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FORMATION OF LOW FREEZING TEMPERATURE OILS ON THE BASIS
OF ETYLEN AND HEXEN-1

A.N.Behbudlu, S.A Mamedkhanova
Azerbaijan State Oil and Industry University
agamir_678@mail.ru

The article examines the methods of preparation of low-freezing oils. Due to their high
viscosity-temperature properties, ethylene-hexane oils are used in industrial compressors,
vacuum, etc. can be used as oils. sooligomerization of ethylene with 1-hexane in the presence
of a catalytic system in an intermittent apparatus (Al + IPX + C,H,) was studied. This catalyst
accelerates the process of sooligomerization of ethylene with 1-hexane and an oil-type
oligomer is obtained. The effect of various parameters (temperature, reaction time, amount of
IPX (isopropyl chloride) in the reaction zone and ethylene in the liquid phase) on the process
and the characteristics of the fat fraction was studied, optimal conditions for the synthesis of a
good oil base were determined. When studying the effect of temperature on the process of so
oligomerization of ethylene with 1-hexane in the range of 80-150°C, it was found that the
induction period for the formation of the active catalytic complex decreases sharply: from 120
minutes to 3 minutes. However, there is an increase in the total yield of oligomeric products
and their fat fractions. It was determined that the optimal temperature for the production of
oils with viscosity-temperature properties is 100-120°C. Above this temperature, the properties
and quality of the oil deteriorate. At temperatures of 80°C and below, sooligomerization
reactions proceed very slowly. As the content of IPX increases, the formation time of the
catalytic complex decreases sharply, the reaction rate and the total output of the salinometer
increase, the yield per 1 g of IPX decreases per minute. However, more than 10 g / | in the
reaction zone of IPX has a negative effect on the properties of fat fractions. Thus, rational
conditions for the application of oils have been identified. It has been determined that the oils
obtained can be used as medicinal and perfumed oils.

Keywords: ethylene and hexene-1, lubricants, traditional methods, viscosity index, oils with a
low freezing point, oil fractions.

INTRODUCTION

Along with the scientific and technological development observed in heavy
industry, the demand for the quality of lubricants is growing, mineral oils do not meet
these requirements, and for this reason the world produces high quality synthetic oils
with low viscosity and low temperature. Polyolefin oils (POY) are a major component
of motor oils. This is supported by the hypothesis about the role of rheological features
of POY. The rheological properties of this POY are found in the high velocity gradients
of long-chain isoparaffin molecules, or the compounds of these POY molecules located
in adjacent lubricating layers are directed along the displacement vector at high speed
sliding conditions. In this case, the layers become stronger due to the increase in the
interactions between the particles of the dispersion medium, and the hydrodynamic
friction region between the surfaces of the triboses increases.

Ethylene-hexane oils have high viscosity-temperature properties, can be used in
industry, compressor, vacuum, etc. In addition, ethylene-hexane oils do not have an
aromatic mixture, they are colorless, so they can be used as white oil in medicine and
perfume industry. Copoligomerization with ethylene-hexene is carried out in a hexene
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environment without any inert solvent, as subsequent separation leads to additional
energy costs and difficulties. Studies show that in many cases ethylene hexene oils
significantly exceed the demand for these oils in a number of ways.

It should be noted that the raw material for this process (ethylene-hexene) is
obtained as a result of pyrolysis of the gasoline fraction at the EP-300 plant in Sumgayit
Industrial Complex: with ethylene-pyrolysis gases and hexene-liquid pyrolysis products.

EXPERIMENTAL PART

Already during World War 11, scientists from leading countries were engaged in
the production of synthetic lubricants based on low molecular weight olefins. In his
research, Butlerov first noted the possibility of obtaining oil-like products based on low
molecular weight olefins. Propylene has been shown to polymerize at room temperature
when exposed to triflour boron (BF3) to form oil-like products. The effect of BF3; on
ethylene polymerization was later studied by other researchers. However, they did not
achieve the desired result. In this area, with the participation of the BF; catalyst,
Japanese scientists have conducted a lot of research and obtained synthetic lubricants as
a result of propylene oligomerization. However, most BFs-based catalysts are not
widely used in industry due to toxicity, corrosion, and easy decomposition in humid
conditions.

Titanium 4-chloride (AICI3) was then used for these processes. Advantages: easy
to buy, relatively inexpensive and very active in the polymerization process. In the
presence of AICI3, oligomeric products based on a-olefins, which are widely used in
various fields, can be obtained, such as lubricants, hydraulic fluids and heat carriers
with different properties, etc.

It is possible to obtain oils of different grades and quality from oil using
traditional methods such as deasphalting, selective solvent extraction, paraffinization
and hydrogenation. However, the viscosity index of these oils is 85-95, depending on
the quality of the oil. In contrast to these processes, only the hydrocracking of fat
fractions allows the production of oils with a viscosity index greater than 100. At the
same time, the production of oils with a viscosity index of more than 100 occurs due to
changes in the composition of fat fractions. Hydrocracking occurs during the production
of oils with a high viscosity index in the presence of special catalysts at high
temperatures and high pressures. This requires special equipment that can work in these
conditions. They are also mixed to obtain oils with a viscosity index of 95-100% [1].

It is known from the literature that the use of synthetic oil components is more
efficient and affordable, as such oils can increase their performance in extreme
conditions. Taking this into account, F.Samadova together with her colleagues
developed and proposed a technology that allows the unconventional production of such
oils. At the same time, the components of the fat fraction are synthesized by olefins,
oligomerization, cyclization of olefins and others. As a result, newly formed
hydrocarbons are formed, which produce semi-synthetic oils with a viscosity index of
more than 100, mixed with hydrocarbons that do not participate in the reaction of fat
fractions. A comparison of the chemical composition of crude and semi-synthetic oils
shows that the amount of paraffin fatty hydrocarbons in the process product is 17.4%
less and the amount of resinous compounds does not change, which means that they are
not involved in the synthesis.
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Mass spectrometric studies of refined and synthesized oils show that they differ in
structure and molecular weight from the hydrocarbons they contain. In addition, the fat
raw material contains significant isoperafin and monocyclic naphthenic hydrocarbons.
Thus, the catalytic conversion of fat fractions in the presence of olefins provides oils
with high index, low freezing point. This method can be considered one of the most
convenient and advanced methods for the synthesis of oils with high viscosity index.
Because the proposed method is environmentally friendly and simple, the synthesis and
use of highly efficient catalysts in it can provide high quality oils that can be exported to
the world market.

It should be noted that recently a mixture of oil and synthetic oils is widely used
in the world's leading countries. There are several reasons for this. First, azo-oil bases
work in difficult conditions in engines, as a rule, have high volatility and sufficient
thermal oxidation stability. For this reason, semi-synthetic oils have found their use. It is
mainly a mixture of low-viscosity complex essential oils and medium-viscosity
petroleum distillates [3].

Evaporation here and therefore the consumption of such oils is less than that of
pure oil bases, they have better washing properties and less coal and varnish are formed
in the engines. It has been found that these oils can also be used as additives (ie
synthetic oils) used in petroleum oils. Derivatives of hydrocarbons containing
phosphoric acid, flour and chlorine, polyphenyl esters, polyolefins were used as
components of semi-synthetic oils, but their properties were superior to esters of
dicarboxylic acids and polyols.

Synthetic oils have only two disadvantages: some oils cause swelling of the
elastomers used as binders, and they are not fully compatible with thickeners and other
additives used for petroleum oils. Synthetic oils are 2-3 times more expensive than
petroleum oils, but synthetic oils last longer in engine-powered engines, consume
relatively little, and are economically viable because they can reduce fuel consumption
by 4-5%. The production of synthetic oils is increasing in foreign countries.

With the destruction of ethylene-propylene soligomer, the production of
hydrocarbons of a certain structure is of great interest. This is due to the fact that the
process of colligerization of ethylene with propylene is very well studied, easily
regulated, and in practice it is possible to obtain a coligomer with a certain composition.
It should be noted that such hydrocarbon chains have never been in oil and cannot be
obtained by direct synthesis. When the thermal destruction process is carried out in a
vacuum, double processes are prevented and the yield of the target product is increased.

To obtain engine oil, cracked products are first waxed with urea and then
hydrogenated. The obtained oil consists mainly of isoparaffin hydrocarbons and has the
following properties.

Table 1
Properties of the obtained oil
Kinematic viscosity at 100 ° C in mm2 / sec 6
At dynamic viscosity -40, Pa.s. 1,2
Freezing temperature C -52

Essential oils are obtained by the interaction of two basic carboxylic acids
(sebasin, azelain, adipine, etc.) and long-chain alcohols (eg, 2-ethylhexyl alcohol):
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adenic acid esters are superior to various radical alcohols in terms of viscosity and
temperature. Synthetic SAE 5W20 oil obtained from dibasic acid esters with the
addition of appropriate additives has the following properties [2].

Table 2
Main indicators of 5W20 oil
Kinematic viscosity at 100 ° C in mm2 / sec 6,5
At dynamic viscosity -40, Pa.s. 7,6
Freezing temperature C -65
Wear temperature C 224

An engine and transmission oil for the synthesis of diacylbenzene-based
hydrocarbon oils, as well as a method that can be used as a hydraulic fluid in cold
climates, have also been developed. Currently, the oligomerization products of C,-Cg
olefins (propylene dimers, tri and tetramers, butylene amylene and hexene dimers) are
high-tonnage petrochemical products and have a wide range of applications: as
alkylating agents, as raw materials for detection, as raw materials for obtaining
polymerization regulators, high-performance additives to motor fuels, and so on. These
oligomers are often commercially produced by polymerizing C,-Cg olefins.
Polymerization is carried out in the presence of a catalyst. Phosphoric acid (or liquid)
precipitated on supports is used as a catalyst. Therefore, the world's leading countries
are looking for new catalytic systems for the oligomerization of olefins.

. The molecular weight of the reaction product is determined cryoscopically.

. The refractive index is determined by a refractometer.

. Separation of the light fraction is carried out in a vacuum device.

. The iodine number of products is determined by the Marochess method

. Hydrogenation of the oil fraction is carried out on a catalyst.

. The viscosity and viscosity index of oils are determined according to DUIST
33-66.

. The freezing point of oils is determined according to DUIST 20287-74.

8. The ignition temperature of oils is determined according to DUIST 433-78 in an

open type device.

9. The density of the products is determined by means of a pycnometer.

Oligomerization of olefins can be carried out in both gas and liquid phases. The
catalyst systems used for oligomerization can be either homogeneous or heterogeneous.
Catalyst systems used as catalysts include:

1. Compounds of variable valent metals (Ni, Co, Fe, Pt, Mo, Cr, W, Tr), rare-

earth elements,

2. alkali metals or their hydrates in various carriers;

3. metal oxides;

4. In the presence of BF3, TiCl, acids or various hydrocarbons and chlorine-

based solvents.

The oligomerization of olefins was first studied by dimerization of propylene. The
presence of organometallic complex catalysts based on dimerized nickel compounds has
been identified. These catalysts can also be obtained on the basis of combinations of
cobalt, titanium, vanadium, tungsten and individual hexenes of various structures. Later,
they developed catalytic systems for the dimerization of propylene to produce linear
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hexenes. 2-methylpentene, hexene, 2,3-dimethylbutene are formed as a result of
propylene dimerization under the influence of nickel oxide precipitated in
aluminosilicate in the liquid phase. This process produces small amounts of propylene
trimmer, 2,4-dimethylheptene and 4-methylloctene. Of practical interest is the
dimerization of propylene at the Olefins Institute, which is carried out at the pilot-
industrial level with the participation of alkali metals. This process was carried out in
two variants: in both liquid and gas phases [2].

The reaction is carried out at a temperature of 140-170°C and a pressure of 12.0-
18.0 MPa. The cooligomerization of various olefins in the presence of metal oxides as a
catalyst is of great interest. Because in this way you can get polymers with the desired
properties. This allows you to change the properties of the polymers obtained by this
method (while maintaining the same properties) in the desired direction. For example,
the co-oligomerization of ethylene with high levels of a-olefin (1-butene, 1-hexene,
etc.) results in products with a number of valuable qualities. The most important feature
in practice is the very high delivery resistance of these oligomers. Suoligomerization of
ethylene with 1-butene was carried out at the Olefins Institute with the participation of a
chromium oxide catalyst. The use of a chromium-nickel catalyst is even more important
here. The process of co-oligomerization of ethylene with 1-hexane in this catalyst was
carried out and studied.

With the destruction of ethylene-propylene soligomer, the production of
hydrocarbons of a certain structure is of great interest. This is due to the fact that the
process of colligerization of ethylene with propylene is very well studied, easily
regulated, and in practice it is possible to obtain a coligomer with a certain composition.
By breaking down such soligomers, unique hydrocarbon chains with a specific
composition and structure can be obtained. It should be noted that such hydrocarbon
chains have never been in oil and cannot be obtained by direct synthesis. When the
thermal destruction process is carried out in a vacuum, double processes are prevented
and the yield of the target product is increased. In addition, the production of synthetic
oils based on C,-C,4 a-olefins has been reported. The difficulty in using petroleum oils
here is that their consistency changes dramatically with temperature.

In the Arctic climate, ordinary oil freezes and rots at high temperatures. However,
both synthetic lubricants and viscous lubricants can be obtained by cracking small
olefins into high molecular weight polymers. It should be noted that viscosity a-olefin
detectors are often used today. For example, you can get detergents based on
polyethylene polyamines and their interactions, ie succinimide. For this purpose, low
molecular weight olefins are used as raw materials. In general, low molecular weight
olefins have been found to have different properties. For example, a genesis based on
ethylene-propylene elastomer is obtained. Diesel fuel is mainly detected by unsaturated
monomers of acrylic or methacrylic acid. The definition of viscosity and depressant is
also based on unsaturated carbohydrates. Polymers consist of 45-55% olefins or
unsaturated carboxylic acid esters. To date, a number of effective methods for the
production of fat components and detectors based on low molecular weight olefins have
been scientifically and technologically studied and directed synthesis methods have
been developed [5].

It is known that the highest quality synthetic oils are currently used in various
fields. The interest in obtaining synthetic oils, especially those with low freezing
temperatures, stems from their quality. In this case, the extraction of these oils is carried
out by oligomerization of ethylene in a certain ratio with hexane in the presence of a

WWW.ajcnews.org 8



CADIN=

D

catalyst. Parameters affecting the oligomerization reaction were studied. High-purity
ethylene and 1-hexene are used as raw materials in the process. The catalyst used was a
product of metallic aluminum reacting with isopropyl chloride and ethylene. Metal-
aluminum discs are used in the form of chips, tablets and powder. Isopropyl chloride is
used in pure form. The hexane-hexen fraction is brought from Sumgayit in special
cylinders in different proportions. In addition, a 3% alkaline solution is used to separate
the co-oligomerization product, and calcium chloride is used for drying.

Co-oligomerization of ethylene with 1-hexane was carried out in a 2-liter
autoclave with intermittent operation. The lidless autoclave is made of 1X18H9T
stainless steel and includes inlet and outlet for the mixer, pressure gauge, temperature
pocket, liquid and gas products.

Prior to the experiment, the disc-shaped metal is glued to the aluminum autoclave
mixer and the autoclave is carefully cleaned with ethylene to remove traces of moisture,
air and oxygen. Cleaning is carried out until the dew points at the inlet and outlet of the
conductors are equal. Using an electric oven, the autoclave is heated to 180-2000°C and
ethylene is released inside for 60-90 minutes. After cleaning, the sonar is cooled to
room temperature with a stream of ethylene. Exhaust ethylene is stored in a certain
container. First, the required amount of aluminum metal is fed to the autoclave (1)
mixer (2). The aluminum used for the experiment is imported from the Sumgayit
aluminum plant in the form of 98.5% purity (or powder). Then, while the mixer is
running, ethylene, solvent, chlorine compounds and 15 MPa dispensers are autoclaved
from a thermostated cylinder in a water bath. It is stored in an autoclave at the required
temperature using an electric oven. Once the temperature in the autoclave has stabilized,
the required pressure is created with the help of ethylene and a certain amount of 1-
hexane is fed in the autoclave. The onset of the reaction is determined by the decrease in
pressure in the autoclave at a constant temperature. The heat generated during the
reaction is removed from the walls of the autoclave using a water bath [4].

The process is stopped by adding 3% alkaline solution to the oligomerization
reactor. After the reactor has cooled to room temperature, the pressure is released with a
holder cooled to 100°C and the reactor is opened. Suoligomerization of ethylene with 1-
hexane is also carried out in a continuous apparatus. First, the required amount of
sawdust or metal-aluminum powder is placed in an autoclave (4), then autoclaved and
sealed with ethylene at 150-200°C for 1-2 hours. The autoclave is heated by an electric
oven. The mixture is then transferred from a 1-liter container to an autoclave with a
dosing pump at a temperature of 1 point. The mixture of 1-hexene and alkyl chloride is
automatically fed in an autoclave, ie according to the pressure regulator. The reaction
mixture is collected in a 5 N vessel, emptied, washed with distilled water according to
the neutral medium, dried in alugomel or molecular sieves, then lightly boiled and the
oil is hydrogenated.

Preliminary studies have shown that the product obtained by coligolating 1-
hexene in a catalytic system containing ethylene metal aluminum, isopropyl chloride
and ethylene has oil properties, ie the co-oligomer fraction has a low freezing point of
350°C (350-600°C) ( -30 -450°C). It also has a high flash point (210-220°C) with a high
viscosity index and a viscosity of 12-16.7 mm2 / s.

The effect of various parameters (temperature, ethylene content in the liquid
phase, isopropyl chloride content in the reaction zone and contact time) on the process
and properties of the obtained products was studied in the process of co-oligomerization
of ethylene with 1-hexane in an intermitter and on the properties of the products.
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It was found that as the amount of ethylene in the liquid phase increased, the
productivity of the fat fraction in the co-oligomeric product (boiling point above 3500 °©
C) increased and then decreased. In this case, the amount of butylene in the gas phase
increases. In our opinion, the fact that the amount of ethylene in the liquid phase is more
than 85% mol leads to deeper side reactions.

The effect of time on the taxonomization process of ethylene with 1-hexane was
studied between 15 and 240 minutes. It was found that the time dependence of the
reaction also affected the properties of the fat fractions. An increase in the reaction time
leads to an increase in the total product and the molecular weight of the co-oligomer
product also increases, but the viscosity-temperature properties of the fat fraction
decrease.

In our opinion, as the duration of the co-oligomerization reaction increases, the
high olefins formed in the process under the influence of the catalyst lead to the
formation of co-oligomer chains with higher molecular weights. Poor viscosity and
temperature properties of oils occur as a result of external reactions (cyclic and
isomerization).

When studying the effect of ethylene on the process of co-oligomerization with 1-
hexane at a temperature in the range of 80-150°C, it was found that the induction period
for the formation of the active catalytic complex is sharply reduced: from 120 minutes
to 3 minutes. However, the total productivity of oligomeric products and their fat
fractions increases. The kinematic curves of the taxation rate of ethylene with 1-hexane,
which characterizes the change in the activity of the catalytic complex, can be
conventionally divided into 3 cycles. Initial period: here the degree of co-
oligomerization reaches a maximum. Second period: the speed remains constant. Third
stage: here the speed of the co-oligomerization reaction is minimized. In addition, the
figure shows that at a relatively low temperature (100°C) the kinematic curve of the
taxomerization rate is very stable, which is not observed at high temperatures (150-
200°C) [6].

The velocity curve of high-temperature taxonomy decreases immediately when it
reaches its maximum and approaches the abscissa axis. This is due to the increase in the
acquisition and deactivation of active centers. In the initial period, the increase in the
reaction rate is associated with an increase in the concentration of active centers. After a
while, the rate of deactivation of active centers coincides with the rate of their
formation. During this period, the number of newly created and liquidated deactivation
centers is the same, ie the process is stationary. After a while, the rate of formation of
new active centers is less than the rate of deactivation of the centers, which means a
decrease in the overall reaction rate. Temperature changes during co-oligomerization
also affect the properties of fat fractions.

It has been determined that different degrees of fats can be obtained by coliglating
ethylene with 1-hexane. They can be used as industrial, compressor and vacuum oils. In
addition, it can be used to produce azo bases and white oils for all seasonal transport
oils. Various parameters affecting the properties of oils obtained in the process of joint
oligomerization were studied: temperature, contact time, concentration of isopropyl
chloride and the ratio of ethylene to 1-hexene, the effect of heat on the process of co-
oligomerization. The effect of temperature was studied in the range of 90-180°C. It was
found that increasing the temperature of the co-oligomerization process increased the
reaction rate (ie, the absorption of ethylene), but decreased the productivity of the fat
fraction.
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Since the catalytic complex is obtained by the interaction of metallic aluminum
isopropy! chloride and ethylene in the final reaction zone, the amount of isopropyl
chloride applied to the reaction zone has a significant effect on both the colligolization
process and the properties of the resulting oils. Studies were performed with isopropyl
chloride 1-hexene in the range of 0.3-5%. It was found that with increasing the amount
of isopropyl chloride applied to the reaction zone in 1 hexane, the productivity of the fat
fractions of the co-oligomerized product increased rapidly, and the increase in the
amount of isopropyl chloride in 1 hexane up to 2% did not affect the properties of the
obtained oils. However, when the IPX content is more than 2% per 1 hexane, it affects
the properties of the resulting oils and weakens the properties of the oils. This is due to
the parallel reactions that lead to the diversification of co-oligomerization chains.

The effect of contact time on the process of co-oligomerization. The contact time
(ie the time the product remains in the autoclave) is determined by the dosing pump
between 10 and 45 minutes. It has been studied that the productivity of the fat fractions
of the total product and the soligomer product increases with the increasing contact
time. However, over time, the viscosity of the resulting fats deteriorates, which is
associated with parallel reactions (isomerization and cyclization). Chromatographic
analysis of the obtained co-oligomers shows the presence of isopropyl chloride in the
reaction products, ie part of the isopropyl chloride applied to the reaction zone is not
used. Based on this, we can say that the increase in the contact time leads to an increase
in the amount of catalyst, provided that the amount of isopropyl chloride applied to the
reaction zone is the same, ie most of the isopropyl chloride is converted into a catalytic
complex.

RESULTS AND DISCUSSION

Co-oligomerization of ethylene with 1-hexane in the presence of a catalytic
system in an intermittent apparatus (Al + IPX + C,H,) was studied. In this catalyst, the
co-oligomerization of ethylene with 1-hexane is rapid and an oil-type oligomer is
obtained.

The effect of various parameters (temperature, reaction time, amount of IPX in the
reaction zone and the amount of ethylene in the liquid phase) on the process and the
characteristics of the fat fraction was studied, optimal conditions for the synthesis of a
good oil base were determined.

Oils obtained by co-oligomerization of ethylene with hexene on the studied
catalysts can be used as bases for synthetic oils. The process of taxation of ethylene on a
catalyst with 1-hexane was studied in a continuous device. The catalyst was obtained by
the reaction of metallic aluminum with isopropyl chloride and ethylene in the reaction
zone.

The reactivity ratios, monomer bulk concentration ratio, and homopolymerization
kinetic constants ratio all impact the co-polymerization equation derived from this
complexation model (KX). This is in contrast to the traditional copolymerization
equation, which is only based on reactivity ratios and monomer concentration ratios and
is obtained by a first order Markov mechanism.

An experimental setup for ethylene homo- and copolymerizations at high
temperatures has been presented. At isothermal and isobaric conditions with highly
active and fast deactivating catalysts in solution homo- and co-polymerizations of
ethylene with 1-octene, polymerization rate profiles could be calculated only a few
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seconds after catalyst injection. For both homo and co-polymerization, the experimental
findings are reliable and repeatable. Although the obtained polymerization rates are
exceptionally high, mass transfer limitations cannot be ruled out. The behavior of co-
polymerizations was found to be lower. For defining the reaction rate, a 2nd order
deactivation model was suggested, which only includes two parameters, a lumped
deactivation model. With the optimized kinetic constants, the obtained
copolymerization equation will explain the integrated co-monomer weight fractions.
With almost identical Kkinetic constants, this model also explains ethylene homo-
polymerizations. The optimized kinetic constants tend to be a good match for the
experimental results.

The influence of various factors on the process (temperature, reaction time,
amount of IPX in the reaction zone, contact time and comonomer ratio) was studied,
optimal conditions for obtaining oils of different viscosities were determined. Rational
conditions for the use of these oils have been established. The resulting oils have been
shown to be used as medicinal and aromatic oils. The resulting white oils meet the
requirements of WHO due to their properties and sometimes even exceed them.

CONCLUSION

In conclusion, In this case, the layers become stronger due to the increase in the
interactions between the particles of the dispersion medium, and the hydrodynamic
friction region between the surfaces of the triboses increases.

Preliminary studies have shown that the product obtained by coligolating 1-
hexene in a catalytic system containing ethylene metal aluminum, isopropyl chloride
and ethylene has oil properties, ie the co-oligomer fraction has a low freezing point of
350°C (350-600°C) ( -30 -450°C). It also has a high flash point (210-220°C) with a high
viscosity index and a viscosity of 12-16.7 mm2 /s

The effect of various parameters (temperature, reaction time, amount of IPX
(isopropyl chloride) in the reaction zone and ethylene in the liquid phase) on the process
and the characteristics of the fat fraction was studied, optimal conditions for the
synthesis of a good oil base were determined. When studying the effect of temperature
on the process of so oligomerization of ethylene with 1-hexane in the range of 80-
150°C, it was found that the induction period for the formation of the active catalytic
complex decreases sharply: from 120 minutes to 3 minutes. However, there is an
increase in the total yield of oligomeric products and their fat fractions. It was
determined that the optimal temperature for the production of oils with viscosity-
temperature properties is 100-120°C. Above this temperature, the properties and quality
of the oil deteriorate. At temperatures of 80°C and below, so oligomerization reactions
proceed very slowly
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MOJYYEHUE MACEJ C HU3KOU TEMIIEPATYPOM
3AMEP3AHUS U TEKCEHA-1

A.N.Behbudlu, S.A Mamedkhanova
Azerbaijan State Oil and Industry University
agamir_678@mail.ru

B cmamve paccmompenvr cnocobvl npucomoenenus macen ¢ HU3KOU memMnepamypou
3amep3anusl. IMuieH-2eKCeHOGble MACAA WUPOKO HNPUMEHAIOMCA 6 HNPOMBIUIEHHOCHU 6
Kayecmee KOMAPECCOPHBIX , BAKYYMHBIX U Op MAcell, maK KaK 001a0aiom 6blCOKUMU B53KOCMHO-
memnepamypHoiMu  ceoticmeamu. H3zyuanace coonucomepusayus smunena c¢ 2exceHom-1 6
NPUCYMcmeuy  Kamaiumudeckou cucmemvl 6 annapame NepuooudecKozo  Oelcmeus
(Al+UTIX+CoHy). Dmom kamanuzamop yckopsiem npoyecc COONUSOMEPU3AYUU IMULEHA C
eexcenom-1 u nonyyaemcs onucomep dicupnoeo muna. HM3yueno GuuAHUE PA3TUYHBIX
napamempos (memnepamypbi, epemenu peakyuu, koruvecmea UIIX (uzonponunxiopuoa) 6 3omne
peakyuu u KOIuvecmeo >muieHd 6 JHUOKol pase) Ha npoyecc u @PpakyuoHHvle CE0UCMEd
macen, onpeoeieHbl ONMUMANbHblE YCI08Us CUHmMe3a Xopouleti Macianou oaswvl. [lpu uzyuenuu
GIUAHUS MEMNEPAmypbl HA NPOYECC COONUSOMEPUAYUU IMUNEHA C 2eKceHoM-1 ¢ unmepesane
80-150°C  ycmanosneno  ,umo  UHOYKYUOHHBLL  nNepuod  00pA308aHUsL  AKMUBHO2O
Kamaaumu4ecko2o KOMNJIeKca cokpawjaemcs ¢ pe3kou ckopocmoio: om 120 oo 3 munym. Ho,
HecMomps Ha 5mo, HaOIoaemcsi 0OWuUll 8bIX00 OAUSOMEPHLIX NPOOYKMO8 U YEeluyeHuUe
HCUPHBIX paKkyull 6 ux cocmage. Ycmawoenieno, umMo ONMuMAanbHAas memnepamypa O
nONyueHus Macen, 001a0aoWUx GA3K0CMHO-MemMnepamypusimu ceoticmeamu, cocmagisem 100-
1200°C. Bwiwe smou memnepamypsl ceolicmea u Kasecmeo macei ociabesarom. Ilpu
memnepamype 800°C u Hudwce peakyuu coOnUOMePU3AYUU NPOMEKAIOM C 04eHb HeOOTbULOL
ckopocmbio. Ilo mepe yeenuuenusi cooepacanus UIIX, epems obpazosanus Kamaiumuuecko2o
KOMAIEKca pe3Ko YMEHbUAemcs, CKOpoCmb peakyuu U o0wutl  8b1X00 COo-0auecomepa
VeeaUUUBaomces,,moibko  @vixo0  MIIX  npu  pacueme wa I 2 6  muHymy
ymenvuwaemcs. Yeenuvenue xonuvecmea MIIX 6 3ome peaxyuu oo 10 o/n npakmuyecku He
enusiem Ha ceolicmea gpaxyuii macen.Ho npu codepocanuu 6 sone peakyuu UIIX obonee 10 e/n
OmpUYamenvHo CcKazvleaemcs Ha ceolicmeax Gpakyuii macen. Taxum obpazom, Owiiu
onpeoenenbl payuoHaabHble YCA0GUA NPUMEHEHUS MACe. Y CMAHOBIEH0, Yo NOJYYEHHbIE MACAA
MO2Ym NPUMEHAMbC 8 Kayecmee MeOUYuHcKux u napgromephuix macen.llonyuennvie 6envie
macaa no ceoum ceovicmaam yoosnemeopsiom mpeoosanuam I'OCT, a unoeda u npesocxoosm
ezo.

