of mixture of
low paraffin and paraffin petroleums under pressure of 5-10 MPa at
points of 400-450 °C with the purpose of obtaining oils of different
purpose are presented. Hydrocracking and isocracking of
deasphaltisate and its raffinates of a mixture of low-paraffin oils using
industrial catalysts were also carried out.

The thesis concludes with the conclusions of the work done, in
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which the main results of the research are presented, and a list of used
literature. Documents confirming the results of the industrial tests
carried out on this work are also presented.

THE MAIN CONTENT OF THE WORK

1. Dehydration, desalting, deasphalting and demetallization of
petroleums and their residues using a supercritical extraction
process

It is known that petroleum reaching the surface of the earth carries
associated gas, sand, silt, salts and water in the form of saturated
chloride solution. Water content in petroleum transported through
trunk pipelines is up to 1 %, and in the oil coming to refineries should
be no more than 0,3 %.

The salt content of petroleum delivered to OR should be no more
than 50 mg/l, while petroleum with a salt content of no more than 5
mg/l should be delivered for refining.

At distillation of oil under atmospheric pressure salts accumulating
in fuel oil deteriorate the quality of it and vacuum residue obtained
from it.

At present, the refining industry AVD uses electric dehydrator
sections to purify oil from water, salts and mechanical impurities,
which requires large energy inputs.

As a result of anthropogenic human activity, large amounts of gases
(CO2, CHg4, etc.) are emitted into the atmosphere, creating a thermal
effect, global warming and related climate changes pose a serious
threat to all humanity. Excessive point increase leads to acceleration
of a number of undesirable processes in the atmosphere and on the
Earth.

According to the UNO protocol “On Climate Change”, which calls
on the countries of the world to reduce emissions of heat-emitting
gases into the atmosphere, since carbon dioxide and methane have a
great impact on the acceleration of global warming, the decision to
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gradually reduce their emissions into the atmosphere has been
reflected.

At the International Forum COP-29, which was held in Azerbaijan
in November 2024, this problem became the subject of discussion of
the world scientific societies.

IPCP MSE AR has developed and patented an environmentally
safe, energy-saving research development in the direction of
petroleum dehydration and desalting using CO. as a solvent for
preparation for petroleum refining. Utilized gases from catalytic
cracking units G-43-107M (regenerator 202) and EDP-AVD-6 furnace
of Heydar Aliyev Petroleum Refinery were used for CO production.

Figure 1 shows an alternative version of the technology of
petroleum treatment from water, salts and mechanical impurities in
electric dehydrators EDP together with the device AVD.
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Figure 1. Principal flow diagram of a new alternative technology of OR at the
AVD Refinery's EDP units. K-1 — primary evaporator (evaporation column); T-
1+T-10 — heat exchangers; T-15/1,4 — air condensers-coolers; E-1 — capacity of K-
1 column; H-5/1,2 — pumps supplying irrigation from E-1 to K-1; H-1/1,2,3 -
pumps; U-E — extraction unit; U-B — unit of CO, extraction from plant flue gases;
SC-1 - CO; compressor; X-1 — refrigerator
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The scheme of the ABT unit with the proposed extraction unit
instead of EDP is given in Figure 1. CO- is extracted from the general
plant flue gases. For CO extraction, flue gases from catalytic cracking
unit G-43-107 M are fed to the lower part of the absorber. Water is fed
to the upper part of the absorber to extract CO, from the gas mixture.

At the content of CO: in the amount of 25-30 % in the smoke gas
mixture, absorption is carried out at the pressure of 1,6-3,0 MPa. A
mixture of gases N2, Oz, CO, SO2, NOy is released from the upper part
of the absorber. From the bottom of the absorber, CO, with water
enters a water turbine, where the pressure is reduced and the mixture
enters a separator where CO is separated from water.

From the bottom of the separator, water with residual CO. enters
the desorber, where air is supplied. From the top of desorber the air
with COz is discharged into the atmosphere, and water is supplied to
the absorber. CO> from the separator in the volume of 90-93 % is
supplied to the compressor SC-1 and further to the extraction unit.

In compressor SC-1 CO; is compressed to supercritical pressure (>
7,35 MPa), cooled in cooler X-1 to point 40-45 °C and enters the
bottom of extraction column EC-1.

Oil by pump H 1/1, 2, 3 is supplied to the heat exchanger T, where
it is heated to the point of 50 °C and fed to the upper part of the
extraction column (EK-1). At supercritical conditions (point > 31 °C
and pressure >7,35 MPa) in the extraction column the process of
extraction of undesirable components of oil with the help of CO: is
carried out.

In separators C-1 and C-2 at pressure of 4-5 MPa hydrocarbons C;-
Cs and CO; are in gas state. From the top of separator C-1 CO> enters
the CO- outlet line from separator 3 and together with separated CO>
from catalytic cracking gases enters compressor SC-1. Under high
pressure hydrocarbons Ci- Cs in liquid state yield from the bottom of
separator C-2.

Dewatered, desalted and cleaned from mechanical impurities
petroleum from the bottom of separator C-1 by two streams is supplied
for heating to heat exchangers: Tiream /T-1/1X, 2X, T-3%, T-5/1%, 2x and
Il stream — T-2/1x, 2X, T-4/1x, 2x, T-6x, where it is heated to 130-160
°C due to passing hot streams — petroleum fractions from AVD-6 unit.
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After heating in heat exchangers two streams of purified oil are mixed,
then again divided into two streams, pass through heat exchangers T-
10/1x, 2x and T-7/1,2,3, where respectively heated to 190-230 °C and
fed into the atmospheric column C-1.

Technological parameters of the process of petroleum preparation
for refining at EDP- AVD units using supercritical CO> are given in
table 1.

Table 1.

Technological parameters of petroleum treatment process with

application of SC-CO2

Parameters Indicators
Point in EC-1, °C 40-45
Pressure in EC-1, MPa 7,4-7,8
Pressure in separator C-1, MPa 4-5
COg ratio: petrolum 1:1
Extraction duration, hour 4
Settling time, hour 4
Absorber pressure (block B-1), MPa 1,6-3,0
CO, yield after water separation, % wt. (block B-1) 75

Characteristics of the mixture (sample I-111) of Neft Dashlari,
Shirvan and Surakhani petroleums processed at the Heydar Aliyev Oil
Refinery before and after treatment with SC-CO, are presented in table
2.

Also, mixtures of low-paraffin oils and oils from Azeri fields, VII
horizon of Bulla-deniz, wellsite 55 of Absheron were subjected to
treatment with SC-CO..

As it can be seen from the obtained data, as a result of realization
of the process with application of SC-CO2, besides reduction of
asphaltenes content, the content of mechanical impurities, ash, pitch,
and water and chloride salts (NaCl) decreases to their complete
absence.

The scheme of the laboratory unit for deasphaltenization of
petroleum and its heavy residues using CO2 under conditions of its
supercritical parameters is shown in Figure 2.
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Table 2.

Characterization of feedstocks and extraction products
Petroleum samples
[ I 1T

Indicators after after after
initial extraction initial extraction initial extraction
Density at 20 °C, 8876 | 8868 | 8917 | 8908 | 8865 | 8857
kg/m3 ' ' ' ' ' '
Kinematic viscosity at
20 °C, mm2/s 49,28 | 49,08 54,68 | 54,50 51,65 | 51,50
Pour point, °C -22 -23 -14 -14 -11 -10
Content, % wt:
Resins 6,74 6,28 9,22 8,03 10,2 8,55
Asphaltenes 0,30 0,05 0,43 0,10 0,40 0,12
Paraffin 4,29 3,57 4,33 4,55 4,20 4,19
mechanical impurities | 0,0704 | 0,0169 0,0548 | 0,0112 0,0348 | 0,0102
Ash 0,036 | 0,030 0,027 | 0,024 0,026 | 0,020
Water 0,5 absent 0,3 absent 0,2 absent
chloride salts mg
NaCl/1 dm? petroleum 50,4 absent 40,5 absent 54,9 absent
petroleum acids 0,9796 | 0,6444 0,7500 | 0,6106 0,5210 | 0,3724
Acid number, mg
KOH/g 0,9880 | 0,8105 0,9080 | 0,7819 0,5850 | 0,4551
[
3
4 & 6
y
7
N/ 4 @7
1
5 1‘
6

Figure 2. Scheme of the laboratory installation for deasphaltenization of
petroleum and its heavy residues with participation of CO2 under conditions
of its supercritical parameters: 1 — CO, cylinder; 2 — extractor; 3 — gas filter; 4 —
compressor; 5 — separator; 6 — product trip tanks; 7 — pressure meters
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Carbon dioxide is fed into the lower part of the extractor (2) from a
cylinder by means of a reducer (7) and the extraction is carried out
under supercritical carbon dioxide parameters (at a point of 40 °C and
a pressure of 7,5-7,8 MPa) at a mass ratio of feedstocks: CO2 1: 1.

At the given supercritical parameters during 4 hours CO2
circulation is carried out according to the scheme: extractor —
separator — compressor — extractor. Then COz circulation is stopped
and asphaltenes precipitation from the solution starts within 4 hours.
At critical parameters of CO: the solution of deasphaltenized product
from the extractor descends to the separator, where it is freed from
CO- and fed to the tank of deasphaltenized product.

Table 3 shows the characteristics of petroleum and its heavy
residues before and after deasphaltenization using CO; in supercritical
conditions, as well as the yield of asphaltenes before and after
extraction by the proposed and known methods. The amount of
precipitated asphaltenes in petroleum, fuel oil and vacuum residue
according to the proposed method is 1,5; 1,8 and 1,47 % counting on
petroleum, respectively, that is more than at extraction by the known
method according to GOST 11858-85.

As a result of deasphaltenization there is also demetallization of
initial raw feedstocks, as evidenced by the data of trace element
composition of petroleum, fuel oil and vacuum residue, as well as
asphaltenes isolated from them (table 3,4).

Using the unique properties of CO: in supercritical state, a
preparative method for determination of asphaltenes in petroleum and
its heavy oil residues was created and patented in IPCP MSE AR. The
developed new method in comparison with the known ones allows to
increase the amount of the test product suspension from 5-10 to 100 g,
to reduce the amount of solvent for its dilution from 40 to 1-2-fold, to
improve the clarity of asphaltene precipitation, to reduce the duration
of analysis.

The proposed method can be used to improve the existing standard
— GOST 11858-85 and apply it not only for quantitative determination
of asphaltenes in petroleum and petroleum products, but also for
isolation in sufficient quantity to study their composition and
properties.
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Separation of asphaltenes from oil occurs only with the help of
CO»-due to the influence of dispersion forces, low-molecular fractions
of oil act as an intermediate solvent, increasing the solubility of high-
boiling and resinous substances in COx.

Table 4
Microelement composition of raw materials and asphaltite, ppm
Asphaltite Asphaltite, Raw Asphaltite
N Raw separated | Raw isolated isolated from
ame . vacuum
petroleum | from fuel oil | from fuel . vacuum
. residue ;
petroleum oil residue

Al 56,84 78,6 63,6 94,0 70,52 110,0
Ba 2,3 4,96 5,5 9,0 8,77 13,3
Cd 0,19 0,63 0,3 0,64 0,42 0,65
Cr 20,39 25,09 22,7 57,1 25,0 89,2
Cu 11,79 19,2 12,2 21,6 12,74 24,0
Fe 8,50 243,6 90,7 473,6 181,08 | 703,7
K 44,8 52,2 48,0 89,9 54,08 125,6
Mg 01 201,0 0,06 206,5 - 214,8
Mn 2,82 44 2,95 13,35 3,28 22,3
Na 335,6 890,2 220 864,9 120,6 839,6
Ni 10,66 24,4 14,3 80,2 18,0 136,16
Pt - - - traces - traces
Pb 1,61 <8,0 2,09 6,6 2,99 5,22
Sn - <4,89 - <4,0 - Traces
Vv 0,22 0,39 0,4 1,28 0,63 2,17
Zn 3,7 5,6 20,5 26,5 37,47 46,71
Se - 8,57 - 3,5 - -
Co 12 1,29 - - - -
Sh - - - traces traces traces
Au - - - traces traces traces
As - - - 1,11 - 2,89
Hg - - - 9,67 - 10,96

Optimization of the process, namely the influence of the degree of
dilution of feedstock with hydrocarbon solvent, pressure and point on
the results of purification of a mixture of low-paraffin oils and its
heavy residue was studied.

As a result of researches the following optimal process parameters
were established: T —56-80 °C; P — 7,3-8,0 MPa; ratio of hydrocarbon
solvent to feed (wt.) 0,7 : 1; ratio of SC-CO : feedstock 1 : 1. Time of
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staying of the mixture in the extractor and precipitation of asphaltenes,
trace elements, water, salts and mechanical impurities is 4 hours.

