AZORBAYCAN RESPUBLIKASI ELM VO TOHSIL NAZIRLIYI
AZORBAYCAN DOVLOT NEFT VO SONAYE UNIVERSITETI

MINISTRY OF SCIENCE AND EDUCATION
REPUBLIC OF AZERBAIJAN
AZERBAIJAN STATE UNIVERSITY OF OIL AND INDUSTRY

i

===

“NEFTIN, QAZIN GEOTEXNOLOJi PROBLEMLORI VO KIMYA”
ELMI-TODQIQAT INSTITUTUNUN

ELMIi OSORLORI

SCIENTIFIC PROCEEDINGS

SCIENTIFIC RESEARCH INSTITUTE

“GEOTECHNOLOGICAL PROBLEMS OF OIL, GAS AND
CHEMISTRY”

VOLUME 23 Numberl

BAKU-2023



Editor-in-Chief
Rauf Yu. Aliyarov

Scientific Research Institute of Geotechnological Problems of Oil, Gas and Chemistry,
ASOIU, Dilara Aliyeva Str.227, Baku, AZ 1010 Azerbaijan

Editorial Board

R.Yu. Aliyarov, H.Kh. Malikov (Deputy Chief Editor), M.M. Asadov (Deputy Chief
Editor)

Phone: +994 12 4937957

E-mail: info@gpogc.az

ISSN 2218-5054



Sci. Proc. SRI GPOGC. 2023. Volume 23, Number 1

10

11

Contents

R.Y. Aliyarov, B.S. Aslanov, F.B. Aslanzadeh, A.V. Bagirli
Formation conditions of the deep structure and hydrocarbon potential of the
South Caspian oil-gas province and the Persian Gulf

R.Y. Aliyarov, J.N. Aslanov, R.K. Mekhtiyev?, N.R.Agazade, V.M. Durmushov
Prediction of porosity in mountain rocks

H.Kh.Malikov, A.A.Suleymanov, E.A.Mirzayev
Application of nanotechnology for regulation the rheophysical properties of water-
oil emulsions

A. M. Mamed-Zade, H.Kh. Malikov, T.H. Malikov
Influence of transverse magnetic field on the process of sand settlement in water

A.V. Mammadova, A.V. Sultanova , R.M. Mammadova
Assessment of technological measures effectiveness based on the interpretation of
pressure build-up curves using identification equations

T.S. Babayeva
Research of rheological characteristics of two-phase systems

A.M.Gasimli, E.N.Aliyev, N.S.Bayramova, N.A.Yusubova, S.S.Huseynova
Experimental study of residual oil compression from hydated sludge using a
surface-active substance (sas) mixture which is a non-sediment solution in the
formation fluid

Y.Samedov, J.Eyvazov
Eliminate formation damage in the vicinity of the wellbore and expand the
drainage area of the well.

Sh.Z.Imayilov, G.G.Ismayilov, P.Sh.Ismayilova
About one of methods for determining the true parameters of the gas-liquid flow
in risers

A.l.Babayev, N.l.Imanova, Z.A.Baghirova, T.H.Malikov
Research on the possibility of hydrocarbon emissions control.

N.A. Gasanova
Influence of technological modes for manufacturing parts from plastic materials on
the accuracy of their dimensions

18

24

30

35

41

45

50

57

62

70



12

13

14

15

16

17

18

19

22

N.M.Abbasov*, R.Kh. Malikov, F.R. Cafarli
Predicting the flare temperature of binarymixtures according to data on activity
coefficients

R.Kh. Malikov*, S.Mammadova
Study of the designs of devices for centrifugal extraction

E.Kh. Iskandarov, M.M. Hasanova, S.A. Ibadova
Hydrocarbon losses arising from phase transformations in field collection pipelines

Aliyeva 0.0., Khalilov K.J.
Technology of reverse-osmosis sweetening of seawater with permeate softening

M.B. Mammadov, F.T. Rzayev
Engineering solutions optimization aimed at mitigating risks

S.Hajiyeva, ,R.Narimanov
Possibility of liquidation of accidents in oil and gas wells occurring with glass fibre
rods with the help of a rod head developed for them.

