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STUDY OF REGULARITY OF CHANGES IN VOLUMETRIC MASS OF
FOAMED GEOPOLYMER MATERIALS ON BASIS OF LIMESTONE WASTE

Y.N. Gahraman|y0000-0002-1041-7227 M.1. A|iyeva0000-0001-7626-4457
M.R. Mikailoya®000-0002-0003-8778, F \/ ‘Mammadova
Azerbaijan State Oil and Industry University
y.gahramanli@asoiu.edu.az

The creation of composite construction materials, which have a less harmful impact on the
environment both at the stage of their production and in the process of their use, is of great
interest in the global construction industry. Recent innovations have led to the creation of
foamed geopolymer concrete or geopolymer foam, which includes the operational advantages
of thermal and acoustic insulation materials, saves energy by reducing heat loss, and
contributes to the reduction of CO, emissions into the environment. For a better understanding
of the properties and benefits related to the use of foamed geopolymer materials, this paper
presents studies of the volumetric mass of these materials obtained from limestone waste and
silicate activator. Samples with a ratio of components (limestone waste: activator) of 70:30,
75:25, and 80:20 were obtained. Studies of the volumetric mass depending on changes in the
concentration of alkali in the solution of the gas generation activator showed that the minimum
values of the volumetric mass are achieved at 1 mol/L concentration of alkali. In addition, it
was found that the best foaming geopolymer material is achieved at a ratio of components of
80:20 and at a content of the gas generation activator solution in the mixture of 18% mass.
Keywords: foamed geopolymer, volumetric mass, porosity, thermal insulation material.

INTRODUCTION

During the last hundred years Portland cement-based concrete materials have
become very widespread all over the world due to their reliability, wide availability,
relative low cost of raw materials and production technology. It should be noted that
since the widespread adoption of "sustainability™ as the main criterion for materials
evaluation by the engineering community and the public, the building and construction
materials industry is facing increasing demands, as Portland cement production is
beginning to be regarded as unsustainable. In spite of the fact that the energy input of
Portland cement remains lower than that of other building materials [1], the high
production volume and the constantly increasing demand leads to a very high
consumption of raw materials, resources and energy, which in turn contributes to an
increase in greenhouse gas emissions and dust pollution [2]. According to the wording
of the World Commission on Environment and Development (WCED) [3], the concept
of sustainable development is understood as "the ability to meet our current needs
without compromising the ability of future generations to meet theirs". This formulation
of sustainability includes an examination of all the characteristics of a particular
industry, such as the provision of raw materials, energy consumption, the environmental
impact of a material or component in its production and use, and its reusability or
recyclability. One important aspect of the cement industry is the future shortage of
cheap raw materials due to the high consumption of conventional natural materials.
Another important factor for the sustainability of the cement industry is the high energy
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consumption. Energy is required for the calcination of clinker at 1400-1500°C and the
subsequent grinding of clinker and auxiliary materials. The main share of this energy
consumption is for the conversion of raw materials into clinker. This very much
depends on the type of equipment used in the process. Thus, the inefficient long rotary
kilns waste 6 GJ heat per ton of clinker whereas a modern rotary kiln consumes 3,1 GJ
heat per ton of clinker. The worldwide average is 3,8 GJ/t clinker [4]. In addition, the
energy needed for grinding and crushing cement is 100 kWh/t cement [5]. Total energy
consumption from raw material to cement is 3,2 GJit cement [5]. High energy
consumption is associated with high emissions. For example, each ton of clinker
produces 0,9 tons of CO,. Herewith 0,53 t is for raw material decomposition and 0,37 t
for fuel combustion [2]. The problems with regard to CO> emissions, the limited
availability of raw materials and the high energy consumption will therefore be among
the major factors determining the future sustainability of the cement industry.