The use of co-solvents such as n-heptane, toluene, acetone and their
mixtures with ethanol in the process of SC-CO; extraction increases
the efficiency of the process. The proposed method with the use of co-
solvents provides better precipitability of asphaltenes and metals from
petroleum and vacuum residue, while improving the quality of
deasphaltenized product.

The use of two-phase system SC-CO. + IL allows to reduce the
amount of selective solvent IL from 1:3 to 1 : 0,5 + 1, without affecting
the quality of raffinate. The use of two-phase solvent allowed to reduce
the process point from 80 to 31 °C and the contact time to 2 hours.

Selective purification of viscous distillate by mixture of SC-CO;
with co-solvents LMP+MF at the ratio of distillate : solvent 1:0,5:0,5
respectively allows to improve the clarity of separation and quality of
raffinate, reduce the yield of extract at lower multiplicity of solvents.

The process of vacuum residue deasphaltenization at supercritical
parameters of CO> was carried out according to the technological
scheme (Figure 3).

The use of a biphasic solvent promotes the precipitation of heavy
aromatics together with resins and asphaltenes, i.e. the ionic liquid
easily dissolves low-ring aromatics and precipitates condensed heavy
aromatics. The ionic liquid morpholine formate remains in the
deasphaltenizate solution and is blown out of it in a carbon dioxide
current at 120 °C. Purification of IL from aromatic compounds is
carried out by decomposition of the complex with water at 80 °C.

In the IR spectra (Figure 4) of asphaltenes isolated from
deasphaltenizate using two-phase solvent SC-CO> + IL, the bands at
1377 and 1731 cm™ appear with lower intensity than in asphaltenes
isolated from initial tar, and the bands at 907, 1039, 1072, 1269 and
1599 cm* disappear.

This gives grounds to assert that deasphalting with the use of two-
phase solvent SC-CO2+IL allows to involve completely or partially
aliphatic, cyclic or aromatic compounds with C=0 and/or C-O-C
groups.
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n-heptane @ 17

CO;

n-heptane

€0,

deasphaltenizate

asphaltite

Figure 3. Principal scheme of vacuum residue deasphaltenization process at
supercritical parameters of CO..
1,5, 15, 16, 19 — pumps; 2, 10, 13 — heaters; 3, 4 — receivers; 6 — mixer; 7 —
extractor; 8 — compressor; 9 — separator; 11, 14 — evaporators; 12 — gas filter; 17,
18 — condenser-refrigerator

Analysis of the data in table 5 shows that during SC extraction using
two-phase solvent SC-CO: + IL in the presence of n-heptane at equal
ratios of feedstock : SC-CO-

1:1, the density of deasphaltenizate decreases from 945,2 to 911,4
kg/m3, pour point increases from +16 to +23 °C, which according to
the studies is associated with the dissolution of high-molecular-weight
solid hydrocarbons adsorbed on the surface of RAM in the solvent
containing IL; at the same time, the clarity of RAM precipitation
improves.

Deasphalting of tar with SC-CO; and SC-CO: + n-heptane + IL
leads to decrease of metal content in deasphalticate, and to a greater
extent — after vacuum residue treatment with SC-CO- + n-heptane +
IL mixture.
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Figure 4. Spectra of asphaltenes: a — from feedstock-vacuum residue; b — from
SC extraction from vacuum residue using SC-COg; ¢ — from SC extraction from
vacuum residue using two-phase solvent SC-CO, + IL
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In the process of deasphaltenization with the use of two-phase
solvent provides higher speed and completeness of deasphaltenization
of feedstock and obtaining deasphaltenizate with optimal component
composition and low density, as well as with a reduced content of

metals in it.
Table 5
Characteristics of feedstocks and products of their processing
Indicators Vacuum SC-CO; SC-CO, +ILY
residue
Fe(_edstock to solvent i 1:13 1:13
ratio (n-heptane)
Viscosity at 100 °C, 187,0 115,6 131,6
mm?4/s
Density at 20 °C, kg/m® | 955,9 945,2 911,4
Point, °C
Flash 278 277 276
Pour +40 +16 +23
Yield, % wt:
deasphaltenizate - 96,0 95,8
Asphaltite - 4,0 4,2
Content, % wit:
Paraffinonaphthenic 33,75 38,25 34,74
Aromatic
light I 14,37 22,20 13,82
medium II 21,45 16,08 17,24
heavy Il 16,86 [30,43 | 12,21 } 23,47 | 25,58 }33,37**>
Resins 13,57 11,26 7,79
IL - - 0,83
Asphaltenes 0,29 0,28 0,35

*) 1L — 15 wt. %.

**) are deposited together with asphaltenes

Though at application of two-phase solvent the quantity of
separated asphaltite is only
0,2 % more (4,2 vs. 4,0 %), than in case of single-phase solvent, but
this small share includes a part of tar (their content decreases from
11,26 to 7,79 %), which are the most undesirable components of

vacuum residue.

For the first time on the basis of supercritical fluid extraction
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process with the use of two-phase solvent system (SC-CO- and IL) for
purification of distillate and residual oil fractions a new
environmentally friendly technology was created, providing the
highest yield of oil fractions meeting modern quality requirements.
The general scheme of oil production from petroleum is presented in

Figure 5.
®

Fuel Beric
fraction | vacuum distillate l

Residual
oil fraction

Distillate
oil fraction

CK-CO:+IL
Distillate {

oil fraction Asphalt-resin
extracts Supercritical extraction substances,
10,1-18,8% metals

|

Distillate
oil fraction

Deasphaltenizate

95.8%

raffinates

87,5-90.6%

CK-CO:+IL

Swpercritical ————» Extract 12,4%

extraction

Residual
oil raffinates

87.6%

[ Dewaxing -70%

Gas 4_‘ Hydrotreating

hydrocarbons

UB>90

Medium
viscosity
base oils

Residual
britstock oil

Crude paraffin Light ]
and petrolatum base oils

Figure 5. General scheme of oil production new technology
Supercritical purification of tar and its deasphaltisate in the
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presence of CO or two-phase solvent (SC-CO; + solvent) leads to
production of residual oils according to the scheme:

. CK-CO . . CK-CO
vacuum residue—— > deasphaltization—— >

purification in 1 or 2 steps — dewaxing — hydrogenation.
From hydrogenated raffinates the oils meeting the requirements of
GOST 6411-76 for heavy cylinder oil-52 and 1ISO 6480-2019 for P-28
oil, TU-3810131278 — for P-40 oil are obtained, brightstocks
according to TU 38101361-73 are obtained light oils vapor 30.

2. Hydrocracking of supercritical extraction product

Hydrocracking of deasphaltized petroleum and its heavy residues
was studied in order to create a new refining scheme. The purpose of
creating a new refining scheme in the presence of environmentally safe
processes is to ensure the production of environmentally safe fuels and
oils.

To study the application of supercritical petroleum extraction to
influence its effect on hydrocracking firstly, direct hydrocracking of
petroleum was carried out.

Hydrocracking of low-paraffin petroleum mixture was carried out
at points 380-425 °C, pressure 3-5 MPa, feedstock volumetric feed
rate V — 0,3-1,0 h', hydrogen flow 1000 I/1 feedstock using industrial
catalyst Al-Ni-Mo.

Hydrocracking at 380 °C and pressure of 5 MPa with decreasing
volume velocity V from 1,0 to 0,3 h? results in decreasing kinematic
viscosity at 50 °C from 7,11 mm?/s to 5,13 mm?/s, density from 865
kg/m® to 856,1 kg/m® and increasing the viscosity index of
hydrogenated products from 103 to 121.

At a point of 400 °C and pressures of 3-5 MPa viscosity at 50 °C
decreases to 3,28 mm?/s, density at 20 °C to 845,7 kg/m?, pour point
decreases from minus 10 °C to minus 16 °C. When increasing the
process point to 425 °C there is a further decrease in viscosity at 50 °C
to 1,82 mm?/s, density at 20 °C to 826,8 kg/m?, pour point decreases
from minus 16 °C to minus 18 °C. It is established that at points of
400-425 °C the quality of hydrogenizates improves due to changes in
the composition of raw materials. At point 425 °C along with
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hydrogenation isomerization occurs.

Supercritical purification of petroleu and its heavy residues was
carried out at the pilot plant of the Institute at a point of 40-55 °C and
pressure of 7,4-8,0 MPa. Unlike petroleum, fuel oil and vacuum
residue were dissolved with n-heptane in the ratio of 1 : 1 in order to
reduce the viscosity of feedstocks and improve the possibility of
precipitation of asphalt-resinous substances.

After deasphalting of petroleum and fuel oil the kinematic viscosity
at 50 °C from 7,11-43,22 to 6,33-42,0 mm?/s, density at 20 °C from
865,9-909,5 kg/m? to 859,0-907,4 kg/m?®, coking ability from 1,91-
3,51 to 0,88-3,3 % wt. % decrease.

The kinematic viscosity at 100 °C of vacuum residue | and Il after
deasphalting from 181,11-223,36 mm?/s decreases to 105,64-116,52
mm?/s, the density at 20 °C from 947,7-961,6 kg/m® to 940,3-954,2
kg/m?® decreases. The yield of asphaltenes after the process increased
from 0,725-1,10 wt % to 1,5-4,5 wt %.

Deasphaltized oil, fuel oil and tar sands from a mixture of low-
paraffin oils were subjected to hydrocracking at points of 400-425 °C,
pressure of 5-6 MPa, feedstock volume feed rate V —0,5 h™! | hydrogen
flow of 1000 I/l feedstock using industrial catalysts Al- Ni- Mo and
Al- Co- Mo.

Carrying out hydrocracking of deasphalted petroleum (table 6) in
contrast to straight petroleum under the same conditions allows to
improve the quality of hydrogenizates (Figure 6). Since the kinematic
viscosity at 50 °C decreases from 3,28-1,82 mm?/s to 2,9-1,17 mm?/s,
density — from 845,7-826,8 kg/m® to 821,0-819,0 kg/m?®.

Hydrocracking of deasphaltized fuel oil was carried out on catalyst
Al-Ni-Mo, feedstock feed rate V — 0,5 hl, at point 425 ° C, pressure 5
MPa, hydrogen flow 1000 I/l feedstock. The hydrocracking results
showed that the kinematic viscosity of fuel oil decreases from 42
mm?/s to 8,03 mm?/s, density at 20 ° C from 907,4 kg/m? to 884,4
kg/m? and other indicators decreased.

The vacuum residue | was obtained in the laboratory after
atmospheric-vacuum distillation (above 500 °C) of a mixture of low-
paraffin petroleums. As shown in table 6, hydrocracking on
Al- Ni- Mo catalyst at 425 °C of deasphaltized vacuum residue sands
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| leads to a decrease in kinematic viscosity at 100 °C from 105,64
mm?/s to 20,5 mm?/s, density at 20 °C from 940,3 kg/m® to 907,6

kg/m?.
Table 6
Physicochemical properties of deasphaltized hydrogenated
hydrogenates
Al-Ni-Mo
Fuel oil Va_cuum szlcuum
Name Petroleum, P - 5 MPa p.E Mp‘a residue I, | residue Il,
P-6MPa | P-6 MPa
T-400°C |T-425°C | T-425°C | T-425°C | T-425°C
Viscosity, mm?/s, at:
100 °C 1,15 - - - -
50 °C 2,9 1,17 8,03 20,5 22,3
40 °C - - - 907,6 -
20 °C - - - - 912,8
Density at 20 °C, kg/m® | 821,0 819,0 884,4 - -
Refractive index Mo 1,4653 | 1,4612 | 1,4860 1,4990 1,5010
Color in NPA grades 8 8- 8+ dark dark
Point, °C:
Flashes - - 148 - -
Pour -16 -18 +2 +25 +28
Coking capacity, % wit. 0,7 0,6 - - -
Total sulfur, % wt. 0,2 0,2 0,23 0,28 0,30
Yield, % wt:
in the process 96,53 96,53 94,1 93,5 93,5
for petroleum - - 66,92 29,08 24,0

The vacuum residue Il was obtained under plant conditions and
after deasphaltenization was subjected to hydrocracking on Al-Co-Mo
catalyst at 425 °C, P — 6 MPa.

Hydrocracking of deasphalted vacuum residue Il allows a reduction
in kinematic viscosity at 100 °C from 116,52 mm?s to 22,3 mm?/s,
density at 20 °C from 954,2 kg/m® to 912,8 kg/m?.