N.M.Abbasov*, A.A. Masimov
Modeling and optimization of the process hydrotreating of diesel fuel

K.M. Ismailova, N.A. Yusubova
Study of the composition of petroleum products extracted from oil-contaminated
soil using the spectrometric method.

Z.0. Gakhramanova, S. A. Mammadhanova, S. S. Hasanova, N. S. Bayramova
Novel adsorbents on the bases of functionalized chitosan and magnetite
nanoparticles for removal of organic pollutants and heavy metal ions from water

73

84

89

94

103

110

115

129

133



18. Gmehling J. A modified UNIFAC model. 2. Present parameter matrix and for different
thermodynamic propertie / J. Gmehling, J. Li, M. Schiller // Ind. Eng. Chem. Res. 2003. No. 32. P.
178-193.

19. Larsen B.L. A modified UNIFAC group contribution method for prediction of phase equilibria
and heats of mixing / B.L. Larsen, P. Rasmussen, A. Fredenslund // Ind. Eng. Chem. Res. 1987. No.
26. P. 2274-2286.

20. Magnussen T. UNIFAC parameter table for prediction of liquid-liquid equilibria / T.
Magnussen, P. Rasmussen, A. Fredenslund // Ind. Eng. Chem. Process Des. Dev. 2001. No. 20. P.
331-339.

21. The UNIFAC Consortium / http://unifac.ddbst.de/ (accessed 2010)[electronic resource].

22. Liaw H.-J. Prediction of miscible mixtures flash-point from UNIFAC group contribution
methods / H.-J. Liaw, V. Gergaud, Y.-H. Li // Fluid Phase Equilibria. 2011. No. 300. P. 70—82.

23. Kogan V.B. Heterogeneous equilibria. L.: Chemistry, 2016. 432 pp., (in Russia).

24. Esina Z.N. Mathematical modeling of the liquid—solid phase transition / Z.N. Esina, M.R.
Korchuganova, V.V. Murashkin // Bulletin of Tomsk State University. Management, computing
and information science. 2011. No. 3 (16). pp. 13—23, (in Russia).

25. Zakharov Yu.N. Phase transitions as a cause of disasters at coal and oil processing enterprises /
Yu.N. Zakharov, Z.N. Esina, M.R. Korchuganova // Kuzbass-2: collection. articles. A separate issue
of the Mining Informational and Analytical Bulletin (Scientific and Technical Journal). 2009. No.
OB17. M.: Publishing house "Mountain Book". pp. 54—58, (in Russia).

26. Esina Z.N. Forecasting the flash point of binary liquid mixtures / Z.N. Esina, M.R.
Korchuganova, V.V. Murashkin // Problems of environmental monitoring: collection. proceedings
of the XI All-Russian conference with the participation of foreign scientists (October 24-28, 2011).
Kemerovo: KemSU, 2011. pp. 177—182, (in Russia).

27. Esina Z.N. Mathematical modeling of phase transitions in real solutions: monograph.
Kemerovo: Kemerovo State University, 2011. 228 pp., (in Russia).

28. Esina Z.N. Phase Chart Eutectic and Azeotropic System (PCEAS): Certificate of state
registration of a computer program No. 2012618394 / Z.N. Esina, M.R. Korchuganova, V.V.
Murashkin (RU) — No. 2012616324; application 07/25/2012; Registered in the Register of
Computer Programs, Moscow, September 17, 2012 (in Russia).