Therefore, the development of new, environmentally friendly construction
materials with a reduced harmful impact on the environment at the stages of their
production and operation will be the main direction of development of the global
construction industry. In recent decades, materials based on geopolymers have become
one of the alternative binders for concrete production [6]. Generally, in terms of energy
consumption and CO emissions, geopolymer materials are considered to be much more
environmentally friendly in comparison to Portland cement [7,8,9]. Fly ash and
metakaolin are the most common raw materials for geopolymers used in construction
technology. The fly ash is usually a by-product, in rare cases a waste product, which is
produced by the burning of coal and domestic waste. In European countries the ash is
fully utilized, but in developing countries the use of fly ash is very low and the
consumption of cement is increasing every year. The use of fly ash as a raw material is
profitable. It does not require large energy inputs, but a little pretreatment is necessary.
The extraction of metakaolin by clay burning requires higher temperatures (750°C) but
it requires much lower temperature in comparison with the production of clinker (1400-
1500°C), that is, this process is less power-consuming. One of the important
components of geopolymer materials in terms of environmental impact is an alkaline
activator. Alkali production is also a power-consuming process. Thus, the energy
required to produce dry sodium hydroxide is 14,9 GJ/t [10], and sodium silicate is 5,4
GJ/t [11]. The most precise values of energy consumption associated with CO:
emissions may vary depending on the specific method of alkali production. Taking into
account that the content of the alkaline activator in the geopolymer mixture is at the
lowest possible level, the benefits of geopolymers in terms of environmental impact
may be significantly higher. Thus, according to available data, CO, emissions during
geopolymer production are 60-80% lower than during clinker production [7,8,9].

A relatively novel innovative product is foamed geopolymer concrete. It includes
all the advantages of foam concrete and geopolymer technology [12-21]. It makes it
possible to reduce the harmful environmental impact of construction materials in terms
of used raw materials, CO2 emissions and operational energy costs. On the other hand,
the use of foamed geopolymers allows to create a new type of thermal insulation
materials. The advantages of using thermal insulation materials are obvious. This is a
significant reduction in heat loss, which reduces energy consumption and, accordingly,
CO; emissions, as well as the light weight of such materials, which reduces the overall
load on the structure [22,23,24]. Another important aspect of geopolymers is the use of
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wastes from the mining and construction industries, which saves natural raw materials
[25,26].

Taking into account the mentioned above, in this study, limestone wastes from the
second geological area of Garadagh deposit were used as a raw material for obtaining of
foamed geopolymers, and sodium silicate was used as an activator.

EXPERIMENTAL PART

Limestone wastes from the second geological site of Garadagh deposit were used
as a raw material for the production of foamed geopolymer materials. The chemical
composition of this material is presented in table 1.

Liquid glass Na,O(SiO2)» (sodium silicate) a thick semi-transparent liquid
(according to GOST 13079-2021) was used as an activator of the geopolymerization
process. Silicate module is 1-3, density is 1300-1360 kg/m®.

Sodium hexafluorosilicate Naz[SiFs], a colorless crystalline powder poorly
soluble in water which corresponds to TU 2621-010-69886968-2013 was used as a
catalyst for geopolymerization.

As a gas-forming agent used aluminum powder according to GOST 5494-95.
Table 1
Chemical composition of limestone powder, %wt
Calcination losses | SiO2 | AlbOs | Fe;O3 | CaO | MgO | SOz | Na20 | K.O
34,27 15,89 | 2,51 150 |42,01|082|051| 0,56 | 0,43

Crystalline sodium hydroxide (GOST 2263-79) was used as an activator of gas
formation process.

Samples of foamed geopolymer materials were prepared by preparing mixtures
with the ratio of components limestone wastes: activator of geopolymerization equal to
70:30, 75:25 and 80:20. The content of the alkaline activator solution varied between
14-18%wt. Setting and further hardening of the samples was carried out in specially
prepared molds. At the end of 2 days the samples were removed from the molds and
subjected to heat treatment at 80°C for 24 hours.

Volumetric mass of samples of foamed geopolymer materials was studied
according to GOST 15139-69 by measuring and weighing method. Calculation of the
volume of a regular shape sample was carried out according to the formula [22]:

V Zlﬂ,’h (ﬁ+ﬂ+ﬁ);
3 4 4 4
where h- height of the truncated cone, m; di- large diameter of the truncated cone, m;
d2- small diameter of the truncated cone, m.

Volumetric mass of the sample was determined by the formula:
m;
pl - ]/l 4
mi- mass of the i-th sample, kg; Vi- geometric volume of the i-th sample, m?,

RESULTS AND DISCUSSION

A very important indicator of foam materials is their volumetric mass. Volumetric
mass or apparent density is determined from the ratio of the sample mass to its
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geometric volume. Compared to monolithic (non-foamed) materials, foamed materials
have a larger geometric volume within a certain shape and, therefore, a much higher
porosity. Thus, volumetric mass is an important indicator of foam materials,
characterizing the degree of their porosity and lightness. The higher the porosity of the
material, the better its thermal insulation properties. On the other hand, the higher the
porosity of the material, the lighter it is and the less pressure it exerts on the structure.
Therefore, it was important to characterize our samples of foamed materials in terms of
changes in their volumetric mass and the multiplicity of foaming. Our research was
carried out by changing two indicators, such as the amount of aqueous alkali solution
and the concentration of alkali in the solution. At the same time the amount of aqueous
alkali solution varied in the range 14-18% of the mass of the composition, and the
normality of the alkali solution varied in the range 0,8-2n. For researches we chose
compositions with ratio of filler (waste limestone) to binder (alkali silicate) 70:30, 75:25
and 80:20.