Hydrogenizates were distilled to fuel fractions boiling at d.p.-180
°C and 180-300 °C, oil fractions at 300-400 °C and above 400 °C.

It is revealed that hydrocracking of straight petroleum is more
favorable than hydrocracking of its residues, because processing does
not require atmospheric-vacuum unit and dilution of feedstock with

solvent.
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Thus, the general scheme of petroleum refining is simplified
(Figure 6).

Petroleum Petroleum

Asphaltenes

Hydrocracking — 2% 1.48 % <— Deasphalting

Deas-
phalting
98.6 %

Hydro-

genation

98 %

HE.-
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-«

<«
180-300 °C
31,07%

Distillation Hydrocracking —>2 %

Hydro-
genation
96,6 %

300-
400°C
29,74%

>400°C
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Deparaf- 180 °C +—

finization -«
Fin! 180-300 °C
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Distillation

300-
400°C
24,54%

>400°C
21,74%

.

Deparaf- | , 535809,
finization |ray

Dep. oil
16,15 %

Figure 6. Scheme for obtaining products from oil and after its
deasphaltenization

Comparison of the obtained products of petroleum hydrocracking
and its after deasphalting showed that from hydrocracking of
deasphalting petroleum at 425 °C oil oils have a higher viscosity index
(ES 94-205) than oils of hydrocracking of straight petroleum (ES 90-
112). This is due to rational use of the catalyst, because deasphalting
before hydrocracking leads to dehydration and release of asphalt-
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resinous substances, which positively affects the increase in the
duration of the catalyst.

Material balance of oil production in the process of petroleum
hydrocracking without and with deasphalting:

Raw material — oil (100 %)

Received:
Gas 2,00 2,00
Gasoline (d.p.-180 °C) 21,16 24,33
Diesel fuel (180-300 °C) 31,07 25,92
Low-viscosity oil (300-400 °C) 29,74 24,54
High-viscosity oil
(> 400 °C) 11,45 16,15
Gach 4,58 5,58
Asphaltite - 1,48
Total (%): 100,00 100,00

Oil fractions boiling at 300-400 °C from petroleum hydrogenysate
and after deasphalting meet the requirements of the standard (TU
38101308-97) for industrial oils of type ES-4 and ES-6.

Oil fractions boiling above 400 °C after dewaxing with yield of
71,4-74,3 % wt. per process meet the standards for motor oils M-10
and M-12 according to GOST 17479.1-2015 and base oil AC-9,5 of |
and higher category according to TU 38101511-74. Also, the fractions
obtained from fuel oil, boiling above 400 °C, meet the requirements
for gear oil according to TU 38101529-75 and lightweight vaporizers
according to TU 38101361-73.

Evaluation of the quality of fuel fractions boiling within the range
of d.p.-180 °C and 180-300 °C from petroleum hydrogenisates, as well
as after deasphalting of petroleum and its heavy residues showed that
they can be used as a solvent of liquid PF-3 according to TU
38101964-83. These fractions can also be used as components of JF,
T-2 jet fuels (GOST 10227-86) and diesel fuels (GOST 305-82). The
yield of these fractions is 6-52,24 % wt. per hydrogenizate, 4,02-31,07
% wt. per petroleum.

A new petroleum refining scheme involving supercritical
extraction and hydrocracking processes to produce environmentally
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safe high-index oils is proposed (Figure 7).

After supercritical extraction, the obtained purified petroleum (1)
Is subjected to hydrocracking. Hydrocracking of feedstock, preheated
in heat exchangers 8 and 9, in a mixture with Hz -gas is carried out in
a multizone reactor 10 with a downward flow of feedstock mixture.
Liquid, separated from gas in separators 11 and 12, is heated in the
heat exchanger 13 and enters the rectification column 17 for the
separation of light gasoline (d.p.-180 °C). In the bottom of the column
17 is introduced water vapor VII. The fraction boiling above 180 °C is
heated in the furnace coils 18 and separated in the vacuum column 19
into fractions (180-300 °C), light oil fraction (300-400 °C) and heavy
oil fraction (above 400 °C). In the amine purification unit 24 hydrogen
sulfide is removed from the circulating gas. Air-cooled condensers and
coolers are widely used at the plant. Between units 8 and 20, water is
injected into the hydrocracking product stream to wash off deposits.
The obtained fractions are collected in receivers 27.

Technical-economic evaluation of the process of supercritical
purification of 3 samples of petroleum mixture using SC-CO., showed
that comparative technological and economic indicators of the process
of dehydration and desalting are lower than in the existing process
under production conditions at the operating units of the refinery.

At petroleum purification in the presence of CO> the yield of light
fractions also increases, and also actually decreases the yield of
vacuum residue in addition to increasing the depth of petroleum
refining, which also reduces the cost of target products.

Reduction of processing costs by 2320 thousand manat/year,
reduces the cost price of 1 ton of target product by 89 gyapik.
Economic effect at processing of 6 min. tons of petroleum can make
2,3 min. manat.

At reception of 50 thousand tons of residual oil (brightstock) on the
offered technology in comparison with existing technology economic
effect makes 7138 thousand manat at processing of 89419 tons of
vacuum residue.
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3. Processing of heavy residues from Azerbaijani petroleums
according to the classical scheme in order
to produce brightstocks — residual oils

To obtain quality oils with high antioxidant, viscosity-point and
other properties such undesirable components as resinous substances,
sulfur- and nitrogen-containing compounds, polycyclic aromatic and
naphtheno-aromatic hydrocarbons with short side chains, as well as
paraffin hydrocarbons should be extracted from oil residues.

Studies have shown that residual petroleum fractions of Azerbaijani
petroleum contain 2-3 times more oil fractions than residual fractions
of petroleum from other regions. Therefore, Azerbaijani petroleum are
in great demand in refining, as they provide an opportunity to obtain
more petroleum products.

The technical base of the plant producing residual oil for rolling
mills (P-28) from the mixture of Surakhani and Karachukhur
petroleum due to limited resources of feedstocks and strict
requirements to ecology was liquidated. Taking this into account,
researches on expansion of raw material resources and improvement
of technology of producing brightstocks from Azerbaijani petroleums
were carried out. As a feedstocks were used tar sands of paraffinic oil
Sangachal-deniz and mixtures of low-paraffinic petroleums of
offshore fields from "Azerneftyag" plant. Concentrate — vacuum
residue sands of paraffinic petroleum Sangachal-deniz, characterized
by the highest content of residual fraction, were obtained at the pilot
plant BHT IPCP, and vacuum residue sands from the mixture of low-
paraffinic oils — at the industrial and pilot plants.

Oil for rolling mills P-28 from vacuum residue sands was produced
according to the scheme: deasphalting — selective purification —
dewaxing — hydrotreating.

Deasphalting of vacuum residue to reduce asphalt-resinous
substances was carried out at the BHT with propane at the rate of 500
% wit. per tar at the point in the extraction column: top — 76 °C, bottom
— 50 °C. Characteristics of vacuum residue and their deasphaltisates
are presented in table 7.
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Then deasphaltisates from a mixture of low-paraffin oils were
subjected to selective purification with furfural (150, 200, 300 %) on
a continuously operating pilot plant BHT at point (°C) in the extraction
column: top — 130-135, middle — 115-118, bottom — 95-98.

At purification of deasphaltisate from paraffinic petroleum the
point in the extraction column corresponded to: top — 125, middle —
105, bottom — 85 °C (KTR 150-155 °C). Comparison of the quality of
raffinates of different purification depths obtained from
deasphalticates showed that with increasing amount of furfural the
yield decreases, but their quality improves.

Studies have shown that at dewaxing of residual raffinate from low-
paraffinic and paraffinic petroleums of different degree of purification
with furfurole (200 and 300 %) oil yield was 73-90 % wt. per
feedstock.

The general scheme of residual oil (brightstock) production by
existing and proposed technologies is shown (Figure 8).

P-28 brightstock oils from Azerbaijani petroleums, unlike West
Siberian petroleum, are rich in paraffinonaphthenes by hydrocarbon
composition (35,1-72 %), which provides their high performance
properties (table 8).

4. Development of technology for obtaining white oils

To obtain white oil the process of dewaxing and selective
purification using a single solvent was used, i.e. a combined process.
As a feedstock we used raffinates of oil fractions M-4 and I-40A from
a mixture of low-paraffin petroleums of offshore fields with viscosity
at 50 °C 15,9 and 42,2 mm/s?.

Raffinates were obtained by purification of distillates with 300 %
furfural to the content of aromatic hydrocarbons and resins 7,38 and
8,90 %, respectively. Combined purification of raffinate was carried
out by mixed solvent furfural-alcohol.

White oils were obtained from the product of the combined method
by two methods: oleum purification according to thetechnology used
at the Yaroslavl OR, and two-stage hydrogenation and contact
aftertreatment.
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Figure 8. General scheme of residual oil production by known and new

technologies

According to the first variant of the combined method raffinate was
treated with oleum in two stages with supply of 5 % of oleum to each
stage, followed by neutralization of sour oil with alcohol-water
solution and contact aftertreatment with gumbrin (40-50 %) at 120 °C.
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Table 8
Comparison of suggested brightstocks

Brightstocks from the oils
low-sulfur sulfurous
Indicators low- Sangachal- Blend of — V;\gl?:liilne
QOils paraffin gac Surakhan and | GOST
Deniz 144
offered | petroleum Karachukhur | 174794- .
petroleum (foreign
blend petroleums 87 oil)
Kinematic viscosity
at 100°C, mm?2/s 28,9 31,75 30,15 29,63 26-30 28,12
Viscosity index 80 87 85 85 80 95
Density at20°C, | 9050 | 9075 | 906 901 930 902
kg/m
Acid number, mg
KOHI/g 0,02 0,015 0,03 0,02 0,02 0,03
i i 0,
ch?kmg capacity, % | 15 | 0,62 0,60 0,81 - 0,61
Sulfurcontent, % =1 05 | 02 0,25 0,14 15 1,37
Hydrocarbon group
composition, % wt.
%:
Paraffinonaphthenes | 35,1 59 60,2 72,0 33,6 34,9
Aromatic
hydrocarbons:
I lights 21,6 23,8 28,0 5,7 20,1 32,6
Il medium 19,1 10,1 9,6 0,8 17,7 26,8
111 severe 19,8 4,5 0,2 17,9 20,8 0
Resin 4,4 2,6 2,0 3,6 7,8 57

The second variant provides for obtaining white oil from raw
materials of combined purification using two-stage hydrogenation and
contact after-treatment. Due to the elimination of oleum purification,
the consumption of reagents is significantly reduced, hard-to-utilize
wastes are eliminated and the oil yield increases by 6-12% compared
to the adopted oleum after-treatment.

Studies have shown that inclusion of the process of combined
purification in the scheme of white oil production allows to reduce by
16 % the amount of required oleum and to obtain oil with aromatic
hydrocarbons content of 0,47-0,95 % wt. %. (table 9).
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Table 9
Quiality of experimental white oils obtained using combined

purification, domestic and foreign oils

Oil NMR-12 Medical vaseline oil
Indicators Experience - foreign oil | Experience GOST foreign oil
38101737-78 3164-78
E;/?Tffy A20°C, | gog s 858,0 867,1 874,9 882,0 856,3
Viscosity at 135 100-135 | 991 30,53 28,0-385 | 314
50°C, mm?/s
Point, °C:
flash 187 160 155 186 190 180
pour -42 -40 -50 -16 -5 -8
ColorinNPA | uncolore | . 270° uncolored | 270° 270"
grades d
Refractive index
n2 1,4718 1,4720 1,4753 1,4778 - 1,4723
Acid number 0,0058 0,0040 0,0080 -
Mass fraction of
aromatic
hydrocarbons by
adsorption 0,47 2,00 10,20 0,95 1,70
separation
method
Mass fraction of
aromatic
hydrocarbons by | 0,50 0,76 6,00 0,62 0,50 0,45
UV absorption
spectra
Sample for the
presence of endured - coulc_lnt endured endured endured
organic take it
impurities

Optimization of two-stage hydrogenation of raffinate of oil fraction
of Balakhani heavy petroleum on aluminocobaltmolybdenum catalyst
and GR-3 has been carried out. As a result of solving the problem the
following optimal mode parameters of hydrogenation process were
obtained: for I stage T =323 °C, P =5 MPa, Q = 1200 m3/m3,W=0,5
ht; for IT stage T = 350 °C, P =5 MPa, Q = 1150 m®/m3® W =0,5h",

White oil was obtained by two-stage selective purification of 300
wt % of AC-6 oil furfurol containing up to 81,9 % of naphthene-
paraffin hydrocarbons from Sangachali-Deniz petroleum. As a result
of further two-stage hydrogenation on catalysts Al-Co-Mo and GR-3,
the content of aromatic hydrocarbons in the oil decreased to 4,69 %
wt. and to 0,75 % wt. after treatment with aluminosilicate sorbent in
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the presence of oleum (3 %). As a result, a white oil meeting the
requirements of the standard for perfume oil was obtained.