Study of the designs of devices for centrifugal extraction
R.Kh. Malikov*, N.M.Abbasov, S.Mammadova
“Department of Industrial machines, ASOIU, 20 Azadlig Avenue. AZ-1010 Azerbaijan
Research Institute of Geotechnologocal Problems of Oil, Gas and Chemistry, ASOIU, 20 Azadlig
Ave., Baku, AZ-1010 Azerbaijan
Abstract

This article provides an overview of centrifugal extractors of various configurations, their
advantages are noted advantages and disadvantages. It is noted that, despite the variety of types of
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extractors, there are few generalized studies on optimization presented in the scientific literature.
Methods for increasing the efficiency and productivity of existing structures are proposed.
Keywords: centrifugal extraction, devices optimization, sectional rotor, annular chamber.
*Corresponding author. Tel.: + 994 503112553

E-mail address: malikov.rauf@mail.ru

1. Introduction

The development of methods of separation and purification of substances is motivated by
the needs of the petroleum, chemical and pharmaceutical industries. One of the promising methods
of separation of mixtures is extraction.
Currently, many extractor designs have been developed that are used in various industries, which is
explained by the variety of types of raw materials used and various technological requirements for
extraction process. The choice of the optimal design of the apparatus for certain processes of the
chemical, petrochemical industry should be based on a comparison of the technical and economic
indicators of extractors with its performance, degree of separation, as well as various kinds of costs
for its manufacture, operation and maintenance.

2. Methodological part

Extraction devices used in the chemical industry can be divided into several groups:
differential contact, stepped and structures occupying an intermediate position. The first group
includes, as a rule, column apparatuses, which are distinguished by a constant contact of phases and
a smooth change in the concentration of the extracted component along the height of the apparatus.
Their compactness, due to their vertical location, allows them to be used in conditions of limited
production space, but as a result of longitudinal mixing caused by axial convective flows, turbulent
pulsations and stagnant zones, it is possible to reduce the average driving force.

Multistage extractors are usually vertical columns divided by various contact devices into
sections or so-called theoretical stages, at each of which the initial solution and extractant are
repeatedly mixed and delaminated. The efficiency of these devices is estimated by the efficiency of
individual stages or the height of the device equivalent to one equilibrium stage — the theoretical
plate.

According to the type of process, extractors can be divided into periodic and continuous
devices. In batch extractors, the process is usually carried out in a stationary layer, in which the
filtration rate of the extractant, porosity and pressure drop, which creates a driving force, change
over time. Often, to increase the filtration rate of the extract, the pressure drop in the apparatus is
increased, which, in turn, leads to compression of the material layer in the apparatus and
deterioration filtering. An excessive increase in the pressure drop can lead to the termination of the
filtration of the extract in the layer. The same phenomenon is observed in continuous vertical type
devices without the use of special transporting devices.

To devices occupying the intermediate position between step devices and devices of
differential contact type include centrifugal extractors in which stirring followed by phase
separation, occurs under the influence of centrifugal forces. How typically, the extractor rotor is set
of perforated cylinders, spiral tapes, etc. Through contact devices that increase the phase contact
surface to the periphery from the center moves the heavier phase, and more light phase - in the
opposite direction, thus the extractant and the original solution move towards each other. Phase
dispersion (and redispersion subject to recycling) - when passing through contact devices.
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Among the devices for performing centrifugal extractions are distinguished in discrete-step
(or chamber) and differential contact. Discrete-stage ones consist of individual workers volumes, in
each of which phases moving countercurrent, first mixed, then are separated. In this case, the mass
transfer process occurs under conditions close to constant contact moving towards one another
phase flows; direction of movement is determined channels formed by internal devices rotor.