The results of the study of the volumetric mass of the composition 70:30
depending on changes in the concentration of alkali in the gas formation activator
solution are shown in fig.1. The amount of alkaline activator introduced into the
composition was changed within 14-18%wt. As can be seen from the presented figure,
for specimens containing 14%wt. of alkali solution an increase in the concentration of

2500

2000

-

a

o

o
T

1000

500 f

\Volume weight, kg/m?3

O 1 1 1 1 J
0 0.5 1 15 2 25

Alkali concentration in activator solution, n

Fig.1. Dependence of the volumetric mass on the concentration of alkali in the solution
for geopolymer composition 70:30:

- activator solution content 14%wt.; A - activator solution content 16%wt.; m-
activator solution content 18%wit.

alkali in the gas activator solution leads to a decrease in the volumetric mass of the
foamed geo-concrete sample from 1990 kg/m? to 253 kg/m?, that is practically in 7,9
times. What can be caused by such a decrease in the sample volumetric mass? Chemical
interaction of aluminum with alkali occurs with the release of hydrogen gas, which
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foams the geoconcrete mass. The higher the concentration of the alkaline activator
solution, the more active it reacts with aluminum. This, in turn, contributes to the
release of more hydrogen gas, which leads to an intensification of the foaming process
of the composition. Intensification of the foaming process leads to a decrease in the
volumetric mass. The presented dependence shows that by increasing the concentration
of alkali in the activator solution from 0 to 1n some decrease in the volumetric mass
occurs. In this case, the volumetric mass decreases in 1,2 times. However, when the
concentration of the activator solution is increased from 1 to 2n, a sharper decrease in
the volumetric mass takes place. The volumetric mass decreases in 6,5 times. Thus, 1n
is the threshold concentration above which there is a sharp decrease in volumetric mass.
Such a phenomenon has its own explanation. An important condition for the reaction is
the complete dissolution of the oxide film on the surface of the aluminum particles
introduced into the composition. The rate of dissolution of this film directly depends on
the concentration of the alkaline solution. It is clear that the higher the concentration of
the alkaline solution, the higher the rate of dissolution of the oxide film and the higher
the rate of reaction of aluminum with alkali. The higher the reaction rate, the more
hydrogen gas is formed per unit time and the higher the foaming rate. Increasing the
multiplicity of foaming leads to a decrease in the volumetric mass. When the
concentration of alkali in the activator solution is low and varies between 0-1n, the
reaction of alkali with aluminum proceeds at a very low rate, since dissolution of the
aluminum oxide film occurs slowly. Because of the sluggish course of the reaction, the
volume of hydrogen formed is at a rather low level. For this reason, when the
concentration of the activator solution changes from 0 to 1n, a relatively small decrease
in the volumetric mass is observed. This indicates a low level of foaming of the
composition. In addition, when visually inspecting the sample after curing, a large
amount of unreacted aluminum can be observed on its surface. This also indicates that
the gas formation reaction is taking place at a very low rate.

A further increase in alkali concentration in the activator solution from 1 to 2n
leads to a sharper decrease in the volume weight. The kink in the curve shown in fig.1
testifies to this. Such a sharp decrease in the volume weight can be explained by the fact
that, when the concentration of alkali in the activator solution increases, the dissolution
rate of the oxide film on the aluminum particles also increases. This circumstance, in its
turn, leads to acceleration of aluminum reaction with alkali. In this case, much more
hydrogen gas is released per unit time, which contributes to an increase in the foaming
multiplicity and a sharper reduction in the volumetric mass. In fig.1 dependence has
practically additive character within the limits of alkali concentration in the activator
solution of 1-2n. We cannot ignore another factor. This is the amount of heat generated
in the reaction of aluminum with alkali. This reaction is exothermic. Studies have
shown that the higher the concentration of alkali in the activator solution, the more heat
is released in the reaction. In some cases, at high concentrations the composition may be
heated up to 75-80°C. Such heating of the foamed geoconcrete composition contributes
to more efficient and rapid evaporation of water formed in the parallel reaction of
orthophosphoric acid polycondensation. More efficient removal of water from the
reaction system accelerates the process of polycondensation and more rapid
solidification of the foamed concrete mass, that is, to reduce the life time of the
geoconcrete mass. It should be noted that reducing the life time of the foamed concrete
mass contributes to a rapid increase in its viscosity, which is important for the retention

8
WWW.ajcnews.org



of hydrogen bubbles in the mass and preventing their degassing. However, in some
cases, too rapid increase in viscosity has a negative effect on the foaming process.