The possibility of obtaining medical vaseline oil from distillate
raffinate of heavy Balakhani petroleum using hydrogenation processes
according to three variants has been investigated. Processing of
raffinate according to the considered schemes allows to obtain raw
materials for production of white oils with the content of aromatic
hydrocarbons and resins from 557 to 11,7 %. Purification of
hydrogenated oils obtained according to the three schemes was carried
out according to the technology operating at the Yaroslavl OR, using
oleum with 19-20 % of free SOs: feeding each stage with 5 % of oleum
at 45 °C followed by neutralization with alcohol-water solution and
aftertreatment with adsorbent (gumbrin or aluminosilicate) at 120 °C
with inert gas supply. The obtained white oils meet the requirements
of GOST 3164-78 and are not inferior in physical and chemical
properties to commercial medical vaseline oil, as well as oils from
West Siberian and foreign petroleums (tables 10, 11).

Studies of group chemical composition of petroleums showed that
the saturated part of the oil fraction from Balakhani heavy petroleum
contains 14,2 % of isoparaffinic, 84,5 % of naphthenic hydrocarbons
and 1,3 % of alkylbenzene admixture. Paraffin hydrocarbons of
normal structure are absent. The oil fraction of Neftyaniye Kamni
petroleum contains 16,35 % of paraffin hydrocarbons. Along with
isoparaffin hydrocarbons there are also paraffin hydrocarbons of
normal structure. Isostructure paraffinic hydrocarbons predominate
among paraffinic hydrocarbons. Naphthenic hydrocarbons make up
82,45 %, alkylbenzenes impurities — 1,2 % of the saturated part of the
oil fraction.

In the oil fraction from paraffinic petroleum Sangachaly-deniz the
amount of paraffin and naphthenic hydrocarbons is close.

After dewaxing of the oil fraction naphthenic hydrocarbons also
prevail — 78,75 %. Paraffin hydrocarbons compared to oil fractions
from low-paraffin oils are more, their amount is 19,77 %. The
admixture of alkylbenzenes is 1,48 %.
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Table 11

Aromatic hydrocarbon content

Content (%) of aromatic Medical Vaseline oil
hydrocarbons: by UV- from West
visible absorption spectra |third scheme| commodity Siberian oils Foreign
at wavelength, nm
275 0,35 0,42 0,43 0,31-0,69
295 0,10 0,08 0,07 0,09-0,24
300 0,05 0,004 0,003 0,06-0,15

Since (according to mass spectrometric analysis data) the oil
fractions of the studied oils are rich in high-ringed naphthenic
hydrocarbons — carriers of therapeutic properties, it is possible to
predict the possibility of using them as a raw material for obtaining
white oil of medical vaseline type. It should be noted that the largest
amount of tetra- and pentacyclic naphthenes is contained in the oil
fraction of Balakhani heavy petroleum, which was subsequently
selected as the main raw material for white oil production.

It has been established that naphthenic hydrocarbons of a number
of petroleums, including those from offshore fields, are also
characterized by the fact that they contain structures related to steranes
and triterpans — biological tags that play an important role in the
processes occurring in the body and have therapeutic properties.

Studies of the structure-group composition showed that in the
saturated part of the oil fraction from Balakhanskaya heavy petroleum
the content of naphthenic hydrocarbons with the number of rings more
than three is 26,7 (table 12).

Oil fraction 300-450 °C obtained from naphthalan petroleum was
also used as a raw material for white oil production. This fraction
contains 51,5 % of naphtheno-paraffin hydrocarbons determined by
chromatographic separation on silica gel according to GOST 11244-
2018. Concentrates of naphthene-paraffin hydrocarbons from the
studied fraction were isolated by several methods: the first two
samples - by oleum purification of the oil fraction and its raffinate of
furfural purification, respectively, and the next two — by stepwise
hydrogenation of the oil fraction and its raffinate.
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Table 12
Structure-group composition of white oils

Saturated part of WhiFe oleum refined oil
Hydrocarbons the oil fraction | distillate rafﬁfnate (400 % Hydrogenisate
urfural)
Paraffin 7,10 4,79 6,30 4,96
Naphthenic:
monocyclic 6,4 4,43 5,10 4,18
bicyclic 9,3 7,09 6,69 4,41
tricyclics 9,5 6,24 5,19 5,50
tetracyclic 10,2 5,07 3,96 5,10
pentacyclic 5,6 2,15 1,65 2,23
hexacyclic 1,4 0,89 1,05 1,47
Alkylbenzenes 0,6 0,06 0,09 0,18

In all samples, except for sample 3, the content of aromatic
hydrocarbons (according to UV-spectra) was up to 1 %.

White oils for use in other areas of national economy can be
obtained from any petroleum using various refining technologies.

5. Hydrocracking of deasphaltisates under pressure
of 5-10 MPa in order to obtain multigrade oils

Azerbaijani petroleums are unique in that they are low-sulfur and
rich in oil fractions, especially residual oil. Oils from these petroleums
are characterized by high stability, but have low viscosity indices.
Improving the quality of base oils is achieved by various methods. As
a result of hydrogenation treatment (hydrocracking) the chemical
hydrocarbon composition of oils changes. Increasing the share of
isoparaffin hydrocarbons in base oils leads to improvement of
viscosity-point properties.

With the use of hydrocracking process under pressure 5-10 MPa,
point 400-450 °C the technology of obtaining a wide range of oils,
including high-index oils (VI-4, VI-6 and M-45/6B1 ), on the basis of
heavy residues from Azerbaijani petroleums, which have large
resources and not found qualified application has been developed.

For this purpose, deasphalting with liquid propane (500 %) from tar
sands of a mixture of low-paraffin petroleum and paraffin petroleum
Sangachal-deniz was carried out for hydrocracking process at BHT
IPCP. The deasphaltenesate from the mixture of low-paraffin oils was
subjected to hydrocracking under pressure of 5-10 MPa and point
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range of 400-450 °C at feedstock feed rate of 0,5 h™t on Al-Co-Mo
catalyst (tables 13 and 14). The study of the qualities of hydrogenated
oils obtained at different points and pressures from a mixture of low-
paraffin petroleums showed that increasing the process pressure at the
same point leads to an improvement of viscosity-point properties and
refractive index of oil fractions, a decrease in density and pour point.
The viscosity index of oil fractions increases from 94 to 119 units.
Table 13
Physicochemical parameters of residue and deasphaltizate of
petroleum blends

Name Residue above 500 °C | Deasphalticate

Yield, % wt per vacuum residue | - 45,0
Density at 20 °C, kg/m® 994,2 926,6
Viscosity:

relative at 100 °C 23,5 -

kinematic at 100 °C, mm?/s - 32,62
Acid number, mg KOH/g 0,10 0,06
Coking capacity, % 6,68 0,92
Point:

Flashes 320 290
Pour +42 +26
Refractive index "o ' 1,5050

Color in NPA grades - 8

In order to evaluate the quality of oils obtained by hydrocracking at
different points and pressures, oil fractions boiling above 300 °C from
hydrogenated oils of a mixture of low-paraffin petroleums were
isolated and dewaxed (table 14).

Thus, dewaxing of oil fractions of hydrogenizates obtained at
different points and pressures can produce oils of different viscosity
levels and purposes, which are not inferior in quality to oils of
selective purification from the specified mixture of petroleums.

Having established the possibility of obtaining oils and liquids from
deasphaltizate hydrocracking products, the insignificant difference in
the qualities of hydrocracking products carried out under pressure of
5-10 MPa and taking into account the dependence of process
efficiency on pressure, further studies on hydrocracking of
deasphaltized residue were carried out under pressure of 5 MPa.
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Since the most acceptable pressure for hydrogenation processing of
deasphaltenizate of petroleum mixtures is 5 MPa, the developed
technology of obtaining high-index oils from deasphaltenizate
hydrocracking products was based on the following scheme:
atmospheric-vacuum distillation of hydrogenizate - dewaxing of oil
fractions of hydrogenizate.

Deasphaltisate hydrogenated fractions obtained at 400, 425 and 450
°C were distilled to 50 °C fractions up to 500 °C and above 500 °C
after distillation of fuel fractions boiling at d.p.-240 °C and 240-300
°C.

Also, deasphaltisate hydrogenates obtained from Sangachaly-deniz
at 450 °C and P = 5 MPa, after distillation of fuel fractions boiling at
d.p.-240 °C and 240-300 °C were distilled to 50 °C fractions up to 500
°C and above 500 °C (table 15).

Two variants of obtaining fuels and oils from hydrogenizates were
developed. The first variant provided for obtaining oil fractions from
hydrogenizates boiling at 300-400 °C and > 400 °C, the second variant
- at 300-500 °C and > 500 °C, including atmospheric-vacuum
distillation of hydrogenizate — daparaffinization of oil fractions of
hydrogenizate.

In conditions of raw materials processing, containing mainly
components with low viscosity index, the introduction of
hydrocracking allows to obtain high-index low-viscosity (fr. 300-450
°C) and mediume-viscosity (fr. 450-500 °C) base oils. Fractions boiling
out within 300-450 °C meet the requirements of TU 38101308-97
standard for high-index industrial oils VI-4 and VI-6. Oils VI-4 and
VI-6 can be used as base oils for production of alloyed oils of I0OA
series. The base oil obtained from hydrogenated fraction of low-
paraffin petroleum mixture with boiling point 300-400 °C after contact
refining and addition of depressant ASRI 0,3-0,5 % wt. and additive
composition (0,5 % ionol + 0,15 % B-15/41 + 1,2 % DF-11 + 0,003 %
PMS-200A) corresponds to the requirements for industrial oil of IOA
series according to TU 381011191-97. The oil yield is 18,8 % wt. %,
counting on deasphaltizate (table 16).
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Table 16

Physicochemical parameters of 300-400 °C fraction obtained
from hydrogenizate

| e 0p.| CmerSONt | pilotoil +  |TU 381011191-
Indicators o . additive 97 at IOA-4 (I-
400°C | cleaning compositions”) L-S-5)
(type VI-4)
Ee”s‘:'fy a20°C,\g700 | 869,0 869,6 no more 880
g/m

Kinematic viscosity,

mm?/s at:

100 °C 1,85 1,88 - -

40 °C 5,72 5,81 - -

Index viscosity - 135

Point, °C:

Pour

Depressorless -8 -8 -17 no higher -15

with 0,3 % 17

depressant ASRI

Flashes 152 152 152 at least 110

Refractive index "> | 1,4882 | 1,4880 - -

Colorin NPA grades | 1% 1% - 1% 1%

Acid number, mg

KOH/g

before oxidation 0,27 no more 1,0

after oxidation 0,53 (increase | increase of no
of 0,26) more than 0,5

Surface tension - - 20,54 <28

Yield, % per 192 | 965 18,8

deasphaltizate

After dewaxing with urea of the oil fraction from a mixture of low-
paraffin petroleums boiling at 300-400 °C, transformer oil with pour
point -56 °C, meeting the requirements of TU 38101281-80 was
obtained. The oil yield is 8,6 % per deasphaltizate (table 17).

The fraction of hydrogenysate boiling within 450-500 °C from
paraffinic petroleum, having high viscosity index (VI — 121) can be
used as a low-viscosity base for production of M-4 motor oils (table

15).

In comparison with oils from low-paraffin petroleums, the similar
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fraction has a low viscosity index (VI —77,5).
Table 17

Characteristics of transformer oil
Fraction 300- | After urea

Indicators 400°C purification TU 38101281-80
Density at 20 °C, kg/m® 873,1 890,3 -
Kinematic viscosity,
mm?/s, at:
100 °C 2,09 2,24 -
50 °C 5,3 6,42 6,5-9,0
40 °C 6,93 8,04 -
20 °C - 17,04 no more than 30
-30 °C - 683,2 no more than 1150
Viscosity index 104,6
Point, °C:
pour -2 -56 no higher than -50
flashes 152 156 not lower than 135
in closed crucible
20
Refractive index Np 1,4912 1,5022 )
Yield, % per
deasphaltizate 12,8 8,6 i
Color in NPA grades 2% 2%+ -

Oil fractions boiling within 300-500 °C and yielding up to 43 %,
counting on deasphalted vacuum residue, can be used as a basis for
obtaining thickened motor oil of grade M-4s/6B:. After urea dewaxing
and contact refining and introduction of 5 % polymethacrylate (PMA
"D™) and composition of additives ISC group B: oil, providing a high
level of viscosity-point properties and meeting the requirements of
OCT 3801370-84 for oil M-43/6B; (table 18) was obtained.