Knwouesvie cnoga: smunen u eexcen-I, cmaszoumvie mamepuanvl, mpaouyuoHHvle Memoobi,
UHOEKC 6A3KOCMU, MACAA C HUZKOU MeMnepamypoul 3amMep3anus, MaciaHvle ppakyuu.
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ETELEN VO HEKSEN-1 OSASINDA ASAGI DONMA TEMPERATURLU
YAGLARIN ALINMASI

A.N.Behbudlu, S.A Mamedkhanova
Azerbaijan State Oil and Industry University
agamir_678@mail.ru

Mbaqalada asagi donma temperaturlu yaglarin hazirlanmast iisullari arasdrimisdir. Etilen-
heksen yaglart yiiksak ozliiliik-temperatur xiisusiyyatlorina malik olduqlart iiciin , sanayedo
kompressor, vakuum va s. yaglar kimi istifads edilo bilar. Fasiloli isloyan aparatda (Al + IPX +
C,Hy) bir katalitik sistem istirak ilo etilenin 1-heksenlo sooligomerizasiyast dyranilmisdir. Bu
katalizator etilenin 1-heksenlo ko-oliqomerlogsmasi prosesini siiratlondirir va yag tipli bir
oligomer alimir. Miixtolif parametriorin (temperatur, reaksiya miiddati, reaksiya zonasindaki
IPX(izopropil xlorid) migdart vo maye fazada etilenmum migdary) prosesa vo yag fraksiya
xtisusiyyatlorina tasiri Oyronilmig, yaxst yag bazasimin sintezi iigiin optimal sartlor miiayyan
edilmisdir. Etilenin 1-heksenla sooliqomerlasma prosesina temperaturun 80-150°C intervalinda
tosiri Gyronildiyi zaman miiayyon edilmisdir ki, aktiv katalitik kompleksin amala galmasinin
induksiya dévrii kaskin siiratda azalir: 120 dagigadan 3 daqigaya gadar. Amma ona baxmayaraq
oligomer mahsullarinin timumi ¢iximi va onlarin tarkibinda yag fraksiyalarin artmasi miisahida
edilir. Miiayyon olunmusdur ki, ozliiliik-temperatur xassalorine malik olan yaglarin alinmasi
ligtin optimal temperatur 100-120°C-dir. Bu temperaturdan yuxar: yagin xassalari va keyfiyyati
25iflagir. 80°C temperaturda va ondan asagi temperaturlarda sooligomerlasma reaksiyalari ¢ox
az siiratlo gedir. IPX-nin torkibi artdigca katalitik kompleksin amala galma miiddati Kaskin
siiratda azalir, reaksiyanin siirati Va sooligomerin iimumi ¢iximi artir,yalniz daqigada 1q IPX-2
gora ¢ixim azalir.Reaksiya zonasinda IPX-nin migdarimn 10g/l gadar artmast praktiki olaraq
yag fraksiyalarimn xassalaring tasir gostarmir.Lakin IPX-in reaksiya zonasinda 10 q/I-don cox
oldugda yag fraksiyalarmin xassalarine monfi tasir gostorir. Belaliklo yaglarin tatbiqi iiciin
rasional saraitlor miiayyan edilmigdir.Miiayyan edilmisdir ki, alinan yaglar tibbi va parfiimer
yaglar kimi tatbiq oluna bilarlor.Alinan ag yaglar oz xassalarina gora QOST-un talabatiarim
odayir Vo bazon tistiin olurlar.

Acar sozlar: Etilen vo heksen-1, siirtkii yaglari, ananavi metodlar, ozliiliik indeksi, asagi donma
temperaturlu yaglar, yag fraksiyalari.
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CHANGE DYNAMICS OF KINEMATIC VISCOSITY AND DENSITY OF
TRANSMISSION OILS IN KAMAZ VEHICLES UNDER OPERATION
CONDITION

N.T. Aliyeva, N.N. Aliyev
Azerbaijan State Oil and Industrial University
narmina.aliyeva@sabah.edu.az

The article presents a comparative study of the dynamics of changes in the density and
kinematic viscosity of TCn-15K of regenerated transmission oil in the transmission units of
KAMAZ vehicles under operation condition in commodity and production. The results of the
research show that the dynamics of changes in the density of transmission oil during operation
is characterized by an increase in density from 0 km to 21000 km as a result of the
accumulation of edible products and insoluble impurities in the oil. The dynamics of change of
kinematic viscosity is characterized during the initial operation period. The decrease in
viscosity begins at 6,000 km, and the increase in viscosity begins at 45,000 km.

Keywords: transmission oil, transmission units, a KAMAZ car, density, kinematic viscosity.

INTRODUCTION

When transmission oils are used in transmission units, they must be replaced with
new ones when the maximum value is reached. The longevity of transmission details
depends on the timely change of oils. Delayed replacement of oil after loss of its
properties leads to a decrease in “coefficient of performance” and high erosion of
components of transmission mechanisms. To do this, it is necessary to know the
dynamics of changes in the basic physicochemical and operational parameters of
transmission oils. One of the important properties influencing the quality of oils is
density and kinematic viscosity [4-8].

The quality of transmission oils is controlled by various methods performed on
simple laboratory devices and the most advanced equipment. Today, all test methods for
transmission oils are divided into two groups: physicochemical and operational.
Physicochemical characteristics determine the physical and chemical condition of oils,
and the ability of oils to control the reliable operation of mechanisms under
continuously changing complex conditions refers to their operational properties.
Determination of kinematic viscosity, which is one of the most important performance
properties of oil quality, is traditionally related to physicochemical methods [1].

The kinematic viscosity of transmission oils characterizes the energy losses in the
operating transmission unit, determines the bearing capacity of the oil wedge under
sliding friction conditions. Viscosity has a significant effect on the cost of power loss. It
has been found [9-10] that energy losses in automotive transmission units can reach up
to 80% of the power generated by the engine. In this regard, the study of the dynamics
of changes in the kinematic viscosity of transmission oils which are used in the
transmission units of cars in real operating conditions is an important issue for the
economy of different companies [2] .
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EXPERIMENTAL PART

In order to determine the change in the kinematic viscosity of medium-span TCm-
15K transmission oils, studies are being conducted in the real operation of KAMAZ
vehicles.

The transmission oils were tested in accordance with the developed operational
research program. A sample of the transmission oil was taken from the transmission
units, namely from the middle bridges of KAMAZ cars, for analysis, using the
transmission oil at certain times and intervals, and then the same amount of fresh oil
was added.

Preparation and sampling of test transmission oil should be carried out directly at
the workplace. Samples are taken at the end of the work shift, when the oil temperature
is in the range of 40-60°C. Transmission oils have a minimum kinematic viscosity at the
time of sampling at high temperatures. This situation allows us to claim that all the rain
is in a mixed state of density and proportion. Sampling should be used for bridge
crankcase holes where filter plugs are located.

All samples were analyzed according to the available indicators and the results
were averaged [3].

Determination of Kinematic viscosity is carried out at a temperature of 100°C in
viscometers type “BITXK-2” and “BITX-4" with internal circular and cutter 0.99 and
1.47, respectively “DUIST” 33-2000. The flow time of transmission oils from the
viscometer was measured as the interval between the moments of oil passage marked on
the upper and lower ends of the mechanical stopwatch connected viscometers.

The density of transmission oils was determined using a hydrometer AHT-2 at a
temperature of 20°C, with a measuring range of 830-910 kg/m?* and 910-990 kg/m?,
respectively. The flask has a thermometer at the bottom to control the oil temperature
and a density scale in the glass tube at the top. To perform the analysis, the test
transmission oil is poured into a tall glass cylinder, after which a dry clean hydrometer
is immersed in it so that it does not touch the walls of the cylinder. After the hydrometer
is moved, the temperature of the oil is measured and the density scale on the lower edge
of the meniscus is measured.

RESULTS AND DISCUSSION

The tests were evaluated and determined: during the study, the kinematic viscosity
of TCn-15K transmission oil on the middle bridge of KAMAZ decreased from 14.4
mm?/sec to 13.3 mm?*/sec at 15000 km, increased from 14.4 mm?/sec to 14.6 mm?/sec at
51000 km (fig 1). A decrease in the development of kinematic viscosity is observed at
6,000 km, and an increase at 21,000 km.

In order to detect the dynamics of changes in the density of transmission oils
during operation, as well as to conduct comparative tests of the initial TCn-15K and
regenerated oil, research was conducted on two groups of KAMAZ vehicles of different
modifications. The first group includes cars running on primary TCn-15K oil. The
second group of vehicles used regenerated transmission oils due to their performance
characteristics. Based on the results of studies on the determination of the density of
samples of transmission oils in the gearbox, middle and rear axles, graphs of the
dependence of the change in density on the transmission units on the mileage of
vehicles were constructed (fig. 2-4).
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Fig. 1. Change of kinematic viscosity of transmission oil in the middle bridge of
KAMAZ car.
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Fig. 2. Change of kinematic viscosity of transmission oil in the middle bridge of
KAMAZ car.
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Fig. 3. Dependence of the change of density of transmission oils on the middle bridge of
KamAZ cars on the mileage S: staff, regenerated oil 891 891.35 891.7 892.05 892.4
892.75 893.1 893.45 893.8 0 36 9 12 15 18 21 24 27 30 33 36 39 42 45 48 51 S, ext.
km. 890.5 891.5 892.5 893.5 894.5 895.5 896.5 897.5 898.5 03 6 9 12 15 18 21 24 27
30 3336 39 42 45 48 51 S, thousand km. p, 84 kg/m?.

17 ISSN: 2663-7006



£zi11920 | Azarbaycan

N =1L
1

D

p. kg/m’

44 5 . | — —
Ba7 5 =
RBUED e A e

LR al -
s Pl L. | ,,
B335 4 N FE——— .
8315 1
BILh
BI0S = o= = - L. thousand. lom

0 b 12 16 i 0 36 il 48 54

Fig. 4. Dependence of the change of density of transmission oils p on the rear axle of
KAMAZ cars on the mileage S, staff, regenerated oil.

The results obtained are averaged. As a result of the research, it was determined
that the average density of the state TCm-15K transmission oil increased from 891 kg/m?
to 893.6 kg/m? during the 51000 km mileage during the research in the gearbox. The
average value of the regenerated oil density in the gearbox increased from 891 kg/m? to
893.5 kg/m?® during the 51,000 km. The average density of TCn-15K oil in the middle
bridge increased from 891 kg/m* to 898 kg/m* at the end of the study. The average
density of regenerated transmission oil increased from 891 kg/m? to 897.6 kg/m® on a
51000 km run on the middle bridge. The average density of TCu-15K oil in the rear axle
increased from 891 kg/m? to 895.5 kg/m?® during the study with a mileage of 51,000 km.
At the end of the study, the average density value in the regenerated transmission oil
increased from 891 kg/m? to 895.2 kg/m>.

CONCLUSION

1. The dynamics of changes in the kinematic viscosity of TCn-15K transmission oil is
characterized by a subsequent increase and a decrease during the initial operation. A
significant decrease in viscosity is observed during the 6000 km run. The increase in
viscosity to the level of fresh oil corresponds to a mileage of 45,000 km.

2. The dynamics of change of density of transmission oils in all transmission units of
KAMAZ cars is practically the same. Intensive increases in mileage from 0 km to
21000 km occur as a result of the accumulation of corrosive products (iron, chromium,
nickel) and insoluble impurities in the transmission oils during the current operating
period. Comparative studies of transmission oils have shown that the state corresponds
to TCn-15K oil in terms of the quality of the regenerated oil.
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JIAHAMMKA U3BMEHEHUSI KHHEMATUYECKOM BA3KOCTH U
INIOTHOCTH TPAHCMHUCCHOHHBIX MACEJI B YCJIOBHSIX
IKCIIVIYATAIIUU ABTOMOBUJIEN KAMA3

H.T Anuesa, HH. Anmues

Aszepbatioscanckuti I'ocyoapcmeennviii Ynusepcumem Hegpmu u Ilpomviuinennocmu
narmina.aliyeva@sabah.edu.az

B cmamve npedcmasnenvl cpagHumenvHvle UCCIEO008AHUS U PACCMOMPEHA OUHAMUKA
U3BMEHeHUs. NIOMHOCMU U KUHEeMAMU4eCKOU GA3KOCU MOBAPHO20 MPAHCMUCCUOHHO20 MACAA
TCn-15K u 6occmano61eHH020, NO  IKCHAYAMAYUOHHBIM — CBOLICMEAM, 6 dazpe2amax
mpaucmuccuu  agmomoounen KAMA3 6 ycrnosusx npousgo0CmMEeHHOU IKCHIYAmAayuu.
Pesynomamst  uccedosanuii  nokasanu,  4mo  OUHAMUKA — USMEHEHUs  NJIOMHOCMU
MPAHCMUCCUOHHO20 MACAA 8 NEpuod IKCHIYAMmayuu Xapakmepu3yemcs yeeiudeHuem
nromuocmu om 0 kmoo 21000 km npobeza 6 pesynrbmame HAKONICHUU 8 MACLE NPOOYKIMOS
U3HOCA U HEpacmeopumvlx npumecei. A OUHAMUKA USMEHEHUs KUHeMAmuiecKou 6A3KOCMmu
Xapaxkmepuzyemcs 8 HaydalbHblll nepuod sxcnayamayuy. CHudiCeHue 6a3K0Cmu Hacmynaem npu
npobeze 6 6000 km, a yseauuenue ssizkocmu npu npooeze 45000 k.

Knrouegnvle cnosa: mpancmuccuonnoe macio, azpeeamsl mpancmuccuu, asmomoounu KAMA3,
NJIOMHOCMb, KUHEMAMUYECKas 53KOCHb.
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KAMAZ AVTOMOBILLORINDO ISTISMAR SORAITINDO TRANSMISSiYA
YAGLARININ KiINEMATIK OZLULUYUNUN VO SIXLIGININ DOYiSMo
DINAMIKASI

N.T. Oliyeva, N.N. Oliyev
Azarbaycan Doviat Neft va Sonaye Universiteti
narmina.aliyeva@sabah.edu.az

Moagalado amtao Vo istehsalatda istismar soraitinde KAMAZ avtomobillarinin transmissiya
aqreqatlarinda istismar xassalarinag gora borpa edilmis transmissiya yaginin TCn-15K sixlhiginin
Vo kinematik ozliliiyiiniin dayisma dinamikasimin miiqayisali todqiqi gostorilmis va nazardan
kegirilmisdir. Todqiqatlarin naticolori gostorir ki, istismar dévriinda transmissiya yaginin
sixligimin dayismoa dinamikast yagda yeyilma mahsullar: va hall olmayan garisiglarin toplanmast
naticasinda 0 km-don 21000 km-2 Qodor yiiriisda sixligin yiiksalmasi ilo xarakteriza olunur.
Kinematik ozliiliiyiin dayisma dinamikast isa baslangic istismar dovriinda xarakterizo olunur.
Ozliilityiin azalmast 6000 km yiiriisda, ozliiliiyiin yiiksalmasi isa 45000 km yiiriis zamant
baslayir.

Acar sozlor: transmissiya yagi, transmissiya aqreqatlari, KAMAZ avtomobili, sixliq, kinematik
ozliiliik.
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SYNTHESIS, PROPERTIES AND USING OF RHENIUM COMPLEXES
WITH NICOTINIC ACID AMIDE

N. T. Gadjiyeva, M. M. Aghahuseynova, F.D.Gudratova
Azerbaijan State Oil and Industry University
nargizqva9898@gmail.com

Methods for the synthesis of coordination compounds Re (V) with one of the well-known
bioligands, nicotinic acid amide have been developed. The composition and structure of the
complexes isolated in the crystalline state were established on the basis of a set of data from
elemental analysis, IR and electronic spectroscopic methods, thermography, and molar
electrical conductivity. According to the results of the studies, the monodentate coordination of
nicotinic acid amide through the nitrogen atom of the heterocycle was established. The
binuclear structure of the rhenium complex has been proved. EAS data and measurements of
molar electrical conductivity indicate that the interaction of rhenium complexes with
nicotinamide in polar solvents is accompanied by the exchange of acidoligands for donor
solvent molecules.The synthesized rhenium complexes were investigated in the experiment along
with known antioxidants and immunocorrectors in order to prevent the effects of nitrogen
oxides and silicon dioxide on the respiratory organs. It has been found that they largely prevent
these organs from the damaging effects of toxic gases and dust.It is suggested that the
mechanism of action of rhenium complexes on a living cell differs from the action of known
antioxidants and immunocorrectors, which occupy the first rank places. Experimental data have
confirmed that rhenium complex compounds are not antioxidants and, moreover, are not toxic
to living organisms.

Keywords: rhenium complexes, nicotinic acid amide, IR spectra, electronic absorption spectra,
molar electrical conductivity, binuclear complex, medical aspect of use.

INTRODUCTION

Studies of rhenium compounds make it possible, in addition to the already known
fields of application of complexes of this metal - metallurgy, electronics, catalysis, to
find new ones. For example, as substances with biological activity [1-3].

The coordination chemistry of rhenium has undergone significant development in

recent years, driven largely by interest in the creation of radiopharmaceuticals. In this
case, the radiotherapy drug can be delivered directly to a large organ of the patient using
specific molecular carriers, i.e. in the form of coordination compounds with a certain
type of ligands [3-5].
Another main area of consumption of rhenium is the production of catalysts for the
petrochemical industry [6], as well as the production of filters-neutralizers for exhaust
gases of cars. Rhenium-promoted catalysts are widely used in various technological
processes [5-9].

Despite the increased interest in the chemistry of rhenium, much in the chemistry
of rhenium remains unexplored; the regularities in the change in the physicochemical
properties of their compounds, depending on the nature of the ligands, have not yet been
established.

Against the background of research in the field of complex compounds of
rhenium with S- and P-containing ligands, there is a certain gap in the study of their
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compounds in high oxidation states with N-containing ligands. This circumstance
played a significant role in the formulation of this study.

All this necessitates the search for new, convenient and targeted methods for the
synthesis of Re (5) complexes with a nitrogen-containing ligand - nicotinic acid amide.
The interest in this ligand is due to its broad practical research in medicine and
interesting donor potential.

The aim of this work is to develop an effective method and optimal synthesis
conditions, to study the process of complexation between rhenium halides and
nicotinamide, to study the structure and composition of the complexes, to establish the
nature of the chemical bond and the type of coordination of the ligand.

EXPERIMENTAL PART

Synthesis of complex compound Re (V) with nicotinamide.

In a two-necked flask was placed 0.83 g (1-10°mol) trans- [ReO(PhsP)Cls], then
0.294 g (2.5:10° mol) NAA (ratio 1: 2.5) and added 80 ml of a mixture of IPA: benzene
= 3: 1. The synthesis was carried out in an inert atmosphere (Ar) at the boiling point of
the solvent (about 720 C) for 1.5 h. After 4-5 hours, shiny crimson crystals precipitated
from the cooled dark brown solution. They were filtered off and washed several times
with IPA and ether. The resulting substance is soluble in acetone, acetonitrile, DMSO,
DMF, chloroform, but practically insoluble in water.

Found,%: Re 27.24; C 43.78; H 3.31; N 3.70.
For R92C43H4205N4C|4P2
Calculated,%: Re 27.99; C 43.23; H 3.16; N 4.21.

Chemical analysis was carried out on a Carlo Erba - 11 - 08 device. The

determination of the mass fraction of rhenium in the obtained compounds was carried
out by the gravimetric method in the form of nitrone perrhenate. IR spectra in the range
4000-400 cm™ were recorded in potassium bromide tablets on a BRUKER IFS-85
Fourier spectrometer. Electronic absorption spectra of solutions of the complexes in
various solvents were obtained on Specor d UV VIS spectrophotometers, Germany. The
thermogravimetric analysis of the obtained complexes was studied on a 9900 analyzer
(DuPont). The weighed portions of the complexes were 5.0-15.0 mg.
The molar conductivity of the complex solutions was measured in a closed cell and an
EC-08 AC bridge was used at a frequency of 1x104 Hz. The accuracy of maintaining
the temperature was ~ 0.10 C. The electrical conductivity of the solutions of the
complexes was determined by the conductometric method on a device consisting of a
G3-111 generator, a zero indicator F 582 of an AC bridge R 5021.

RESULTS AND DISCUSSION

Nicotinic acid amide is certainly a very interesting ligand. It is interesting in that it
contains three donor atoms and is able to participate in complexation reactions with
various metals. Moreover, nicotinamide and its derivatives are widely used in medicine.
The complexation of rhenium (V) with NAA has not been previously studied.
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Analysis of the IR spectra data for the synthesized Re (V) complex with NAA, as well
as the starting materials, suggests the monodentate coordination of NAA and the
dimeric structure of the complex (table 1)

The amide of nicotinic acid has three competing donor atoms: oxygen of the

carbonyl group, nitrogen of the amide group, and nitrogen of the heterocycle.
It is known from the literature that amides of pyridinecarboxylic acids (with the
exception of picolinic acid amide) do not exhibit a tendency to coordinate through the
nitrogen atom of the amide group [2]. The presence of two other donor atoms in the
NAA molecule suggests the possibility of both monodentate and bidentate coordination
[3]. The absorption band "amide I" corresponds to a complex vibration, the main
contribution to which is made by bending vibrations of the amino group and vibrations
of the pyridine ring. In the complex, this band is split into two components: one
remained practically unchanged at a frequency of 1680 cm™ (as in the spectrum of a
free ligand), while the other shifted to a longer wavelength region up to 1650 cm™.
According to [4], such a splitting may be due to the non-equal value of the carbonyl
groups of the two ligands due to the mutual influence of cis-located nicotinamide
molecules and the possible formation of intramolecular hydrogen bonds. The absorption
band related to the deformation vibrations of the NH, - group at 1620 cm™ does not
undergo changes in the spectrum of the complex, which allows us to assume the
absence of coordination of nicotinamide with respect to the carbonyl oxygen or nitrogen
of the amino group. The splitting of the absorption band at 1030 cm™, which is
responsible for the vibrations of the heterocyclic ring of the free ligand, into two
components, 1050 cm™and 1020 cm™ in the spectrum of the complex, indicates the
coordination of NAA to the central rhenium atom through the nitrogen atom of the
heterocycle [5].

In the range of 680-750 cm™in the spectrum of the complex compound, absorption
bands corresponding to vibrations of the Re-O-Re bond appear. However, oscillations
of the Re-P bond occur in the same region, therefore, it is not possible to make clear
assignments of the spectrum in this region. The absorption band at 969 cmin the IR
spectrum related to v (Re = O), in a complex with nicotinamide, shifts to a longer
wavelength region (925 cm™). Such a low value of v (Re = O) was observed in dimers
containing linear groups O =Re - O - Re = 0.

Table 1.
Characteristic IR frequencies of NAA and complex
Compound v(C=0)(cM™) | o (NHp)(em™) | v(rings) (em™) | v(Re=0)
«amide I» «amide II» (em™)
NAA 1680 1620 1030 969
[Re;,05(NAA),(PhsP),Cly] | 1680, 1650 1620 1050,1020 925

The study of the EAS of the complex compound in various solvents showed that
the spectral picture in the visible region changes with time. For the study, we used
solutions of the complex in such solvents as dimethylformamide, acetonitrile, and
chloroform. The concentration of solutions is C = 2.07-3.21 mol / I. It was found that
the spectral picture in the visible region changes with time. Moreover, the rate of change
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depends on the nature of the solvent: the more donor the solvent is, the greater the rate
of change. Thus, in DMF, the spectrum recorded immediately after the dissolution of
the complex gives three distinct maxima (13500, 17880, and 29160 cm™), a shoulder
(23000 cm™) in the visible region and a maximum at 38260 cm™ in the UV region
(acetonitrile). The position of the last two maxima does not change with time, and the
band at 17880 cm™ in the visible region completely disappears within 6 hours. In
acetonitrile, this phenomenon was observed after two days, and in chloroform, no
changes in the spectral picture occurred. According to the literature data, the absorption
bands at 13500 cm™ and 17880 cm™ can be attributed to oxychloride complexes of
rhenium (V). The presence of a band at 23000 cm™ may also testify in favor of the
dimeric structure of the obtained complex. The disappearance of the band at 17880 cm™
with time can be explained by the replacement of the acidoligand with donor solvent
molecules, the interaction with which does not appear in this spectral region. The
retention of the unchanged bands characterizing the chromophore system of
nicotinamide (29160 and 38260 cm™) indicates that nicotinamide is more strongly
bound in the complex than chloride ion (fig.1). The interaction of the
[Re203(NAA),(PhsP),Cls] complex with polar solvents is confirmed by the data on the
measurement of electrical conductivity in various solvents.

In DMF, when the concentration of the complex solution is C = 1-10°mol, the
molar conductivity changes with time. After dissolution of the sample of the complex,
the molar conductivity values corresponded to the non-electrolytic type of compounds
(25,000 m™ cm? - mol™), and then gradually increases and after 1 hour reaches a value
corresponding to the electrolyte 1: 1 (65,10 0Om™ - cm?® - mol™). In the future, the growth
of the values of molar electrical conductivity slows down. After 4 hours, it reached a
value of 80.05 Om™ - cm? - mol™. Measurements a day after the beginning of the
experiment showed that stabilization occurred and the values of molar electrical
conductivity did not go beyond (65-90 Om™ - cm? - mol™) values corresponding to a 1: 1
type electrolyte (83.76 Om™ - cm? - mol™).

36000 20000 4000 v.em!

Fig. 1. EAS of [Re,O3(NAA),(PhsP),Cl4] solution in DMF: immediately after preparation - (1),
after 6 (2) and 18 hours (3) at C =6 - 10™mol / |.

In acetone, the value corresponding to the indicated type of electrolyte (103.00

om™ - cm? - mol™) was reached after two days, and in chloroform the molar conductivity
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practically did not change over time and remained at the level of values for non-
electrolyte (2.83 0Om™ - cm? - mol™).

When the concentration of the complex compound C = 1-10*mol / | in DMF, 0.5
hours after dissolution, the molar conductivity has values of 220.67-255.56 Om™ - cm? -
mol™, which corresponds to the values electrolyte type 4: 1. Dilution of the solution by
a factor of 10 probably accelerates the exchange of acidoligands of the [Re;O3(NAA),
(Ph3P),ClsJcomplex with donor solvent molecules (table 2).

The above data make it possible to assume the binuclear structure of the resulting
compound-rhenium (V) complex with nicotinic acid amine.

Table 2
The values of the molar conductivity of the complex
[REQOg(NAA)z(Ph3P)2C|4] in DMF

Indicators Time, T, min
Molar 2 5 10 20 30 45 60 | 120 | 180 | 24
electrical 0
conductivity,
u, Om™ - cm?

mol™ at
concentration
of complex
compound C, | 25,00 29,10 | 33,70 | 44,50 |52,20 (61,70 | 66,6 | 75,8 | 79,0 80,05
mol /I: 220,6 | 240,05/ 248,63 255,56/ 311,2 (316,4 |0 0 0 -

7 6 3 - - -

1-10°
1-10*

An increase in the electrical conductivity and a change in the EAS of acetonitrile,
acetone, and dimethylformamide solutions of the complex are likely due to the
displacement of acidoligands (in our case, Cl ) by polar solvent molecules from the
inner sphere of the neutral complex compound.

Thermal analysis of the complex showed the stability of the sample in an inert
atmosphere of dry argon up to 186 °C. After that, the decomposition of the organic part
of the complex begins with the formation (at a temperature of about 600 °C) of X-ray
amorphous rhenium nitride, which is a black shiny crystalline powder. It should be
noted the chemical inertness of this compound, namely resistance to the action of
organic substances, water and mineral acids.

CONCLUSION

Methods for synthesis of rhenium (V) complex compounds with nicotinic acid
amide were developed. The composition and structure of the synthesized compounds
were established on the basis of a set of elemental analysis data and various
physicochemical methods: IR spectroscopy, EAS, thermogravimetric, molar electrical
conductivity.
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The monodentant coordination of nicotinic acid amide through the nitrogen atom
of the heterocycle was established. The binuclear structure of the rhenium (V) complex
with nicotinic acid amide was proved. EAS data and measurements of molar electrical
conductivity show that the interaction of rhenium (V) complexes with nicotinic acid
amide in polar solvents leads to the exchange of acidoligands for donor solvent
molecules.

The use of the synthesized complex compounds of rhenium in medical practice
revealed the absence of toxicity for living organisms and a positive effect to prevent the
action of toxic gases and dust.
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CHUHTE3, CBOMCTBA Y UCITOJIb30BAHUE KOMILJIEKCOB PEHUSI C
AMWJIOM HUKOTHHOBOM KHACJIOTHI

H.T.I'aoscuesa, M.M.Azeacyceunosa, ®@./1.1'yopamosa
Asepbaiiocanckas I'ocyoapcmeennas Hegpmanas Axademus
nargizqva9898@gmail.com

Paspabomansr memoowr cunmesa koopounayuonnvix coeounenutl Re (V) ¢ oonum u3z wupoxo
U3BECMHBIX  OUONUCAHO08 — amMudom Hukomunosou xuciomel. Cocmas u cmpykmypa
6bI0CNICHHbIX 8 KPUCIAIUYECKOM COCHOSHUU KOMNIEKCO8 YCMAHOBIeHbl HA  OCHOBAHUU
COBOKYNHOCTU OAQHHLIX INeMeHMH020 ananuza, MK u s1exmponnwvix cnexmpockonuieckux
Memooos, mepmozpagpuul u MoaAPHOU dnekmponposoonocmu. Ilo pesynomamam nposedenHvix
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uccnedo8anull yCmaHo8ieHa MOHOOeHMAMHAs KOOPOUHAYUSL AMUOA HUKOMUHOBOU KUCIOMbL
yepesz amom azoma cemepoyuxia. Joxazana busoepuas cmpykmypa Komniexca penus. /lanuvie
OCIl u usmeperus MOJAPHOU DNEKMPONPOBOOHOCMU — CEUOCMENbCMEYIOm, 4mo  npu
83AUMOOCUCMEUU  KOMNIEKCO8 PEHUs ¢ HUKOMUHAMUOOM 8 MNOJAPHBIX PACMEOPUTHEINSIX
npoucxooum npoyecc o0OMeHa AayudOaULAHO08 HA OOHOPHbIE MONEKYNIbl PACMEOPUTNESL.
Cunme3supoganubie peHuegble KOMNIEKCbl UCCAE008ANUCh 8 OIKCHepuMenme Hapaody ¢
U3BECMHBIMU —~ AHMUOKCUOAHMAMU U UMMYHOKOPPEKMOPAMU C  Yeablo  NpOQUIaKMUKU
6030elicmausi Ha op2anbl ObIXAHUSL OKCUO08 a30Ma U OUOKCUOA KPeMHUs. YCmanogneHo, ymo
OHU 6 Oonbuleli cmenenu NpPeoomepPaAwaAm MU OpP2aHbl OM NOBPeXCcOanuie2o Oelcmsus
MOKcUuHblx 2a306 u nolau. Coenano npeonoodcerue, 4mo MexaHusm Oeticmeuss KOMNIeKCo8
PEHUsL HA JICUBYI0 KAEMKY OMAUYAemcs Om Oelicmeus U36eCMHbIX aHMUOKCUOAHMO8 U
UMMYHOKOPPEKMOPO8, 3aHUMAIOWUX Nepeble panzosbie Mecma. IKCnepuMeHmaivivlie OaHHble
noomeepouil, 4mo KOMNJIEKCHble COeOUHEHUS. PeHUs He AGNAIOMCA AHMUOKCUOAHMAMU U KpOMe
MO20 He MOKCUUHYL OJIsL HCUBLIX OPLAHUZMOB.

Knwuesvie cnosa: rommiexcol penus, amud Huxomunosou xuciomsl, HK- cnexmpuoi,
9NEeKMPOHHbIE CNEKMPbl NO2NOWEHUsl, MOJIAPHAS 3NIeKMPONPOBOOHOCb, OUAOEPHbLIL KOMNIEKC,
MEOUYUHCKULL ACNeKM UCHOAb308AHUSL.