The results of research of volumetric mass of specimens containing 16%wt. of
activator solution are also presented on fig.1. For these specimens an increase in the
concentration of alkali in the activator solution also leads to a decrease in the volumetric
mass. Thus, increase of alkali concentration in activator solution from 0 to 2n promotes
to decrease of volumetric mass from 1990 kg/m? to 220 kg/m?, that is in 9 times. If we
pay attention to the graph, we can see that if the concentration of alkali in the activator
solution changes within the range of 0-1n, the volumetric mass decreases slightly by
about 1,2 times. The reasons for this insignificant decrease in volumetric mass were
discussed above at considering of specimens containing 14%wt. of activator solution.
Increase in alkali concentration in the activator solution from 1 to 2 n leads also to sharp
decrease in the volumetric mass in 7,6 times which is more than in the case of
specimens containing 14%wt. of activator solution. If to compare results of volumetric
mass research for specimens containing 14 and 16%wt. of activator solution, we may
notice that in the last case after 1n concentration of alkaline activator a steeper curve
bend towards decrease of volumetric mass is observed. Although within the
concentration range from 0 to 1n in both cases the same regularity of changes in the
volumetric mass is observed. Such a steeper of the curve in fig.1 can be explained by
the fact that, in comparison with the specimens containing 14%wt. of activator solution,
in this case the content of alkaline activator in the geoconcrete composition is higher
and is 16 %wt. of the total mass. A higher content of alkaline activator in the
composition means a higher content of water in the system, since the activator is
presented in the form of aqueous alkali solution. Increasing the water content in the
system contributes to some reduction of its viscosity. Reducing the viscosity, in turn,
facilitates the foaming process by reducing the resistance of the medium to gas bubbles.
Thus, gas bubbles experiencing less resistance of the medium can be more evenly
distributed in the system, more foaming the geoconcrete mass. This explains the steeper
of the curve for specimens containing 16%wt. of activator and the relatively lower
values of the volumetric mass in the 1-2n concentration range of the alkaline activator.

The results of studies of the volumetric mass of foamed geoconcrete compositions
with a ratio of components (limestone waste: liquid glass) 70:30 at a constant content of
alkaline activator solution 18%wit. are also presented in fig.1.

As it can be seen from the data presented in the figure, increasing the
concentration of alkali in the activator solution leads to a gradual decrease in the
volumetric mass due to the beginning of the foaming process. In this case, the
volumetric mass reduction is 1,3 times. Further slight increase in alkali concentration
from 0,9n to 1n leads to collapsing decrease in volumetric mass in 4,4 times. This sharp
decrease in volumetric mass, in contrast to previous cases, is observed for the first time
on this sample. The reason for this sharp decrease in volumetric mass is the sharp
intensification of the foaming process of the sample. This becomes possible due to an
increase in the content of the aqueous solution in the foaming mass. Increasing the
aqueous solution content helps to liquefy the system and reduce its viscosity. The lower
viscosity of the foamed system reduces the resistance of the medium to gas bubbles,
which, in turn, are more evenly distributed in the volume of the specimen, resulting in
an even greater increase in volume. As in the case of specimens containing 16%wt. of
activator, the threshold concentration of alkali in the activator solution after which a
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sharp decrease in the volumetric mass is observed is at the level of 0,9n. At the same
time, increasing the content of the alkaline activator solution up to 18%wt. contributes
to increasing the alkali content in the system. At higher content of alkali in the system,
all available aluminum in the mixture relatively completely reacts with alkali forming
more gas bubbles. This, in turn, leads to more foaming of the sample. A further increase
in concentration from 1n to 2n leads to only a slight decrease in the volumetric mass.
This is explained by the fact that at higher concentrations of alkali the curing processes
of geoconcrete mass increase simultaneously. As a result, the lifetime of the mass
decreases and the viscosity of the system increases at a higher rate, which prevents
further distribution of gas bubbles in the volume of the mass and a decrease in the
volumetric mass.