The advantage of the hydrocracking process is that from
deasphatltisate of heavy petroleum residue under relatively mild
conditions of 5 MPa it is possible to obtain the base of all-season oil
with a yield of 33,6 % wt., counting on deasphatltisate.

Studies have shown that fractions 300-350 and 350-400 °C or their
mixtures obtained from paraffinic petroleum Sangachaly-deniz in the
process of hydrocracking at 450 °C can be used as a basis for
technological viscosity PF-8 according to TU 38101883-83.
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Fractions d.p.-300 °C from a mixture of low paraffinic petroleums,
d.p.-350 °C from paraffinic petroleums are recommended to be used
as raw materials for obtaining instrument liquid MZ-52 according to
GOST 21 748-76 with the purpose of application in spiral
potentiometers.

Characterization of products obtained from hydrogenysate boiling
above 400 °C shows that they produce viscous and high-viscosity
industrial oils of general purpose (1-40 A, etc.) such as cylinder 24,
lightweight vaporizers. When increasing the boiling of hydrogenated
residues up to 500 °C, it is possible to obtain industrial oil type
cylinder 38. The residue boiling above 500 °C was investigated to
obtain bitumen BN 60/90 or BND 90-130.

The study of hydrogenisates obtained by hydrocracking of
deasphaltenesates of heavy residue of a mixture of low-paraffin and
paraffin  peiitroleums  Sangachali-Deniz  on  aluminocobalt-
molybdenum catalyst has shown the presence of a significant amount
of medium-boiling fractions with a high content of isostructures,
which allows us to consider them as a possible raw material source for
obtaining low-viscosity low-fatigue bases of high-index industrial,
transformer and thickened motor oils.

The possibilities of using oil fractions (320-560 °C), D-11 distillate,
mixture of Baku low-paraffin petroleums as raw materials for base oils
production, including high-index components of fuels and liquids have
been studied.

D-11 distillate from "Azerneftyag” BNZ was hydrocracked at
continuous-operating pilot plant Shuikin BHT, on industrial catalyst
QKD-205 at point 420 °C, pressure 4-5 MPa, feedstock feed rate 0,5-
1,0 h't and hydrogen flow 1000 I/I feedstock.

It is determined that increasing the process pressure leads to
improvement in the color, density and other parameters of the
hydrogenizate. The color of hydrogenizates improves from 8 to 5
grades by NPA. Decreasing the volumetric rate of the process from 1
to 0,5 h! at the same point (420 °C) leads to intensive destruction of
raw materials, viscosity, flash point, density and other indicators of
hydrogenizates sharply decreases (table 19).
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Fractions extracted from hydrogenated distillate of distillate D-11
(P =5 MPa, V = 0,5 h'), boiling at 300-350 °C and 300-400 °C are
low-viscosity oils with high viscosity index (100) and meet the
requirements of standard TU -3810130878 for high-index industrial
oils of type VI-4 and VI-6.

These oil fractions do not need dewaxing and, as a result, the cost
of production of such oils can be halved. They can be used for
production of alloyed oils of IQP series.

In order to obtain the basis of high-index all-season oil of M-4 type,
hydrogenated industrial distillate D-11 obtained at 420 °C, feedstock
feed rate 0,5 h'* and hydrogen feed rate 1000 I/1 of feedstock, fuel (up
to 320 °C) and oil fractions boiling at 320-400 °C are separated, which
are thickened with 2,48-4 % viscosity (T-26/70) additive (PMA with
olefin copolymer). In this case a high level of viscosity-point
properties of thickened oils is provided, which meet the requirements
of OST 3801370-84 for M-43/6B1 oil, OST 3801370-84 for M-63/10B
oil (table 20).

Table 20

Characterization of the base of thickened motor oils
Fraction 320-400 °C__[OST 3801370- ycr 5o 70 o4

Indicators +2,48 % +4 % 84 for M- ) :
T-2-670 | T-2-670 | 4s/6Byoil |1 M-6s/10Bail
Density at 20 °C, kg/m® 906,3 907,5 - 890,0
Kinematic viscosity, mm?/s,
at:
100 °C 6,24 9,5 5,5-6,5 9,5-10,5
50 °C 23,81 32,28 -
40 °C 31,86 47,73 -
-18 °C 2091 7809 1100-2600 <9000
-30 °C 10392 - < 11000
Viscosity index, not less 133 145 125 115
Point, °C
flashes 173 183 at least 165 at least 190
no higher than| no higher than -
pour -42 -37 42 g 40 /_3%
Color in NPA grades 4- 4 - -
20
Refractive index o 1,5041 1,5041
Yield, % per process 18,83 18,83

The advantage of the hydrocracking process is that from D-11
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distillate under relatively mild conditions it is possible to obtain the
base of all-season oil with a yield of 18,83 % wt. %, counting on
distillate and compounding of oil fractions it is possible to obtain
various base low-fatigue oils.

Summary material balance of the process of obtaining fuels, oils
and liquids from industrial distillate D-11 by hydrocracking under
optimal conditions (T — 420 °C, P -5 MPa, V — 0,5 h', H, — 1000 I/1

of feedstock):
Taken, % wit:

Distillate 100 100
Received, % wit: I mode Il mode
fraction up to 300 °C 5,8 -
fraction up to 320 °C - 6,97
including:

D.p.-180 °C (PF-3 or fuel component T-2) 1,4 1,40

180-300 °C (diesel fuel component "Z") 4,4 -

180-320 °C (diesel fuel component "Z") - 5,57

Lubricating oil fraction

including:

300-400 °C (industrial V1-6) 20,0 -

320-400 °C (base of M-4 multigrade

engine oil) - 18,83

> 400 °C (cylinder light 11) 74,2 74,20
Total 100,0 100,0

Thus, in the process of hydrocracking of distillate D-11 and
deasphaltized vacuum residue at points of 400-450 °C and pressure of
5 MPa hydrogenated fractions and fractions separated from them
undergo certain changes in physical and chemical properties and
hydrocarbon composition. Polycyclic naphthenic and aromatic
hydrocarbons undergo the greatest transformations, as a result of
which the fractions are enriched with mono- and bicyclic naphthenic
hydrocarbons, as well as light aromatic hydrocarbons, which has a
positive effect on their properties and application as oil bases.

In order to study the chemistry of transformation of resinous
substances of deasphaltisate and its hydrogenisate, a number of
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methods of physicochemical analysis were used — elemental analysis,
PMR spectroscopy, etc. The obtained results were used to calculate
the structure-group parameters of the average molecules of the
investigated products. The elemental composition of substances was
determined using a Perkin-Elmer-240 analyzer. Molecular masses of
hydrocarbons were measured by cryoscopy in naphthalene at the
concentration of the analyzed substance 0,25 % (wt.). PMR spectra
were recorded on a BS 487 «Tesla» instrument at 80 MHz (Figure 9),
hexamethyldisiloxane was taken as an internal standard.

Figure 9. PMR spectra of resins isolated from deasphaltisate (1)
and hydrogenisates obtained at hydrocracking points of 400 (2),
425 (3) and 450 °C (4)

Table 21 shows the molecular weights, elemental composition,
atomic ratio (H/C), empirical formula, values (proton-deficiency) of
the resins of deasphaltisate and its hydrogenates (> 400 °C), the
average values of molecular weights are relatively small and vary
within narrow limits of 420-503 a.u.m. in hydrogenates.
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The average molecules of resins contain 32-48 atoms of C, 34-51
atoms of H, less than one atom of N, S, O. The value of Z (degree of
proton deficiency) varies in the range of 30-35.

The concentration of paramagnetic centers in resins is 1,24-
2,70-10*8 kpc and depends largely on the value of the molecular weight
of resins, the degree of aromaticity, the method of extraction, as well
as on the content of heteroatomic compounds, especially oxygen-
containing ones. The lower the atomic H/C ratio, the higher the
aromaticity and the higher the concentration of paramagnetic centers.
As shown in Table 21, aromaticity is lower in the resins obtained from
deasphaltisate hydrogenated at 425 °C.

As the process point increases from 425 °C to 450 °C during
hydrocracking of deasphaltisate, the atomic H/C ratio decreases from
1,12 to 1,05, i.e. it leads to aromatization of naphthenic rings, as well
as detachment of the latter from the resin molecule.

The decrease in molecular weight occurs as a result of alkyl radicals
detachment. The content of nitrogen from heteroatoms in resin
molecules increases with the point of the hydrocracking process from
0,14 to 0,37 %. The sulfur content of the deasphaltizate is 0,5 %. The
hydrogenated resins are characterized by lower sulfur content (from
0,5 to 0,3 %) apparently due to lower stability of elutriated compounds
containing SO-, SO> -groups in the composition of the resins. Every
fourth-fifth "average" molecule of resins obtained at 450 °C contains
a sulfur atom.

At this point, low molecular weight components (420 a.u.m.) are
characterized by increased nitrogen content, decreased oxygen 0,35 %
and sulfur 0,3 %, and minimal proton-deficiency Z (30,4).

The degree of proton deficiency decreases in hydrogenated resins
with increasing hydrocracking point and in comparison, with
deasphaltisate. The decrease of this index indicates a decrease in the
proportion of condensed aromatic structures. At the same time
polycyclic structures are destroyed with formation of mono- and
bicyclic hydrocarbons and conversion of naphthenes into aromatic
hydrocarbons. This is confirmed by the data of Table 4,10, where the
number of protons of aromatic structures (Ha) increases in
hydrogenated hydrogenates compared to deasphaltisate, especially
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with increasing hydrocracking point. Hydrogen unsaturation (H/C
ratio) changes insignificantly.

At the process point of 450 °C hydrogenated resins contain more
unsubstituted protons bound to aromatic carbon atoms (18,1 vs. 4,3
%), as well as protons belonging to groups in a-positions to aromatic
nuclei (27,5 vs. 14,5 %) than deasphaltenized resins. In addition, they
are characterized by a lower proportion of hydrogen atoms in the
remaining saturated fragments of molecules more distant from the
aromatic nucleus. This confirms the higher aromaticity of
hydrogenysate resins obtained at 450 °C, which is also clearly seen in
Figure 9 (spectrum 4). Aromatic compounds are registered in the
region of the spectrum 6,5-8,0 m.d.

Average structural parameters of deasphaltizate resins,
hydrogenated resins and aromatic blocks contained in them were
calculated. The number of carbon atoms in aromatic structures
increases, in naphthenic and paraffin chains - decreases. At the same
time, the number of carbon atoms in the substituted groups located in
the B- and y-position with respect to the aromatic ring decreases, which
indicates a decrease in the side chain length and its branching.

Deasphaltizate resin molecules contain 17-18 rings, of which 2-
aromatic and 16-saTUrated. With increasing of the hydrocracking
process point in hydrogenated resins the content of rings decreases to
8,22, of which 3,36 - aromatic, 4,86 - saturated. According to
calculated data, the molecules of the studied resins contain on average
one (m, = 1,29-1,68) or two structural blocks, in each of which one or

two aromatic rings (Ka = 1,06-2,18), including heterocycles, are
condensed.

*

With increasing point the amount of saturated compounds Kiae

decreases from 12,34 in deasphaltisate to 3,1 % in hydrogenisate
obtained at hydrocracking point of 450 °C, as well as the number of C
atoms in paraffin fragments. The degree of aromaticity (Ca) increases
from 20,0 to 49,1 %.

Thus, the structural characteristics and chemistry of transformation
of resinous substances of deasphaltizate in the process of
hydrocracking in the point range of 400-450 °C have been studied by
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PMR spectroscopy with the use of elemental analysis and molecular
weight data.

Hydrocracking of deasphaltisate of heavy residue of oil blend
provides its residual processing: gachy and petrolatum obtained during
dewaxing can be used for production of paraffin and ceresins. Studies
of paraffin composition were also carried out. For this purpose oil
fractions 300-350 °C, 300-400 °C, obtained at the optimal mode of
425 °C hydrocracking, were investigated on a gas chromatographic
apparatus.

To study the isocracking of residual oil fraction from a mixture of
low-paraffin petroleums, industrial deasphalticate obtained from the
concentrate of a mixture of low-paraffin petroleums from offshore
fields, boiling above 500 °C, was used.