Centrifugal extractors are distinguished by significant productivity (flow rates can be several
hundred m*/h) and high efficiency (small number of theoretical stages), as well as short duration of
phase contact, as a result of which mass transfer processes in the apparatus occur very intensively.
The listed advantages make it possible to use these devices in the production of unstable
compounds, when working with radioactive solutions and stable emulsions, and when separating
systems whose components have similar densities. Centrifugal extractors are advisable use for
systems that require little time phase contact or having a small difference specific gravity. When
comparing performance column countercurrent extraction devices with centrifugal extractors, then
in the first case the intensity is limited mainly by the rate of deposition or rise of droplets of the
dispersed phase, and in the second, it is limited by the speed of movement of the droplets in the
direction of the radius. Ponikarov I.I. and Bochchachev V.G. in their study [1] provide a
comparative analysis of the rate of sedimentation of droplets in a liquid in a gravitational field,
calculated approximately using the Stokes equation, and the speed of movement of droplets in a
liquid in a field of centrifugal forces. From the analysis of the results obtained and comparison of
these speeds, it follows that the speed of drops moving under the influence of centrifugal forces will
be greater than their speed in the gravitational field. Thus, the centrifugal field has a number of
important advantages compared to gravity, which represents present ample opportunities for
intensification extraction process in the apparatus. A more detailed development of this advantage
will make it possible to develop centrifugal extractors that can be successfully used for other
extraction systems that occur without chemical reactions, and be competitive in comparison with
gravity-type devices.

Currently, there are a large number of different designs of centrifugal equipment, most of
which have found widespread application in various technological processes in the chemical, food
and oil refining industries industries. However, the variety of types and types of existing contact
devices centrifugal extractors complicates them somewhat correct choice and rational use. In view
of this, work is required not only to categorize and classify devices, but also to generalize methods
for optimizing the structure of radial flows inside the rotor, to correctly solve the problem of
increasing the efficiency of devices and optimizing structural and technological parameters.

Quite often, researchers achieve increasing the efficiency of centrifugal extractors by
changing the design of the nozzles used, installing additional internal devices in them that intensify
the mass transfer process. However, such modifications, as a rule, complicate the design of the
apparatus and are based on the “design considerations” of the designer without taking into account
the influence of hydrodynamic parameters; they do not have universal application, but are suitable
only for solving a particular problem of optimizing an apparatus of a certain design. When solving
the problem of increasing efficiency, it is necessary to take into account that the angular velocity
changes along the radius of the apparatus and the free cross-section of the nozzle increases, which
leads to a decrease in holding capacity and affects the mass transfer coefficient. To reduce the
influence of these effects, recirculation, countercurrent movement and multiple phase dispersion.

Continuous is considered the most effective extraction carried out in multi-stage extractors
with countercurrent of the initial solution and extractant. In this case, the specified degree of
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extraction is achieved with the lowest extractant consumption. If it is necessary to recirculate the
extractant with a rotating rotor or increase the phase contact time in centrifugal extractors, an input
and output unit is provided phases implemented in the form of suction tubes or disks (Fig.1).
Disadvantages include longitudinal mixing, which has not yet been sufficiently studied. Currently,
methods for studying this phenomenon are being considered and evaluation for different extractor
designs.
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Fig. 1 — Schematic diagram of cascade extractor

The apparatus shown in Figure 1 consists of non-rotating housing 1; sectioned rotor 2 with
nozzles 3; liquid input and output devices made in the form of tubes: for supplying light 4 and
heavy phase 5 and sampling tubes, 6 and 7, respectively; overflow ring chambers 8; coaxial shafts 9
and bearing unit 10; circular slot for supplying the light phase to the periphery 11.

To create favorable conditions for phase selection from sections and improve separation, it is
proposed to vary the speed of rotation of the sections and their sizes. Sections are provided with
individual drives, the number of revolutions of which is determined from the condition of
optimization of individual processes: extraction carried out at 1500-2000 rpm, separation — at 3000-
5000 rpm, etc.

This design solution (cascade extractor) allows you to expand the range of processed liquid
mixtures and implement a more efficient mode of movement of liquids in sections, resulting in
increased productivity and efficiency of the apparatus.