According to diagram of dependence of volumetric mass on concentration of
alkali activator solution for geopolymer composition with the ratio of main components
70:30 shown in fig.1 the alkaline activator content in the mixture varies within 14-18%
wt. As can be seen from the figure Increasing the content of the alkaline activator
solution from 14 to 18% wt. contributes to improving the foaming of the geopolymer
composition. Thus, the minimum values of volumetric mass are observed at samples
with the content of activator solution at the level of 18%mass. This is explained by
liguefaction of the foamed system and reducing its viscosity, which positively affects
the foaming of the material. In addition, the minimum values of volumetric mass are
achieved at 1n concentration of alkali in the solution, so the use of more concentrated
activator solutions is unreasonable. From the options presented in fig.1 one can choose
geopolymer composition with 18% wt. content of activator solution, as the minimum
values of volumetric mass are reached in this case.

For further study of samples of foamed geo-concrete were studied geopolymer
mixtures with the ratio of components waste limestone: binder = 75:25. Herewith, the
concentration of alkali in the activator solution also varied in the range of 0,5-2n, and
the content of activator solution was changed within 14-18%wt. The results of the
studies are shown in fig.2.

As can be seen from the figure, for specimens containing 14%wt. of activator
solution, at increasing of concentration of alkali in the activator solution, there is a
natural decrease in the volumetric mass. However, even in this case it has its own
features. Thus, when considering the dependence, one may notice that with increasing
concentration from 0 to 0,9n there is a relatively monotonic decrease in volumetric mass
from 1997 to 1652 kg/m? due to foaming. At increase in concentration of alkali within
0,9-1n very sharp decrease of volumetric mass from 1652 to 347 kg/m? happens, that is,
practically in 4,8 times. The reasons for such decrease in volumetric mass at the content
of the activator solution at 14 %wt. is connected with the fact that decrease in quantity
of the liquid binder leads to less dilution of the alkaline activator solution. In this case,
less diluted alkaline activator solution interacts more actively with aluminum,
intensifying the process of gas formation, that is, the process of foaming of the
specimen. Further an increase in the alkali concentration from 1n to 2n leads not to a
sharp, but relatively monotonic decrease in the volumetric mass from 347 kg/m? to 277
kg/m®. This is explained by the acceleration of the curing process of the geopolymer
mass, reducing its lifetime and a rapid increase in the viscosity of the system, which
prevents further foaming of the mass. The minimum value of volumetric mass in this
case is achieved at 2n concentration of alkali and is 277 kg/m?®.
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Further studies were carried out with samples of geo-concrete in which the ratio
of the main components is 75:25, and the unchanged content of the alkaline activator
solution is 16%wt. The results of the studies are also presented in fig.2.

As can be seen from the figure, an increase in alkali concentration in the activator
solution from O to 0,5n is practically not accompanied by any change in the volumetric
mass. However, at increasing concentration from 0,5n to 1n there is a sharp decrease in
the volumetric mass from 1956 kg/m® to 264 kg/m?, that is, practically in 7,4 times. This
is explained by a lower dilution of the activator solution due to the reduction of the
amount of liquid binder and its relatively higher content in the mixture (16%wt.). All
this contributes to a more intensive interaction of the activator with aluminum and a
greater foaming of the mixture. Besides, an increase in the amount of the activator
solution up to 16% wt. contributes to bigger liquefaction of the mixture and more
uniform distribution of gas bubbles in the sample volume. Further increase of alkali
concentration in the activator solution does not lead to any significant changes of
volumetric mass. The minimum value of volumetric mass is reached at 2n concentration
of alkali in the activator solution and is 248 kg/m®.

2500
2000
1500

1000 f

500

\Volume weight, kg/m?

0 1 1 1 1 J
0 0.5 1 15 2 25

Alkali concentration in activator solution, n

Fig.2. Dependence of the volume weight on the concentration of alkali in the solution
for geopolymer composition 75:25:

- activator solution content 14%wt.;
- activator solution content 16%wt.; m- activator solution content 18%wit.

Further studies were carried out with samples of geo-concrete in which the ratio
of the main components is 75:25, and the unchanged content of the alkaline activator
solution is 16%wt. The results of the studies are also presented in fig.2.