Hydrocracking of deasphaltisate was carried out on a continuous
pilot plant of the BHT IPCP under pressure of 5 MPa and point of 400
°C, at a feedstock feed rate of 0,5 h'* in a hydrogen stream of 1000 I/1
feedstock using an aluminocobalt-molybdenum catalyst. The fraction
boiling above 400 °C was extracted from the deasphaltisate
hydrogenated fraction and subjected to hydrogenation (11 stage) using
industrial catalyst SQK-1 at the Hungarian plant at point 420 °C,
pressure 5 MPa, volumetric rate 0,5 h™* and hydrogen supply of 1000
I/l feedstock. The oil fraction of hydrogenizate boiling above 400 °C
was hydrogenated at the 1l1 stage at point 400 °C, pressure 5 MPa,
volumetric rate 0,8 h™! and hydrogen supply 1000 I/1 feedstock on the
double-layer catalyst QM-85 and KDM-2. It was found that along with
hydrogenation reactions hydroisomerization reactions take place,
cyclicity decreases, an increase in the proportion of carbon atoms in
paraffin chains is observed, which leads to a decrease in oil viscosity
from 32,62 to 16,06 mm?/s at 100 °C and an increase in viscosity index
to 84 units. At the same time solidification point decreases from +26
°C to 0 °C. When adding 0,5 % of Viscoplex 5309 depressant to
hydrogenizates, the solidification point is reduced from 0 to minus 12
°C. The yield of this oil is 73,8 % perdeasphaltizate.

Increasing the isocracking point from 400 °C to 420 °C sharply
affects pour point, viscosity, VI and other parameters.

To obtain oils with very low pour point and wax, catalytic
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dewaxing is used in combination with selective dewaxing and
dewaxing with selective solvents. In this process it was possible to
obtain API group I and Il base oils.

Also, one of the ways to improve the quality of base oils is

compounding them with isoparaffin hydrocarbons or synthetic oils.

1.

CONCLUSIONS

Methods of desalting and dehydration, as well as
deasphaltenization and demetallization of petroleums and their
heavy residues using supercritical extraction process were
developed. Petroleum blends — Neft Dashlary, Shirvan and
Surakhany, low-paraffin oil blends from Azeri field, VIl horizon
of Bulla-deniz and well 55 of Absheron, as well as heavy residues
(fuel oil and vacuum residue) from low-paraffin petroleum blends
were used for the research. The conditions of the regime for
purification of oil samples from water, salts, mechanical
impurities, asphaltenes were revealed. The process was carried
out in the presence of CO: at point 35-40 °C and pressure 7,5-7,8
MPa. Energy consumption of this process is much lower than in
the existing process in production conditions.

Supercritical extraction of oil and its heavy residues (fuel oil,
vacuum residue) was carried out using SC-CO: and co-solvents
(n-heptane, alcohol, ketone, ionic liquids (IL), aromatic
hydrocarbons).

Supercritical purification of vacuum residue and its deasphaltisate
in the presence of CO> or two-phase solvent (SK-CO> + solvent)

leads to production of residual oils according to the scheme:

. CK-CO R R CK-CO
vacuum residue — >  deasphaltization—— >

purification in 1 or 2 steps — dewaxing— hydrogenation.

The obtained oils meet the requirements of GOST 6411-76 for
cylinder heavy 52, GOST 6480-78 for P-28 and TU 38101312-78
for oil P-40 — brightstocks.

The chemical composition of raw materials before and after
purification, as well as the products isolated in the process of
purification of SC-CO> was studied. Application of two-phase
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solvent promotes dissolution of PAU in the product together with
resins, but at the same time asphaltenes are isolated more clearly,
i.e. ionic liquid easily forms a complex with monocyclic and
bicyclic aromatic compounds and dissolving condensed PAU the
yield of raffinate is 87,67 % (wt.), and the amount of solvent is
reduced by 2 times.

The technology for obtaining oils, fuels and liquids using
supercritical refining of petroleum and its heavy residues has been
developed. The hydrocracking of the mentioned raw materials
under pressure 3-6 MPa and point 380-425 °C on industrial
catalysts Al- Ni- Mo and Al- Co- Mo has been studied. It is shown
that oils obtained in the process of hydrocracking of deasphaltized
oil have a higher viscosity index (V1 94-205) than hydrocracking
oils of non-deasphaltized oil (VI 90-112) and residue
hydrocracking oils (V1 110-147).

Technical-economic evaluation of the process of supercritical
petroleum purification with the help of SC-CO2, which showed
that the comparative technological and economic indicators of the
process of dehydration and desalting are lower than in the existing
process in production conditions at the existing units of the
refinery. The effect at processing of 6 million tons of oil can make
2,3 million manat. The scheme of obtaining residual oil
(brightstock) by the existing and proposed technologies is shown.
The economic effect is 7138 thousand manat at processing of
89419 tons of vacuum residue for production of 50 thousand tons
of oils.

Scientific bases of selection of raw materials and method of their
purification for the purpose of obtaining white oil of medical
vaseline type have been developed. Chemical composition of oil
fractions of Baku petroleums (Balakhani heavy oil, mixtures of
low-paraffin and paraffin petroleums) of industrial production has
been studied in order to select raw materials for white oil
production. The degree of purification and transformation of
aromatic hydrocarbons at the stages of white oil production using
different technological processes (oleum, selective purification,
two-stage hydrogenation) has been studied by means of Y®-
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spectroscopy. he amount and structure of aromatic hydrocarbons
included in white oil were determined.

The technology of obtaining technical white oil from raffinates by
two-stage hydrogenation on catalysts Al- Co- Mo and QR-3 at
340-350 °C, pressure 5 MPa, V — 0,5 h! and hydrogen amount
1000 I/l of feedstock with subsequent step-by-step contacting with
aluminosilicate adsorbent has been developed. Optimization of
the process of obtaining technical white oil in the process of two-
stage hydrogenation has been carried out, the mathematical model
has been constructed and optimal technological parameters of the
process have been determined, providing achievement of the
required quality of white oil.

The technology of obtaining white oils NMR-12 and medical
vaseline using raffinate of a new combined process including
dewaxing and selective purification using a single solvent has
been developed. It is shown that this method considerably
simplifies the technology of white oil production, increases the
yield of the target product and reduces the amount of hard-to-
utilize waste. Inclusion of the process of combined purification in
the scheme of white oil production allows to reduce by 16 % the
amount of required oleum and to obtain oil with aromatic
hydrocarbons content of 0,47-0,95 % wt. %. It is shown that at
obtaining white oil of medical vaseline type, the development of
technology of its obtaining should be carried out on the basis of
the structure-group composition of the saturated part of the initial
raw material in order to maximize the preservation of high-ringed,
biologically active - relict hydrocarbons.

The technology for production of high-viscosity oils has been
developed:

— type P-28 and P-40 from vacuum residue sands of low-paraffin
petroleum mixture and Sangachaly-deniz petroleum under the
scheme of deasphalting — selective purification — dewaxing —
hydrodistillation. The general scheme of residual oil (brightstock)
production by existing and proposed technologies is given.
Optimum conditions of all stages of the process are determined.

— oils from heavy residue of low-paraffin petroleum mixture,
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11.

12.

13.

distillate D-11 (Neftyaniye Kamni, Guneshli and Gryazevaya
Sopka) and heavy residue of paraffin petroleum Sangachali-Deniz
using hydrocracking under pressure of 5-10 MPa and point of
400-425 °C on catalyst containing metals of groups VI and VIII.
The presence of valuable components for oil production in
hydrogenizates has been established.

The influence of hydrocracking process conditions - pressure,
point and hydrogen flow rate on the yield and quality of the oil
fraction has been investigated using the method of experiment
planning. The optimum conditions of the process of
hydrocracking of deasphaltizate from Baku petroleums for
obtaining oil fractions with maximum yield were determined — P
= 5,0 MPa; T =400 °C; Hz — 800 I/ of feedstock.

The group chemical composition of the oil fractions of
hydrogenizates and the structure-group composition of the
components of oil fractions were studied by mass-, PMR- and
UV-spectroscopy. It is shown that while at 400 °C mainly
reactions of hydrogenolysis and hydrodealkylation take place,
with increasing point the process of destruction of raw material
molecules intensifies. Naphtheno-aromatic and paraffin
hydrocarbons undergo the greatest transformations, as a result of
which the fractions are enriched with mono- and bicyclic
naphthenic hydrocarbons, as well as light aromatic hydrocarbons,
which has a positive effect on their properties. The hydrogenated
resin molecules contained, on average, one or two structural
blocks represented by aromatic rings with heterocycles.

Two technological schemes for obtaining oils from hydrocracking
products have been developed: the first one provides obtaining
low-viscosity high-index oils (VI-4, VI-6) and high-viscosity
industrial oils (1-40, cylinder oil 11, turbine oil, etc.) from
hydrogenated working fluids (RJ-3), (RJ-8).

Low-viscosity oils VI-4 and VI-6 are obtained from the fraction
300-400 °C by adding depressant ASRI in the amount of 0,3 %
without the use of selective purification and dewaxing processes.
On the basis of base industrial oils of VI-4 and VI-6 series and
additive compositions 10A-4 and IOA-6 oils are developed and
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15.

after urea purification transformer oil with pour point minus 56
°C is obtained.

The second is the base of all-season motor oil and high-viscosity
industrial oil (cylinder oil 38). The low-viscosity base of M-4
engine oil is obtained from the oil fraction of hydrogenysate
boiling at 300-500 ° C after its dewaxing with urea and contacting
the dewaxed oil with bleaching earth, as well as M-4 oil and
additive compositions developed all-season thickened oil M-
43/6B1 , the quality of which is at the level of requirements of the
relevant standards.

Hydrocracking of D-11 distillate yields all-season motor oils M-
43/6B; and M-63 /10B along with base oils VI-4, VI-6. Dewaxing
of oil fractions of hydrogenated oils boiling above 400 and 500
°C produced high-viscosity oils - vapor oils, which significantly
exceed the quality of oils from unique Baku oil petroleums.

THE MAIN CONTENT OF THE THESIS HAS BEEN
PUBLISHED IN THE WORKS:

Camenosa, @.M. Biuanue crmocoba OYMCTKA Ha XUMHYECKHI
coctaB Oenoro macna /®@.U. Camenona, C.}O. PammaoBa, M.A.
Benues // AszepOaiimxanckoe HedTsHOE X03sicTBO, - baky: -
1989. Ne9, - ¢.43-46.

CamenoBa, ®.U. Ilomyuenue Oenbix Macen U3 OAKMHCKUX
Hedreii /O.U. Camenona, A.M. Kacymona, B.M. Anuesa, C.10.
Pammnosa // XuMus M TEXHOIOTHS TOILINB U Mace, M.: - 1990.
Ne2, - ¢.11-13.

Pammnosa, C.1O., Anuesa, B.M., XKupapu, A.M., Camenona,
@®.1. PacumupeHue pecypcoB ChIpbS Macel 3a CYET TSKENbIX
HE(TAHBIX OCTATKOB // XUMHS U TEXHOJIOTHUS MPHUCAIOK K
CMa304YHBIM MacjaM, TOIUIMBaM M CMa30YHO-OXJIaKIAFOIINM
xugkocTsM.  Tesucer  mokmamoB Il PecmyOnmkanckoit
KoH(pepeHIMHu, TocBaml. 25-metuto  MHCTUTYyTa  XUMHH
npucajok. - baky: - HOOps. — 1990, - c. 110.

CamenoBa, ®.U. A.C. 1809619 (CCCP) Cnoco6 mosy4yeHus
HadrenoBoro macna / @.M. Camenosa, A.M. Kacymosa, C.I1O.

61



10.

11.

Pammmosa, B.M. AnmeBa, orry6m. Ne1625889. 07.02.91. bron. Ne
5.

3eiiHaoB, P.1. OnTumuszanus JIBYXCTYIIEHYaTOrO
TUApUpOBaHus paduHaTa MaciasHOW (pakuuu OanaxaHCKOM
Tsokeno Hegtu /P.M. 3eitnanos, ®.M. Camenmosa, IILIII.
Ao6nynnaes, C.1O. Pammmosa // XuMusi 1 TEXHOJIOTHS TOILIUB U
Macen, - M.: - 1991. Ne3, - ¢.4-6.

Pammnora, C.1O. I'mapokpekunr neachaibTu3aToB HeDTIHBIX
octatkoB. /C.1O. Pammmosa, A.M. Xupapu, ®.1. Camenona,
A.T'. T'yceiinoBa // Hedtp u ra3. M3BecTust BRICIINX y4eOHBIX
3aBeaeHUi. — baky: - 1991. N7, - ¢. 35-39.