RENIUM (V) NIKOTIN TURSUSUNUN AMIDI iL9 KOMPLEKSLORININ
SINTEZIi, XUSUSIYYOTLORI VO TOTBIiQI

N.T.Haciyeva, M.M.Agahiiseynova, F.D.Qiidratova
Azarbaycan Doviat Neft va Sonaye Universiteti
nargizqva9898@gmail.com

Genis yayilmis bioligandlardan biri olan nikotin tursusunun amid ilo Re (V) koordinasiya
birlogmalarinin sintez metodlart iglonib hazwrlanmisdir. Kristal vaziyyatda tocrid olunmus
komplekslorin tarkibi vo qurulusu element analizi, IQ va elektron spektroskopik metodlari,
termoqrafimetrik vo molar elektrik kegiriciliyindon alinan malumatlar asasinda tayin
olunmugdur. Tadqiqatlarin naticalorina gora, heterosiklin azot atomu vasitasilo nikotin
tursusunun amidinin monodentat koordinasiyasi tasdiqg olunmusdur. Renium (V) kompleksinin
biniivali qurulusu stibut edilmisdir. EUS moalumatlart vo molar elektrik kegiriciliyi dl¢iilari,
reniumun  komplekslarinin  polyarhalledicilorinda  nikotinamid ilo  garsiligli  tasirinin,
asidoligandlarin donor halledici molekullart ilo miibadilosi ilo miisayiat olundugunu gostarir.
Sintez olunmus reniumun komplekslori, azot oksidlari va silikon dioksidin tonaffiis organlarina
tosirinin qarsisim almaq iigiin - malum antioksidantlar va immunokorektorlarla birlikda
tocriibada todgiq edilmisdir. Bu organlarin zahorli gazlarin va tozun zararli tasirlorindan daha
cox doraCalo garsisimi aldiglart askar edilmisdir. Renium komplekslorinin canli bir hiiceyraya
tosir mexanizminin, birinci daraca yerlorini tutan bilinan antioksidan vo immunokorektorlarin
tosirindon  forgli  oldugu irali siirilmiisdiir. Tocriiba Malumatlart  renium kompleks
birlogmalarinin antioksidant olmadigini va tistalik canli organizmliar iigiin zoharli olmadigini
tosdigladi.

Acar sozlor: renium komplekslori, nikotin tursusunun amidi, 1Q spektrlari, elektron udma
spektrlori, molar elektrik kegiriciliyi, biniivali kompleks tatbiginin tibbi aspekti.
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RHEOLOGICAL CHARACTERISTICS OF THE FLOW OF
NANOCOMPOSITES BASED ON BENTONITE AND POLYMER MIXTURES
RANDOM POLYPROPYLENE WITH NITRILE BUTADIENE RUBBER

IN.T. Kakhramanov, *A.D. Guliyev, ?Yu.N. Kahramanly, *Kh.V. Allahverdiyeva
YInstitute of Polymer Materials of Azerbaijan National Academy of Sciences
“Azerbaijan State Oil and Industry University
najafl1946@rambler.ru

The paper presents the results of a study of the influence of the nitrile butadiene rubber
concentration in a composition based on random polypropylene and nanosized bentonite on the
rheological features of the dynamically vulcanized nanocomposites flow. The effect of
temperature and shear stress on the flow curves and the dependence of the effective viscosity
from the shear rate and inverse temperature are investigated. The activation energy of viscous
flow of nanocomposites of polymer mixtures is determined. A universal temperature-invariant
characteristic of nanocomposites is constructed.

Keywords: nitrile butadiene rubber, compatibility, melt viscosity, rheology, activation energy,
compatibilizer.

INTRODUCTION

With the improvement of techniques and technology of industrial production in
the field of mechanical engineering, shipbuilding, aviation, military and space
technology, special attention is paid to the development of fundamentally new types of
polymer materials, differing in manufacturability, high physicomechanical and
thermophysical properties [1-3]. However, the development of a polymeric material
should not be aimed only at improving their basic physicomechanical characteristics,
but should also take into account their technological capabilities and ability to be
processed on standard equipment by injection molding and extrusion [4-6]. In order to
competently carry out the processing of new types of polymeric materials, it is
necessary first of all to investigate their rheological properties. The problem is
aggravated by the fact that the production uses the only rheological property of
polymers, as a melt flow index (MFI). However, this method cannot reveal in-depth
processes occurring in the polymer melt during their processing under the influence of
temperature and shear forces [7].

Studies on the study of the rheological properties of nanocomposites, where a
mixture of incompatible polymers of different nature is used as a polymer matrix, are
completely limited. The simultaneous solution of the problem of polymer compatibility
and the use of nanosized fillers is a rather complex scientific and technical problem [7,
8].

In this regard, in this work, we focused on studying the complex of rheological
characteristics of nanocomposites based on polymer mixtures.

WWW.ajcnews.org 28



A INIIS L

D

EXPERIMENTAL PART

Random polypropylene (RPP), or a thermoplastic random copolymer of ethylene
with propylene brand RP2400 characterized by the following properties: ultimate tensile
stress — 28.5 MPa, elongation at break — 600%, MFI = 1.78 g/10min., density
0.904g/cm?®, melting point 146°C, heat resistance 131°C.

SKN - nitrile butadiene rubber with 40% acrylic acid nitrile content (SKN -40).

Bentonite is a mixture of natural aluminosilicate minerals based on
montmorillonite Al,03-4SiO,n-H,O (60-70%). As a result of natural substitution of
silicon atoms in the crystal lattice of bentonites with magnesium, iron or other metal
ions, they contain saponite - Al,O3[MgO] 4SiO;n-H,O, nontronite -
Al,O3[Fe,03]4Si0,n-H,0,  beidelite -  Al,03-3Si0.n-H,O and pyrophyllite -
Al3[Si4010](OH).. Bentonite contains kaolinite and other minerals.

Bentonite nanoparticles with a size of 85-120 nm were obtained on a special
laboratory mill A-11 with a rotor speed of up to 30000 rpm.

Exxelor PO1200 compatibilizer is intended for use as a binding agent in order to
improve the compatibility of polymeric materials and to improve the reactivity when
interacting with inorganic fillers. This is achieved in a reactive extrusion process by the
graft copolymerization of polypropylene with maleic anhydride (MA). The MA
concentration in the compatibilizer is 3.0 wt%.

Polymer composite materials based on nanosized bentonite and a mixture of RPP
+ SKN were obtained in the process of mixing on rollers at a temperature of 170°C.
After the RPP was melted, 2.0 wt %of PPMA was loaded, and then, in the process of
intensive mixing, SKN crumbs were loaded on the rollers for 8 minutes. To obtain
vulcanizates, 2.0 wt% sulfur was additionally loaded during mixing.

Rheological studies were carried out on a rheometer (INSTRON, Italy) on a
MELT FLOW TESTER, CEAST MF50 device in a temperature range of 170-230°C
and a load of 2.16 - 21.6 Kkg.

RESULTS AND DISCUSSION

Before start off on the study of the problem under consideration, it seemed
interesting to dwell on the discussion of some points that would allow a more in-depth
approach to the assessment of the rheological features of polymers and polymer
mixtures. First, when studying polymer mixtures, in addition to solving the problem of
compatibility of the mixed components of the mixture, it is necessary to understand that
each of the polymer components has its own rheological features of the flow. And how
these individual characteristics of the polymer components will collectively affect the
overall rheology of the polymer mixture. Secondly, will additivity remain in the change
in the rheological characteristics of the mixture with a change in the concentration of
one of the components of the mixture and with what it may be connected. In order to
improve the technological compatibility of mixtures of RPP with SKN-40, a graft
copolymer of polypropylene with maleic anhydride (PPMA) was used as a
compatibilizer. The concentration of maleic anhydride in the PPMA composition was
3.0 wt %. Earlier, in work [9], we showed that to increase the technological
compatibility of RPP with SKN, it is sufficient to use 2.0 wt % PPMA. In the process of
mixing RPP with SKN-40, a two-phase system is formed, where the elastomer forms a
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dispersed phase in the dispersed RPP medium. In this case, the loading of PPMA
contributes to the fact that it is distributed in the boundary region of the dispersed phase.
Based on the principle "like dissolves like", we assume that the polar groups of maleic
anhydride will be located in the dispersed phase, and the hydrocarbon segments not
occupied by the grafted units will be located in the dispersed medium. This theory
suggests that the PPMA macrochains enhance the van der Waals forces of
intermolecular interaction due to adhesive forces [9, 10].

Figure 1 shows the flow curves of nanocomposites based on RPP + 5.0 wt%
bentonite (fig.1.1), SKN-40 + 5.0 wt% bentonite (fig.1.5), as well as, based on
nanocomposites of polymer mixtures RPP + SKN-40 + 5.0 wt% of bentonite fig.2-4)
with various concentrations of SKN-40. The concentration of SKN-40 in the RPP
composition varied within the range of 20-40 wt%. From a comparative analysis of the
flow curves, it can be established that with an increase in the concentration of SKN-40
in the composition of the RPP, a decrease in the shear rate of the melt is observed. The
latter circumstance is due to the fact that SKN-40, in comparison with RPP, is
characterized by high melt viscosity. That is why the flow curves of nanocomposites of
polymer mixtures are located between the flow curves of RPP and SKN-40 according to
an additive regularity. As shown in [9, 10], nanocomposites of polymer mixtures at 40
wt% SKN-40 and in the presence of PPMA are thermoplastic elastomers and exhibit
good miscibility and technological compatibility.

lgy 1
15 1 / :
4
1 A /5 2/
0,5 1 /
x/x/x 31
0 4 4
-0.5 4
-1 -
-1,5 T T T -
35 4,0 4,5 50 lgt

Fig.1. Effect of SKN-40 concentration on the flow curves of mixtures based on RPP +
5.0 wt% bentonite in the presence of 2.0 wt% PPMA (1-5) and sulfur vulcanizates of
these mixtures (2; 3 4'): 1-RPP+5.0wt%bentonite; 2-RPP+20wt% SKN-40 +
5.0wt%bentonite; 3- RPP+30wt% SKN-40 + 5.0wt%bentonite; 4- RPP+40wt% SKN-
40+5.0wt%bentonite;  5-SKN-40+5.0wt%; 2'- RPP+20wt%  SKN-40+5.0wt%
bentonite+2.0wt% sulfur; 3'- RPP + 30 wit% SKN-40 + 5.0wt% bentonite + 2.0 wt%
sulfur; 4'- RPP + 40wt% SKN-40 + 5.0wt%bentonite + 2.0wt% of the sulfur.

Figure 1 (2', 3, 4") shows the rheological features of the flow of sulfur
vulcanizates of nanocomposites based on RPP + SKN-40 polymer mixtures (at a sulfur
concentration of 2.0 wt%). From the comparative analysis of the flow curves in this
figure, it can be seen that in this case, with an increase in the concentration of SKN-40
in the composition of the RPP, an increase in the viscosity of the melt of polymer
mixtures is observed. In contrast to unvulcanized polymer mixtures, the flow curves of
vulcanized ones are more sensitive to changes in the shear stress and concentration of
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SKN-40. The sensitivity is manifested in the fact that with an increase in the
concentration of SKN-40 in the vulcanized composition based on RPP from 20 to 40 wt
%, the shear rate decreases 5 times more. Such a sharp change in the shear rate may be
associated with the special nature of the flow of the macrochain associates in the melt. It
is quite obvious that as a result of using bentonite nanoparticles in the melt, in addition
to homogeneous centers, heterogeneous nucleation centers are also formed, which are
responsible for the formation of macrochain associates. In accordance with the Frenkel-
Eyring theory, in the process of thermal fluctuation action, the destruction and
regeneration of the macrochain associates occurs before the establishment of
thermodynamic equilibrium [9, 11]. The experimental data obtained allow us to assert
that in the case of vulcanized polymer mixtures, larger macroassociates are formed,
which contribute to a significant increase in the viscosity of the nanocomposite melt.
And, the higher the SKN concentration, the higher the melt viscosity. There is reason to
believe that with an increase in the shear stress, the decomposition of macroassociates
into smaller ones is accompanied by a sharp increase in the shear rate. The larger the
macroassociates formed in the melt, the less resistant they are to temperature and shear
stresses.

Figure 2 shows the flow curves of polymer mixtures based on RPP + 40 wt%
SKN-40 + 2.0 wt% PPMA + 5.0 wt% bentonite in the temperature range 170-230°C.
The choice of this composition was determined by the results of the study of the
physicomechanical properties of nanocomposites of polymer mixtures given in [9].
Analyzing the flow curves in fig.2, it can be established that with an increase in
temperature and shear stress, a regular increase in the shear rate is observed. At the
same time, in the range of shear stresses taken, we have not established the regions of
the Newtonian flow.
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Fig.2. Flow curves of nanocomposites based on RPP + 40 wt% SKN-40 + 5.0 wt%
bentonite + 2.0 wt% PPMA at different temperatures: 1-170; 2 - 190; 3 - 210; 4-230°C.

The task of the study was to find out how the regularity of polymer flow changes
in complex 4-component polymer mixtures RPP + SKN + PPMA + bentonite. It
becomes obvious that, despite the lack of compatibility of RPP with SKN, the use of a
compatibilizer can significantly improve the miscibility and technological compatibility
of the mixture under consideration. Otherwise, we would observe an abnormal pattern
in the variation of the rheological flow curves.
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One of the important features in the rheology of polymers is the determination of
the dependence of the effective viscosity on the shear rate at different temperatures, the
results of which are illustrated in fig.3. Comparative analysis of the curves in this figure
gives grounds to assert that in 4-component filled polymer mixtures, the regularity of
changes in rheological curves proceeds, as in homopolymers. The components make
adjustments mainly in the numerical values of the rheological indicators, provided that
the general pattern of polymer flow is preserved. Attention should also be paid to the
fact that at low values of shear rates, the effective viscosity changes to a lesser extent.
This can be seen especially clearly at a temperature of 190-230°C. The regularity of
changes in the curves of effective melt viscosity at low shear rates approaches the
highest Newtonian viscosity. From the flow curves in fig.2, this state corresponds to low
values of the shear stress 1gt=3.8 and 3.9 and, accordingly, the shear rate.

Ign
4 -
0_0_\0\0\1)\:{
3,5 Ns
M
310 T T T T >
0 0,5 1,0 1,5 lgy

Fig.3. Influence of temperature on the dependence of effective viscosity on shear rate in
logarithmic coordinates: 1-170; 2 - 190; 3 - 210; 4-230°C.

One of the informative methods for assessing the rheological characteristics is the
dependence of the effective viscosity of the melt on the inverse temperature in
semilogarithmic coordinates (fig. 4). This dependence makes it possible to determine
the activation energy of a viscous flow, which, for example, in the temperature range of
170-210°C varies in the range of 27-39 kJ / mol. In this case, it is characteristic that
with an increase in the shear stress (lgr) from 3.8 to 4.7, the value of the activation
energy for viscous flow decreases.
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Fig.4. Influence of the inverse temperature on the effective melt viscosity of mixtures
based on RPP + 40 wt% SKN-40 + 5.0 wt% bentonite + 2.0 wt% PPMA in Arrhenius
coordinates at various values of shear stress (lgt, Pa): 1- 3.8; 2- 3.9; 3-4.2; 4 - 4.5; 5-
4.7.

To obtain a sufficiently complete picture of the state of polymers in the steady-
state flow regime, it is very useful to use the universal temperature-invariant viscosity
characteristic shown in fig.5. Extrapolation of this dependence to the region of high
shear rates, close to the region of polymer processing, allows in a simplified form to
measure the viscosity of the melt in a relatively wide range of temperatures and shear
stresses. As can be seen from fig.5, with an increase in the reduced shear rate (yn,), the
reduced viscosity (ne/m,) decreases, where 1, is the highest Newtonian viscosity, and ne
is the effective viscosity of the melt. Moreover, the horizontal section on this curve,
located parallel to the abscissa axis, i.e. where ne = n,, unambiguously indicates the
existence of a Newtonian flow region, which could not be fixed in the considered range
of shear stresses.

lgn/10

o

A ; . lgy-no
3 35 4
Fig.5. Temperature-invariant characteristic of the dependence of the reduced
viscosity (Igne/mo) on the reduced shear rate (Igy x no) of the DVEP based on RPP + 40
wt% SKN-40 + 5.0 wt% bentonite + 2.0 wt% PPMA.
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From the dependence of the reduced viscosity on the reduced shear rate, it can be
seen that for the considered nanocomposites of the DVEP, the temperature-invariant
characteristic changes according to the same regularity (shaded area). The universal
characteristic of the viscosity properties of polymeric materials shows that, as a result of
the applied shear stress and temperature, the deformation process in the melt flow has a
cooperative character. It should be borne in mind that the effect of the rate of
deformation on molecular interaction, the creation and destruction of asoocyates and
macroassociates in the melt mode is independent of their nature and is qualitatively the
same [10].

It should also be taken into account that the very process of processing polymers
and their composites during extrusion and injection molding proceeds at relatively high
shear rates, which is difficult to calculate using only flow curves. Taking this into
account, extrapolating to the region of high shear rates, using the universal characteristic
of the viscosity properties of polymers, it is possible to make approximate calculations
of their effective viscosity, which is close to the processing conditions.

CONCLUSION

1. The flow curves of nanocomposites based on polymer mixtures of RPP, SKN-40
and bentonite in the temperature range 170-230°C have been studied. For
comparison, the flow curves of sulfur vulcanizates of DVEP nanocomposites based
on bentonite, RPP, and SKN are presented. It is shown that these curves differ
significantly from the regularity of the flow of unvulcanized nanocomposites.

2. The use of the compatibilizer - PPMA made it possible to significantly improve the
miscibility and technological compatibility of polymer mixtures of nanocomposites
based on bentonite, RPP, and SKN-40.

3. The regularity of the effective viscosity on the shear rate and on the inverse
temperature is considered. It has been established that the activation energy of
viscous flow of DVEP nanocomposites varies in the range of 27-39 kJ / mol.
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PEOJIOI'MYECKHUE OCOBEHHOCTHU TEYEHUA HAHOKOMIIO3UTOB HA
OCHOBE BEHTOHWTA M IIOJIMMEPHBIX CMECEN PAHIOM
INOJIMITPOIIMJIEHA C BYTAJUEH-HUTPUIBHBIM KAYYYKOM

HT Kaxpamanos, YU n yaues, ’FO.H. Kaxpamannwr, 'XB. Annaxeepouesa
1 .

HUncmumym Ionumepnoix Mamepuanos Hayuonanvnou Axademuu Hayx
Asepbaiidcana 2A3ep6a1269fcaHCKuﬁ T'ocyoapcmeennviii Yuueepcumem Hegpmu u
Ipomviuwnennocmu, 2.baxy
najafl1946@rambler.ru

B pabome npusoosamcs pezyrvbmamvl UCCIEO08AHUS GIUAHUS KOHYEeHmpayuu OymaoueH-
HUMPUTBHO20 KAYYYKA 8 KOMNO3UYUU HA OCHOBE PAHOOM HONUNPONUTIEHA U HAHOPA3MEPHO20
OeHmoHUmMa Ha peonocudecKue OCODEHHOCMU MeyeHus OUHAMUYeCKU BYIKAHU0BAHHBIX
Hanokomnosumos. Hccnedosano enuanue memnepamypbl U HANPAXCEHUS CO8U2A HA Kpugbvle
meuenus, 3aBUCUMOCMb  IQDDEKMUBHOL  BA3KOCIMU OM  CKOPOCMU CcO8Ued U O0OPAmHOLU
memnepamypvi. Onpedeiiena sHepeus aKmMuGayuu GsA3K020 MeYeHUsi HAHOKOMNO3UMO8
noaumepHvix  cmeceu.  Ilocmpoena — yHusepcanbmas — memnepamypHO-UHEAPUAHMHAS
XapaxmepucmuKa HaHOKOMNRO3UMO8.

Kntouegvle cnosa: OymadueH-HUMPUTIbHLIL KAYYYK, COBMECMUMOCHb, 633KOCHb pACNiasd,
peosiozus, dIHep2Us aKMusayuu, KOMRAMUOUIUIAMOP.
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BENTONIT VO RANDOM POLiPROPH:EN iLO BUTADIEN NiTRIiL
KAUCUKU POLIMER QARISIGI OSASINDA OLAN
NANOKOMPOZITLORIN AXICILIGININ REOLOJi XUUSIYYOTLORI

N.T. Qahromanov, *A.C. Quliyev, 2Y.N. Qohramanli, *X.V. Allahverdiyeva
Y4zorbaycan Milli Elmlor Akademiyasi Polimer Materiallar: Institutu
2Azarbaycan Dovlat Neft va Sanaye Universitet
najaf1946@rambler.ru

Mbaqalada random polipropilen va nanoolgiilii bentonit asasinda olan kompozisiyada butadien
nitril kaugukunun migdarmmin dinamiki vulkanlasmis nanokompozitlorin axiciliginin reoloji
xtisusiyyatlorina tasiri tadqiqatlarimin  noticalori verilmisdir. Temperatur va yerdayismo
garginliyinin axma ayrilarina, effektiv ozliiliiyiin yerdayisma siirati va aks temperaturdan
astliligina tasiri tadqiq olunmusdur. Polimer qarisiglarin nanokompozitlarinin ozIii axiciliginin
aktiviogsma enerjisi miioyyon olunmusdur. Nanokompozitlorin universal temperatur-invariant
xarakteristikasit qurulmusdur.

Acar sozlar: butadien nitril kauguku, uygunluq, orintinin ozliiliiyii, reologiya, aktiviasmo
enerjisi, kompatibilizator.
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THE ROLE OF DYE PLANTS IN THE DEVELOPMENT OF
AZERBAIJAN CARPET WEVING

C.M.Mustafayev
Azerbaijan State Oil and Industry University
mustafayev1954@list.ru

The article discusses the role of dye plants in the development of Azerbaijani carpet weaving. It
is noted that dye plants have long played an important role in the artistic design of Azerbaijani
carpets, which are now the decoration of many world museums. The article explores the history
and area of cultivation of plants such as dye plant and saffron, which are widely used in dyeing
carpets in red and yellow, and their role in Azerbaijan’s foreign trade. Also, the methods of
dyeing grass, shrubs and trees used in dyeing yarns intended for carpet weaving and their
application in carpet weaving were studied.

Keywords: carpet weaving, yarn, dye plant, color, dyeing, saffron, indigo, additive.

INTRODUCTION

Carpet weaving is one of the most widespread and ancient field of arts in
Azerbaijan. According to researchers, this art first appeared in Egypt and Mesopotamia,
and later spread from these countries to Asia Minor, Iran and India. It can be assumed
that the emergence of carpet weaving in Azerbaijan coincided with Iran, which has long
had close economic, political and cultural ties. During archeological excavations, a jar
found in the ancient settlement of Kultapa in Nakhchivan proves that the people living
here were engaged in weaving in the Neolithic and Eneolithic periods [1]. The ancients
were able to make a variety of household items from linen and sheep's wool in simple
ways, including outerwear and simple carpets. At that time, the artistic design of the
product was carried out through the natural color of wool. The Greek historian
Herodotus, who lived in the 5th century BC, reports that the peoples of the Caucasus
dyed their clothes with colors derived from the leaves of trees growing in the
surrounding forests [2].

EXPERIMENTAL PART

Empirical, qualitative, quantitative, multi-method, longitudinal, cross-sectional
study, case study methods used in the study. Using methods determined the role of dye
plants in the development of Azerbaijani carpet weaving that was the important part of
the Azerbaijan’s foreign trade. Red color and its various shades were obtained by
boiling of roots of the marena plant in water, the yellow color was obtained from the
saffron us plant, respectively. The blue color which widely used in Azerbaijani carpet
weaving was derived from a plant Indigo. In this case, the method of fermentation was
used extensively
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RESULTS AND DISCUSSION

Although carpet weaving has a very ancient history in Azerbaijan, its
transformation into an independent field of art took place in the early Middle Ages. It is
from this period that carpet weaving became widespread in Azerbaijan and became an
independent field of art, as evidenced by archeological excavations in Mingachevir.
These archeological finds consisted of mill parts and the remains of carpet-palaz
product concerning to the I11-V111 centuries [3]. The settlement of Hun, Oghuz, Kanger,
Sabir, Khazar and other Turkic tribes in Azerbaijan, whose main occupation was sheep-
breeding, played a decisive role in the transformation of carpet-weaving into an
independent field of art from this period. Both in the early Middle Ages and later,
various types of carpets became the most important element of the life of these tribes. A
sack woven of sheep’s wool, a sack, sackcloth, and so on played an invaluable role in
the transportation of goods for the tribes, who were always in search of new pastures.
Carpets and other carpet products were used to cover huts and trucks. Pile carpets were
used to lay the huts [4].

In the late Middle Ages, the development of urban life and trade in Azerbaijan led
to a sharp increase in demand for carpet products. Until now, carpet weavers, who only
produced carpets for their families, began to market some of their products. The
growing demand for carpet products has led to the widespread use of this art not only in
rural areas, but also in cities. According to a source compiled in the 10th century, during
this period Mugan became famous for its sacks and pieces, and the cities of
Nakhchivan, Khoy and Salmas for their carpet products. The city of Nakhchivan
became the main center of production and sale of ‘zili” and ‘khali’ type carpet products

[5].

The fact that carpet products are becoming more and more a commodity has
brought to the fore the issue of its artistic design. Carpets woven from yarn dyed in
cheerful and fresh colors were highly valued in the market. Azerbaijani nature was rich
in various types of grass, shrubs and trees to obtain all the colors and shades necessary
for the artistic design of carpet products. According to experts, 1,500 species of wild,
cultivated trees, shrubs and grass grow in Azerbaijan [6]. Despite the richness of the
dye-bearing plants, the dyers used only part of them to obtain color, depending on the
nature and vegetation of each region [4].

Until the end of the 19th century, when artificial chemical dyes were invented, the
dye plant (Rubia L.), which was an excellent raw material for obtaining red and its
various shades, played an important role in the artistic design of Azerbaijani carpets. If
we take into account the widespread use of red and its various shades in the artistic
design of carpet products, it becomes clear why this plant was in great demand not only
in Azerbaijan but also far beyond its borders during the whole Middle Ages.
Commenting on the importance of this plant, better known in Russian sources as
‘marena’, one of the authors wrote that “in addition to dyeing wool, silk and even cotton
red, it also helps to dye various products in other colors”[7]. The roots of this plant,
which contain alizarin and purpur, were especially valuable. It was possible to get
brown from the first layer of its shell, red from the second layer, and dark red from its
core. Depending on the time of delivery, the degree to which the root is peeled, as well
as the method of preparation of the dye solution, it was possible to obtain several more
shades of color from the root of the dye [4]. According to available ethnographic data,
the root of the dye plant was also used to dye wool yarns red with the help of animal
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origin dyes. In addition to wine stone or cherry lavashana, powdered coconut root
powder was added to the solution made from the insect called cochineal, which was
widespread in the territory of Nakhchivan, Yerevan and Karabakh khanates [8]. The red
color obtained by this method was very bright and did not lose its freshness for a long
time.

Medieval data show that Azerbaijan was one of the main cultural centers of the
dye plant in the world. Ibn Hovgal, an Arab geographer-traveler who lived in the 10th
century, gives information about the cultivation of a large number of dye plants in
Varsan, Barda, Bab al-Abwab (now Derbent) provinces of Azerbaijan, the islands in the
Caspian Sea, the basin and estuary of the Kura and Araz rivers. There is information
that in the XVII century the dye plant was mostly grown in Nakhchivan, in the
Azadabadadli circle on the left bank of the Araz River, as well as in Shirvan and
exported to neighboring countries [5].

The cultivation of the dye plant in Azerbaijan became more widespread in the
18th and 19th centuries, and became increasingly important for industry. During this
period, the main centers of dye production were considered to be Guba and Derbent
khanates. The city of Derbent also played an important role in trade in the roots of the
dye. The large-scale production of dyes in these regions was given a serious impetus by
the sharp increase in demand for natural dyes due to the development of the textile
industry in Russia. It should also be noted that the interest in the dye plant grown in
Azerbaijan in Russia in Russia dates back to the first half of the XVIII century. Russian
Tsar Peter I, who occupied the Caspian littoral regions of Azerbaijan in 1722-1723,
demanded that the Russian commandant in Derbent send 10 or 20 pounds of dye roots
and study its market price [9].

In the late 18th and early 19th centuries, the dye root produced in Azerbaijan was
exported to Russia both by land and by sea. Official reports from the customs offices in
the cities of Astrakhan and Gyzlar show that in 1778-1781, 39,382 pounds of dye roots
were shipped from Azerbaijan to Russia by land through the city of Gyzlar, and in
1789-1793 by sea via Astrakhan [10]. The German traveler P. Pallas informs that in
1794, 5 ships, each loaded with 5,000 pounds of dye roots, were docked in the port of
Astrakhan at the same time [11, p.193]. The rapid growth of demand for dye root in the
Russian market has led to a sharp rise in its selling price in this country. Thus, while
each pound of this product was sold for 2-4 rubles in 1781-1782, it rose by 11-14 rubles
in the 90s [8, p. 98], and by 18 rubles in the middle of the 19th century [11].

The Russian Empire, which occupied the lands of Azerbaijan at the beginning of
the 19th century, along with its other riches, adapted the production of dye to its
economic interests and began to pay great attention to the development of this field. The
Russian business community, which flows into the Guba and Derbent regions, has
managed to significantly expand the area of dye plantations and get more crops. Suffice
it to say that in 1850, 72,632 pounds of dye were sent to Russia from Derbent alone
[11]. In the following years, the production of dye in Guba and Derbent regions became
more widespread, and its exports to Russia increased even more. According to the
available statistics, in 1863-1872, 2.5 min. rubles worth of dye root was sent [4].

The dye plant was also successfully cultivated in Ganja, Shirvan and Karabakh
regions of Azerbaijan. The dye grown in these regions not only met local demand, but
was also exported to neighboring provinces and states. At the beginning of the 19th
century, there are reports that the Karabakh khanate sent 10,000 pounds of dye roots to
Iran every year [13]. However, the discovery of alizarin, an artificial dye, in 1869 dealt
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a severe blow to the cultivation of the dye plant and soon led to its complete extinction.
Azerbaijani carpet weavers also widely used the flowers of a plant called saffron
(Crocus Sativus L.) in the artistic design of their products. There is information about
the cultivation of 4 types of saffron in Azerbaijan, of which there are 1,800 species in
the world. The flowers of saffron, a perennial herb that blooms in the fall, have been
used as a spice in many confectionery, traditional dishes, and soft drinks. This plant also
played an invaluable role in the textile industry, as well as in the dyeing of yarns for
weaving various types of carpets.