As can be seen from the figure, an increase in alkali concentration in the activator
solution from 0 to 0,5n is practically not accompanied by any change in the volumetric
mass. However, at increasing concentration from 0,5n to 1n there is a sharp decrease in
the volumetric mass from 1956 kg/m?® to 264 kg/md, that is, practically in 7,4 times. This
is explained by a lower dilution of the activator solution due to the reduction of the
amount of liquid binder and its relatively higher content in the mixture (16%wt.). All
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this contributes to a more intensive interaction of the activator with aluminum and a
greater foaming of the mixture. Besides, an increase in the amount of the activator
solution up to 16% wt. contributes to bigger liquefaction of the mixture and more
uniform distribution of gas bubbles in the sample volume. Further increase of alkali
concentration in the activator solution does not lead to any significant changes of
volumetric mass. The minimum value of volumetric mass is reached at 2n concentration
of alkali in the activator solution and is 248 kg/m?®.

Studies of the volumetric mass of foamed compositions with the ratio of the main
components 75:25, however, with the 18%wt. content of the alkaline activator solution
in the mixture were carried out. The concentration of alkali in the activator solution also
varied in the range of 0,5-2n. The results of the studies are shown in fig.2.

As can be seen from fig.2, increasing the alkali concentration in the activator
solution from 0 to 0,8n leads to some decrease in the volume weight. In this case, the
volume weight decreases in 1,2 times. In comparison with specimen containing 16%wt.
of activator solution, in this case at concentration of 0,9n the volumetric mass value
sharply decreases and makes 469 kg/m®. Such a decrease in volumetric mass at a
concentration of 0,9n is explained by the fact that, on the one hand, increasing the
content of aqueous alkaline solution in the mixture up to 18%wt. contributes to the
liguefaction of the mixture and reduces the viscosity of the system. In this case the
formed gas bubbles experience less resistance of the medium, distributing more evenly
in the volume of the material and foaming it better. On the other hand, increasing the
amount of alkaline solution contributes to its more intense interaction with aluminum
and the greater release of foaming gas. In general, increasing the alkali concentration in
the solution from 0,8n to 1n leads to a decrease in volumetric mass in 6,6 times. Further
increasing of alkali concentration in solution does not lead to any significant decrease of
volumetric mass. The minimum value of volumetric mass is achieved at 2n
concentration of alkali in the solution and is 251 kg/m?®.

From the summary graph for the composition 75:25 containing activator solution
in the range 14-18%wt. and presented in fig.2 it is also clear that the lowest values of
volumetric mass are achieved with the content of activator solution at 18%wt. The
minimum value of the volumetric mass is achieved at a concentration of 1n. Use of
more concentrated activator solutions is unreasonable. On the basis of lower values of
volumetric mass, we choose the composition with 18%wt. content of activator solution.

In order to better understand the regularities of the volumetric mass change in the
foamed geopolymer materials, the samples with the ratio of the main components 80:20
were investigated.

The content of activator solution in specimen were changed from 14%wt. up to
18%wt. and alkali concentration in the activator solution varied in the range of 0,5-2n.
The results of the studies are given in fig.3.

As can be seen from the figure, increasing the concentration of alkali in the
activator solution leads to a decrease in volumetric mass, but in comparison with the
results shown in fig.1 and 2 this reduction takes place already when using 0,5 n alkali
solution. Herewith the volumetric mass equal to 1221 kg/m?® is reached, that is, the
volumetric mass is reduced in 1,4 times. At increasing of concentration from 0,5n to 1n
volumetric mass decreases sharply from 1221 kg/m? to 302 kg/m?, that is, in 4 times. At
the same time volumetric mass values at alkali concentration in the activator of 0,8n and
0,9n are shifted to the area of lower values. The reasons for that were described above.
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Fig.3. Dependence of the volume weight on the concentration of alkali in the solution
for geopolymer composition 80:20:

- activator solution content 14%wt.;
- activator solution content 16%wt.; m- activator solution content 18%wit.

Thus, the reduction of the liquid binder content in the composition up to 20% wt.
contributes to the reduction of the alkaline solution dilution, and it affects the increase
of the interaction intensity with aluminum. As a result, gas release and foaming of the
material already at low concentrations of alkali in the activator increases. A further
increase in alkali concentration from 1n to 2n leads, on the contrary, to a slight increase
in the volumetric mass from 302 to 315 kg/m?®. Such a phenomenon is explained by the
fact that an increase in alkali concentration activates another parallel process - the
curing process of geopolymer mass. The acceleration of this process leads to a rapid
growth of the viscosity of the system, which in turn increases the resistance of the
medium to the distribution of gas bubbles. This is the reason for some increase in the
volumetric mass.