Kupapu, AM., Pammposa, C.IO. OcHOBa BCeCE€30HHOrO
MOTOPHOTO Maciia W3 HPOAYKTa TUJIPOKPEKHHra ryapoHa //
Tesucel poknanoB IV HaydHO-TEXHHYECKOH KOH(pEpEeHIHH
MOJIOJBIX YYEHBIX W CIELHAIMUCTOB, IOCBAIICHHON MaMATH
10.I'. Mamenanuesa. — baky, - 1992, - c. 82-83.

Kupapu, A.M., Pammgosa, C.IO., I'yceitnoBa, A.l.,
Xankumues, P.P. OmnpeneneHue ONTUMaIbHBIX —YCIOBUH
mpolecca THIPOKpeKHHra aeacdanbruzara bakunckux Hedrei
C 1eJIbI0 MoyueHust macistHo gpakiuu /A.M. XKupapu, C.1O.
Pammnosa, A.I'. T'yceitHoBa, P.P. XaukummeB // YueHble
3anucku Azep6. JJTHA-Azep6. THA, - baky: - 1993. Ne 4, - c. 55-
58.

Pammnosa, C.}O., XKupapu, A.M. MH3yuenue BS3KOCTHO-
TEMIEPATYPHBIX CBOMCTB MAaCISHBIX (ppakuuii TUApOreHu3aTa
neacanpTH3aTa M3 CMecH MasonapaduHUCTBIX HedTenr //
[lepBass bakunckas MexayHapogaHas KOH(pEpeHIUs o
HeTexumun. — baky: - mapt 22-27, - 1994, - ¢.123.
Pammupnosa, C.1O., Kynues, A.Jl. Biusaue cioco6a 04iCcTKU Ha
XUMHUUYECKU cocTtaB Oemoro macia // Tesucer moxmamos |l
bakuHckon MexnyHapoaHou HEPTEXUMHUECKON
KOH(epeHmu, TTOCBSIIEHHOMN naMsATH aKaJIeMHUKa
1O.I''Mamenanuesa, — baky: uronp 18-21, -1996, - c.140
Samedova, F.l., Rashidova, S.Yu. Production of ecologically
pure oils. // Fourth Baku International Congress. — Baku:
Azerbaijan Republic. September 23-26, - 1997, - p.21.

62



12.

13.

14.

15.

16.

17.

18.

19.

Camenoa, @.U., Anues, .M., Pammunosa, C.}O. 3aBucumMocTts
CTPYKTYpPHO-TPYIIIIOBOTO COCTaBa OebIX Maced OT Crocoda ux
ounctku // Tesucet pokmamoB Il Mexaynaponnoii
koH(pepenmu o xumun HedtH, T.1, - Tomck: - 1997. - ¢.107-
108.

Pammposa, C.HO. Xwumusm npeBpamieHus CMOJI U3
neacanpTU3ata cMecH ManonapadUHHCTBIX HepTel mpu
ruapokpekunare / C.HO. PammpoBa, Bb.M. Amue //
Azep0OaiikaHckoe HePTIHOE X035HCTBO, - baky: - 1998. Ne4, -
c.47-51.

CamenoBa, @.M., Pammpoa, C.FO. bpaiitctoku wu3
aszepOaiimxanckux Hedredt // Tesuck noxmanos 11 bakuaCcKoi
MexnayHnapoaHoi MawmenanmeBckont He(pTeXUMHUUYECKOU
KoH(pepeHuH, - baky: - okTsa0pb 5-8, - 1998, - ¢.205.
CamenoBa, ®.M., Pammnosa, C.}O., AunekmnepoBa, H.I'.
be3ocTaTouHblil THAPOKPEKUHT TSKEIBIX HEPTSIHBIX OCTATKOB
azepOaimpkanckux Hedreit // Tesucor qoknanos. IV bakunckas
MexnyHnapoanas MamenanueBckas HepTEeXUMHUECKAs
KoH(pepeH1us, - baky: - centsa6ps 19-22, -2000, -c.125.
Camenosa, ©.1. BausHue criocoba BblAEIEHUS HA CTPYKTYpPHO-
TpynmoBod  cocTaB  HApTEHOBBIX  KOHIICHTPATOB U3
HadTananckoit Hedtu /.M. Camenosa, C.1O. Pammnosa, 5.M.
AnmeB // Xumus U TexHouorus TommmB U Macen, M.: -2001. -
Nes, - ¢.29-32.

CamenoBa, ®.1. bpaiitcTokn u3 azepOailjpkaHcKuX HedTen
/®.UN. Camenoa, C.FO. PammpoBa //A3epbaiimxaHckoe
HedTsHOE X03s1iicTBO, baky: - 2001. Nel1, - ¢.45-50.
Pammnora, C.10., Anekneposa, H.I'. MU3okpekunr padunaton
OCTaTOYHBIX  MACISHBIX (pakuuid C  HCIOJB30BAHHEM
MPOMBINIUICHHBIX Katanmu3zatopoB // Tesucer mokmamoB V
bakunHckoi MexnyHapoaHou MamMmenanueBckou
HeTeXuMHIecKoi KoH(epeHiuu. — baky: - 3-6 ceHTIOps, -
2002, - c.145.

Rashidova, S.Y. Increase of oils and liquids resources by
hydrocraking of heavy industrial residue. /S.Y. Rashidova //
[Tponeccrl Heprexumun u HedrenepepadboTkH, - baky: -2003.

63



20.

21.

22.

23.

24,

25.

26.

27.

Ne3(14), - ¢.26-35.

Somadova, F.I. Neft qaliglarmin asfaltensizlosdirilmasi iisulu.
Pat. i 20050089. informasiya biilleteni 2005, Ne3
//F 1.Samoadova, S.Y. Rasidova, A.M.Qasimova, B.M.Aliyeva
Camenosa, ®.U., Kacymosa, A.M., Pammunonsa, C.1O., Anuesa,
B.M. [eachanpTenusanus He)TH W €€ TSKEIBIX OCTATKOB
OPUMEHEHHEM TIPOLECcCa CBEPXKPUTHUECKOW JKCTpakiuu //
Tesucel goxmnanos IV MexayHapoaHoi KOHPEPEHITNN « XUMHS
He(dtH U razay, - Tomck: - 2006 1., - ¢.197-199

CamenoBa, ©.1. HoBeiii crioco6 BeineneHust achaibTeHOB U3
Heptn m ee Txkensix ocratkoB / ®.M. Camenmosa, A.M.
Kacymosa, C.1O. PammnoBa, B.M. AnueBa // Hedrexumus, -
Mocksa: - 2007. T.47, Ne6, c.432-434

CamenoBa, @.M. Ounctka HeTel U UX TAKEIBIX OCTATKOB OT
achalbTeHOB M METAJIOB CBEPXKPUTUYECKOW (hIrouHON
OKCTPAKLMEH C HMCIOJIb30BaHHEM IUOKcuaa yriepona / @.U.
Camenona, C.1O. Pamungosa, A.M. Kacymona, A.Jl. Kynues //
Ceepxkputuueckue @mouast: Teopus u [IpaxTtuka, - Mocksa:
- 2008. T.3, Ne2, ¢.52-57

Camenosa, .. CBepxkpHUTHUYECKHE (ronabt B
Hedrenepepabotke / ®.U. Camenosa, A.M. Kacymoga, C.1O.
Pammpnosa // Ilpoueccsl Hedprexumun U HedTenepepabOTKH, -
baky: -2008. No3-4,- ¢.242-243

Camenosa, ®.U., Kacymona, A.M., Pamunoga, C.1O., baxmem,
[''P. AnbpTepHaTUBHBIA CIOCOO MOJArOTOBKM HEPTH K
nepepabotke Ha ycraHoBke OJIOY-ABT HII3 // Tesuch
noknanoB VIl Bakunckoit MexayHnapogHoii MamenanneBCKOM
KOH(pEepeHIIMH M0 HePTeXUMUHU, TMOocCBAUeHHONH 80-1eTuio
HNucturyTa Hedrexummuueckux ITpoueccos HAH
Azepbaiimxkana, - baky: -29 ceHr. — 2 okr., - 2009 r., - ¢.29
Somoadova, F.I. Neftin atmosfer-vakuum qurgusunda emali {i¢iin
hazirlanmasi tsulu. Pat. i 20100100. Dovlat reestrinds geyd
olunub 21.10.2010. /F.I. Semodova, F.T. Riistomov, A.M.
Qasimova va b.

Somoadova, F.1. Ifratkritik fliiidlor neft kimyas1 vo neft emalinda
/ F.1. Somodova, A.M. Qasimova, S.Y. Rosidova // Azarbaycan

64



28.

29.

30.

31.

32.

33.

neft tosorriifati, - Baki: - 2010. Ne2, - s.50-54

Camenosa, @.1. O6e3BoxxuBanue U odbecconuBanue Herei Ha
ycranoBkax  OJIOY-ABT HII3 ¢ wucnoib3oBaHueM
CBEpXKpUTHYECKOTO auokcuaa yriepona / @.M. Camenona,
AM. Kacymoa, C.}O. Pammnosa, I'.P. baxmem //
Crepxkputnueckue Omounasl: Teopus u Ilpakruka, 2011, 1.6,
Nel, c.13-18

Samedova, F.I. Dehydration and Desalination of Qils Using
Supercritical Carbon Dioxide / F.I. Samedova, A.M. Kasumova,
S.Yu. Rashidova, G.R. Bakhshesh // Russian Journal of Physical
Chemistry, 2011, Vol.5, Ne7, p.p. 1076-1079. Periodic
Publishing Ltd, 2011

CamenoBa, @®.M., Ho6parmmoBa, M.Jl., Pammpgosa, C.I1O.,
Mawmenos, P.b. HMoOHHO-XKHMIKOCTHBIE COCTaBBI B KaueCTBE
copactBoputens CK-COz // Te3. pokn. |V Hayuno-
TEXHUYECKON KOH(PEPEHIIMU C MEXIYHAPOJIHBIM yYacTHEM
«CBepxkputndeckue Quonapl: (QyHIaMEHTAIbHBIE OCHOBBI,
TEXHOJIOTMHM, WHHOBammu», - Poccus: m. JluctBsHka, 03epo
Baiikan, - 4-7 urons, - 2011, - c. 62

Camenosa, @.1., Kacymosa, A.M., Pammunosa, C.1O., Anuena,
B.M. Caepxkputudeckas dKCTpakiuus HeQTH U €€ TSKEIbIX
octatkoB ¢ npuMeHeHueM CK-CO2 u copactBoputens // Te3ucet
noxmnaaoB IV HayuyHo-TexHMuYecKOl  KOH(EpeHIMHu C
MEXIYHAPOAHBIM y4yacTueM «CBepXKpUTUUECKHE (ITIOUIBI:
(dbyHIaMEHTaIbHBIE OCHOBBI, TEXHOJIOTUH, WHHOBALUWY», -
Poccus: m. Jluctesuka, o3epo baiikan, - 4-7 urons, - 2011, - c.
88-89.

Pammposa, C.}O., AmmeBa, B.M., TamxmeBa, MHW.A.
['mapokpekuHr cMecu  MajonapauHUCTBIX — Hedred  //
PecnyOnukanckas HayuHas KoHpepeHius, nocesmeHHas 100-
JeTHeMy tobunero akagemuka A.M.I'ynueBa, WHcTHTYT
[Tpucagox Hanmonansnoii Akagemun Hayk AszepOaiimkana, -
baky: - 2012, - c. 94.

CamenoBa, @.M. Hrtorm wuccienoBaHuid IO MNPUMEHECHHIO
CBEPXKPUTHYECKUX  (QIIOMA0B B  HedTenepepaboTke U
Heprexumun / D.U. CamenoBa, A.M. Kacymona, C.I1O.

65



34.

35.

36.

37.

38.

39.

40.

Pammupnosa // loknaget HAHA, - baky: - 2012. Ne 4, - ¢. 34-43.
Somodova, F.I., Rosidova, S.Y., Hosonova, R.Z., Qasimova,
AM. Ikifazali holledici ilo yag fraksiyalarinmn ifratkritik
ekstraksiyast //  VIII  Baki  Beynolxalg akademik
Y.H.Mommaoadoliyev adina Konfransi - 36 oktyabr - 2012, - s.
293-294.