The available data show that saffron has historically been grown mainly in the
Absheron Peninsula and Derbent region of Azerbaijan. The sandy soil and warm
climatic conditions of the Absheron Peninsula were especially favorable for the
cultivation of this plant and had a very positive effect on its productivity. Although the
cultivation of saffron required a great deal of labor from the farmer, the large income
earned led to the constant expansion of the sown areas of this plant. The traveler SG
Gmelin, who visited Azerbaijan in the 70 s of the XVIII century, gives information
about the sale of saffron for each pound of saffron for a very large amount for the period
- 100 rubles [15]. According to the information of the 1930 s, the residents of Absheron
earned an average of 360,000 rubles a year from the sale of saffron. The annual income
of traders engaged in the export of this product to Iran and Russia was 200,000 rubles
[4]. Despite its high price, the high demand for Absheron saffron in the Shamakhi,
Guba, Sheki and Lankaran khanates of Azerbaijan, as well as in neighboring countries
such as Russia and Iran, led to a steady increase in its area under cultivation. Our
calculations based on archival documents compiled at the beginning of the 19th century
show that at that time there were 943 saffron gardens in 26 villages of Absheron. The
fact that saffron production is a very lucrative field encouraged the people of Baku to do
the same. Again, it is clear from the information given in that document that the number
of saffron gardens belonging to Baku residents reached 277 [16]. In the 1930s of the
19" century a total of 1,000 pounds of saffron was harvested from Absheron's saffron
orchards. The main centers of saffron production in Absheron were the villages of
Shuvalan, Bilgah and Mashtaga. According to the information of 1885-1886, more than
half of the 1643 farms engaged in saffron production in the whole Absheron peninsula
fell to the share of Mashtaga village [17].

Dyers also used a plant called “naz”, a branch called “orange tree”, wild apple
root, autumn leaves of mulberry tree, onion peel and core to dye carpets yellow. In
general, dyes preferred plants that were more accessible to them, depending on the
region in which they worked. Walnut, pomegranate, peach, apricot, quince, mulberry,
apple, cornel and other fruit trees' leaves, shoots, fruits and even bark were used for this
purpose in the regions where horticulture is widespread, including the foothills and
plains of Guba, Karabakh, Ganja and Gazakh. Carpet weavers working near the forests
give oak (Gvercus sessitlora), wild plum (Prunus insititia), elm (Ulmus campestris),
sumac (Rhus cotinus), maple (Acer platanoinos), maple (Acer platanoides) to give their
products the color they want. , as well as walnut, Rhamnus L., rabbit apple, bird pear
(Sorbus L.), sagebrush (Cotinus Hill) and other trees, which are unique to the forests of
certain regions [4].

During the dyeing of wool yarn, Azerbaijani carpet weavers used alfalfa and
subalpine meadows near the carpet-weaving regions to weed alfalfa, sarikol, geranium,
varlik, khinagulu, gulkhatmi, daziotu, sabahgul, gulumbahar and others. They were also
able to benefit from annual and perennial grasses and flowers. The painters knew
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exactly what color it was possible to get from each of these plants, when they were
harvested, and passed this knowledge on to those who came after them. Collected
plants, flowers, roots, etc. after careful drying, it was crushed and some were even
pulverized. All this work was carried out in spring, summer and autumn.

The best raw material for dyeing carpets blue was considered to be a dye plant
called indigo. This plant, native to India, was in great demand in all countries where the
art of weaving was developed, including Azerbaijan. The widespread use of blue in the
artistic design of Azerbaijani carpets played an important role in the constant growth of
this demand. It should also be noted that after the occupation of Azerbaijan by Russia,
the demand for this plant increased even more. This is confirmed by the import of
51,000 pounds of indigo to Russia in 1850 alone, worth 2.5 million rubles. Rusiya
hokiimati bu vaziyystdon qurtarmaq ii¢iin Yelizavetpol vo Lankaran gozalarinda indiqo
yetisdirmoak ti¢iin cohd gostarss do ugur qazana bilmomisdi [19].

Carpet weavers dyed wool yarns with dyes obtained from dyed plants, after the
main field work was completed, or rather in the autumn. Until the autumn, they also
spun wool into various yarns and made it ready for dyeing and then weaving.

Dyeing of wool yarns with dyed plants was carried out in the same way in almost
all regions of Azerbaijan, except for indigo. It should also be noted that more women
were involved in both the supply of dye plants and the dyeing process. The women
carpet weavers used to add wool yarn before dyeing it to the desired color. Studies show
that 22 types of additives were used to add wool to different parts of the South
Caucasus. Additives such as zay, iron sulphate, wine stone, potash, cornel and cherry
lavash, which dyers call “kalagar”, were considered to be the best helper in absorbing
plant dyes into wool yarns firmly and evenly [20].

After the addition, the wool was dyed. Large copper pots or earthenware vessels
were used for this purpose. Depending on the nature of the dye plant, dyers carried out
the dyeing process in different ways. To dye the wool yarn red, they peeled the washed
and dried root of the dye and kept it in water for 3 days. The wool was then placed in a
pot and boiled over a low heat until the desired color was obtained. To get a darker
color, had to continue boiling for a day, sometimes two days. 4 kg of yarn, 3 kg of
cherry acid and 12 kg of dye were used to dye 16.4 kg of yarn red. Immature walnut
shells and walnut and oak bark were used to obtain black. The wool was taken out of the
pot after being boiled with walnuts all day long. Iron sulphate was added to the solution
in the pot after filtering. The yarn was then re-immersed in the solution and kept there
for another 12 hours. In order to get the yellow color, white clover was placed in a pot
with a thread and boiled. In the mountainous part of Karabakh and Zangazur, white
clover was first boiled in water until a thick solution was obtained, and only then was
the yarn put into it. Various methods and combinations of dye plants were used to
obtain the brown color. In Guba, for this purpose, a solution made of crab cherry bark
was added to the cleaned dye, or the dye dyed with the dye was put into a jar containing
indigo solution for a few minutes. In Shusha, yellow dye was obtained by boiling it with
quince leaves and shoots. [4].

As mentioned above, indigo was used as the main raw material to get the blue
color. The method of obtaining blue was also significantly different from the method of
obtaining other colors. While the dye was boiled in water in various combinations to
obtain most of the colors, the fermentation method was used to obtain the blue color.
For this purpose, 2 pounds of lime and 4 pounds of potash were dissolved in water, and
after the addition of 1 pound of honey or raisins, the solution was heated to 50-60
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degrees. The solution, prepared in a pottery jar, began to ferment after a few days and
was ready for painting. The yarn, intended for dyeing blue, was removed from the jar
and squeezed after 20-30 minutes. When removed from the cube, the yellow thread
turned green first and then blue under the influence of air. When it was necessary to get
a darker color, the placement of the yarn in the jar was repeated several times [21].
Dyeing was also called "cube dyeing" because the dyeing of textiles into blue was done
in pottery jars.

Dyeing the product green was also done by dyeing the jars. Since it was not
possible to obtain a ready-made dye for this color, the dyers first dyed the product
yellow and then put it in a jar prepared to obtain a blue color. It should also be noted
that the dyeing of textiles in blue and green gangs required perfect skill and hard work
from those engaged in this work. As a result, professional artisans called “dyers” dyed
wool and silk blue and green in Azerbaijani cities. One of the two painting workshops
operating in Ganja at the beginning of the XIX century [13], and one of the three
painting workshops in Shusha [7] specialized in dyeing wool and silk products blue.
The so-called “weavers” were engaged in dyeing textiles in other colors.

CONCLUSION

As can be seen, dyed plants grown in the territory of Azerbaijan, and in some
cases imported from abroad, played an important role in the development of the art of
carpet weaving. Carpets woven from yarns dyed with dyes derived from dyed plants
have sometimes retained their cheerfulness and freshness for centuries, and were highly
regarded by carpet experts as a work of art. It is no coincidence that various types of
carpets woven by Azerbaijani carpet weavers with great skill are now displayed as
valuable exhibits in many famous museums around the world. However, the use of plant
colors in carpet weaving required a great deal of effort and time from the craftsmen. In
addition to the supply of dye plants, these plants were required to spend 2 days to obtain
yellow and brown colors, 3 days to obtain black colors, and 4 days to obtain red and
blue colors. If we take into account that 7-12 colors and shades of colors are used in the
artistic design of Azerbaijani carpets, we will see that more time is spent on this work.
All this necessitated the discovery of cheaper and easier-to-use artificial chemical dyes.
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PO.JIb KPACWJIBHBIX PACTEHUM B PA3BUTHUM ASEPBANIJKAHCKOI'O
KOBPOTKAYECTBA

L. M.Mycmacghaes
Aszepbatioscanckui I'ocyoapcmeennvlil Ynusepcumem
Hegmu u I[Ipomviunennocmu
mustafayev1954@list.ru

B pazeumuu azepbaiioxcanckoco kospomravecmea, umesuiee 21y00Kue UCMOpUYeckue KopHu,
BAJICHYIO POTb CHICPANU KPACUTIbHbIE PACMEHUs, KOMOpble POCiu KaK 6 OUKOM, Max u 8
KYIbMYPHOM 8ude 8 pasiuunblx pecuonax Azepbaudxcana. Ha azepbaiiddcanckue xoepul,
XYOO0HCECMBEHHOM — OQOPMACHUU KOMOPBLIX UCHOAL30BAIUCH PACMUMENbHbIE  KPACKU,ObLI
O0OALUWIOU CAPOC KAK HA 6HYMPEHHEM, MAK U HA GHeWHeM pbuIHKax. Aszepbaiidjcanckue
KOBPOMKAUUXU NOCTe NPOMPABLEHUsT WEPCMSAHBIX HUMOK OKPAWUBATU UX 8 HYJICHblE Y8ema,
noayyaemvle U3 pasiuyHvix pacmenuil. Kogpbvi, okpawiennvle pacmumenbHblMu KpAcKamu, He
JUHAIU U Q0JI20€ 8PEeMsL COXPAHAIU CBOH0 c8edcechb U Onieck. B xyoosicecmeennom oghopmieHuu
Kaxco020 9K3eMNIApa Ko8poeulx uzdenuil Asepbaiiddcana ucnonvsosanucst 7-12 ysemos u
OMMEHKO08 PACMUMENbHO20 XApaxKmepd.

Knrouegwle cnosa: xospomkauecmeso npsica, Kpacuivbible pacmeHue, yeem, KpacuibHoe 0eo,
Mapena, wagpan, uHOU20, NPOMPAA.
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AZORBAYCAN XALCACILIQ SONOTININ INKISAFINDA BOYAQ
BiTKIiLORININ ROLU

C.M.Mustafayev
Azorbaycan Déviat Neft va Sanaye Universiteti
mustafayev1954@list.ru

Qadim tarixa malik olan Azarbaycan xal¢agiliginin inkisafinda olkamizda yetisan, bazi hallarda
iSa xarici olkalardan gatirilon boyagxassali bitkilor miihiim rol oynamuisdir. Bu bitkilorin komayi
ilo yiiksak badii keyfiyyatlo tortib edilon Azarbaycan xal¢alarina istor daxili, istarsa da xarici
bazarlarda boyiik talabat var idi. Boyagxassali bitkilorin xiisusiyyatlorini darindan manimsayan
xal¢agt qadinlar yun iplikiari awolca asqarlama prosesindan kegirir, sonra isa bitki mangali
boyalarla ronglayirdilor. Arasdirmalar géstarir Ki, Azarbaycanin miixtalif bolgalorinda toxunan
xal¢a momulatlariminhar birinin tortibatinda bitki mangali 7-12 rang Va rang calarindan istifado
olunurdu.

Acgar sozlor: xalcacilig, iplik, boyagxassali bitki, rang, boyaqc¢iliq, boyagotu, zafaran, indigo,
asqar.
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INVESTIGATION OF PYROCONDENSATE
OBTAINED DURING PYROLYSIS OF VACUUM GAS OIL

G.C.Dadayeva, F.R. Shixiyeva
Azerbaijan State Oil and Industry University
dadayeva750@list.ru

It is known that in the current petrochemical industry, the use of liquid products from thermal
pyrolysis rich in aromatic hydrocarbons as a raw material is of great importance. The
widespread use of these products in the chemical synthesis, paint and varnish industry and in
the manufacture of medicines makes it urgent to increase the yield of these products and create
a new raw material base for their purchase. For this purpose, our research was carried out not
with direct expulsion gasoline, which is the traditional raw material for thermal pyrolysis, but
with a vacuum gas oil rich in naphthenic and aromatic hydrocarbons. We analyzed our
experiments by comparing the yield of products obtained without subjecting the vacuum gas oil
to hydrotreating and then without subjecting to hydrotreating. In this case, although a decrease
in the yield of propane and an increase in the yield of butane was observed, a 10% (mass)
increase(from33.31% to 43.31% of the mass) in the yield of pyrocondensate was observed in the
thermal pyrolysis of vacuum gas oil compared to thermal pyrolysis of direct-fired gasoline. As a
result, it is convenient to use vacuum gas oil as a raw material to increase the yield of
pyrocondensate in the process of thermal pyrolysis.

Keywords: thermal pyrolysis, vacuum gas oil, gasoline, pyrocondensate, propane, ethane,
butane, benzene, toluene, xylene, water vapor, zeolite, mordemite, coke.

INTRODUCTION

Developing countries in the petrochemical industry differ in the scale of
production of low-molecular olefins - ethylene and propylene. About 90% of organic
matter is produced using oil and natural gas as raw materials. This raw material is
widely used in the production of large quantities of petrochemical products: ethylene,
propylene, butadiene, benzene, toluene, xylene and methanol, which is a basic part of
the organic chemical industry [1].

Thus, the main unsaturated hydrocarbons - ethylene, propylene and butadiene
fractions are obtained by thermal pyrolysis at different temperature ranges (750-850°C)
using raw materials from ethane to gas oil fraction in the presence of water vapor [2,3].
Along with these products, piocondensates are also obtained at various costs.

In European countries, 90% (mass) production of ethylene is obtained directly
from expulsion gasoline. When using a lower molecular weight gasoline fraction, a
decrease in ethylene yield is observed, thus increasing the consumption of raw materials
for the production of 1 ton of ethylene. However, there is a significant change in the
composition of the liquid products- pyrocondensate obtained from the process. In this
case, the concentration of aromatic hydrocarbons in the pyrocondensate and the yield of
heavy pyrolysis resin above 200° C also increase. In the process of medium-temperature
pyrolysis (770-780° C) of gasoline, the concentration of the fraction with a high boiling
point is 14-16%, but when the process is switched to a high temperature mode, this
concentration increases to 18-20% (mass). The concentration of the fraction with a high
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boiling point in the liquid products obtained during the pyrolysis of atmospheric gas oil
IS 50% (mass) [4].

Table 1.
Products obtained during thermal pyrolysis of various raw materials

Ne Raw material Product yield, %(mass)

ethylene | propylene | butadiene BTX other
1 | Ethane 84.0 1.4 1.4 0.4 13.8
2 | Propane 44.0 15.6 3.4 2.8 34.2
3 | Gasoline (light) 40.3 15.8 4.9 4.8 34.2
4 | Gasoline (heavy) 31.7 13.0 4.7 13.7 36.8
5 | Gas oil (light) 25.0 12.4 4.8 11.2 46.7

BTX -benzene, toluene, xylene

In the present study, we aimed to investigate the yield of pyrocondensate, mainly

by replacing disposal expulsion gasoline, which is the traditional raw material of the
pyrolysis process, with vacuum gas oil. The selected raw materials were analyzed.
By “FISHER” reactive method, moisture content of vacuum gas oil, density of
GOST3900-85, kinematic viscosity of GOST33-2016, conventional viscosity of
GOST6258-85, coking of GOST5987-51, freezing temperature of GOST20287-91,
sulfur content of GOST19121-73, ash content of GOST7885-86 were determined by
methods. The composition of the obtained pyrogas was determined on a gas-liquid
chromatograph "LIBET -500".

EXPERIMENTAL PART

To carry out these experiments, we took a vacuum gas oil from a vacuum device
at the Baku Oil Refinery. The vacuum we choose as a raw material is obtained by
processing fuel oil in a gas oil-fired vacuum device. The resulting vacuum is subjected
to a gas-oil hydrocracking process and fed to the catalytic cracking process to obtain
high-octane gasoline. Vacuum gas oil is also used as a raw material in the production of
solid paraffins and ceresins using selective solvents.

The research was carried out in a flow-type thermal pyrolysis unit built in a
laboratory. Vacuum gas oil, which is a heavy crude oil, contains some nitrogen and
sulfur compounds, as well as aromatic hydrocarbons and asphaltenes. If the content of
sulfur in gasoline, which we take as a raw material, is 0.01-0.07%, in vacuum gas oil
(VG) it is 0.3%, where sulfur is mainly in the form of thiophenes, and nitrogen
compounds in the form of pyridine and quinoline. [5]. From this point of view, we must
subject the vacuum gas oil to the process of thermal pyrolysis by subjecting it to the
process of hydrotreating. We first analyzed the vacuum gas oil we took for the process
and gave the indicators in table 2.
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Table 2
Vacuum gas oil indicators
Ne | Name of the indicators Quantity, % (mass.)
1 | Fractional composition:
- boiling point, °C , not too much 240
-20% is distilled at a certain
temperature, not too much; 350
- 902% is distilled at a certain
temperature, not too much 535
- end of boiling, °C
2 | Conditional viscosity, at 50°C 1.76
3 | Kinematic viscosity, at 50°C, mm?/sec 8.96
4 | Coking, not more than % 0.4
5 | Mass fraction of sulfur, not more than 25
%
6 | Mass fraction of mechanical mixtures, -
%
7 | Ignition temperature in a closed bowl, 148
not lower than °C
8 | Density at 20°C, kg/m’ 860-950
9 | Freezing temperature, °C, not lower +8

We began our research by conducting thermal pyrolysis of the first vacuum gas oil
and then the vacuum gas oil, which underwent a disposable and double hydrotreating
process. The results are given in table 3.

Table 3
The main products from the pyrolysis of vacuum gas oil
Ne | Products Raw materials % (mass.)
1 2 3

2 | CH, 17.6 19.1 20.1
3 | CsHg 10.9 11.5 12.0
4 C4Hg 4.4 3.8 4.0
5 | C4Hs 4.5 3.3 4.0
6 | Fraction C5-200°C 17.0 19.0 20.0

Benzene 4.3 4.9

Toluene 2.7 2.1
7 | Fraction >200°C 36.0 32.0 26.0

Note: 1-initial vacuum gas oil; 2-Disposable hydrotreating vacuum gas oil: 3 -Double
hydrotreating vacuum gas boiler.

Table 4 shows the results of thermal pyrolysis of vacuum gas oil with disposable
expulsion gasoline at different temperatures. Zeolite catalyst was used as a catalyst here.

It can be seen from table 4 that the amount of basic products obtained during the
thermal pyrolysis of vacuum gas oil differs from the amount of products obtained from
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the catalytic pyrolysis of disposable gasoline. As can be seen, the amount of ethylene
and propylene decreases, and the difference in output decreases with increasing
temperature. During thermal pyrolysis of vacuum gas oil, the amount of butylene
increases, and here, this difference begins to decrease with increasing temperature. The
amount of olefins in C,-C4 gases differs by 1-1.5% (mass) from the amount of gases
obtained from the pyrolysis of light fractions. During pyrolysis of vacuum gas oil at a
temperature of 600°C , the amount of gaseous fractions is higher than in disposable
expulsion gasoline. However, we see that at a temperature of 650-700°C, a decrease in
excess gaseous fractions is observed.

Table 4

Thermal pyrolysis of various oil fractions

Products Concentration of gaseous reaction products , %.(mass.) T°C
600 | 650 | 700 600 | 650 | 700

Disposal expulsion gasoline Vacuum gas oil
Hydrogen 1.52 1.79 1.99 1.05 1.69 2.31
Methane 6.31 8.74 15.15 8.9 13.73 16.73
Ethan 2.22 3.29 4.78 5.60 5.56 8.53
Propane 6.59 7.99 2.16 531 5.23 2.95
Butane 9.61 8.69 3.26 3.29 3.05 1.51
i-butane 10.59 6.74 3.18 5.80 4.42 2.59
Ethylene 7.94 11.44 20.01 7.39 8.62 19.54
Propylene 36.64 22.25 32.75 28.81 27.65 2548
> butylene 18.59 22.07 14.56 33.29 28.68 17.53
divinyl 0.00 0.00 2.15 0.56 1.38 2.78

Amount of olefins | 63.17 65.76 67.32 69.50 64.95 62.54
in the gas, %
(mass)

Yield of olefins, % 11.19 18.87 37.94 22.37 23.97 30.13
(mass)

Yield of ethylene 7.90 12.54 29.74 11.65 13.38 21.68
and propylene,%
(mass)

Gaseous C1-C4 17.72 28.70 56.36 32.19 36.90 48.17

RESULTS AND DISCUSSION

Table 5 shows the physicochemical parameters of pyrocondensate obtained during
thermal pyrolysis of vacuum gas oil. During thermal pyrolysis of vacuum gas oil, its
decomposition into products depends on its hydrocarbon content and, of course, the
conditions of the process. According to our research, paraffin-naphthenic hydrocarbons
make up 50-55% of the hydrocarbon content of vacuum gas oil.

Here, parfins have a normal structure, while naphthenes have a mono and
hexacyclic structure. Vacuum gas oil differs from disposable expulsion gasoline by its
high content of aromatic hydrocarbons and relatively b-i and tricyclic aromatic
hydrocarbons and small content of mono and polycyclic hydrocarbons. The high
thermal stability of aromatic hydrocarbons in vacuum gas oil slows down the formation
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of gaseous olefins. It is known that this is due to the fact that bi- and polycyclic
hydrocarbons slow down the formation of olefins from the corresponding paraffins.

It can be said that the retardation effect of polycyclic hydrocarbons is higher than
that of bicyclic hydrocarbons.

Table 5
Yield of pyrocondensate obtained from thermal pyrolysis of vacuum
gas oil at 700°C subjected to hydrotreating process with
disposable expulsion gasoline.

Products Yield, % (kiit.)

BQB VQ
pyrocondensate 33.31 43.31
coke 2.08 14.90
The amount of
olefin in the gas 56.36 62.25
,%(mass.)

The reason why polycyclic hydrocarbons slow down the formation of olefins is
explained by the fact that strong bi- and polyphenyl radicals combine with weak free
radicals formed during the decomposition of aliphatic hydrocarbons, breaking the chain
of targeted reaction. However, our results show that the yield of olefins during the
pyrolysis of vacuum gas oil is not lower than that of disposable gasoline. As the
temperature rises to 700°C, a significant amount of resin is formed, which leads to the
formation of coke [6].

As a result, the ratio of carbon to hydrogen increases during the pyrolysis of
vacuum gas oil at a temperature of 700°C. In this case, the amount of saturated
hydrocarbons in the released gas increases. The amount of olefin hydrocarbons
decreases. As a result, coke is formed due to the participation of some unsaturated
hydrocarbons in the condensation reaction.

The main point in the evaluation of vacuum distillate as a raw material is the yield
of pyrocondensate (liquid products) obtained in the process of thermal pyrolysis with a
boiling point above 200°C.

The yield of this pyrocondensate also directly depends on the rate of coking
formation in the device. According to the literature and our research, this coking should
not exceed 15% [7].

CONCLUSION

As a result of the research, based on the results obtained during the thermal
pyrolysis of the vacuum gas oil, we can say that its application to this process had a
positive effect on increasing the yield of liquid fractions of vacuum gas oil. Under
certain conditions obtained during the application of vacuum gas oil as a raw material,
an increase in the yield of low-molecular olefins is observed, and at the same time, the
yield of pyrocondensate obtained directly from the pyrolysis of gasoline, which is the
main product of our research goal, was 31.3% (mass), while in vacuum gas oil this yield
was 43.3% (mass). This means an increase of about 10% (ass). In this regard, we can
note that by expanding the research, it is possible to intensify the process of thermal
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pyrolysis using heavy fractions of oil as a raw material and increase the raw material
reserves of the pyrolysis process to obtain procondensate with high flow at the expense
of vacuum gas oil. In this regard, it can be noted that by expanding the research, it is
possible to intensify the process of thermal pyrolysis using heavy fractions of oil as a
raw material and increase the raw material reserves of the pyrolysis process to obtain
procondensate with high yield at the expense of vacuum gas oil.
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HNCCIEJOBAHUE IIMPOKOHAEHCATA ITOJIYYEHHOTI'O
B ITIPOIIECCE ITUPOJIN3A BAKYYM I'A30MJIS
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Asepbaiioscanckas I'ocyoapcmeennas Hegpmanas Axademus
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Hzeecmno, umo 6 coBpemenHOl HepmMEXuMu4eckol nPOMbIUIEHHOCU UCHOIb308AHUE 8
Kauecmee Colpbsi HCUOKUX NPOOYKMOE MEPMUUECKO20 NUPOAU3a, 002amvlx apoMamuiecKumu
yeneeooopooamu, umeem 6oavuwioe sHavenue. Illupokoe ucnonvzosanue 3mux NPoOyKmMos8 6
XUMUYECKOM cunmese, JIAKOKPACOYHOU NPOMBIULTIEHHOCTNU u npou3eoocmee
hapmayesmuieckux npenapamos co30anue Ho8oll Cbipbeoll bazvl U yseauueHue 8blxo0d Mux
npoodykmog sensemcs akmyanrohvim. C 9motl yeivio Hauy Uccied08anus NPoBOOUTUCh He C
OEH3UHOM NPAMO2O C2OPAHUSL, KOMOPbIUL AGNAeMCs MPAOUYUOHHBIM CbIpbeM OISt MEPMUUECKOZ0
nupoIU3a, a ¢ BAKYYMHbIM 2a30UieM, 002ambiM HAGMEHOBLIMU U  APOMAMUYECKUMU
yene6o0opodamu. Mvl npoaHanu3uUpoOsanu HAwU SKCNEPUMEHMbl, CPAGHUE 8bIXO0 NPOOYKMOE,
NOAYYEHHBIX 6e3 2UOPOOHUCTIKU BAKYYMHO20 2A30UN U 8bIX00 NPOOYKMA C SUOPOOYUCHIKOU

WWW.ajcnews.org 50



D

BAKYYMHO20 2a3ouasn. Hecmompsa na mo, umo 6 meueHuu npoyecca HaOMOO0A10Ch CHUdICEHUe
6b1X00a NPONAHA U YyeequyeHue 6vixoda Oymawa, 6 npoyecce MepMUYecKo2o NUpoIU3a
BAKYYMHO20 2A30Us1 NO CPAGHEHUIO C MEPMUUECKUM NUPOTUZOM OEH3UHA NPAMOSO C2OPAHUSL
HabMo0anocy ygeauueHue 6vixooa nupokonoencama om 33.31% oo 43.31%wmacc, na 10%
(macc.). Ilo pezyrbmamam uUCCie008AHUL HYICHO OMMEMUMb, 4MO 015 YEeIUUeHUs 8biXx00d
NUPOKOHOEHCAMA 6 Npoyecce MePMUYeCKoe0 NUpoIU3d 6 Kauyecmee Coblpbsi  Gbl20OHO
UCNOIb308AMb 8AKYYMHBIU 2A30UTb.

Knwouesvie cnoea: mepmuueckuti nupoaus, 6axKyyMHulil 2d30Ulb, OEH3UH, NUPOKOHOEHCAM,
nponam, s3mat, Oymat, OeH30.1, Moayo., KCULOJ, BOOSAHOU NAP, YeOLUum, MOPOenum, KOKC.

VAKUUM QAZOYLUNUN PIiROLIiZi ZAMANI ALINAN
PIROKONDENSATIN TODQIQIi

G.(C.Dadayeva, F.R.Sixtyeva
Azerbaijan State Oil and Industry University
dadayeva750@list.ru

Hal hazrki dovrda inkisaf etmis neftkimya sanayesinda aromatik karbohidrogenlarla zangin
termiki piroliz prosesindan alinan maye mahsullarin xammal kimi istifadasi boyiik ahamiyyat
kasb edir.Bu mahsullarin kimya sintezinda, lak-boya sanayesinda va darman peraparatiarinin
hazirlanmasinda genis totbiq olunmasi bu mohsullarin ¢iximuun artiridmasint va onlarin
alinmast ti¢iin yeni xammal bazasin yaradilmasini aktual edir. Bu magsadla todqgiqat isimizi
termiki piroliz prosesinin ananavi xammali sayilan birbasa qovulma benzini deyil, tarkibi
naften vo aromatik karbohidrogenlorlo zangin olan vakuum qazoylu gotirilmiisdiir.
Tocriibalarimizi  vakuum qgazoylunu hidrotamizlomays moaruz etmadon va daha sonra
hidrotamizlama maruz edarak alinan mahsullarin ¢iximini miiqaisa edarak tohlil etdik. Bu zaman
propamin ¢ixuminda azalma, butamin ¢ixvminda artma miisahida edilsada birbasa govulma
benzininin termiki pirolizina nisbatan vakkum gazoylunun termiki pirolizinda pirokondensatin
crxminmin 33.31% dan 43.31% kiitlaya qadar,10% (kiit.) artmast miisahida edildi. Natica etibart
ilo geyd etmok olar ki, termiki piroliz prosesinda pirokondensatin ¢iximumn artirilmasi
istigamatinda xammal kimi vakuum gazoylundan istifada etmak alverisiidir.

Acar sozlar: termiki piroliz, vakuum gazoyl, benzin, pirokondensat, propan, etan, butan, benzol,
toluol, ksilol, su buxari, seolit, mordemit, koks.
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ADSORPTION TREATMENT OF WASTE WATER FROM OIL AND
PETROLEUM PRODUCTS

A. A. Gasanov, L. B. Ismayilova.
Azerbaijan State Oil and Industry University

leylaismayilv@gmail.com

Sorption treatment of waste water from oil and oil products was carried out. Methods for
determining the oil capacity of sorbents are selected. For wastewater purification, 3 samples of
sorbents were examined: coal from apricot kernels, from walnut shells, and coal from hazelnut
shells. The most effective sorbent used was selected, namely, hazelnut shell charcoal. A cleaning
scheme is proposed. The optimal parameters of the process have been determined. At optimal
process parameters (temperature 20°C, pressure 760 mm mercury table), the degree of
purification is 99.5%.

Keywords: adsorption, adsorbent, cleaning, analysis, oil, petroleum products.

INTRODUCTION

The problem of wastewater treatment (WT) is urgent due to the alarming rate of
depletion of drinking water supplies on Earth.

Wastewater treatment is a targeted change in the characteristics of wastewater
discharged into open water bodies or sewers using various technical methods and
means.

The problem of clean water is very acute in Azerbaijan [1]. This is mainly due to
the high level of contamination of water bodies with dumped waste, which are
contaminated with oil hydrocarbons (HC).

At present, none of the existing methods of wastewater treatment from oil and oil
products, separately, allows water to be purified to the level of maximum permissible
concentration (MPC), from an environmental - economic position. Wastewater
treatment to the MPC level is carried out by various treatment methods: mechanical,
physicochemical or chemical, biological method [2,3].

Mechanical methods of wastewater treatment from oil and oil products are based
on mechanical settling, separation of solid and liquid phases of pollutants from water.

The biological method is based on the ability of microorganisms to use the
hydrocarbons contained in wastewater as a food source. Due to the structural features,
the processes of biological oxidation of hydrocarbons are slow.