The volumetric mass change of geopolymer compositions with the ratio of the
main components 80:20, but with the unchanged content of the activator solution in the
mixture at 16%wt. was studied. The concentration of alkali in the activator solution
varied in the range of 0,5-2n. The results of the research are shown in fig.3. As can be
seen from the figure, the change in the volumetric mass depending on the concentration
of alkali in the activator solution occurs according to a similar regularity as in case of
specimens containing 14%wt. of activator solution. The difference is that at
concentrations of 0,5 n, 0,8 n and 0,9 n values of volumetric mass displaced in the area
of lower values. This indicates a more intense foaming process of the samples, which is
associated with an increase in the content of the aqueous solution of the alkaline
activator in the mixture. As a result of liquefaction of the mixture, the viscosity of the
system decreases and the foaming process is more profound. The minimum value of
volumetric mass is reached at concentration 1n and is 286 kg/m®. A further increase in
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the concentration of alkali in the solution to 2n as in the previous case also leads to
some increase in the volumetric mass to 300 kg/m?®.

Research on the study of volumetric mass changes in geopolymer compositions
with a component ratio of 80:20 at a constant content of the alkaline activator solution
at 18%wt. was also carried out. The concentration of alkali in the activator solution
varied in the range of 0,5-2n. The results of the studies are also shown in fig.3.

As can be seen from the figure, an increase in alkali concentration in the activator
solution from 0,5n to 1n leads to a decrease in the volumetric mass. In comparison, with
specimens containing 16%wt. of activator in this case the values of volumetric mass are
displaced to the area of lower values. This is associated with a large liquefaction of the
system with a greater amount of aqueous solution of alkaline activator and a greater
amount of alkali introduced into the mixture. All this contributes to intensification of
foaming of geopolymer composition. Further increasing the concentration of alkali in
the solution from 1n to 2n leads to some increase in volumetric mass for the reasons
described above. The minimum value of the volumetric mass is also achieved at a
concentration of alkali in the solution of 1n and is 261 kg/m?.

From the summary diagram for the 80:20 geopolymer composition with an
activator solution content of 14-18% wt. shown in fig.3, it is clear that the minimum
values of volumetric mass are also achieved at 1n concentration of alkali and at 18%wt.
content of the alkaline activator solution. Because of the lower values of volumetric
mass, the sample with 18% wt.% activator solution content was chosen.

A common diagram of the dependence of the volumetric mass on the
concentration of alkali in the solution for geopolymer compositions with a 70:30, 75:25,
80:20 component ratio and with the activator solution content at 18% wt. is given in
fig.4.
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Fig.4. Dependence of volume weight on alkali concentration in solution for geopolymer
compositions with 18%wt. activator solution content:

- 70:30; A-75:25; m- 80:20.

14
WWW.ajcnews.org



A2ll 1920 | Azarbaycan Déviat Neft va Sanaye Universiteti

As can be seen from the figure, the lowest values of the volumetric mass are
achieved at a concentration of 1n and the use of more concentrated activator solutions is
unreasonable. For further studies the composition with the ratio of components 80:20
was chosen, as only in this case at all concentrations of alkali in the solution lower
values of volumetric mass are achieved.

CONCLUSION

1. It was established that increasing the concentration of alkali in the activator solution
from 0,5 to 2n contributes to reducing the volumetric mass of foamed geopolymer
samples practically at all component ratios.

2. At all component ratios minimum values of volumetric mass are achieved at 1n alkali
concentration in the activator solution.

3. At the comparative analysis of results of researches of volumetric mass of samples
with a ratio of components 70:30, 75:25 and 80:20 at 18%wt. content of the activator
solution the lowest values of volumetric mass are reached for samples with a ratio of
components 80:20.
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UCCIAETOBAHUE 3AKOHOMEPHOCTEN U3MEHEHUSI OB bEMHOM
MACCBI, BCIEHEHHbBIX 'EOITIOJIMMEPHBIX MATEPUAJIOB HA
OCHOBE U3BECTHAKOBBIX OTXO0/10B

fO.HKaxpaMClHﬂbl0000_0002_1041_7227, MHAJZu66a0000—0001—7626—4457’

M. P.Muxaunoea®0-00020003-8779 "¢ B Mamedosa

Aszepoatioscanckuii ['ocyoapcmeennuiti Yuusepcumem Hegpmu u Ilpomvluiiennocmu
y.gahramanli@asoiu.edu.az