The device shown in Figure 2 contains fixed housing 1 with cover 2; rotor 3 with cover 4;
extraction container 5 with collar 6 and sleeve 7; a conical glass 8 and an extract collector 9,
installed coaxially with the rotor 3. A gap is formed between the extraction container 5 and the
conical glass 8 to drain the extract. On the outer surface of the sleeve 7 there are grooves 10 for
draining the extract into the extract collector 9. The rotor cover 4 is made in the form of an annular
chamber in which a suction tube 11 is located, connected to a fitting 12, movably fixed in the
housing cover. Rotor 3 is equipped with a drive 13.

The technical solution to the problem posed to the authors is that the centrifugal extractor, in
addition to a vibration-driven mixer, was additionally equipped with a conical glass installed with a
gap between the extract collector and the extraction container, which made with a sleeve with
grooves for draining the extract. In turn, the rotor cover was made in the form of an annular
chamber equipped with a suction tube connected to the fitting, movably fixed to the housing cover.
The extraction container is made with a collar, the annular channels of which form a labyrinthine
device with a rotor lid, which further reduces the loss of extract during extraction with a suction
tube.
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It is worth noting that the intensification of the process extraction can be achieved by
discrete-pulse energy input methods. Physical the essence of these methods is that the supplied
energy is dissipated mainly near the surface of solid particles, and unproductive energy
consumption outside these zones is minimal. Thus, mechanical vibrations provide continuous flow
of liquid around solid particles with variable direction and magnitude of speed.
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Fig. 2 - Schematic diagram of the extractor centrifuge

For creating vibrations, extractors with vibrating bodies and special vibrating devices
installed in the apparatus itself are used. Latest they are used mainly in column or container type
extractors. Experimentally it has been proven that the application of vibration

fields of different frequencies and amplitudes significantly accelerates mass transfer and increases
the productivity and efficiency of the apparatus.

2. Conclusions

Currently researched and developed a large number of various equipment using centrifugal
forces to intensify various mass transfer processes, ranging from the simplest mixing devices to
the most complex multi-module designs of centrifugal extractors.

2. The theory and practice of various mixers, separators and centrifuges are widely covered in the
existing scientific and technical literature, however there are scattered data on centrifugal
extractors, both on designs and on the results of theoretical and experimental studies, and they
are presented mainly in individual dissertations and scientific articles.

3. Particular attention in the works of researchers is paid to the most promising designs of

centrifugal devices, ways to increase the efficiency of existing devices by profiling rotors,

sectioning packed devices and the use of packed elements that ensure the creation of an optimal
flow structure and increasing the productivity of the device, as well as various ways of
supplying energy.
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Hydrocarbon losses arising from phase transformations in field collection pipelines
E.Kh. Iskandarov, M.M. Hasanova, S.A. Ibadova
Azerbaijan State Oil and Industry University, 20 Azadlig Avenue. Baku, AZ-1010 Azerbaijan

Abstract

In offshore fields, the quality indicators of the well product are subjected to change when it passes
the initial preparation stage at the collection points and is transported to the shore. Researches show
that most of the problems that arise in the collection points of fields operated in marine conditions
are related to multi-component and multiphase flows. Contamination from the inner surface of the
pipeline due to the internal phase transformations of the pipeline causes an increase in the operation
and energy costs of the collection transport system. Blockages are formed in underwater pipelines
when the liquid and mechanical particles in the transported gas are separated and settle inside the

pipe.

Keywords: Carbohydrogen mixtures, multiphase, phase transformations, condensation,
carbohydorgen losses, inner pipe separation.

*Corresponding author. Tel.: +994 502146214

E-mail address: e.iskenderov62@mail.ru (E.Kh.Iskandarov)

1. Introduction
The movement of gas and liquid phases that is a stratified flow form actually takes place in the gas
pipeline. Separation of the liquid phase of hydrocarbon mixtures also causes certain errors in the
measurement of the consumption of the transported gas. Thus, the existing international standards
for measuring gas consumption are based on its monophase principles [1,2,3,4]. On the other hand,
the presence of a liquid phase in gas flows causes pressure and consumption pulses. These harmful
pulses cause pipelines to deform and fail prematurely [5,6].
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