Physicochemical methods of purification consists in the introduction of chemical
reagents into the purified water - surfactants, which contribute to the enlargement of
emulsified particles as a result of their interaction and combining into aggregates [4-6].

The use of physicochemical methods for wastewater treatment has a number of
advantages in comparison with others: the ability to remove toxic, biochemically non-
oxidizable organic contaminants from wastewater; achieving a deeper and more stable
degree of cleaning; smaller structures; less sensitivity to load changes; the possibility of
full automation; no need to monitor the activity of living organisms; the possibility of
recovering various substances [7].

In recent years, sorption methods have been mainly used to purify wastewater
from oil and oil products. Sorption wastewater treatment allows achieving the required
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hygienic standards, but this method requires a lot of money for the purchase and
replacement of spent sorbents. This method is mainly used at the post-treatment stage.

The purpose of this article is to study various adsorbents for the purification of dry
matter from oil and oil products and the choice of an effective sorbent [8].

Adsorption methods are widely used for deep purification of wastewater from
dissolved organic substances after biochemical treatment, as well as in local
installations, if the concentration of these substances in water is low and they are not
biodegradable or are highly toxic. The use of local installations is advisable if the
substance is well adsorbed at a low specific consumption of the adsorbent.

Adsorption is used to neutralize wastewater from phenols, herbicides, pesticides,
aromatic nitro compounds, surfactants, dyes, etc. The advantage of the method is high
efficiency, the ability to purify wastewater containing several substances, as well as the
recovery of these substances. Adsorption treatment can be regenerative, that is, with the
extraction of a substance from the adsorbent and its utilization, and destructive, in
which the substances extracted from the wastewater are destroyed together with the
adsorbent. The efficiency of adsorption cleaning reaches 80 - 95% and depends on the
chemical nature of the adsorbent, the size of the adsorption surface and its availability,
on the chemical structure of the substance and its state in solution.

Active carbons, synthetic sorbents and some production wastes (ash, slags, flasks,
sawdust, etc.) are used as sorbents. Mineral sorbents are used relatively rarely, since the
energy of their interaction with water molecules is high and sometimes exceeds the
energy of adsorption.

EXPERIMENTAL PART

To determine the content of oil products in water, the following methods were
used:
IR spectroscopy and fluorimetric. The method of IR spectroscopy is intended for
measuring the mass concentration of oil products in samples of natural, drinking and
waste water using an infrared Fourier - spectrometer "Infralum FT - 02". The fluometric
method is designed to determine the mass concentration of petroleum products with a
measured concentration range of 0.005 - 50 mg / dm®. Measurements are carried out
using the Fluorat-02 device.

To identify the activity of the sorbents used, it is necessary to determine the oil
capacity of the adsorbents [9,10]. For this purpose, the necessary equipment and
materials are used:

» technical laboratory scales of the 4th accuracy class;

« stopwatch of the 3rd accuracy class;

* medical plastic syringe with a volume of 150 sm’;

* laboratory stand;

* sieves with a diameter of 80 mm, a height of 30 mm, a mesh size of 0.2 mm;

« graduated cylinder according to GOST 1770 - 74, with a volume of 100 sm?;

* measuring ruler;

* chemical glasses according to GOST 25336-82, volume 50-100 Smg;

* steel spatula.

To determine the oil capacity of the sorbent, the syringe with the piston is first
weighed with an error of not more than 0.01 g. A portion of the bulk sorbent with a
volume of 50 sm® is weighed. The sorbent is placed in a container filled with water with
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an oil layer floating on its surface and kept until the sorbent is completely saturated with
oil. The sieve is removed, the oil is allowed to drain for 30 seconds, and the sorbent is
transferred with a spatula into the syringe. The syringe with the saturated sorbent is
weighed. The difference in the mass of the syringe before and after the absorption of the
oil sorbent is used to calculate the total oil absorbed by the used sorbent.

Then the oil is squeezed out of the syringe into a pre-weighed glass. The spin is
stopped 10 minutes after the oil stops flowing. The amount of free (squeezed out) oil is
determined by the difference in the mass of the glass before and after pressing oil into it.

The syringe is removed from the device and weighed with the squeezed out
sorbent, determining the amount of bound oil.

The absorption cycle is repeated 5 times.

After that, we process the result as follows:

The mass of total oil (Myg) is determined by the formula:

Mpo = Mo — Mg — M¢
M, — weight of the syringe with the oil-saturated sorbent, g;
Mg — weight of the syringe with sorbent, g;
M. — weight of a sample of sorbent, g.

The mass of squeezed oil (My;,) is determined by the formula

Mqu(g) =M, - My,
M, — weight of a glass with oil, g;
M, — glass weight without oil, g.

The mass of absorbed oil (M) is determined by the formula:
Mqu(g) = Myo — Mqu’
M, — weight of a glass with oil, g;
M, — glass weight without oil, g.
The ratio of squeezed out and absorbed oil (%), determined by the
formula:
My (%) = 100xMyo/Mysq
Mysq - mass of absorbed oil, g.
If necessary, consider the oil-carrying capacity of the structured sorbent for 5
cycles.
Determination of the sorption capacity of adsorbents is carried out as follows. 250
ml of water is poured into a beaker and a certain amount of oil or petroleum product is
added and a blurred spot of an emulsion with water is obtained. Next, this emulsion is
passed through a layer of adsorbent with a particle size of 0.5-3.0 mm, and then the
mass of the sorbent is calculated. Thus, the oil absorption capacity of the sorbent for the
purification of waste water from oil and oil products is determined, which is 98 - 99.5%

(fig.1).
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Fig.1. Adsorber.

Purified waste

The study of sorbents, namely coal from apricot kernels and coal from walnut
shells, showed low oil capacity at dynamic transmission mode: 0.13-0.14 g / g and 0.15-

0.17 g/ g, respectively [11].

Table 1

The physical properties of the studied sorbents are shown

Physical properties
Ne Sorbent Density, kg / m° Average humidity,%
1 | Apricot kernel charcoal 690 50
2 | Walnut shell charcoal 750 82
3 | Hazelnut shell charcoal 800 91

RESULTS AND DISCUSSION

The research results are presented in fig. 2.

0.5

0,45
n.4
0.35

0.3

0,25
0,2
0.15
0,1

Oil capacity

0.05
0

Fig.2. Histogram of the oil capacity of sorbents with a fraction diameter of 0.5 - 3.0
mm at an initial concentration of oil (oil products) of 1 g/ I. 1-charcoal from
apricot kernels, 2-charcoal from walnut shells, 3- charcoal from hazelnut shells.
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To obtain a complete picture of the effectiveness of sorbents, the dependence of
the oil capacity of the sorbents on their density and moisture was studied [12]. The
research results are shown in table 2.

Table 2

Oil Capacity of used adsorbents depending on their density and moisture content

Ne CopOeHT Density, kg / m> Moisture,% Oil capacity, g/
g

1 | Apricot kernel charcoal 690 50 2,0

2 | Walnut shell charcoal 750 82 2,4

3 | Hazelnut shell charcoal 800 91 3,5

The lower figure graphically shows the oil absorption capacity of sorbents over
time.

Figure 3 shows the dependence of oil absorption on sorbents.

3,5
3 / ~
= 2.5 / \
= .
g 2 / = "“--._____‘_H_-
E 1,5 / / = ——
= . / / """--.,_‘_‘____‘
~
0,5
0 l i i | |
1 2 3 4 5

Time (hour)

Fig.3. Graph of the dependence of the oil absorption capacity of sorbents on time.

Summarizing the data obtained, we can conclude that the sorbent from hazelnuts
with a density of 800 kg / m* and a fraction diameter of 0.5-3.0 mm has the best oil-
absorbing properties.

Experiments have shown that walnut shells treated at 300°C is an effective and
cheap sorbent that cleans wastewater from oil and oil products.

Methods for purification of waste water from oil and oil products have been
developed. Samples of sorbents from apricot kernels, walnuts and hazelnuts were
selected. Methods for the analysis of oil and oil products in wastewater have been
carried out. A method for determining the oil capacity of sorbents has been developed.
The studies of the absorbed capacity of the sorbents were carried out on the selected
samples.
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CONCLUSION

Sorption treatment of waste water from oil and oil products was carried out.
Methods for determining the oil capacity of sorbents are selected.

For wastewater purification, 3 samples of sorbents were examined: coal from
apricot kernels, from walnut shells, and coal from hazelnut shells.

The most effective sorbent used was selected, namely, hazelnut shell charcoal.

A cleaning scheme is proposed.

The optimal p arameters of the process have been determined.

At optimal process parameters (temperature 200°C, pressure 760 mm Hg), the
degree of purification is 99.5%.
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ACOPBIIMOHHASA OYUCTKA CTOYHBIX BOJA OT HE®THU U
HE®TEIIPOAYKTOB

A.A. T'acanos, JI.B. Hemaunosa
Asepbaiioscanckui I'ocyoapcmeennuiil Ynusepcumem Hegpmu u [pomviunennocmu
leylaismayilv@gmail.com

Ilposedena copbyuonHas ouUCmMKa CMOYHBIX 8600 Om Hedhmu u Hedhmenpodykmos. Bvloparvl
MemoObl 01 onpedelenuss Hegpmeemkocmu copbdenmos. s OuucmKu  CMoOYHbIX 800
uccnedosanu 3 06pasya copbenmos: y2oab u3 abpuKoCOBblX KOCMOUEK, U3 CKOPIYNbL SPEYKUX
opexo8 u y2oib u3z ckopaynsl (yHOyKa. Bulopan camwiii 3¢hhexmusHblii U3 UCNONb30BAHHBIX
copOenmos, a UMEHHO Yeoab U3 CKopaynvl ¢ynoyka. Ilpednodcena cxema OUUCHIKUL.
Onpedenenvt onmumanvivle napamempul npoyecca. Ilpu onmumansubix napamempax npoyecca
(memnepamypa 20°C, dasnenue 760 mm pm. cm.) cmenens ouucmiu cocmasisem 99,5%.

Knrouessle cnosa: adcopoyus, adcopbenm, ouucmra, aHaius, Hegpmo, Hepmenpooykmol.

TULLANTI SULARININ NEFT VO NEFT MOHSULLARINDAN
ADSORBSIYA USULU ILO TOMIZLONMOSI

O.A. Hasonov, L.B. fsmayilova
Azarbaycan Dovlat Neft va Sanaye Universiteti
leylaismayilv@gmail.com

Neft vo neft mohsullarimin tullanti sularmun sorbsiya tomizlanmasi hoyata kecirilmisdir.
Sorbentlaorin yag tutumunu tayin etmak disullart se¢ilmigdir. Tullanti sularinin tamizlonmoasi digiin
3 sorbent niimunasi arasdrildi: arik lapalorindan komiir, qoz qabigindan kémiir va findig
gabigindan komiir. Istifada olunan an tosirli sorbent, yani findiq qabigi komiirii secildi.
Tomizloma sxemi toklif olunur. Optimal proses parametrlori tayin olundu. Optimal proses
parametrlarinda (temperatur 20°C, tazyiq 760 mm Civa siitunu) tamizloanma daracasi 99,5% -dir.
Acar sézlar: adsorbsiya, adsorbent, tamizlama, analiz, neft, neft mahsullar:.
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THE USE OF UREA TO OBTAIN A COMPOSITION FOR CLEANINQ
SURFACES FROM DEPOSIT OF SALTS OXiDES AND METAL
HYDROXIDES

E.I.Tagiyev, T.1.Ayralova
Azerbaijan State Oil and Industry University
elsad.tagiyev.2019@mail.ru

The demand for new inhibitors and their compositions, which are easily obtained from existing
petrochemical raw materials also have economical advantages in terms of application is
growing significantly. This article presents the content and results of research conducted to
produce of corrosion inhibitor. For that reason , compounds based on urea and phosphoric acid
were synthesized firstly. Optimal reaction conditions of the synthesis process were invistigated:
temperature 95 - 100 °C, the duration of the mixture residence in the reactor is 8 hours. The
kinetic regularities of the reaction were investigated. Based on the obtained products, a
corrosion inhibitor with protective effect of up to 90% at a flow rate of 100 mg / | in
hydrocarbon deposits in mineral water was developed. Higher carbonic acids are obtained by
oxidation of cobalt (CORK) and 2-ethylhexenal. Optimum conditions for the process have been
invistigated. Oxidation period 24 hours, temperature 120°C, oxygen consumption 20 | / h. On
the based of synthesized products, a corrosion inhibitors with a protective effect of 91 + 92% at
a flow rate of 25 mg / | was obtained for oilfield equipment of hydrocarbon deposits.

Keywords: higher carboxylic acids,bottoms, cobalt regeneration (KORK), 2-ethylhexenal,
corrosion inhibitor, oxidation products, diamines.

INTRODUCTION

A large number of compounds and their mixtures are known to possess the
properties of corrosion inhibitors. However, the ever-growing requirements for their
quality, availability and low cost determine the need for targeted improvement of
existing inhibitors and the search for new inhibitors and their compositions that are
highly effective, easily obtained from available petrochemical raw materials and
economical both from the point of view of their synthesis and use. Therefore, the
synthesis of compounds, on the basis of which effective corrosion inhibitors can be
obtained, is an urgent problem. The aim of this work is to synthesize multifunctional
compounds based on urea and by-products of butyl alcohol production and development
of corrosion inhibitors based on them.

To achieve this goal, the following tasks were solved:

1.Synthesis of compounds based on carbamide and phosphoric acid. Development
of a method for producing a corrosion inhibitor based on the synthesized compound,
sodium nitrite and methanol fraction for the production of butyl alcohols.

2. Development of a technology for obtaining higher carboxylic acids by oxidation
of the bottom residue of cobalt regeneration (KORK) and 2-ethylhexenal, development
of a method for producing a corrosion inhibitor based on oxidation products and
diamines.

For the first time, the synthesis of urea with phosphoric acid was carried out. The
kinetics of the reaction has been studied. On the basis of the synthesis products, a new
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effective corrosion inhibitor with a protective effect of 90% at a flow rate of 100 mg /|
has been developed.

A technology has been developed for the oxidation of the distillation residue of the
regeneration of cobalt and 2-ethylhexeneal with air oxygen. It is shown that the use of
Panchenkov's packing in an oxidizing column increases the rate of oxidation processes
by 3 times. A new effective corrosion inhibitor has been obtained on the basis of higher
carboxylic acids.

EXPERIMENTAL PART

For the first time developed an effective solvent for imidazolines in the
formulation inhibitors based on the methanol fraction of the bottoms of cobalt
regeneration and the production of butyl alcohols.

(NH2).CO + (HO); PO > NH,C(0O) NH P(O)(0H), + H,O

Based on laboratory experiments, the most optimal dilution ratio was selected. It
was found that the molar ratio (MS) water: carbamide: phosphoric acid 5: 2.2: 1 at a
temperature of 95°C, and atmospheric pressure allows you to obtain a homogeneous
reaction mass.

The synthesis product is characterized by the following indicators: the degree of
corrosion protection of steel is St. 3 87%, pour point - 38°C.

The kinetics of the reaction has been studied; it is characterized by a low rate. We
have investigated the possibility of accelerating the reaction. The rate of reaction of
carbamide with phosphoric acid was judged by the time it took to reach the pH of the
medium equal to 4. At this value of the acidity of the medium, approximately 50% of
the conversion of the starting reagents achieved; therefore, this parameter is chosen for
the convenience of measurements. It was found that the intensity of stirring does not
affect the reaction rate; the reaction is not complicated by diffusion inhibition and
proceeds in the kinetic region. As the temperature rises from 60 to 95°C, the reaction
rate increases. An increase in the concentration of urea increases the rate of
polycondensation. However, an excess of urea creates conditions for its precipitation at
low temperatures [1-3]. Therefore, studies were carried out on the effect of dilution of
urea with water on the condensation rate.

To increase the degree of protection, we included sodium nitrite in the product
composition, the addition of which does not affect the reaction rate; as a result, the
protective effect of the corrosion inhibitor is increased by 5%.

It should be noted that the methanol fraction is a by-product of butyl alcohol
production, which determines the feasibility of its use from the standpoint of increasing
the economic efficiency of production.
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Fig.1. Influence of sodium nitrite concentration (C) on the protective action of the
inhibitor (Z). n = 60 rpm "1, T = 95°C, the amount of water is 5 mol, MS carbamide /
phosphoric acid = 2.0.

Pour point reduction can be achieved by dilution.Indeed, the dilution of the
reaction mixture with methanol helps to reduce the pour point of the inhibitor from -38
to -46,°C, without exerting a significant effect on the protective effect (fig. 3). However,
methanol is an expensive product, and therefore we tested water-soluble alcohols and
methanol fraction of butyl alcohol production It was found that their use equally
effectively allows to reduce the pour point of the inhibitor (fig. 4). Based on the results
of laboratory studies, a scheme for obtaining the IK-10 inhibitor has been developed

(fig. 2).

.92
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Fig.2. Dependence of the protective action of the inhibitor (Z) on the concentration of

methanol (C), n = 60 rpm ", T = 95°C, concentration of NaNO, = 15 wt%, U «r
carbamide = about p phosphorus to —ta.
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Fig.3. Influence of the concentration of solvents(C) on the pour point of the inhibitor (t).
"- ethanol; ° - methanol; ¢ - methanol fraction producedbutanol; * - isopropanol.
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20% sodium nitrite
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Fig.4. Basic technological scheme for the production of corrosion inhibitor 1K-10.
RESULTS AND DISCUSSION

The process takes place in a cascade of reactors (R-1, R-2, R-3) at a temperature
of 95 -100°C, conditional residence time 6 hours, molar ratio of carbamide: phosphoric
acid 2.0: 1, sodium nitrite concentration 10% by weight, methanol in a commercial
corrosion inhibitor 15%. Protective action of a corrosion inhibitor is 90% at a flow rate
of 100 mg/ I.

The optimal performance of a batch reactor of a calon type with a volume of 5 m3
filled with a packing (F max) of Panchenkov was determined using the graph and
formula

Fmax = Gp 'X/Top +Ta
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Where, G, - weight of reaction mass, x- conversion degree, fraction, top + Taop -
optimal timing and timing of auxiliary operations.

It should be noted that the methanol fraction is a by-product of butyl alcohol
production, which determines the feasibility of its use from the standpoint of increasing
the economic efficiency of production.

Pour point reduction can be achieved by dilution.Indeed, dilution of the reaction
mass with methanol helps to reduce the pour point of the inhibitor from -38 to -46 "C,
while not exerting a significant effect on the protective effect. However, methanol is an
expensive product, and therefore we have tested water-soluble alcohols and methanol
fraction of butyl alcohols production It was found that their use equally effectively
reduces the pour point of the inhibitor. Based on the results of laboratory studies, a
scheme for obtaining the IK-10 inhibitor has been developed [4-5].
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Fig.5. Dependence of the yield of reaction water on the duration of the experiment.
Temperature 180-200 °C, oxidized mass: (OM-1: PEPA 1: 1) (1) and (OM-2: NEPA 5:
1) (2).

Table 1
Comparative characteristics of industrial inhibitors of the IKB-2-2, Tal-25-13R and IK-
12 brands in the field waters of the Arlanskoye field.

Ne Names [KB-2-2 Tal-25-13P IK-12
Dark brown homogeneous liquid without

1. Colour mechanical impurities

2. Viscosity, Ct no more 40 100 30

3. Pour point, °C, no more -20 -25 -50

4, Water content,%, no more 5 5 1,0

5. Offset with oil complete complete complete

Protective action at an inhibitor
6. consumption of 30 mg/ 1, not less 85 90 92

The results of the experiments indicate that the synthesis of imidazolines is
completed within 8-9 hours. The products of synthesis were used to obtain a
commercial inhibitor IK-12; distillate from distillation of KORK, metal fraction of butyl
alcohols, as emulsifying agent - neonol. It has been established that an increase in the

63 ISSN: 2663-7006



A INIIS L

D

concentration of neonol NS affects the degree of protection in the gas phase. The
protective effect is slightly increased in the oil and water phases and significantly
depends on the concentration inhibitor [6-9].

The inhibitor of the following composition has the maximum protective action,
wt%: active base - 20, neonol -4, solvent mixture - 76. At an inhibitor consumption of
25 mg / |, the protective action in the field water of the Arlanskoye field is 75% in gas,
92% in oil and 80% in aqueous phases.

Comparative characteristics of industrial corrosion inhibitors grade IKB-2-2, Tal-
25-13R and the prototype IK-12 inhibitor are shown in table 1. The developed inhibitor
of the IK-12 brand has a pour point of -46° C and a protective effect of 92% of the
mass.

Carried out the synthesis of carbamide with phosphoric acid. The reaction of
synthesis was studied, the optimal reaction conditions were found: temperature 95 - 100
OC, the residence time of the reaction mixture in the reactor 8 hours. The kinetic
regularities of the reaction were investigated. On the basis of the synthesis products
obtained, a corrosion inhibitor was developed, the protective effect of which in the field
water Urengoyskoye field reaches 90% at a flow rate of 200 mg / 1.

Fraction 140 - 260° C with a yield of 70% was isolated by rectification of the still
residue from the regeneration of cobalt, which is recommended as a solvent for the
imidazoline base in the production of corrosion inhibitors.

Higher carboxylic acids were obtained by oxidation of KORK and 2-ethylhexenal.

The duration of the oxidation is 24 hours, the temperature is 120° C, the oxygen
consumption is 20 | / h. The use of the Panchenkov nozzle increases the rate of
oxidation of the distillation residue from the regeneration of cobalt and 2 ethylhexenal
by 3 times.

On the basis of higher carboxylic acids, a corrosion inhibitor was obtained, the
protective effect of which for oilfield equipment of the Arlanskoye and Ishimbayskoye
fields is 91 + 92% at a flow rate of 25 mg / I.

CONCLUSION

Compounds based on carbamide and phosphoric acid have been synthesized. A
method for producing a corrosion inhibitor based on a synthesized compound, sodium
nitrite and a methanol fraction of butyl alcohol production has been developed. A
technology has been developed for obtaining higher carboxylic acids by oxidation of the
cobalt regeneration bottom residue (KORK) and 2-ethylhexenal, and a method for
producing a corrosion inhibitor based on oxidation products and diamines has been
developed.
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HCHOJIb30BAHUE MOYEBHUHBI V1A IIOJAYYEHUSI KOMIIO3ULIAH
JJIs1 OYUCTKU NOBEPXHOCTEHU U3 OTJIOXKEHUU OKCUAOB COJIEN
N METAJVIMYECKUX THAPOKCHUIOB

O.U.Tazues, T.H. Aupanosa
Asepbatioacanckasn I'ocyoapcmeennas Hepmanas Axademus
elsad.tagiyev.2019@mail.ru

Cnpoc na Ho6ble UHSUOUMOPLL U UX KOMNO3UYUU, Ne2KO CUHMe3Upyemble U3 CYUecmsyioueco
He@hmexumuiecko2o Colpbsa U IKOHOMUYHbIE C MOYKU 3PEHUs CUHmMe3d U NPUMeHeHUs, pacmem
¢ Kaxcovim OHem. B cmamve npedcmagnenvl pe3yivmamvl UCCIEeO08AHUL, NPOBEOCHHBIX O/s
nonyueHus uneubumopa kopposuu. /[na 3moeo enepevie ObliU CUHMEUPOBAHBL COCOUHEHUS HA
ocHoge MouesuHbl U Qocgoproiu Kuciomul. Hatioenvi onmumanvhvle peakyuonHvie YCl08Us
npoyecca cunmesa: memnepamypa 95-100°C, epems naxoxcoenus peaxyuonnoii cmecu 6
peaxkmope 8 uacog. Hccrnedoganvl Kunemuueckue 3aKoHomepHocmu peaxyuu. Ha ocnose
CUHME3UPOBAHHBIX NPOOYKMOS, pa3paboman UHUOUMOp KOppo3uu ¢ 3auWUmHbIM Oeticieuem
Y211e6000POOHBIX OMNOACEHUL 8 MUHEpAnbHbIX 600ax 00 90% npu pacxode 100 me / 1.
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Buicuue xapbonoswvie xucromol nonyuarom oxucnenuem xooanvma (CORK) u 2-amuneexcenans.
Haiioenwvr onmumanvhvie ycaosus 0as npoyecca. Bpems oxucaenus 24 waca, memnepamypa
120° C, pacxod xucnopoda 20 n/wac. Ha ocroge cummesupoBaHHwIX GbICUIUX KAPOOHOBbIX
KUCJIOM NOJYYeH UHSUOUmMOop Kopposuu ¢ 3auumusvim oeticmeuem 91+92% npu pacxode 25 me /
71 O7151 HeQhMEeNnPoOMbLCI08020 0OOPYO0BAHUS Y2NEB000POOHBIX MECHOPONCOCHULL.

Knwuesvie cnosa: sviciuvie kKapoonosvie KUCIOMbL,, KYO0BOU OCIMAMOK, peceHepayus Kobaibma
(KOPK) ,smuncexcenans, uHeubumop Koppo3uu, npooyKmsl OKUCIEHUSL.

METAL SOTHLORIN DUZ OKSIDLORDON VO HORDON TOMIZLONMOSI
UCUN KARBAMIDDON iSTiFADO

E.L Tagwev, T.IAyralova
Azarbaycan Dovlat Neft va Sonaye Universiteti
elsad.tagiyev.2019@mail.ru

Moévceud neft-kimya xammalindan asanligla 21da edilan va istifadasi nogteyi nazarindan ganaatcil
olan yeni inhibitorlara vo onlarin kompozisiyalarina tolabat giinii giindon artir. Magalada
korroziya inhibitorlar: istehsal etmak iiciin aparilmis tadgiqat islarinin mazmunu va naticalari
verilmisdir. Bela ki bu magsadla avwvalca karbamid va fosfor tursusu asasinda birlasmalar sintez
edilmisdir. Sintez prosesinin optimal reaksiya sortlori tapilmisdir: temperatur 95-100° C,
reaktor qarisigimin reaktorda qalma miiddati 8 saat. Reaksiyamin kinetik ganunauygunluglar
arasdirilmisdir. Alinan sintez mahsullart asasinda karbohidrogen yataqlarinin malan sularinda
qoruyucu tasiri 100 mq /I axin stiratinda 90% -2 ¢atan korroziya inhibitorlart hazirlanmigdur.
Kobaltin (KORK) va 2- etilheksenalin oksidlosmasi yolu ilo ali karbon tursulari alinmisdir.
Prosesin optimal soraiti tapilmisdir. Oksidlosma miiddati 24 saat, temperatur 120° C, oksigen
Sorfi 20 1/ saat. Sintez edilmis ali karbon tursular: asasinda, karbohidrogen yataglarimin neft
Madan avadanligi iiciin qoruyucu tasiri 25 mq/l axin siratinda 91+92% olan korroziya
inhibitorlar: aldo edilmisdir.

Agar sozlar: Ali karbon tursularvkub qaligi, kobaltin regenerasiyasi, (KORK), 2-etilheksenal,
korroziya inhibitorlar:, oksidlogmo mahsullar:.
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THE SYNTHESIS OF THE NANOENSEMBLE ON THE BASIS OF
CROWN ETHER

U.A.Hasanova', Z.0.Gakhramanova®, N.A.Guliyeva?, H.N. Guliyev
1SRI «Geotechnological problems of oil , gas and Chemistry»
?Azerbaijan State Oil and Industry University
hqulliyev@mail.ru

We synthesized the compound of azacrown class with macrocyclic structure. On the basis of
synthesized macrocyclic compund, supramolecular ensembles with nanoparticles were
structured. Structured azacrown macrocycles were studied by methods of the NMR and mass
spectroscopy. Obtained nanoparticles were analyzed and their structures were studied by the
methods of scanning electron microscopy, FTIR and also x-ray diffraction analysis. The
Lambert-Buger-Bere UV spectroscopy method was used to determine the quantitative
composition of nanoparticles. Also the mechanism of reaction with oxygen containing diamine
were investigated.

Keywords: azacrown ether, macrocycle, supramolecular ensemble, composite material.

INTRODUCTION

Nowadays the magnetic nanoparticles found wide range of applications in various
fields of science, technology and also in everyday life, for instance, in structure of
composite materials in biotechnology and in up-to-date technologies. Directed
transportation of medications[1], hypothermia[2], and also immune diagnosis[3] were
considered as the best fields for application of magnetic nanoparticles. Using the
magnetite nanoparticles[4], first of all, is related to ease of obtaining magnetite of
required dispersion and its relative inertia. Today magnetite nanoparticles used in
immune analysis and clinic diagnosis have superparamagnetic properties[5]. By linking
azacrown ether and Fe;O,4 nanoparticles we get ensembles of new generation and as a
result, combining supramolecular chemistry and nanotechnology for designing new
compunds based on supramolecular ensembles.

EXPERIMENTAL PART

The chemicals we used in the synthesis were of analytical grade sodium salicylate,
thionyl chloride, solution of NaOH, n-butanol, FeCl3*6H,0, FeSO,+7H,0, chloroform,
.2,2-(ethane-1,2-diylbis(oxy))bis(ethan-1-amine) , 1,3-dichloro-2-propanol, , NH,OH
(25 %), were purchased from Sigma-Aldrich ; Nutrient Broth was purchased from
Biolife (Milano, Italia).

We put a number of cascading reactions. At first, we synthesized salicyloyl
chloride and in the second step N,N'- ((ethane-1,2-diylbis(oxy))bis(ethane-2,1-
diyl)bis(2-hydroxybenzamide) was synthesized (fig.1.). In third step of synthesis we
obtained  2,3-hydroxy-7,8,10,11,14,15,23,24-octahydro-22H-dibenzol[i,p][1,4,11,15]-
tetraoxa [7,19]diazacyclohenicosine-5,16(6H,13H)-dione (fig.2.). The NMR spectrum
of intermediate sintone N,N'- ((ethane-1,2-diylbis(oxy))bis(ethane-2,1-diyl)bis(2-
hydroxybenzamide) is given below.
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Fig.2. Molecule model: 2,3-hydroxy-7,8,10,11,14,15,23,24-octahydro-22H-
dibenzo[i,p] [1,4,11,15]-tetraoxa[7,19]diazacyclohenicosine-5,16(6H,13H)-dione.

Synthesis

Salicyloyl chloride.

To the 500 ml flask containing 24 gr sodium salicylate while stirring accompanied
by cooling 20 ml of thiony chloride were added by dripping. Flask used for reaction
was equipped with calcium chloride tube. After reaction obtained mixture was cooled
during 48 hours.

N,N’-((ethane-1,2-diylbis(oxy))bis(ethane-2,1-diyl))bis(2- hydroxybenzamide).

To the 200 ml flask with 3.0234 g of salicyloyl chloride in presence of pyridine
catalyst and ortho xylene solvent diamine(2,2’-(ethylenedioxy)-bis(ethyleneamine) )
was added by dripping. Reaction was accompanied by cooling.Found: *C NMR
spectra: (DMSO-d6, o, ppm.),69.092CH2), 69.81 (2CH2), 69.92 (2CH2),
117.98(2CH), 119.9 (2CH), 126.1 (2CH), 126.7 (2CH), 148.01 (2C), 160.3 (2C), 169.2
(2C0O). 'H NMR spectra: (DMSO-d6, ppm.),3.34t (4H, 2CH?2), 3.47 t (4H, 2CH2), 4.3 s
(4H, 2CH2), 6.91-8.18m (8H, Ar), 8.87s (2H, NH), 10.19s (2H, OH).