Camenosa, ®.1., KacymoBa, A.M., Pammnosa, C.IO. Utoru
MCCJIETIOBAHMM MO MPUMEHEHUIO CBEPXKPUTHYECKOTO (hiIron/a B
He(drenepepaboTrke u Hedrexumuu // Tesucw mokmamoB VI
bakunckoit MexaynaponHoit MamenanueBckoil KoHpepeHInu
no Herexumun,-baky: - 3-6 okTa6ps, - 2012, - c. 21.
Camenosa, ®.1., KacymoBa, A.M., Pammnosa, C.IO. Urtoru
MCCJIEIOBAHM MO0 TPUMEHEHUIO CBEPXKPUTHYECKOTO (hIIron/a B
HeprenepepadboTke u Heprexumuu // Tesuchl noknamos VI
bakunckoit Mexaynaponnoit MamenanueBckoil KoHGepeHIUN
no HepTexumun, -baky: -3-6 okts0ps, -2012, -c. 21.
CamenoBa, ®.M. Yayumenue kadectBa He(TAHBIX 0a30BBIX
MaceJ KOMIIayHAUPOBIHUEM C ouromepamu nponmieHa / ©.1.
CamenoBa, I'.A. T'yceiinoBa, C.}O. Pamuaosa, B.M. Anuesa //
Hedrenepepaborka u Hedprexumus, - M.: - 2013. Nel, - c. 36-
39.

Somodova, F.I., Rosidova, S.Y., Qasimova, A.M. Ifratkritik
fliiidlorin neft emali proseslorindo istifado edilmasino aid
todqiqgatlarin  naticalori // 1 Beynalxalg Kimya vo kimya
mihandisliyi konfransi, - Baki: -17-21 aprel, -2013, -s. 1010-
1013.

CamenoBa, ®.UM. J[leacanpTuzanms TKEIOro HEDTIHOTO
ocTaTKa C  WCIOJNb30BaHWEM  JBYX(}a3HOH  CHCTEMBI
«cBepxkputnueckuit CO2 — wWoHHas KuakocTb» /D.J.
Camenosa, C.1O. Pammnosa, A.M. Kacymona, A.Jl. Kynues //
Csepxkputnueckue @mouasl: Teopus u Ilpaktuka, - Mocksa:
- 2013. T.8, Ned4, - c. 53-61.

Rosidova, S.Y., Hiiseynova, Q.A., Somadova, F.I., Haciyeva,
[.O. Ifratkritik ekstraksiya prosesinin yag istehsali proseslorindo
istifado edilmosinin  mimkiinliiniin todqiqi // Akademik
S.C.Mehdiyevin 100 illik yubileyins hasr olunmus Respublika

66



41.

42.

43.

44,

45.

46.

47.

48.

elmi-praktiki konfransinin moruzalorinin tezislori, - Baki: -
2014, - I cild, - s. 37-38.

CamenoBa, ®.U. Ilytu palMoHATBHOIO HCIOIb30BAHUS
TSOKETBIX  HEePTIHBIX OcCTaTKOB HedTel  A3sepOaiimkaHa
/®.M.Camenosa, C.1O. Pammnosa // [Iporeccsl HepTeXUMHUN U
He(drenepepaboTk, - baky: - 2014. Ne15.4(60), - ¢. 389-391.
Samedova, F.I. Summary of the monograph of F.l.Samedova
“The Application of Supercritical Fluids in Petroleum and Oil
Fractions Refining” /F.I. Samedova, R.Z. Gasanova, A.M.
Kasumova [et al.] // VVoice of Publisher, - USA: - 30 June, 2015.
Nel, - p. 17-28.

CamenoBa, ®@.1. CoBepieHCTBOBaHHE IpOLECCa IMOIYYECHHUS
macia AK-15 na HII3 «Asepuedtsr» / ®.U. Camenosa, P.3.
l'acanosa, C.b. JlormanoBa, C.}O. Pammgosa //
Azepbaiimkanckoe HepTIHOE X034UCTBO, - baky: - 2015. No7-8,
- c. 48-51.

Somoadova, F.I., Rosidova, S.Y., Hiiseynova, Q.A., Haciyeva,
1.O. Asfaltsizlasdirilmis azparafinli neftlorin hidrokrekingi
//Akademik ©.Quliyev adina Asqarlar Kimyasi Institutunun
yaradilmasinim 50 illiyino hasr olunmus “Siirtkii materiallari,
yanacagqlar, xiisusi mayelar, asqar vo reagentlor” mévzusunda
Respublika elmi konfrans1 Moaruzalorin tezislori, - Baki: - 13-14
oktyabr, - 2015, - s. 115.

Somodova, F.I. Azorbaycan neftlorinin agir qaliglarini somarali
emal yollar1 / F.I. Somodova, S.Y. Rasidova // Azarbaucan neft
tosarriifatl, - Baki: - 2015. NelO, - s. 41-42.

CamenoBa, ®.M., Pammposa, C.IO. Ilytm panuonampHOro
UCIIONIb30BAHUS  TSDKEIBIX HE(TSIHBIX OCTATKOB  HEe(TeH
Azepbaitmkana // Tesucet noknamoB |IX  Bakunckoit
MexyHapoaHoiit MamenanueBckoit He(TexuMHuIecKou
KoH(pepeHmu. — baky: - 4-5 okts10ps, - 2016, - c. 112.
Somadova, F.I., Rasidova, S.Y., Hiiseynova, Q.A. va b. Az
parafinli neftlorin qarigigindan alinan mazutun ifrat kritik
ekstraksiyasi // Neftkimyas1 iizro IX Baki Beynolxalq
Mommadoliyev Konfransi, - Baki: - 4-5 oktyabr, -2016, - s. 119.
Somadova, F.I., Rosidova, S.Y., Abdullayev. E.S. [vo b.] Baki

67



49,

50.

51.

52.

53.

54,

55.

neftlorindon baza motor yaglarmin alinmasimin naticalori //
AMEA-nin akademik M. Nagiyev adina —Katalitik vo Qeyri-
tizvi kimya institutunun 80 illik yubileyino hosr olunmus
Respublika elmi konfransi, - baky: -15-16 noyabr, - 2016, - s.
340-341.

Rosidova, S.Y., Somodova, F.I., Hiiseynova, Q.A. [va b.]
Asfaltsizlasdirilmis  azparafinli neftlordon alinan mazutun
hidrokrekingi // B.Q. Zeynalovun 100 illik yubileyino hasr
olunmus “Neftkimya sintezi vo miirokkob kondenslogsmis
sistemlordo  kataliz” movzusunda beynolxalg elmi-texniki
konfrans, - Baki: - 29-30 iyun- - 2017, - s. 39.

Rosidova, S.Y., Semodova, F.1., Hiiseynova, Q.A., Haciyeva,
[.D. Neft galiglarnin hesabmma yanacaq komponentlorinin
resurslarinin artirilmast // Professor S.9.Sultanovun 90 illik
yubileyino hosr olunmus “Yanacaglar, yanacaq komponentlori,
xtisusi toyinatli mayelor, yaglar vo asqarlar” movzusunda
Respublika elmi-texniki konfransi, - Baki, - 3 oktyabr, - 2017, -
s. 11

Rosidova, S.Y. Az parafinli neftlorin qaliglarindan
braytstoklarin alinmasi. /Miiasir tobiot vo iqtisad problemlori //
Beynolxalq elmi konfrans (International scientific conference) |
hissa (volume 1), - Baku: - 04-05 may, - 2018, - s. 302-303.
Pammnosa, C.}O. HccnenoBanue NpoayKTOB THAPOKPEKUHIA
neacansTupoBanHoro ryapona. /  C.HO. Pammposa //
HedrenepepaboTka u Hedrexumus, - M.: - 2018. Ne6, - c. 12-
15.

Rosidova, S.Y. Qaliq yag fraksiyalarin hidroizokrekingi //
Akademik Murtuza Nagiyevin 100 illik yubileyina hasr olunmus
“Nagiyev qiraatlori” Beynolxalq konfransi, - Baki: - 30-31
oktyabr, - 2018, - s. 71.

Panmnosa, C.}O. MHccnenoBanme  cMon  HPOIYKTOB
TUAPOKpEeKUHra  neacganbrupoBaHHoro rynapona /C.1O.
PanmmmnoBa //Mup HedTenpoaykToB. BecTHHK HeTSIHBIX
KOMITaHMH, - M.: - 2019. Ne5, - ¢. 16-21.

Rosidova, S.Y. Neft vo onun agir qaliglarinin ifratkritik CO2 —
aseton (n-heptan) fliiidi ilo ekstraksiyasi / S.Y. Rasidova //

68



56.

S7.

58.

59.

60.

61.

62.

63.

Azorbaycan neft tosarriifati, - Baki: - 2019. Ne§, - s. 48-50.
Rosidova, S.Y. Neftin ifratkritik ekstraksiyasi prosesinds slava
halledicilarin rolu // AMEA-nin akademik Y.H.Mammadaliyev
adma Neft-Kimya Proseslori Institutunun 90 illik yubileyino
hosr olunmus “Miiasir kimyanin aktual problemlori”
movzusunda Beynoalxalq elmi konfrans, - Baki: - 2-4 oktyabr, -
2019, - s. 94.

AmueBa, C.I'. IlomyueHue OenbpIX MHHEPAIBbHBIX Maceld U3
banaxanckoit macnsao Hegtu / Anmuera, C.I'. C.1O. Pamunoga,
C.0. Abnynnaes // Texanonoruu HegTH 1 ra3a, - Mocksa: - 2019.
Ne 4, - c. 15-18.

Pammpgosa, C.}HO. HccienoBanne coctaBa M CBOMCTB Oe€JIBIX
Macell, MOJy4eHHbIX pa3nuyHbiMu Metoaamu. / C.}O. Pammgosa
// Hedrenepepabotka u Herexumusi, M.: -2020. Ne 1, - c. 45-
51.

Abassov, V.M. Xam neftlorin struktur-qrup torkiblari,
xisusiyyatlori vo onlarda gedon fotokimyovi vo termiki
cevrilmolor /V.M. Abasov, Coforova R.9., U.C. Yolguyeva,
C.Q. Salmanova, G.S.Muxtarova, Z.Z. Agamaliyev, S.Y.
Rosidova, A.M. Maommodov — Baki: “Miiallim” nasriyyati, -
2020. — 257 s.

Rashidova, S.Y. The ways of rational use of heavy oil residues
of Azerbaijan oil // CoopHuK Tpya0B MexayHapogHoi HayuHo-
npakTH4eckod  KoH(epeHuuu «Science and texnology
research», Poccus, r.Ilerpo3aBoack:- 2022,- c. 19-22.
Pammpnosa, C.}O. TI'mapokpexkuHr neacdanbru3ata U3
napapunuctoi Heptn Canrauvansl-neaus // Matepuansr Xl|
MEXIYHApOAHOW KoHGepeHIH «Xumusi HepTH W Tazay, -
Poccus, . Tomcek: - 2022, -c. 272-273.

Pammpnosa, C.IO., T'yceitnoBa [I.A., Tamxuea U.A.
[ToarotoBka HedTell k mepepaboTke ¢ ucnoiabzoBanueM CK-
CO2 /I Mexnaynaponnas kKoH(epeHIHs, MOCBSIIEHHAas 95-
JeTHeMy robusero akagemuka A.X. Mup3apkansane, Poceus, .
VYa: - 24-27 aBrycra 2023, c. 68-70.

Pammposa  C.IO., TI'yceiinoBa I'.A. Hcnons3zoBanue
CBEPXKPUTHUYECKHUX (IIFOUIOB I HHTEHCU(DUKAIIMY TTPOIIECCOB

69



ouucTku Hedreld u Hedraubix (paxumii / Matepuansr XllI|

MEXIyHApOAHOH KoH(pepeHIMH «XuMHS HeDTH M Tazay, —
Poccus, Tomck: — 2024, c. 262-263.

e

¥

Honored Scientist, Corresponding Member of the National
Academy of Sciences of Azerbaijan, Doctor of Technical Sciences,
Professor Fazilya Ibrahim gizi Samedova, an outstanding scientist
who devoted his life to the study of the chemistry of Azerbaijani
petroleums, improvement of oil fraction purification processes using
supercritical extraction and hydrocracking, as well as the production
of white and lubricating oils.

70



The defense will be held on «30» May 2025 at 10% at the meeting
of the Dissertation council ED 1.17 of Supreme Attestation
Commission under the President of the Republic of Azerbaijan
operating at the Institute of Petrochemical Processes of Azerbaijan
Republic MSE

Address: AZ 1025, Baku, Khojaly ave. 30

Dissertation is accessible at the Institute of Petrochemical
Processes of Azerbaijan NAS Library

Electronic versions of dissertation and its abstract are available on
the official website of the Institute of Petrochemical Processes of
Azerbaijan Republic MSE

Abstract was sent to the required addresses on: «30» Aprel 2025



Signed for print: 28.04.2021
Paper format: A5
Volume: 79600

Number of hard copies: 20 copies