2,3-hydroxu-7,8,10,11,14,15,23,24-octahydro-22H-dibenzo[i,p][1,4,11,15]-
tetraoxa-[7,19]diazacyclohenicosine-5,16(6H,13H)-dione.

In the 200 ml flask containing 150 ml of n-butanol as solvent the reaction by
adding dropwise 1,3- dichloropropan-2-ol dissolved in 15 ml of n-butanol to NaOH
mixture of N,N’-((ethane-1,2-diylbis (oxy)) bis (ethane-2,1-diyl) ) bis (2-hydroxyben-
zamide) was carried. Reaction was conducted during 25 hours and obtained product
after dissolving in water was extracted in to chloroform.
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XRD - X-ray diffraction analysis was performed on Rigaku Mini Flex 600 XRD
dif-fractometer in ambient. In all the cases, CuKa- radiation from a Cu X-ray tube (run
at 15 mA and 30 kV) was used.

FTIR The functional groups, present in the powder samples of MC @ Fe3O4
were identified by Fourier Transform Infrared (FTIR) spectros-copy. FTIR spectra were
recorded on a Varian 3600 FTIR spectrophotometer in KBr tablets. The spectrum was
taken in the range of 4000 - 400 cm-1 at room temperature.

Scanning Electron Microscope (SEM) and Energy-Dispersive Spectrum (EDS)
analysis SEM and EDS analysis of prepared samples of MC @ Fe3O,4 nanoparticles
were taken on Field Emission Scanning Electron Microscope.

'H and *C NMR spectra were recorded on Brucker AC-300 (300 and 75 MHz,
respectively), Varian VXR-400 (399.97 and 100.613) instruments, the internal standard
everywhere was tetramethylsilane.

UV Spectroscopy. The UV spectra have been recorded on Spectrophotometer
Specord 250 Plus. UV spectra were recorded at 278 nm for standard solutions of with
different concentrations.

RESULTS AND DISCUSSION

When examining the NMR spectrum of the resulting intermediate synthon (fig.3),
we found that we get a product that has functional groups for further synthesis based on
it. In further synthesis, we based on the reactions that we carried out earlier and now we
can construct new supramolecular assemblies.

\\\ \\:""\‘\‘ (//-rr‘" {
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Fig . 3. 3C NMR spectrum of intermediate sintone N,N’-((ethane-1,2-
diylbis(oxy))bis(ethane-2,1-diyl))bis(2-hydroxybenzamide).

69 ISSN: 2663-7006



'
‘ i
Azil 1920 | Azarbayean Doviat Neft va Sanaye Universitet

D

Structural morphology of macrocycle binded to magnetite (MC@Fe30,) was
determined by the scanning electron microscopy method and result is depicted on figure
4. It was determined that, obtained structures have size of 6-13 nm.

Fig.4. Scanning Electron Microscopy image of MC@Fe30,.

CONCLUSION

We determined and matched the macrocycle of an azacrown ether containing a
peptide bond in its structure with magnetite nanoparticles and studied the structure of
the resulting supramolecular ensemble, which will become a good basis for the
synthesis of new composite materials containing a peptide bond, which, as a result, can
be good natural siderophores. Nanotechnology creates suitable conditions for decreasing
of single dosage of medications and consuming drug of same class with acceptable
minimal side effects.
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Hamu cunmesuposano coedunenue Klacca a3aKkpayHos Makpoyukiuyeckozo cmpoenus. Ha
OCHOBe  CUHME3UPOBAHHBIX ~ MAKPOUUKAUYECKUX  CHPYKMYp  Obliu  CIPYKMYPUpO8aHsl
cynpamonekynapuvie  ancamoOau ¢ Hawouacmuyamu.  CmpykmypupoeanHvie — a3aKpayH
Maxkpoyuxisl Ovlau ucciedosamwsvl memodamu AMP, macc- cnekmpockonuu. IlonyuenHvle
Hanouacmuysbl AHATUZUPOBANU U USYYAIU UX CHPYIMYpPbl Memooamu  CKaHupyroweu
anekmpounou Mmukpockonuu, FTIR, a makodice peHmeeHOCmMpPYKMYpHbIM aHAnu3oMm. s
onpeodeneHus: KOTU4eCmeeHH020 COCMABA HAHOUACUY NPUMEHSICS Memo0d HA OCHO8E 3AKOHA
Jlambepma—byeepa-bepa memodom YD-cnekmpockonuu. H3yuen mexawuzm peakyuu ¢
OUAMUHOM COOEPAHCAUUM 8 C8Oell CIPYKINYPE KUCTOPOOHBIE AMOMbL.

Knrwouesvie cnosa: azaxpayn 3¢pup, MaKkpoyuri, CynpamonrexyIapHulil ancamoib, KOMRO3UMHbLI
Mamepuai.

KRAUN EFIR 9SASINDA NANOANSAMBLLARIN SINTEZI
U.0.Hasanova', Z.0.Qahramanova’, N.A.Quliyeva®, H.N.Quliyev?
YETI «Neftin, Qazin Geotexnoloji Problemlari va Kimyay
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Biz azakraun sinifina aid olan makrotsiklik birlosmoni sintez etdik. Sintez olunmus makrotsiklik
birlogmonin  asasinda  supramolekulyar ansambllar  qurulmusdur. Qurulmus azakraun
makrotsikllar NMR va kiitlo spektroskopiva metodlart vasitasilo oyranilmisdir. Olda edilmis
nanohissaciklor SEM, FTIR metodlar: va hamginin rentgen analiz vasitasi ila tadqiq edilmisdir.
Nanohissaciklarin kamiyyat torkibini dyranmak magsadi ilo Lambert-Buger-Bere prinsiplarina
asaslanan UB spektroskopiya metodundan istifado olunmusdur. Homginin alava olarag
torkibinda oksigen atomu dasiyan diaminlor ila ila reaksiya tadgiq olunmusdur.

Acar sézlar: azakraun efir, makrotsikl, supramolekulyar ansambl, kompozit material.
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EFFECT OF STEAM ON CATALYTIC PYROLYSIS PROCESS

G.C.Dadoyeva, R.A.Sadiyev
Azerbaijan State Oil and Industry University
dadayeva750@list.ru

In this paper, research is being conducted to improve the thermal cracking process and to
alleviate the rigid process regime. It is known that the rigid thermal pyrolysis process in the
petrochemical industry makes it one of the most economically and technologically difficult
processes. In this regard, the intensification of the process is constantly being studied by
specialists. The application of catalysts to the process of thermal pyrolysis and its transition to a
mild mode can be an important factor. Given the urgency of the process, it is important to select
catalysts that can be used at high temperatures for the catalytic pyrolysis process, to study its
mechanism of action, to study the effect of yield and quality of the products obtained and to
study the effect of water vapor applied to the selected catalyst. Taking these into account, in our
research, for the first time in the process of thermal pyrolysis, using the natural Azerbaijani
zeolite mordenite-type catalyst, we analyzed the results of this process with or without the
presence of water vapor. Thus, the yield of ethylene in the process of thermal pyrolysis with the
presence of a catalyst without water vapor at 650°C was 10.03% (mass), and with the presence
of water vapor was 11.44% (mass). At the appropriate temperature and conditions, the yield of
propylene was 29.13% (mass) and 32.25% (mass). Thus, the natural Azerbaijani zeolite
mordenite, which we used for the first time, was selected with its selectivity in the process of
catalytic pyrolysis due to its more perfect structure than the catalysts known from the literature,
and positive results were obtained.

Keywords: thermal pyrolysis, catalytic pyrolysis, zeolite catalyst, mordenite, water vapor,
straight run gasoline.

INTRODUCTION

Acquisition of a wide range of chemical products from hydrocarbon raw materials
through petrochemical synthesis is associated with the perspective development of the
national economy. In this regard, the development of this sector is always relevant.

The main raw materials in the modern chemical industry are low-molecular
olefins. The main source of low-molecular olefins is the pyrolysis process, which is a
thermo-catalytic process of hydrocarbon gases and petroleum products.

At present, the pyrolysis of petroleum fractions in petrochemical industry in the
world is carried out in a tubular furnace with the presence of water vapor. Although the
pyrolysis process has been continuously updated since the introduction of the first
industrial unit, the apparatus of the technological unit, as well as various technological
junctions, has resulted in increased productivity. Besides, significant work has been
done to increase the selectivity and efficiency of the process. Despite all this work, the
indicators of this process are limited. From this point of view, the demand for the
pyrolysis process makes it urgent to increase its raw material base, to improve the
process economically in the petrochemical industry and to work on modifying the
process.

The aim of this paper was to investigate the intensity of the catalytic pyrolysis
process. Numerous catalyst systems have been studied as catalysts for the pyrolysis
process. Among them, zeolite catalysts gave better results[7]. As a result of the
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application of these catalysts, an increase in the yield of propylene and butene was
observed. However, during the application of the catalytic pyrolysis process, thanks to
the catalyst supplied to the process, either the yield of the target product was increased
or the temperature regime of the process was reduced. So far, both cases have not been
possible at the same time. From this point of view, the investigation of the application
of various catalysts continues

The use of a catalyst with a basic micro spheric zeolite for the production of low-
molecular olefins has been studied in more detail.

EXPERIMENTAL PART

It is known that there are eight types of natural zeolites: - clinoptilolite, mordenite,
erionite, shabazite, phillipsite, ferritite, limonite analsim. These are available in large
natural deposits. Among these types of catalysts, clinoptilolite and mordenite zeolites
are mostly used in the petrochemical industry. There are large deposits of both zeolites
in our country. Natural zeolites are usually found in the form of tuff. Clinoptilolite tuff
contains 70-90% clinoptilolite. At the same time, it contains various mineral mixtures -
montmorillonite, celadonite, cristobalite, feldspar quartz, biotite, etc. available.
"Aydagh” clinoptilolite is more popular in Azerbaijan [2].

The composition of Azerbaijani zeolite applied to the catalytic cracking process is
shown in Table 1. The composition of mordenite, an Azerbaijani zeolite, was analyzed
by “Derivatograph”, “Phase X-ray” and “Electromicroscope” methods. The main
method of studying zeolite-related minerals in zeolite deposits is the "Diffrometric X-
ray" method. In this way, in addition to mordenite, it contains clinoptilolite,
montmorillonite, kvarsin, etc. it is possible to determine their existence. The amount of
water, temperature resistance and dehydration area in mordenite were determined by
"thermographic” analysis [3].

Table 1
Composition of Azerbaijani zeolite

Components %, wit.
No
1 SO, 59.48
2 Al ;03 25,67
3 Fe,O3 2.78
4 FeO 0.56
5 CaO 7.08
6 MgO 1.49
7 TiO, 0.19
8 Na,O 1.40
9 K0 3.01

It was determined that, high content of Ca and Mg components in zeolite
contributes to its performance and dehydration temperature, temperature resistance. The
authors show that hydration of mordenite zeolite is completed at a temperature of 600°C
. As a result of X-ray analysis, it was determined that The structure of mordenite is
stable at temperatures up to 1000°C. When the temperature rises from 1000°C to
1300°C, X-ray analysis shows a breakdown of the microstructure of mordenite[8].
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Taking into account that, in the process of thermal pyrolysis, the direct pyrolysis
of gasoline is carried out at a temperature of 700-900°C[8].Then, The application of
Azerbaijani zeolite to this process can be considered favorable. Regarding to this, we
used mardenite- an Azerbaijani zeolite- in our research

First of all, we determined the indicators of disposable distillate gasoline obtained
from the EUSD-AV unit operating at the Baku Oil Refinery named after H. Aliyev
(table 2). Traditionally, the density of direct-run gasoline was determined by
pycnometric method, the fraction composition was determined in the device "ARN-2".

Table 2

Indicators of disposable distillate gasoline

Indicators . Disposat_)le
distillate gasoline
Density, p 0.744
The composition of the faction
Boiling point, T °C 38 °C
10% Distillate, T °C 67 °C
50% Distillate, T°C 104 °C
90% Distillate, T°C 151 °C
End of boiling T °C 166 °C
Amount of Sulphur, %(wt). 1.01
Hydrocarbon composition, %(wt)
Paraffins 55.2
Naphthene 42.7
Aromatics 2.6

We studied catalytic pyrolysis process in a flow-type reactor unit, which we have
compiled below.

B atmocdepy

Fig.1. Scheme of the laboratory device of the catalytic pyrolysis
process with a flow reactor.
1-reactor, 2-electric furnace, 3-piston dosing, 4-BRT-3, 5-resistor,
6-sampling; 7-gas meter; 8-refrigerator; 9-condensate receiver
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First of all, we carried out catalytic pyrolysis of disposable gasoline using
Azerbaijani zeolites without water vapor. It is known that the use of water vapor leads
to the process of coking and in some cases increases the yield of the target product.
However, the literature we studied showed that water vapor reduces the activity of the
catalyst without changing the selectivity [1]. For this reason, we made our presentation
without water vapor, and the results are shown below.

Table 2

Effect of catalyst and steam on catalytic prolysis process

Components Concentration of gaseous products (C1-C4) in the reaction
zone
at different temperatures, T°C
600 | 650 | 700 600 | 650 | 700
Without water vapor In the presence of water
vapor
3.5san 3.5san
Hidrogen 0.78 0.79 1.06 1.52 1.29 1.99
Metan 6.52 9.70 15.72 6.31 8.74 15.15
Etan 10.62 5.53 9.08 2.22 3.29 4.78
Propan 10.35 8.16 4.67 6.59 4.99 2.16
Butan 9.93 9.08 5.36 9.61 8.69 3.26
i-butan 17.54 11.61 4.49 10.59 6.74 3.18
Etilen 6.45 10.03 17.14 7.94 11.44 20.01
Propilen 27.74 29.13 25.41 36.64 32.25 32.75
Ybuten 10.08 15.98 16.32 18.59 22.06 14.56
Divinil 0 0 0.75 0 0 2.15
The amount of olefin 44.26 55.13 58.87 63.17 65.76 67.32
in the gas, %(wt).
Yield of olefin, (C;- 9.62 16.51 28.21 11.19 18.87 37.94
Cy) %(wt).
Yield of ethylene 7.43 11.72 20.39 7.90 12.54 29.74
and propylene,%
(wt).
Gas formation, 21.73 29.94 47.92 17.72 28.70 56.36
%o(wt).

RESULTS AND DISCUSSION

When applying zeolite and zeolite-containing catalysts to the pyrolysis process,
the authors [2-6] showed that there are two types of acid centers on the surface of
catalysts: Brensteda-based and Huisa-based.

Brenstov centers predominate on the surface of the catalyst. These centers are
characterized as potentially bransted acid centers. The relative surface area decreases
when the catalytic pyrolysis process is carried out at high temperatures without the
presence of water vapor. This process mainly applies to amorphous alumysilicate
catalysts. The reason for this is the dehydrogenation process, in which hydroxyl groups
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combined with aluminum atoms are released from the surface of the catalyst. In this
case, a certain amount of water vapor is obtained. This reduced the activity of the
catalyst. Thus, first the strong acid centers weaken on the surface of the catalyst. At this
point, only Lewis centers begin to form and acid vapors are formed, which weakens the
catalyst - negatively damaged centers are formed, as shown in the table above.

When the process is carried out with the participation of water vapor, the
Brandstov acid centers are restored, and the balance between the two types of centers is
restored.

On the other hand, in the process of pyrolysis without the presence of water vapor,
carbon ions or radicals are more likely to collide with each other, surrounded by other
reaction particles. When the process is carried out with water vapor, the mixture
dissolves in each other and the recovery of radicals is weakened. When comparing the
presence of water vapor and the process of pyrolysis without water vapor, we see that
the amount of olefins in the pyrolysis gas during the same contact period is higher than
the yield from pyrolysis pyrolysis without water vapor. Based on the obtained results, it
can be said that such a good result can be obtained with or without the presence of water
vapor by changing the structure of the acid center of the catalyst at high temperatures.

CONCLUSION

The analysis of the research shows that it is possible to get such a good result by
changing the structure of the acid center of the Azerbaijani zeolite catalyst at high
temperatures, both in the presence of water vapor and without the presence of water
vapor. The application of Azerbaijani zeolite to this process can play an economic and
effective role in reducing the temperature of the process. This is facilitated by the fact
that the selected catalyst maintains its structure stable at a temperature of 1000 °C.
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NCCIEJOBAHME BJIMAAHUA BOISAHOI'O ITAPA HA ITPOLECC
KATAJIUTUYECKOI'O ITUPOJIN3A

"4 Jlaoaesa, P.A.Caoues
Aszepbatiodcanckas I'ocyoapcmeennas Hegpmanas Axademus
dadayeva750@list.ru

Hzeecmno, umo mepmuyeckuil NUPOIU3  NPOBEOCHHBIL 6  JCECMKOM  pedicume 8
Heghmexumu4eckol nPOMbIULIEHHOCU AGISAEMCs OOHUM U3 HAUOOAee CIONCHBIX NPOYECco8 KaK
OKOHOMUYECKU, MAK U mMeXHodo2uYecku. B cesa3u ¢ smum ummencugurxayus npoyecca
NOCMOSHHO U3yyaemcs: cneyuaiucmamu. Badcnviv gpaxmopom modxcem Ovlmb npuMeHeHue
Kamanuzamopos 8 npoyecce mepmuieckoeo nupoau3a u e2o nepexoo 6 maekuti pescum. C amotu
MOYKU  3PeHUs, HNPUHUMAS 60 GHUMAHUE  CELeKMUBHOCHb — PA3IUYHBIX — CUCHEMHbIX
Kamanuzamopos, NpoGoOsSIMcs NOCMOSIHHbIE UCCAC008AHUsL Ol VAVYUIEHUST Npoyeccd.
Yyumwieas axmyanvnocmv npoyecca, 6vl60p KAMAIU3AMOPO8, KOMOpvle MO2ym Oblmb
UCNOML306AHbI NPU  BbICOKUX MEMNepamypax Oas Hpoyecca Kamaiumuieckoeco NUpou3sd,
uzyuenue MexanuamMa e2o 0elicmeus, GIUSHUSL HA 6bIX00 U KAYeCME0 YeleblX NpoOyKmos u
GIUSHUE NPUMEHSEMO20 B00SIHO20 NApA K BbIOPAHHOMY KAMAIUZAOPY NPU MEPMUYECKOM
nupoause A6IOMCS  BANCHLIMU  hakmopamy. [lpunumas smo 60 GHUMAHUe, 8 HAueM
uccnedosanuy, Gnepsvble 6 Npoyecce MeEPMULEecK020 NUPOaU3d, ObLIU NPOAHATUIUPOBAHBL
pesyrbmamusl  9Mo20 Npoyecca C UCNOAb30GAHUEeM KAMAiu3amopa muna MopoeHuma,
NPUPOOHO20 A3epOATONCAHCKO20 YEOaUmd, ¢ OOAHBIM napom uiu oesz neeo. Taxum obpazom,
6bIX00 DMUTEHA 8 NPOYECCe MEPMUYECKO20 NUPONU3A C YHACHUeM Kamaiuzamopa 6e3 6005sH020
napa npu 650°C cocmasun 10,03% (no macce), a ¢ yuacmuem 6oosmozo napa - 11,44% (no
macce). Ilpu nooxoosuwux memnepamypax u yciogusx evixo0 nponunena cocmasun 29,13% (no
macce) u 32,25% (no macce). Taxum 0Opazom, npupoOHblil aA3epOAUONCAHCKUL YeOoqum -
MopOeHum, Komopblil ObLI UCHOTIL308AH 6NePEble, UMeem 00ee COBEPUICHHYIO CIMPYKIMYPY, YeM
Kamanuzamopyul, U38eCcmuvle U3 JIUMEPAMypbl, HOIMOMY OH Obll 6blOpan 6 npoyecce
Kamanumu4ecko2o nupoau3a u Obliy noayYensl HOJOHCUMETbHbLE Pe3YTbmAambl.

Knwuesvie cnosa: mepmuueckutl NUpoau3, —KAMAIUMu4eckuti  NUpoaU3,  YeOoNUmHblil
Kamanuzamop, MopoeHum, 6005HOU AP, NPAMOSOHHbLIL OEH3UH.

SU BUXARININ KATALITIK PIROLIZ PROSESINO TOSIRI

G.C.Dadayeva, R.A. Sadiyev
Azarbaycan Déviat Neft va Sanaye Universiteti
dadayeva750@list.ru

Moalumdur ki, neftkimya sanayesinda termiki piroliz prosesinin sart rejimda getmasi onun ham
igtisadi vo ham da texnoloji cahatdon agir proseslor swrasina salir. Bu baximdan prosesin
intensiviagdirilmasi daim miitaxasislor torafindon arasdiriir.  Termiki piroliz prosesina
katalizatrlarin totbiqi vo onun miilayim rejimo ke¢moasi ticiin onomli faktor ola bilor.Bu
baximdan miixtalif sistemli katalizatorlarin segiciliyini nazara alaraq prosesin tokmillasdirilmasi
istiqamatinda daim tadqiqatlar aparilmadaddir. Prosesin aktualligini nazoro alaraq katalitik
piroliz prosesi iigiin yiiksok temperatur saraitinda istifada oluna bilon katalizatorlarin secilmasi,
onun  prosesa tasir mexanizminin Oyronilmasi, alinan moagsadli mahsullarin ¢ixim va
keyfiyyatina tasirini 6yronmk va termiki piroliz prosesinda totbiq edilon su buxarimin segilmis
katalizatora tasirinin oyranilmasi vacib amlilardon hesab edilir. Bunlari nazara alaraq tadgiqat
isimizda termiki piroliz prosesinda ilk dafa olaraq tabii Azarbaycanin seoliti olan mordenit tipli
katalizatordan istifado edorak, bu prosesin su buxarmmn istiraki vo su buxarimin istiraki
olmadan aparmaqla alinmis noticalorinin analizini tahlil etmisik. Beloki, etilenin ¢iximi su
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buxart olmadan katalizatorun istirak: il> aparilan termiki piroliz prosesind> 650°C da 10.03%
(kiit.), su buxarimin istiraki ilo iso 11.44% (kiit.) taskil etmisdir. Uygun temperatur va saraitdo
isa propilenin ¢ixumi 29.13% (kiit.) va 32.25%(kiit.) ¢ixim alda edilmisdir. Belolikla, ilk dafa
istifado etdiyimiz tabii Azarbaycan seoliti olan mordenit adabiyyatlardan malum olan
katalizatorlardan daha miikommol struktura malik oldugu ucun katalitik piroliz prosesinda oz
segiciliyi ila segilmis va miisbat naticalar alda olunmugsdur.

Acar sozlor: termiki piroli, katalitik piroliz, seolit katalizatoru, mordenit, su buxari, birbasa

govulma benzini.
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WATER TREATMENT USING GRAPHENE OXIDE AND ZEOLITE

N.A. Guliyeva, M.A. Malikzade
Azerbaijan State Oil and Industry University
mrdmlkzd@gmail.com

In this scientific work, we described how the medium was prepared from solutions with several
salts to create an imitation of the environment with NaCl equal concentration of the Caspian
Sea. Zeolite nanoparticles and graphene oxide were used for water purification. In our
research, the optimal conditions for the production of graphene oxide by an improved method
are established and the results of FTIR analyzes and the results of SEM of nanoparticles are
presented. The procedure for creating a carrier with nanoparticles is also disclosed and the
results of calculations are presented. Graphene oxide nanoparticles were synthesized and their
morphology was studied, after that they were used for water purification. According to the
obtained results, GO nanoparticles on a Schott filter without a membrane showed the best
results in comparison with zeolite.

Keywords: zeolite, graphene oxide, water purification, FTIR, SEM, nanoparticles.

INTRODUCTION

Where is water, there is life. At all times, man used water in everyday life for
various purposes. As you know, most of the earth's surface is covered with oceans and
seas, whereas it became clear that, the most of the water resources are rather salty. In
today’s era potable water resources are reducing day by day and it is one of the most
important problems that is increasing at an alarming rate in all over the world. The main
reason of this problem is tossing of contaminants like chemicals, undesired mechanical
impurities and etc. to the environment. As you know, the main sources of environmental
pollution are engineering plants, thermal power plants and transports which are
necessary for humanity for everyday life. In the last decade of the development of
nanotechnology, water purification has become quite real for their use to improve the
composition of water and chemical purification [1,2]. Various kinds of nanostructured
membranes (mainly carbon based nanomaterials) are used for the purification processes.

The key indicator is the reason for the high reactivity of nanoparticles due to their
large specific surface area. So from the literature it is known that a number of studies
indicate the toxicity of some nanomaterials, as a result of which we decided to use
graphene oxide for water purification, which has good antimicrobial properties and
which is also environmentally friendly. Graphene oxide has a very complex chemical
composition [3,4]. There are different methods of synthesis of GO nanoparticles in
laboratory conditions. The most commonly used method is the Hammer method, It is a
modified and improved method. We used a modified Hammer method to get a more
effective product in the world of nanomaterials. The most commonly used water
purifiers for heavy metals, microbiological contaminants, metals and salts are carbon
nanotubes (UNT), graphene and graphene oxide [5]. Each of them has a different effect
on the purification of water, and the most suitable is graphene oxide [6,7]. Comparing
the characteristics of graphene, carbon nanotubes and graphene oxide, we can see a
large number of functional groups in graphene oxide. Membrane production using
graphene and carbon nanotubes is more expensive and requires too much time for
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synthesis. It contains various functional groups such as hydroxyl, epoxy, carboxyl,
aldehyde, ketone, and it has no chemical formula yet. There are several ideas about the
structure of GO.

Hydroxyl and epoxy groups are the main components of GO. They are located in
the basal layers. It is also important to emphasize that the basic rules of organic
chemistry are not appropriate for GO chemistry. Although controlled chemistry has not
yet been completed for GO, functional groups can directly enter into some reactions.
GO's chemistry can help us understand why water can be treated with these
nanoparticles. There are several reactive functional groups on GO, and it is very likely
that Na* and CI” ions in water will be attracted by functional groups. However, it is a
little tricky to predict where or the exact functional group to which the ions will attach.
Scientists are looking for an analytical method to find a controlled chemical
composition and detect all sides of GO after a reaction. And also for comparison, we
carried out an analysis with a zeolite of a certain structure, which was decoded by the
SEM method. There are many types of natural zeolites like clinoptilolite, mordenite,
phillipsite, chabazite, stilbite, analcime and lomontite. Among them, clinoptilolite (ZC)
is the most widespread natural zeolite and is widely used in the world, it perfectly
removes toxins, it is also a good antioxidant and anti-inflammatory agent.

EXPERIMENTAL PART

Procedure:

Desalination part: NaCl

- mineral zeolite is prepared as a fine powder

- morphology of zeolite powder investigated using SEM

- taken powder FTIR

- the filter device was washed with DW, then 15 g of zeolite was added to it in the form
of a layer

- 200 ml. DZ and 2. 4 g of NaCl was added to a beaker and 100 ml of this solution was
carefully placed over the layer of zeolite powder.

- after 2 hours the conductivity of the treated water was measured and compared with
that which was measured before the experiment.

Na,Ze+ CaCl, — CaZe+ 2NaCl
Na,Ze+ MgCl, - MgZe+ 2NaCl
CaZe+ 2NaCl — CaCl, + 2NaZe

Synthesis of graphene oxide.

Basically graphene is obtained by the restoration of GO in the presence of
hydrazine. In this case, we get graphene with less C / O correlation and less quality of
functionality of layers by comparison with GO. The high cost of obtaining graphene,
carbon nanotubes and many other properties of graphene oxide make us choose
graphene oxide for water purification, which attracts ions to water. Graphite is enriched
with sodium nitrate, which is oxidized by potassium permanganate and hydrogen
peroxide. The purpose of oxidation is the acquisition of a large number of functional
groups, which help to attract ions. the ions cannot pass from the layer of graphene oxide
because of the chemical reactions and the sizes. The surface of GO is too wide and it is
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the main thing which makes retention and reaction time higher. Water desalination with
GO.

Three plastic sample holders containing 2 g of graphite, 1 g of NaNOj3 and 69 of
KMnQO, have been weighted. The 46 ml of sulfuric acid ( H,SO4 ) 95 - 98% has been
poured into the 250 ml volumetric cylinder. The ice bath has been filled with ice for
experiment. This procedure has been implemented for 2 times since 2 reactions has been
we discussed in the chemistry planned. After the preparation of the sample, 3 necked
and 2 necked flasks have been taken, as well as convenient thermometers for the flasks.

Necked flasks have been put into the ice bath. Subsequently, weighted graphite,
NaNO; and H,SO,4 have been added respectively. Thermometer has been put into the
flask and the stirring process started. We have waited 20 minutes to reach the
temperature of 0 °C. After reaching 0 °C, we got rid of an ice bath and the
temperature of mixture started increasing.

During this process the hot plate has also been used in order to reach the
temperature of 20 °C in a shorter time period. After reaching 20 °C, the KMnO,4 has
been added gradually for two hours. Since the temperature was increasing with
addition of KMnO,, we were keeping the temperature between 20-25 °C using ice bath.
After adding all KMnQO, during 2 hours, we have let the mixture to be stirred for more
4 hours.

During these hours the temperature has been kept between 20-25 °C. When
temperature was increased to 35 °C, the mixture has been stirred at this temperature
for 30 minutes. The mixture was put in the ice bath. 92 ml of DW has been poured into
the sample gradually. During this process, temperature increased suddenly till 90 °C and
decreased till 70 °C. The temperature has been kept between 70-75 °C for 15 minutes
and the hot plate was used in order to keep the temperature between 70-75 °C. The
mixture in the necked flask has been poured into the 1 | Erlenmeyer flask. Then, the
necked flask has been washed with 280 ml DW in order to help dispersion and to
decrease the loss of products.

For this step, we prepared 500 ml 3% H,O, , poured it into the mixture and
stirred it for 10 minutes. Then, we let the mixture rest for 12 hours. In the end, we have
started the filtering process. During filtering process we have washed our product with
DW in order to get rid of the sulfuric acid inside it been added to beaker 1.2 g of NaCl
has been added to the beaker and stirred for 20 minutes 12 g/l concentrated water has
been prepared 1 g of GO has been put on the filtration device and this device has been
put into the Buchner system 100 ml of concentrated water has been added to GO
gradually.

Materials:

Distilled water, Filter paper, Wastewater from the lake, Putty knife, Clinoptilolite,
Measuring cylinder 250 ml Ice bath Sodium chloride (NaCl), Sodium nitrate (NaNO3),
Potassium permanganate (KMnQy,), Sulfuric acid (H,SQO,), H,0O, 30%.
Characterization of structure.

FTIR spectrophotometry. The functional groups, present in the powder samples of
hybrid nanostructures in combination with ILs, will be identified by Fourier Transform
Infrared (FTIR) spectroscopy. FTIR spectra were recorded on a Varian 3600 FTIR
spectrophotometer in KBr tablets. The spectrum was taken in the range of 4000 - 400
cm™ at room temperature.

Scanning Electron Microscope (SEM). SEM analysis of prepared samples NPs were
taken on Field Emission SEM JEOL JSM-7600F at an accelerating voltage of 15Kv.
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RESULTS AND DISCUSSION

In the pores of zeolite, there are cations and water. Zeolites have a rigid three-
dimensional structure. The crystal structure of zeolite composed of a network connected
between tunnels and cells. Water enters and exits these pores unhindered, but the zeolite
framework remains rigid.

Another feature of this structure is that the pore and channel sizes are almost the
same, which allows the crystal to act like a molecular sieve. Porous zeolite contains
water molecules and ions.

Before starting our procedure part, we obtained SEM (scanning electron
microscopy) images of our zeolite powder in order to determine the characterization and
porous structure clinoptilolite as a sorbent. (tablel,2, fig.1)

Tablel
General composition of clinoptilolite

Na;O | MgO | AlbO; [SiO, | KO |CaO | FeO MnO Fe O3
1.37 10.99 12.13 6595 |195 |3.63 |0.07 0.02 1.22

Table 2
Composition of used zeolite
Element Weight % Atomic % Compound % Formula
Na 3.09 2.78 4.17 Na,O
Mg 2.03 1.72 3.37 MgO
Al 7.61 5.82 14.38 Al,O3
Si 33.41 24.55 71.48 SiO,
K 2.39 1.26 2.88 K0
Ca 0.65 0.34 0.91 CaO
Fe 2.18 0.81 2.81 FeO
@) 48.63 62.72
Sum 100

Fig. 1. SEM image structure clinoptilolite.

Then FTIR of zeolite was taken, and we noticed that we don’t have OH groups in
our image but actually we should have some picks because this group is one of the
strongest one.
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Desalination part: NaCl. We have checked the conductivity values of NaCl
solution after and before the zeolite treatment. Before the zeolite layer, the conductivity
of salty water was 21.4 mS/cm, after the zeolite treatment this value decreased to 19
mS/cm.

Considering that there is a linear relationship between the conductivity and
concentration (lower conductivity, smaller the concentration). Finally, we got 12% of
purification, according to the conductivity values.

CONCLUSION

In conclusion, we note that we conducted several experiments to find out which
nanoparticle has a good effect on water purification. It can be said that GO
nanoparticles are more efficient and economical in reducing CI" ions, but zeolite also
showed good results. Our project was based on calculating the efficiency of
nanoparticles on a Schott filter without a membrane, so that we can establish how these
nanoparticles can be useful in membranes.
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OUYUCTKA BOJbI C UCITIOJBb30BAHUEM OKCUJIA TPA®EHA U
HOEOJINTA

H.A.T'yiuesa , M.A.Menux3zade
Aszepoatiodcanckasn I'ocyoapcmeennas Hepmanas Axademus
mrdmlkzd@gmail.com

B omou nayunou pabome muvl onucanu, Kak pacmeopami HeCKOJIbKUX colell Ovlid
npuecomosnena cpeoa 0as coz0anusi umumayuu cpeovt ¢ NaCl xonyewmpayuu pasHou
konyenmpayuu Kacnuiickoco mopsa. [lna ouucmxu 600bl UCNOIB308ANUCH HAHOYACTIUYbL
yeoauma u okcuo zpagena. B nawem ucciedosanuu ycmanosnieHvl ONMUMANbHbIE YCI08US
NOAYYEHUs OKCUOA epaheHa VIYYUEeHHVIM MemooomM u npeocmasnenvl pezymvbmamuvt FTIR-
ananuzos u pesyromamovl SEM uamouacmuy. Taxoice packpvima npoyeoypa co30aHus
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HOCUmeNsl ¢ HAHOYaAcCmuyamu u npeocmasienvl pesyibmamvl paciemos. Cunmesuposamvi
HaHoYacmuybl OKCuoa epaghena u usyHena ux Mop@oaous, nocie 4e2o OHU NpPuUMeHeHbvl OJis
ouucmku  600vl . [0 NOIYYeHHbIM pe3ybmamam HaHoYacmuysl pager oxcuoa Ha guivbmpe
LIomma 6e3 membpansl, NOKA3AIU HAULYHULUE PE3YIbMAMbL HO CPAGHEHUIO C YEOJUMOM.
Knroueswie cnosa: yeonum, oxcuo epagena, ouucmra 6oodvl, FTIR, SEM, ranouacmuyzut.

QRAFEN OKSID VO SEOLITDON ISTIFADO EDOROK SUYUN
TOMIZLONMOSI

N.A. Quliyeva, M.A. Malikzada
Azarbaycan Doviat Neft va Sonaye Universiteti
mrdmlkzd@gmail.com

Bu elmi igdo biz, NaCl konsentrasiyast ilo Xazor onizinin konsentrasiyasina barabar stini miihit
yaratmagq ti¢tin bir ne¢o duzun mahlulundan miihitin neco hazirlandigini tasvir etdik. Suyun
tomizlonmoasi iiciin  seolit nanohissaciklarindan va qrafen oksiddon istifado edilmisdir.
Taodgiqatimizda grafen oksidin yaxsilasdirilmis bir metodla alda edilmasi iiciin optimal sartlor
qurulmus vo FTIR analizlarinin naticalori va nanohissaciklorin  SEM naticalari  tagqdim
edilmigdir. Belolikla, nanohissaciklorlo dasiyict diizaldilmasi mexanizmi va hesablamalarin
naticalori gostorilmigdir. Qrafen oksid nanohissaCiKlaori sintez edilmis va onlarin morfoloji
torkibi Gyronilmis, daha sonra isa suyun tomizlonmasi iiciin istifado edilmigdir. Alinmg
gostaricilora gdra, membransiz Sotta filtrind> qrafen oksid nanohissaciklarinin naticalari
seolitlo miigayisado daha yaxsi olmusdur.

Acar sézlar: seolit, grafen oksid, suyun tamizlanmasi, FTIR, SEM, nanohissacikloar.
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ENVIRONMENTAL ASPECTS OF PETROLEUM OILS. RESULTS OF
LABORATORY-EXPERIMENTAL RESEARCHES

N.I Abdullayev, S.F. Quliyeva
Azerbaijan State Oil and Industry University
sabina.quliyeva94@bk.ru

The study improved the quality of synthetic motor oils (Zic A Plus 10W — 40 SL / CF, Texaco
Havoline Extra 10W-40SJ / CF, Ravenol TSI 10W-40SM / CF) on a photoelectrocalorimetre
apparatus using the technique of direct photometry, which is belonging to the methods of
physical and chemical analysis. A mercury lamp was used as a light source. The wavelength of
the spectrum is set at 510-550 nm in the green part and 30 um in the infrared part. In this case,
the viscosity of the oil sample taken from the engine oil system in the volume of 10 ml, other
physical and chemical parameters were determined and photometric oil products corresponding
to the light absorption coefficient (Kp = 0.37 units) were obtained. When the absorption
coefficient of the obtained products exceeds the permissible limit (Kp> 0.51 units), the aging
products of oils are formed. To purify these substances from oils, a centrifuge separation
method is used. Photometry is a new method for oil quality control and is considered promising
in the petrochemical industry.

Keywords: environmental safety, photometric analysis, regeneration, refined oil products, pure
oils received from petroleum, economic aspects of oil production, clean environment.

INTRODUCTION

The study of the ecological purity of petroleum oils, as well as their impact on the
ecological situation and the environment, leads us to the conclusion that this effect is
quite large.

The penetration of oil and its components into the environment, such as air, water
or soil, disrupts the natural biochemical processes and causes changes in their physical,
chemical and biological properties. During transformation, petroleum hydrocarbons can
form toxic compounds that are dangerous properties to human health, including
carcinogens that are resistant to microbiological degradation. The complexity of the
problem lies not only in its scale, but also in the development of criteria and methods to
combat this complex and variability in the pollution of the composition [3].

Given that virtually the entire ecosystem of the environment suffers from the
effects of waste as a result of the need for oil refining and regeneration of petroleum
products, it is not difficult to assess the theoretical and practical significance of the
research. It should also be noted that a significant part of the observed damage is
inflicted on the soil cover. Thus, if the discharge of waste oil products into the
hydrosphere and lithosphere continues, this will inevitably lead to the destruction of not
only animals, but also human settlements. Such an effect can not be completely
excluded, but it can be minimized and waste oils can be used. This can be done by
creating rational technologies for the use and complete recovery of waste oil products.
When developing technologies, there is a need for a comprehensive assessment,
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including an assessment of their quality and an assessment of their impact on the
environment [4].

The processes of extraction, transportation, processing and disposal of oil and
petroleum products are accompanied by the release of harmful substances into the
environment. Environmental pollution also occurs as a result of unauthorized discharges
of oil products into water bodies, man-made accidents and industrial production.
Streams from urban areas, seaports and various industries are also polluted with these
substances. Thus, oil and oil products entering the environment cause great ecological
damage to it. Due to the development and use of oil resources, the problem of their
environmental pollution is becoming increasingly important [4].

Contamination with oil and oil products is found everywhere: in the soil, in the
hydrosphere, in the atmosphere. Due to the deterioration of the ecological situation in
the contaminated area, we observe a significant deterioration of both flora and fauna [3].

The chemical composition of the oil contains several thousand liquid
hydrocarbons. Their percentage reaches 80-90%. The oil also contains other organic
compounds such as resins, mercaptans, naphthenic acids, asphaltenes and other
substances. In addition, the oil contains up to 10% water and up to 4% gas. Mineral salts
and trace elements are found in small quantities. It is known that the chemical
composition of the oil contains the most aliphatic hydrocarbons, about 57%. The less
aromatic hydrocarbon content is about 29%, asphaltenes and other compounds 14% [6].

During the extraction and processing of oil are produced about 48% of
hydrocarbons and 44% of carbon monoxide. These substances have a negative impact
on the environment, as they are polluting. In addition, the oil contains about 30 metals.
Thus, oil pollution is complex. It has a harmful effect on all elements of the
environment, thereby causing a negative reaction.

The lightest part of the fat, which is in the soil, water or air environment, the most
active part, has the most toxic effect on living organisms. Thus, with a decrease in the
content of this fraction, the toxicity of the oil will be lower. But the reverse side of the
coin is an increase in the content of aromatic compounds and, as a result, an increase in
their toxicity. Let's consider in more detail the impact of oil and petroleum products on
the state of various components of the ecosystem [4].

When soils are contaminated with petroleum products, a number of their signs and
characteristics change. First of all, it suffers from changes in the physical properties that
affect the morphological properties of soils. Thus, the air exchange in the soil is
disrupted, the flow of water and, accordingly, the various nutrients necessary to ensure
the vital activity of soil animals and plants is hindered. Soils lose their productivity.
Vegetation degradation affects other elements of the ecosystem [6].

According to the sources, the production of essential oil is carried out according to
the classical one - stage purification scheme, which combines vacuum distillation of oil,
selective purification of distillates, wax purification of refineries, hydro-or adsorption
purification of paraffinized oils in itself to obtain the target oil product and the by-
product of the extract of the first stage. The main drawbacks are classic technology and
method - the use of a “fresh” solvent. From the classic technology it is impossible to
obtain group Il base oil with 0.03% sulfur content; The usage of resolvent is needed at
each extraction stage, which leads to a high overall ratio of the solvent for the separated
raw material, the presence of four solvent recovery blocks and a high specific energy
consumption, which ultimately increases the cost of production. In addition, the second
stage of extraction is characterized by poor separation of raffinate and extract solutions
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due to insignificant differences in the density of the interacting products, which is
confirmed by numerous laboratory experiments in purification of the extract with N-
methylpyrrolidone [2].

The diversity of petroleum products involves the complexity of the problem of
their monitoring: each product has its own defined chemical composition, as well as
individual solution and biological decomposition. For example, the solution is 10 - 50
mg / | for oils, 9 - 505 mg / | for gasoline, 23-5 mg / | for kerosene, 8-22 mg / | for diesel
fuel [2].

The development of struggle methods to combat pollution of the environment
with oil and oil products is extremely difficult, because the reaction of the soil, for
example, is not the same as the reaction of air or water. Even the reaction of soils to oil
and oil products pollution, their sensitivity to these pollutants, varies in different soil
zones and adjacent landscapes [3].

The problem with water is that oil pollution in natural waters tends to disintegrate
and migrate. The difference is also observed in the behavior of aquatic objects - surface,
groundwater and soil. Thus, for example, the composition of petroleum products under
the influence of evaporation and intensive chemical and biological decomposition in
surfacewaters undergoes rapid changes in a short period of time, and in groundwater, on
the contrary, hinders the destruction process [2].

Experts and researchers classify solutions to the problems facing the oil and oil
refining industry as follows:

1) modernization of old oil refineries and construction of new modern oil
refineries, improvement of oil refining and quality of oil products;

2) maximum possible collection of oil from operating wells and reduction of losses
during transportation;

3) development of new promising fields.

The oil extraction and refining industry is very harmful and has a negative impact
on the environment. The reasons for the harmful effects of the oil industry on the
environment are known as non-compliance of environmental safety requirements of
technologies used for oil production and transportation, low percentage of financial
investments in the development and implementation of scientific research, low
ecological production culture, isolation of industry from the state and society [4].

EXPERIMENTAL PART

Monitoring of oil pollution in the environment is one of the most difficult tasks. It
is impossible to ensure reliable economic control without the development and
application of modern measurements. According to experts, without the application of
measurement and monitoring methods based on innovative innovations in modern
science and technology, it is impossible to ensure the development and control of a
reliable organizational and legal, as well as economic basis of environmental protection
in the context of production and processing of oil and oil products [3].

The following principles can be used to assess the compliance of petroleum
products with several environmental requirements. According to these rules, during
laboratory studies, the considered effect of the relevant technology should be evaluated
simultaneously for all indicators, regardless of the overall environmental situation, ie
the unit of measurement and the range of values. Each new technology offered for
application has an environmental assessment that reflects the characteristics of this
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technology compared to those previously available. It is necessary to form an
environmental assessment of the technology for all indicators. The evaluation formed
should not depend on the technology under consideration, in other words, if two
technologies are described with the same set of indicators with the same values, both
should receive the same evaluation. All ratings must be in the same range. An interval
of 0 to 1 is considered to be the most favorable interval. Moreover, the higher the value
of the assessment, the higher the environmental friendliness of the technology and the
lower the environmental impact (table 1).

Table 1
Analysis of oil product quality
Goal Expansion of the raw material base of ecologically clean oil from
petroleum
o Creation of new, selective and stable catalysts for processing of
Positio : . ; . .
0 renewable raw materials into intermediate and petrochemical
products
Physical Analysis of
Stages Synthesis of | and chemical The test of catalytic
of the process catalysts certification catalysts reaction
of catalysts products

It has led to the creation of an Environmental Assessment Index (PE) of
implemented and already used technologies and the creation of a system for calculating
the degree of environmental impact (SV) based on it. This technique allows you to
perform all the necessary procedures and obtain an activity assessment that adequately
reflects the characteristics of the technology under consideration in terms of its impact
on the environment. Calculation of the effect of SV is carried out in three stages. The
calculation of ecological purity of the investigated technology is based on the results of
patent and scientific literature analysis, as well as laboratory research. The evaluation is
carried out on the basis of average measured values [2].

In order to assess the environmental efficiency of quality indicators of petroleum
oils, the formation of a mathematical model is carried out in the following manner. All
environmental criteria are assigned coefficients (kpi). In this case, it is accepted that the
sum of the weight coefficients is equal to one. For each criterion, the dependence of the
ecologically cleanness of technology on the value of the indicator is established (PEi — i
criterion as an indicator of environmental compatibility). We build this relationship on
the basis of the results of patent and literature analysis, as well as laboratory research.
For each criterion obtained according to the relevant method, the value of the
environmental compliance indicator is from 0 to 1. The optimal value of the indicator
corresponds to one, the worst value of the indicator is zero [2].

The calculation of ecological purity of the technology based on the studied model
is based on the results of patent and literature analysis, as well as laboratory research.
Here the evaluation is based on the average measured values. At this stage, the value of
the REI indicator is determined for each i criterion (according to the histogram -
analytically or graphically). As a result, the environmental compliance indicator (PE) is
defined as the weight coefficient of the PEi value products and the corresponding kp;:
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PE = Zi=1(kpi . PEl)

The cost of assessing the impact of technology (SV indicator) is equal to the ratio
of this technology (PE) to the environmental compliance indicator, which is equal to
one of the environmental compliance indicators (PEqp = 1):

It is necessary to formulate the value of the PEi indicator for each criterion. This
value varies between 0 and 1 (0 < PEi < 1). It is necessary to determine the optimal
value of the criterion in the range of values, with which we will compare the indicator
equal to one (PEi = 1) and the worst values of the indicator (PEi = 0). We divide the
range of all values into the range m according to the level of reduction of environmental
cleanliness. We believe that the value of the ecological balance in the same range is
reduced equally, that is, for the case when the right end of the range is higher than the
ecological value observed in the left end of the environmental range:

PE m_int = PE m _sol + (PE m_int — PE m_sol) | PE m_sag — PE m _ sol

If the environmental value at the left boundary of the range is higher than the
ecological value observed at the right boundary of the range, we obtain [2]:

PE m_int = PE m_sag+ (PE m_sag PE m_int)/ (PE m_sag PE m_sol)

RESULTS AND DISCUSSION

The oil refining industry in our country and beyond its borders has long been
making efforts to protect the environment, working together with the authorities in the
field of creating environmental legislation. However, to date, no basic directive or
effective general line for environmental protection has been established. In Western
countries, there has been an increasingly intensive consolidation of a large number of
companies to address environmental issues over the past few years. In this case, it is
inevitable that different views on the solution of the problem will emerge. This situation
prompted the British Petroleum Institute to prepare a key document on environmental
protection- the "Main Directions of Environmental Protection during Oil Refining" -
especially to help oil producers and consumers, to provide an understanding of the
environment, to accept different points of view, to minimize the impact on the
environment in the most economical way, to predict the situation for the future [5].

In the study, partial synthetic motor oils derived from petroleum - Zic A Plus
10W-40 SL/CF, BPVisco 300010W-40 SJ/CF, Texaco Havoline ExtralOW-40SJ/CF,
Ravenol TSI10W — 40SM/CF, TNK Super 5W — 40 SL/CF and Esso Ultra 10W —
40SJ/CF were selected. These oils were discharged at the maintenance station during
the planned shift and were used in various types of gasoline engines of passenger cars
with different degrees of wear.

Laboratory monitoring of the quality of oils obtained from these oils on
environmental parameters is based on the method of processing experimental data [1].
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Analysis of samples of petroleum-based partial synthetic motor oils by direct
photometry shows that their optical properties, estimated by the luminous flux
absorption coefficient, are between 0.17 and 0.51 units (table 1).

The results of their photometry were statistically processed to determine the
limited state of the partially synthetic motor oils used during the planned change.

Any petroleum-based oil has a potential energy determined by the quality of the
base and a number of additives that give it the necessary properties, but during engine
operation, this energy is spent on resisting external influences. As a result of resistance,
the base wears out, the concentration of additives decreases and the internal energy of
the lubricant decreases [5].

In this case, testing oils with different internal energies at the same temperature
causes a change in the absorption coefficient of the light flux K,. The absorption
coefficient of K, light flux can be explained by differences in the composition of
obsolete products, the technical condition of the cylinder-piston group, filter elements of
the lubrication system, fuel equipment and the concentration of incomplete combustion
products included in the cartridge [1].

Table 1

Research results of petroleum-based partially synthetic motor oils

Duration Depreciation of

Moving of action |product concentration

Ne Brand of the petroleum-based oil distance of of

the car, |petroleum- K K K

km. based oil, P pr p

km
1. | Zic A Plus 10W-40 SL/CF 161 450 8000 0,23 | 0,11 | 0,22
2. | Zic A Plus 10W-40 SL/CF 184 190 16000 0,40 | 0,26 | 0,14
3. | Zic A Plus 5W-30 SL/CF 173 190 11500 051 | 0,29 | 0,22
4. | Zic A Plus 10W-40 SL/CF 135 290 8000 0,29 | 0,12 | 0,17
5. | BP Visco 3000 10W-40 SJ/CF 164 500 9000 0,33 | 0,19 | 0,14
6. | BP Visco 3000 10W-40 SJ/ CF 135 500 10000 0,19 | 0,12 | 0,07
7. | BP Visco 3000 10W-40 SJ/ CF 98 700 10700 0,17 | 0,11 | 0,06
8. | BP Visco 3000 10W-40 SJ/ CF 114 000 7000 0,17 | 0,13 | 0,04
9. | Texaco Havoline Extral0W-40 SJ/CF 66 800 8800 0,41 | 0,37 | 0,04
10.| Texaco Havoline ExtralOW-40 SJ/CF 176 500 10000 0,27 | 0,12 | 0,15
11.| Texaco Havoline Extra 10W—40 SJ/CF 188 460 9800 0,25 | 0,21 | 0,04
12.| Texaco Havoline ExtralOW-40 SJ/CF 85 242 10000 0,33 | 0,15 | 0,18
13.| Texaco Havoline ExtralOW-40 SJ/CF 103 000 12500 0,37 | 0,23 | 0,14
14.| Ravenol HCS 5W-40 SL/CF 195 130 10000 0,24 | 0,13 | 0,11
15.| Ravenol TSI 10W-40 SM/CF 319 666 10000 0,22 | 0,13 | 0,09
16.| Ravenol TSI 10W-40 SM/CF 30 820 11000 0,17 | 0,10 | 0,07
17.| THKCymnep 5W-40 SL/CF 76 200 10000 0,24 | 0,10 | 0,08
18.| ESSO Ultra 10W-40 SJ/CF 156 215 6000 0,24 | 0,08 | 0,16
19.| ESSO Ultra 10W-40 SJ/CF 135 066 10000 0,29 | 0,11 | 0,18
20.| ESSO Ultra 10W-40 SJ/CF 158 550 6000 0,24 | 0,08 | 0,16

Analysis of the results of direct photometry showed that the total concentration of
aging products of synthetic motor oils used is 0.06 - 0.61 units, and the concentration of
insoluble aging products is between 0.02 - 0.28 units. These data confirm the
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imperfection of the current system for changing oils per kilometer, since the individual
working conditions and technical condition of the engines, the frequency of fillingulmo
due to oil depletion and the condition of the cylinder-piston group, which affects the
aging speed , are not taken into account, which confirms the urgency of the problem
solved in the work [1].

CONCLUSION

In the modern world there are various methods that ensure effective protection of
the environment from pollution by oil and petroleum products. The most common
methods include: mechanical, chemical, physical, physicochemical, microbiological, in
addition, new methods and technologies are being developed. Examples include
biosorption methods, water ozonation, magnetic purification, flotation-cavitation
purification, magnetic nanoparticle purification, biological purification, and so on.

Mankind is constantly looking for an opportunity that allows us to actively fight
against oil pollution most effectively and has a relatively low cost.
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IKOJOTNMUYECKUE ACHEKTHI HE®TSHBIX MACEJL.
PE3YJBTATHI JABOPATOPHO-9KCIHEPUMEHTAJIBHBIX
HUCCJEJOBAHUN

H.U. Aboynnaes, C.D. I'vauesa
Aszepoatiodcanckasn I'ocyoapcmeennas Hepmanas Axadoemus
sabina.quliyeva94@bk.ru

B pezynbmame uccneoo8anusi ¢ UCNONb308AHUEM MeMOOUKU NPAMOU  (pomomempuu,
omHocAweMca K Memooam  UIUKO-XUMUHUEeCKO20 aHAIu3d, HA  HOmodNeKmpoKaiopu-
MempuieckoM annapame YIy4uuioch Kayecmeo CUHmemuieckux Momopuuix macen (Zic A Plus

10W - 40 SL / CF, Texaco Havoline Extra 10W-40SJ / CF, Ravenol TSI 10W-40SM / CF). B

Kadecmee UucCnio4YHuKa ceema ucnojib3oeanldcb pmymuas jdamnda. ﬂﬂuHa B60JIHbl cnexkmpa 6
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3e/eHol wacmu ycmauosiena Ha ypoeue 510-550 um u 6 ungpparpacnou vacmu 30 mxm. Ipu
IMOM U3 MACHAHOU cucmemsl dgueamens 8 ooveme 10 mn npobvl macia onpedeneHvl 8a3KOCHD,
a makdce Opyeue PUIUKO-XUMUYECKUE NAPAMEmMPbl U  NOJIYYEHbl  (HOmoMempuyecKue
Hegpmenpodykmul, coomeemcmeayowue Kosdgp@uyuenmy ceemonoeiowenus (Kn = 0,37 eo.).
Kozeoa xoagppuyuenm noznowjeruss noayueHHbIX NPOOYKMOE npesviuiaem 0onyCmumblil npeoer,
00pazylomesi npoOyKmuvl  CmapeHus macei. 4mobvl owucmums 9mu Gewjecmea u3 macer,
ucnoab3yemesi Memoo pasoeieHus Ha yenmpugyee. [lns KOHmMpons Kauecmea Hegmu
domomempus AGIAEMCsL HOBLIM MEMOOOM U CHUMAEMCS NEPCHEKMUBHOU 8 HemexXUMUYecKou
NPOMBIULEHHOCHI.

Knwuesvie cnosa: sxonozuueckas 6e30nacHoCmb, (OmMomMempudeckutl anaius, peceHepayus,
pagunuposanuvie HemenpoOyKmul, yuUCmbie Macia NOJYYEeHHbIe U3 Hehmu, IKOHOMUYecKue
acnexkmoul 000bIMU Hehmu, YUCMAsL OKPYICAIOWAsL Cpedd.

NEFTDON ALINAN YAGLARIN EKOLOJi ASPEKTLORI. LABORATOR-
EKSPERIMENTAL TODQIQATLARIN NOTICOLORI

N.I Abdullayev, S.F. Quliyeva
Azarbaycan Dovlat Neft va Sanaye Universiteti
sabina.quliyeva94@bk.ru

Todgigatda fiziki-kimyavi analiz metodu olan birbasa fotometriya tisulundan istifado olunaraq
sintetik motor yaglarimin (Zic A Plus 10W— 40 SL/CF, Texaco Havoline Extra 10W-40SJ/CF,
Ravenol TSI 10W-40SM/CF) fotoelektrokalorimetr aparatinda keyfiyyatinin yaxsilagdirilmasina
nail olunmusdur. Aparatda isig manbayi kKimi Civa lampasindan istifads olunmusdur. Spektrin
dalga uzunlugu yagsil hissada 510-550 nm, infraqirmizi hissada iSa 30 mkm araliginda tayin
edilir. Bu zaman miiharrik yaglari sistemindan 10 ml hacminda gotiiriilmiis yag niimunasinin
ozliltiyii va digar fiziki-kimyavi géostaricilori miiayyan edilmis, isigin udma amsalr gostoricising
cavab veron (K,=0,37 vahid) fotometrik yag moahsullart alda edilmisdir. Oldo olunan
Mmahsullarin udma amsal limit haddini kecdikdo (Ky>0,51 vahid) yaglarda asinma mahsullar:
amala golir. Homin maddalari yaglardan tomizlomak iiciin sentrafuga aparatinda ayrilma
tisulundan istifado olunur. Yaglarin keyfiyyatina nazarat sahasinda bahs olunan fotometriya
tisulu yeni iisuldur vo neft-kimya sanayesinda perspektivli hesab olunur.

Acar sozlar: ekoloji tohliikasizlik, fotometrik analiz, regenerasiya, emal olunan neft mohsullar,
neftdon alinan tomiz yaglar, neft istehsalimn igtisadi aspektlori, tamiz atraf miihit .
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DEVELOPMENT OF A MULTI-STAGE PURIFICATION PROCESS OF
ENGINE OIL

N.R. Rajabli, E.A. Mammadov
Azerbaijan State Oil and Industry University
nigar.rajablil4@gmail.com

The process of multi-stage selective purification of motor oil fractions 320-400°C, 440-500°C is
investigated with using N-methylpyrrolidone as a selective solvent, followed by
hydroparaffinization process of the obtained refined products, also optimal purification
conditions were found. The results showed that this purification method of engine oil from
aromatic hydrocarbons, oxygen-containing compounds, sulfur and polycyclic aromatic
hydrocarbons with short side chains under appropriate experimental conditions increased the
viscosity index above 93 and reduced the base number to 0.05 mg KOH/g. In contrast to many
polar solvents, N-methylpyrrolidone interacts with undesirable hydrocarbons and hetero-
impurities during the purification of oil fractions, both due to van der waals forces and
complexation due to acceptor properties. The removal of resinous substances and polycyclic
arenes with short side chains contributed to a decrease in the coking ability of oils, which from
an environmental point of view reduces the risk of environmental pollution from toxic
compounds. The removal of resinous substances and unsaturated hydrocarbons significantly
increased the thermal-oxidative capacity.

Keywords: engine oil purification, N-methylpyrrolidone, liquid- liquid purification, aromatic
hydrocarbons.

INTRODUCTION

Currently, the oil production and refining industry is one of the most intensively
developing areas of the Azerbaijani economy. Every year, about 6 million tons of
petroleum products enter the planet's biosphere, more than 50% of which are used
engine oils. Pollution of the environment by hazardous components of used engine oil
becomes global. Atmospheric pollution occurs as a result of evaporation and, mainly,
the burning of waste oil. The main requirements for the quality of motor oil are the low
content of sulfur and aromatic hydrocarbons. High content of aromatic hydrocarbons in
the fuel composition leads to increasing the emission of solid particles, which is
extremely dangerous for the health of living organisms. From an environmental point of
view, the most dangerous aromatic hydrocarbons are polycyclic aromatic hydrocarbons,
which have a high toxicity. Their combustion leads to increasing of carbon dioxide, soot
etc. harmful compounds [1, 2].

Extraction as an alternative method of cleaning engine oils. Along with
hydrogenation methods to improve the quality of engine oil, alternative methods of raw
material purification are widely used — liquid extraction, adsorption, oxidative
desulfurization, precipitation, etc., among which the main place is occupied by the
method of extraction purification. The use of liquid extraction as an alternative to
hydrogenation methods for cleaning engine oil is associated with the following
advantages of this method: extraction is carried out under milder conditions, low
temperatures and pressure, there is no need to use expensive catalysts and hydrogen,
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easy to remove PAHSs, nitrogen compounds that are difficult to remove during hydro
treatment are extracted more efficiently [3, 4].

The purpose of the selective purification process is to remove resinous substances
and polycyclic aromatic hydrocarbons from oil in order to increase their viscosity index
and reduce coking ability (on the basis of the extraction of an undesirable component, it
can be called the dearomatization process of oil) [5].

The global solvent market was estimated at US $ 47.37 billion in 2018 and is
expected to reach US $ 64.32 billion by 2026. Solvents allow you to clean, apply,
process, or separate substances. A number of scientists are involved in the manufacture
of new solvents. A team of nearly 100 scientists is investigating the potential of ionic
liquids at Queen's University Belfast. These solvents are called "super solvents”, which
are salts that remain liquid at room temperature and do not form vapors. The global
solvent market is stimulated by a number of factors, such as the growing demand for
solvents from emerging market economies, government regulation for the use of
biological solvents [6]. lonic liquids are a new group of solvents of great interest and are
being studied as potential "green solvents”. Their near-zero vapor pressure and
temperature stability make them attractive solvents in many applications. IL are widely
recognized as new solvents in chemistry, although they are not new, for example,
[EtNH3]* NO*", was discovered in 1914. They are also known as anhydrous IL, molten
salts, liquid organic salts. The first example of a new IL, which is currently receiving
much attention as a new medium for homogeneous catalysis, is ethylmethylimidazolium
tetrafluoroborate [7].

In the process of selective purification of oil distillate fractions and
deasphaltisates, phenol and furfural are traditionally used as a solvent. Furfural exhibits
high selectivity, but relatively low solubility, so the process requires a higher solvent
consumption compared to phenolic purification. However, due to its physical and
chemical properties, it is more preferable than phenol. The main disadvantage of
furfural is its low thermal and oxidative stability. N-methylpyrrolidone (NMP) is
increasingly being used as a solvent in refineries [8]. Analysis of the physicochemical
properties of furfural and NMP shows that the solvents have some common properties:
the thermal stability of furfural and NMP is less than that of phenol, so the regeneration
of these solvents should be carried out at reduced pressure; furfural and NMP are easily
oxidized, and they should be stored under a layer of inert gas. At the same time, NMP is
less toxic and has a higher solvent capacity than furfural. The process of extraction of
hydrocarbons with selective solvents is multifactorial: the results of purification are
influenced by the chemical composition and quality of the raw material, the nature and
amount of the solvent, the temperature and the efficiency of the extraction equipments

[9]
EXPERIMENTAL PART

We used two samples of oil fractions from a mixture of Baku Oil as raw materials.
The total sulfur content in the oil fractions boiling at 320-400°C, 440-500°C, and the
obtained raffinates and extracts was determined by the lamp method according to GOST
19121-73. The physical and chemical properties of oil fractions are presented in the
table 1.
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Table 1

Properties of raw materials for selective purification

Sample Fraction

Fraction
Tboi”ng 440'5 OOOC

Fraction
Tbo”ing 320'4OOOC

Ne Indicators General physical and chemical
parameters
1 | Density at 20 °C, kg/m® 860 890
2 | Kinematic viscosity at 50 °C, mm®/s 26.5 44
3 | Kinematic viscosity at 100 °C, mm®/s: 55 8.7
4 | Viscosity index 83 75
5 | Base number, mg KOH/g 2.8 4.9
6 | Flash point, °C 135 181
7 | Yield loss temperature, °C -9 -2
8 | Coking ability, % 1.2 3.7
9 | Sulfur content, % wt. 0.29 0.32
10 | Aromatic carbon content , % wt. 24 32
Table 2
The hydrocarbon composition of the oil fractions
Fraction Fraction
Hydrocarbons Thoiling 320-400 °C Thoiling 440-500 °C
Yield, wt% n2° Yield, wt% n2°
Paraffin naphthenic 75 1.4640 66.7 1.4770
Aromatic 21.7 - 30 -
- light 6.3 1.5100 9.5 1.5200
-medium 10.5 1.5485 12.5 1.5499
-heavy 4.9 1.5925 8.0 1.5970
Resins 2.6 - 2.4 -
Losses 0.7 - 0.9 -
Table 3

The results of refining raffinate, corresponding to the fraction of 320-400 °C

Process temperature, °C

Indicators 300 | 350 | 300 | 350
Mordenite Weight, %

20 20 27 27

1 | Density at 20 °C, kg/m° 865 863 864.5 864
Kinematic viscosity at 40 °C, mm®“/s 20.7 20.2 20 19.5

2 Kinematic viscosity at 100 °C, mm?®/s 5.4 5.35 5.36 5.33

3 | Viscosity index 93 93 95 96
4 | Base number, mg KOH/g 0.14 0.12 0.10 0.005

5 | Solidification point, °C -29 -36 -35 -41
6 | Flash point, °C 137 136 135 134.5
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The experimental part of the hydroparaffinization of raffinates was carried out on a
laboratory installation. The reactor was loaded with a catalytic system: Al-Ni-Mo and high-
silica modified mordenite. Zeolite catalysts are designed for hydroparaffinization process
of oil fractions and Al — Ni-Mo for hydrodesulfurization and hydrogenation. The table
shows the results of refining raffinate, corresponding to the fraction of 320-400 °C.

RESULTS AND DISCUSSION

As a result of laboratory studies, it was found that the use of NMP allows to increase
the yield of raffinate by 4-5% compared to other solvents. In this work, the influence of the
ratio of solvent and temperature to raw materials was investigated. The critical solution
temperature of N-methylpyrrolidone in the studied oil fractions was determined (table 3).

In tab. 4. the yield of raffinate, acidity and viscosity index, as well as the ratio of solvent to
raw material in the range from 1:1 to 3:1 are shown as the main criteria.

Table 4
The critical solution temperature of the oil fractions
Critical solution temperature Fractions
°C ’ 320-400°C 440-500°C
78 82.5
Table 5
Quality of raffinate fraction 320-400 °C
Solvent-to-raw material ratio
Ne Indicators
1:1 2:1 2,51 3:1
1 | Density at 20 °C, kg/m° 870 867 866.5 | 865.1
2 | Kinematic viscosity at 100 °C, mm®/s 5.66 5.61 5.5 5.4
3 | Viscosity index 81 83 85 86
4 | Base number, mg KOH/g 2.9 2.7 2.5 2.5
5 | Flash point, °C 137 137 136 136
6 | Coking ability, % 0.80 0.5 0.4 0.2
7 | Yield, % 88.6 87.5 86 85
Table 6
Quality of raffinate fraction 440-500 °C
) Solvent-to-raw material ratio
Ne Indicators
1:1 2:1 2,51 3:1
1 | Density at 20 °C, kg/m° 876 872 872 871
2 | Kinematic viscosity at 100 °C, mm®/s 7.65 7.50 7.45 7.40
3 | Viscosity index 80 82 83 83.6
4 | Base number, mg KOH/g 2.80 2.60 2.45 2.35
5 | Flash point, °C 183 182 181 181
6 | Coking ability, % 2.60 2.20 1.70 1.35
7 | Yield, % 88.2 87.0 86.5 84.0
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Table 7
Quiality of raffinates and extracts from fractions 320-400 °C u 440-500 °C
Raffinates Extracts
Ne Indicators 320-400°C 440- 320- 440-500°C
500°C 400°C
1 | Density at 20 °C, kg/m® 865 870 935 973
Kmemaglc viscosity at 40 29 55 i i
5 °C, mm*/s
L(lnemaglc viscosity at 100 57 85 120 15.0
C, mm“/s
3 | Viscosity index 87 82 - -
4 | Base number, mg KOH/g 2.5 2.3 4.5 10.0
5 | Flash point, °C 138 179 - -
6 | Coking ability, % 0.4 1.7 - -

The optimum conditions for the hydrodeparrafinization process is T= 320°C, the
volumetric feed rate of 0.7-0.9 g7, the quantity of hydrogen 195-200 nm*m?>. As a
result, we obtained engine oil with a high viscosity index and a low solidification point.
According to these indicators, it is clear that there is no need for additional thickening
additives.

After the above studies, the oil with better physical and chemical properties were

obtained, which are indicated in the table 8.

Table 8
Physical and chemical properties of finished oil
No Indicators Qil from fractions
320-400 °C 440-500 °C

1 | Density at 20 °C, kg/m® 864 868

2 | Kinematic viscosity at 40 °C, mm®/s 19.8 51

3 | Kinematic viscosity at 100 °C, mm®“/s 54 8.35

4 | Viscosity index 95 93

5 | Base number, mg KOH/g 0.0006 0.05

6 | Flash point, °C 133 178

7 | Solidification point, °C -38 -26

8 | Coking ability, % 1.2 3.7

9 | Sulfur content, % wt. 0.003 0.006

CONCLUSION

It is shown that the oil fractions boiling out in the range of 320-400° C and 440-
500° C contain 77 and 66.7 % paraffin-naphthenic, 21 and 285 % aromatic
hydrocarbons, the acid number is 3,1 and 2.2 mg KOH/g.

An effective selective solvent for the purification of oil

fractions, N-

methylpyrrolidone, is proposed, which increases the oil viscosity index and significantly
reduces the amount of aromatic hydrocarbons.
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The catalytic hydroparaffinization with the using of Al/Co/Mo catalyst and
mordenite was investigated.
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PASPABOTKA MHOT'OCTYIIEHYATOI'O TIPOHECCA OYUCTKHA
MOTOPHOI'O MACIJIA

H.P. Paoscabnu, 3.A. Mameoos
Aszepbatioscanckuti I'ocyoapcmeennuiii Ynusepcumem Hegpmu u Ilpomviuinennocmu
nigar.rajablil4@gmail.com

Hcceneoosan npoyecc MHO20CMYNEHUAMOU CELeKMUBHOU OYUCTKU MOMOPHLIX Macel ppakyuil
320-400°C, 440-500°C ¢ ucnonvzosanuem N-mMemuanuppoiudorHa 6 Kauecmee CeleKmueHo20
pacmeopumeiisi ¢ nociedyiowel  euopooenapapuruzayueli NoAY4eHHbIX pauHaAmos u
HatioeHnbl ONMUMATbHbIE YCA08Us ouucmkuy. Pezyremamul nokazanu, umo smom memoo
OYUCMKU MOMOPHO20 MACAA NPU COOMBEMCMBYIOUUX IKCNEPUMEHMATLHBIX YCA0GUIX OM
apomMamuyeckux  yeie8oo0opo0ios,  KUCIOPOOCooepicaujux  COeOUuHeHull,  cepvl U
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NOMUYUKTUHECKUX APOMAMUUECKUX YeAe8000PO008 ¢ KOPOMKUMU OOKOBLIMU YeNAMU VEETUYUL
unoekc esaskocmu eviue 93 u crusun ocnosnoe uucio 0o 0.05 me KOH/2. B omauuue om
MHO2UX NOAAPHLIX pacmeopumenetl, N-Memurnupponuoon npu o4ucmKe MAacisaHblx (Gpaxyuil
83AUMOOCUCMBYEN C HENCEAMENbHbLIMU Y2lle8000PO0aMU U 2eMEPO-NPUMECIMU KAK 3d CHem
BAH-0€P-6AANbCOBLIX CUL  MAK U  KOMIIEKCO0Opa306anus 0O1a200aps  aKyenmopHvim
ceoticmeam. Yoanenue CMONUCIBIX GeWeCE U NOIUYUKIUYECKUX dAPEeHO8 C KOPOMKUMU
OOKOBBIMU YENAMU CROCODCMBOBANU NOHUNCCHUIO KOKCYEMOCTU MACE, YO C IKONO2UYECKOl
TMOYKU 3PEHUsL CHUIICAEN PUCK 3A2PA3HEHUS OKPYcaioujell cpeobl 0 MOKCUYHBIX COCOUHEHUIL.
Yoanenue cmonucmoix eewecms u HenpeoenbHvlX yenes000po008 3HAYUMENbHO VEeIUUULO
MEPMOOKUCTUMENLHYIO CROCOOHOCb.

Knwouesvie cnoea: ouucmka MOmMopHo20 Macida, N-Memuinuppoiuoon, apomMamuiecKue
211e6000pPO0bL.

MUHORRIK YAGLARININ COXPIiLLOLI TOMIZLOMO
PROSESININ TODQIQI

N.R.Racabli, E.A.Mammadov
Azarbaycan Dovlat Neft va Sanaye Universiteti

nigar.rajablil4@gmail.com

Motor  yaglarimn  320-400°C, 440-500°C, fraksiyalarimin  holledici gisminda  N-
metilpirrolidondan istifade etmoklo vo alinmis rafinatlarin  hidrodeparafinizasiyast ila
coxpilloli selektiv tamizloma prosesi tadqgiq edilmis vo optimal sartlori tapilmigdir. Naticalor
gostormisdir ki, aromatik karbohidrogenlardan, oksigen tarkibli birlosmoalordon, kiikiirddon va
gisa yan zoncirli polisiklik aromatik karbohidrogenlordan miivafiq eksperimental soraitdo
miiharrik yagmn tamizlonmoasi disulu 93-don yuxar: ozliliik indeksini artirmis va Qalavilik
odadini 0.05 mqg KOH/q endirmisdir. Bir c¢ox qiith halledicilorindan forgli olarag, N-
metilpirrolidon yag fraksiyalarimin tomizlanmasi zamani arzuolunmaz karbohidrogenlarla Vo
hetero-qgatisiglaria ham van-der-vals giivvalarinin hesabina, ham da akseptor xassalorina gora
kompleks amalagalmo hesabina qarsiligls tosir gostoriv. Qisa yan zoncirli Qatranit maddalarin
vo polisiklik arenlorin aradan qaldiridmas: yaglarin  kokslasmasimin azalmasina sabab
olmusdur ki, bu da ekoloji baximdan atraf miihitin zohorli birlasmoalordan cirklonmosi riskini
azaldwr. Motor yaglarimin gotranli maddolardon Vo doymamis karbohidrogenlordan
tomizlanmoasi onlarin termooksidlogsma qabiliyyatini artirmisdir.

Agar sézlar: mitharrik yaguin tamizlonmasi, N-metilpirrolidon, aromatik karbohidrogenlor.
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PHASE RELATIONS IN THE CuSbS;-Cu3ShS4-Sb,S; SYSTEM

P.R. Mammadli'?, L.F. Mashadiyeva?, V.A. Gasimov?,
G.B. Dashdiyeva®, D.M. Babanly*?
!Azerbaijan State Oil and Industry University, French -Azerbaijani University (UFAZ)
?Institute of Catalysis and Inorganic Chemistry, NAS of Azerbaijan
®Baku Engineering University
parvin.mammadli@ufaz.az

The phase relationships in the CuSbS,-CusShS,-Sh,S; system were determined experimentally
over the entire concentration range by means of differential thermal analysis (DTA) and powder
x-ray diffraction (PXRD) techniques. Two quasi-binary boundary, two internal polythermal
sections, and a liquidus surface projection of the system were constructed. Primary
crystallization fields of existing phases, the types and coordinates of non- and monovariant
equilibria were determined. It was defined that, the concentration triangle under study is an
independent subsystem of the Cu-Sh-S ternary system and belongs to the eutectic type with
limited solid solutions on basis of the primary compounds.

Keywords: phase diagram, stibnite, copper antimony sulfides (CAS), chalcostibite, fematinite,
solid solutions.

INTRODUCTION

In recent years, research in the development of less-toxic, earth-abundant
functional materials is highly pursued to reduce the cost for the possibility of their
manufacture at large scales. An attractive class of materials composed of sustainable,
inexpensive, non-toxic elements is the ternary phases of the copper-antimony-sulfide
system [1-3]. Copper antimony sulfide (CAS) exists mainly in four naturally occurring
mineral phases, which are intensively studied due to their versatile properties and cost
consideration: CuShS; (Chalcostibite), Cu1,ShsS;3 (Tetrahedrite), CusShSs (Skinnerite),
and CusShS, (Fematinite) [4-7]. Wherein, the primary focus of researchers has been in
exploring photovoltaic, photoelectric, thermoelectric, optoelectric, detector, absorber,
etc. properties of Cu-Sb sulfosalts in order to identify their main application areas [1-4,
8-11].

There are numerous works dedicated to the study of phase relations in the system
Cu-Sb-S [12-20]. Authors of [12] reported about the phase formation along the Cu,S-
Sh,S; section of this system in 1912. The results on the preparation and determination
of the melting temperatures of synthetic analogs of famatinite, chalcostibite, and
tetrahedrite minerals are given in [13].

In [14] ternary compounds CuSbS; and CusShS; are reflected in the phase
diagram of the Cu,S-Sh,S; system. A little later, Kuliyev R.A. et al. reported on the
existence of only one compound - CuShS; in this section [15]. A comprehensive re-
study of phase equilibria in the Cu,S-Sh,S; section [16,17] showed the existence of a
complex interaction near CusSbS;. Phase diagrams of the Cu,S-Sb,S; section
constructed by different authors are significantly different. These works have been
collected and systematized by [18].
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Phase relations in the Cu-Sb-S system in the 570-870K temperature range are
presented in [7, 19,20]. The isothermal section of the phase diagram presented by them
at 770 K reflects Cu3ShS,4, CuSbS,, Cu;2ShsS13, and Cu3ShS; phases.

Despite the numerous available data on the phase diagram of the section Cu,S-
Sh,S3; and solid-phase equilibria in the Cu-Sb-S system, we have not found any
information about its T-x-y diagram and liquidus surfaces of phases.

The information accumulated in phase diagrams of the corresponding systems is
always helpful in materials science for the development of advanced materials [21-23].
In the context of the foregoing, we have undertaken a new, complex study of phase
equilibria and the thermodynamic properties of the Cu— Sb-S system. Here we report
about phase relations in the subsystem CuSbS2-Cu3ShS,-Sh,S3 (A).

Constituent phases of the subsystem (A) have been studied in detail. Sh,S;
(stibnite) melts congruently at 823 K [24] and crystallizes into orthorhombic structure
with the space group Pnma: a =11.3107; b =11.2285 A; ¢ = 3,8363 [25].

CuSbS; melts congruently at 828 K [18] and crystallizes into orthorhombic
structure (Sp.gr. Pnma): a = 6.018(1), b = 3.7958(6), and ¢ = 14.495(7) A [26,27].

Cu3SbS,, known as fematenite mineral melts congruently at 908 K [18] and
crystallizes into tetragonal lattice (Sp.gr. 14 2m); a = 5.391(1), ¢ = 10.764(1) [28].

EXPERIMENTAL PART

The Sb,S3, CuSbS, and CuszSbS, compounds were initially synthesized to prepare
different alloys of the system under study. Simple substances of high purity from Evochem
Advanced Materials GmbH (Germany) were used for synthesis: copper granules (Cu-
00029; 99.9999%), antimony granules (Sh-00002; 99.999%), sulphur pieces (S -00001;
99.999%).

Compounds were synthesized by fusion of the elemental substances in stoichiometric
ratios in evacuated up to ~107 Pa and sealed quartz ampoule of the 15x1.5 cm size in a two-
zone inclined furnace. The temperature of the hot zone of the furnace was gradually
increased to ~50°C higher than the melting point of the corresponding compound in 3-4
hours. At that time, the temperature of the upper, "cold" zone of the furnace was 650 K,
which is slightly below the boiling point of sulphur (718 K [29]). The synthesis was
continued in this mode for another 3-4 hours and the ampoules were then completely
transferred into the hot zone. The resulting liquids were mixed by shaking the alloys and the
oven was gradually cooled. After synthesis, the ampoules were kept at 750 K for 100 h.

The individuality of the synthesized compounds was monitored by differential thermal
analysis (DTA) and powder X-ray diffraction (PXRD), obtained data well coincided with the
literature [18, 25-28].

Two sets of samples (0.5 g by mass each) were prepared by co-melting of
different proportions of the preliminarily synthesized compounds in evacuated quartz
ampoules. After melting, most of the alloys were annealed at about ~40-50° below the
solidus temperature for ~1000 hours in order to achieve complete homogenization.

Obtained equilibrium samples were examined by DTA and PXRD methods. DTA of
the samples was carried out in evacuated quartz ampoules on a differential scanning
calorimeter of the 404 F1 Pegasus System (NETZSCH). Results of measurements were
processed using the NETZSCH Proteus Software. The accuracy of the temperature
measurements was within £2 °. X-ray analysis was carried out at room temperature on

101 ISSN: 2663-7006



A INISILI

Dt

the Bruker D2 PHASER diffractometer with CuKay radiation. The diffraction patterns
were indexed using the Topas 4.2 Software (Bruker).

RESULTS AND DISCUSSION

To determine the nature of phase equilibria in the system under study, a number of
synthesized samples were studied in boundary systems CuzSbS;-Sb,S; and CusShS,-
CuSbS,, as well as, within the concentration triangle. A full description of phase
equilibria in the system (A) was obtained by co-analysis of the obtained experimental
results and literature data for the boundary system CuSbS,-Sh,S; [18].

Below, on the phase diagram of the system (A) and its various sections, the
compositions of the compounds are expressed in equal numbers of atoms using the
corresponding coefficients in front of their formulas. This is identical to the expression
of composition in atomic percent and allows this data to be used in the general phase
diagram of the Cu-Sb-S system without recalculation of composition.

1.1. Boundary quasi-binary systems.

The DTA results of the thermally treated alloys of the Cu3SbS;-Sb,S; and
Cu3SbhS,-CuSbS; systems are given in table 1. T-x diagrams of the systems are
constructed based on these experimental results (fig.1a,b).

Table 1.
DTA results of the 0.625Cu3ShS4-Sh,S; and 0.5Cu3SbSs-CuShS; systems
System Composition, Thermal System Composition, Thermal
mol% Sb,S; effects, K mol% CuShbS, effects, K
0 908 0 908
5 750-903 5 815-904
& 10 745-897 & 10 816-898
& 20 743-882 ) 20 814-890
S 40 745-863 o 40 815-873
7 60 746-798 u'?’ 60 816-842
3 70 745 ?, 70 818-832
10 80 744-770 3 80 816
< 90 745-800 2 90 816-820
95 778-813 95 817-823
100 820 100 825
TK

9001

8007 L+(Cu,SbS,)

700

(Cu,SbS,)+(Sb.S.)

0,625Cu,SbS, 20 40 60 80 Sb.S,
mol %
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(Cu,SbS,)+(CuSbs,)

0,5Cu,SbS, 20 40 60 80 CuSbS,
mol %

Fig. 1. The T-x phase diagram of the systems CuzSbS4-Sh,S; (a) and Cu3zShS;-
CuSbS; (b).

Both systems are quasi-binary and form a eutectic phase diagram. Eutectics in the
Cu3SbhS;-Sh,S3 system has a ~73 mol% Sb,S; composition and crystallizes at 745K,
while the eutectics in the Cu3SbS,;-CuSbS; system has ~80 mol% CuSbS, and 816K
coordinates. The composition of eutectics and the solubility on the bases of primary
compounds in both systems were specified by constructing Tamman’s triangles. It was
defined that, solubility on the basis of primary compounds does not exceed 5 mol% in
both systems.

Constructed phase diagrams were confirmed by the PXRD method (fig.2). As can
be clearly seen from fig.2, samples of both systems are two-phase alloys. Their
diffraction patterns are composed of the diffraction lines of the constituent compounds.
There is no significant shift in the diffraction lines of alloys relative to the primary
compounds. This indicates that the solubility based on those compounds does not
exceed 1-2 mol% at room temperature.

Lin (Counts)
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6000 -
e L N U
N T
2000 4
L LJR f
E! [
I ‘ | |
L J kL i Lol e A M A !
0 -~ ey bt WAAL L e, i .

10 20 3’0 40 50 60 70
2- Theta- Scale
Fig. 2. X-ray images of some alloys of the Cu3ShS4-Sh,S3; and Cu3SbhS4-CuShS,
systems: 1- Sh,S3; 2 — 70 mol% Sh,Sz + 30 mol% CuzShSy; 3 - CuzSbhSy; 4 — 30 mol%
Cu3SbS, + 70 mol% CuShS,: 5 - CuSbS,
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Projection of the liquidus surface (fig.3)

The projection of the liquidus surface of the CuShS;-Cu3SbhS4-Sh,S; system on the
concentration triangle is given in fig. 3, where liquidus isotherms are given in blue. Itis
an independent subsystem of the Cu-Sh-S system and belongs to the eutectic type. The
liquidus surface consists of three fields corresponding to the crystallization of the initial
compounds (fig.3). The latter occupies a small region near the appropriate corner of the
concentration triangle. These phase areas are bordered by 3 eutectic curves reflecting
monovariant co-crystallization of those phases:

e;E curve: L <> (CuShS,) + (Sh,S3) T=765-733K (D)
eE curve: L <> (CuShS;) + (Cu3ShS;) T=816-733K 2
esE curve: L <> (CuzSbS,) + (Sh,S3) T=745-733K (3)

These curves converge in the triple eutectic point E:
L <> (CuSbS,) + (Cu3ShS3z) + (Sh,S3) T=733K 4)

In equations (1) - (4) and on the T-x diagrams (fig.1.4), chemical formulas of the
compounds are given in parentheses, which indicates solid solutions based on them.

0,625Cu,Sbs,

\ B 800~

125CuSbS, 20 40 60 & 80  Sb.s,
mol%

Fig.3. Projection of the liquidus surface of the system CuSbS,-Cu3SbS;-Sh,Ss.
Primary crystallization fields: 1 — CuzSbSy, 2 — CuSbhS,; 3 — Sh,S;. Dotted lines are
studied polythermal sections.

1.2. Polythermal sections (fig.4 a,b)

Two polythermal sections of the phase diagram of the system CuSbS,-Cu3ShS;-
Sh,S; are given below (fig.4 a,b) and analyzed in context with the projection of the
liquidus surface (fig.3). Here, [A] and [B] are 1:1 mix ratios of the constituent
compounds of the 0.625Cu3SbS;-Sb,S; and 1.25CuShS,-0.625Cu3ShS, boundary binary
systems, consequently.
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Fig.4. T-x phase diagrams of the systems 1.25CuSbS,-[A] (a) and [B]- Sb,S3 (b).

1.25CuSbhS,-[A] polythermal section (fig.4a) passes through the primary
crystallization areas of the (CuSbS;) and (CusSbS;) phases. In a wide composition
region (<90 mol% [A]) after primary crystallization of mentioned phases, the
monovariant eutectic reaction (2) occurs. In the >90 mol% [A] phase area crystallization
continues by the eutectic scheme (3). Crystallization in the system is completed by the
nonvariant reaction (4) at 733K.

[B]- Sb,S; polythermal section (fig.4b). The liquidus of the system [B]- Sh,S;
consists of 3 curves. The phases based on the CuzSbS,, CuSbS,, and Sh,S; compounds
primarily crystallize from a liquid solution along these curves. Below liquidus,
crystallization continues by the monovariant (2) and (1) eutectic reactions and ends with
the formation of a three-phase eutectic mixture at 733K.

Thereby, a comparative analysis of all elements of the phase diagram (fig. 1,3,4)
indicates their compatibility with each other. Presented results can be used to prepare
phases based on the primary compounds of the system CuSbS,-CusShS4-Sh,S3, as well
as and their eutectic composites.

CONCLUSION

For the first time, the nature of the physicochemical interaction of the stibnite,
chalcostibite, and fematinite minerals was determined using DTA and powder X-ray
methods. The Cu3ShS4-Sb,S; and CuzSbhS,-CuShS, boundary systems, 2 isopleth
sections, as well as, the surface of the liquidus surface of the CuShS,-Cu3ShS,-Sh,S3
system were constructed. It was established that the system is of eutectic type and is
characterized by the formation of limited solid solutions on the basis of constituent
minerals.

The work has been partially supported by the Science Development Foundation
under the President of the Republic of Azerbaijan, a grant Ne EIF-BGM-4-RFTF-
1/2017-21/11/4-M-12.
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®A30BBIE PABHOBECHS B CUCTEME CuShS,-Cu3SbSs-Sh,S3

I1P. MaMmadﬂul’z, JI.D. Mamadueeaz, B.A. I a0b1M062,
I'b. ﬂam()ueeas, JI.M. Babannw™?
L Asepbaiiooicanckuii 2ocydapemeentbiii yHusepcumen Hegmu u RPOMbIUIEHHOCTL,
Aszepbatiodcano-Ppanyysckui ynusepcumem (UFAZ)
2Hhtcmumym Kamanuza u HeopeaHuyeckol Xumuu HayuoHaIbHOU
akademuu Hayk Azepbaiioxcana
3 Bakunckuii unocenepubiil ynugepcumen
parvin.mammadli@ufaz.az

Dazoevie  coomnowenus 6 cucmeme CuSbS,-CusSbS,-Sb,S; 6  nommom  ouanasone
KOHYeHmpayuii Obliu onpedeieHvl Memooamu Oup@epeHyuaipbHo20 mepmMuiecko20 aHaIu3d
(ATA) u penmeenogazosoco ananuza (P®A). Ilocmpoenvl 0se xeazubunapuvie epanuybl, 06a
GHYMPEHHUX NOIUMEPMUYECKUX CedeHUs U NPOeKyus NOGEPXHOCMU JUKEUOYCA CUCTEeMbL.
Onpeodenenvl nos NePeUUHOL KPUCALIUZAYUU CYWEeCmBYIoWux a3z, munvl U KOOPOUHAMbL
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e,

HOH- U MOHOBAPUAHMHBIX PAGHOBECUU. YCMAHOBNIEHO, YMO UCCiedyemblli KOHYeHMPAYUOHHbLLL
MPEY2ONbHUK S6NACMCS CAMOCMOAMenvHol noocucmemon mpotunou cucmemvr Cu-Sb-S u
OMHOCUMCS K 96MEKMUUECKOMY MUNY C 02PAHUYEHHbIMU MEEPObIMU PACMEOPAMU HA OCHOGE
NEePEUUHBIX COCOUHEHU.

Kntouesvle cnosa: c¢hpazosasn ouazpamma, aHMuMoHum, Cyib@uobl Meou  CypbMbl,
xanvkocmubum, hemamunum, meepovie pacimeopboi.

CuSbS;-Cu3sShS4-Sb,S3; SISTEMINDO FAZA CEVRILMOLORI

P.R. Mommadli'?, L.F. Masadiyeva?, V.A. Qasimov?,
Q.B. Dagdiyeva®, D.M. Babanl:*?
Y4zorbaycan Déviat Neft va Sanaye Universiteti, Azorbaycan-Fransiz
Universiteti (UFAZ)
?Kataliz vo Qeyri-iizvi Kimya Institutu, Azorbaycan Milli Elmlor Akademiyas:
$Baki Miihandislik Universiteti
parvin.mammadli@ufaz.az

CuSbS,-CusShS,-Sh,S; sisteminds faza tarazhiglar: diferensial termal analiz (DTA) va rentgen-
faza analizi (RFA) visullar ilo tam qatiliq intervalinda miiayyan edilmisdir. Sistemin iki sorhad
kvazi-binar, iki daxili politermik kasiyi va likvidus sathinin proyeksiyast qurulmusdur. Méveud
fazalarin ilkin kristallagsma sahalori, nonvariant va monovariant tarazliglarin tiplori va
koordinatlar: tayin edilmisdir. Miiayyon olunmusdur ki, tadgiq olunan qatiliq iichucagr Cu-Sh-S
ticlii sisteminin miistaqil alt sistemi olub ilkin birlosmalor asasinda mohdud bark mohlul
sahasina malik evtektik tipa aiddir.

Acar sézlar: faza diagramu, stibnit, mis stibium sulfidlori, xalkostibit, fematinit, bark mahlullar.
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