Co30anue KOMNO3UYUOHHO2O CMPOUMENbHO20 MAamepuand, KOmopbvlid o00radaem MeHbUUM
B8PEOHbIM 8030€UCMBUEM HA OKPYIHCAIOUYIO CPedy KAK HA Cmaduu e20 Npoussoocmed, max u 8
npoyecce €20 UCNONL30BAHU NPEOCMAssiem OONbUION UHMEPEC 8 MUPOBOU CHPOUMENbHOU
undycmpuu. Heoagnue unnosayuoHnHvle paspabomku npueenu K CO30AHUIO 2eONOTUMEPHO20
NeHOOemMOHA UNU BCNEHEHHO20 2eONONUMEPHO20 MAmepuand, KOmOopblll 6Kauaem 6 ceds
IKCNIYAMAYUOHHBIE NPEUMYWeCmed Menio- U 38YKOUOIAYUOHHBIX MAMEPUANos, SKOHOMUM
9HEPIUI0 3a CYem CHUIICEHUs. Nomepb menia u cnocobcmeyem cHudicenuio gviopocos CO2 @
oxpyocalowyro cpedy. [ns nyuuieco NOHUMAMUSA CBOUCME U NPEeUMYWEeCcms CEA3AHHbIX C
NpUMEHEeHUeM GCHEHEHHbIX 2eONOIUMEPHBIX MAMepUudanos 6 OAaHHOU Cmamve NpUeeoeHbvl
uccnedosanusi 00vbEMHOU MACChl IMUX MAMEPUANO8, NOTYUEHHBIX HA OCHOBE U38ECTHHAKOBBIX
0OmMXx0008 U CcunuKamuoeo akmueamopd. bvuiu nonyuenmvl 06pazyvl ¢ coomHouleHuem
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KOMHOHEHMO8 U36eCmMHAKO8ble omxoobl: axmusamop 70:30, 75:25 u 80:20. Hccredosanus
00bEeMHOU MACCHl 6 3A6UCUMOCIU OM  UBMEHEHUs. KOHYCHMPAYUU Weioyu 6 pacmeope
aKmueamopa 2az000pazoeanuss NOKA3AAU, YMO MUHUMAIbHLIE 3HAYEHUS O00BEMHOU MACChl
docmueaiomest npu 1u xonyenmpayuu wenouu. Iomumo 3moeo, ObLIO YCMAHOGNEHO, YMO
HAUIYMUAsST 6CNEHUBAEMOCTb 2CONOJUMEPHO20 MAMEPUANd OOCMULAENC NPU COOMHOUEHUU
xomnonenmos 80:20 u npu codepiicanuu pacmeopa akmusamopa 2a3000paz08aHusi 8 CMecu Ha
ypogne 18%macc.

Knrouesvle  cnosa:  ecnenennvlll  2eononumep,  00veMHAs — MAccd,  HOPUCMOCHb,
MENIOU3ONAYUOHHBLL MAMEPUAI.

OHONGDASI OSASINDA OLAN KOPUKLONMIS GEOPOLIMERLI
MATERIALLARIN
HOCM KUTLOSININ DOYiSMOSi QANUNAUYGUNLUQLARININ TODQIQi

Y.N.Qahramanh 0000-0002-1041-7227) M] eliyeva0000-0001-7626-4457,
M.R. Mikayilova®00-0002-0008-8778, £ v Mammodova
Azarbaycan Dovlat Neft va Sanaye Universiteti
y.gahramanli@asoiu.edu.az

Hom istehsali, hom do istifadasi zamanmi atraf mihito az manfi tasiri olan kompozisiya tikinti
materialimin yaradilmasi diinya tikinti sonayesi U¢ln boyuk maraq kasb edir. Son illorda
aparimis inovasiyali todqiqatlar geopolimerli betonun va ya kopUklonmis geopolimerli
materialin  yaradilmasina gotirib ¢ixardi. O, oziindo istilik izolyasiya va Sas bogucu
materiallarm istismar tistinliiklorini comlogdirir, istilik itkilorinin azaldilmast hesabina enerjiya
gonast edir vo otraf mihito CO; gazimn emissiyasinin migdarini azaldwr. Kopiiklonmis
geopolimerli materiallarin istifadasi ilo alagali olan xassa va Ustinliklori daha yaxsi anlamag
Ucun bu moagalada ahangdasi tullantilari va silikatly aktivator asasinda alimmis bu tip
materiallarin hacm kitlasinin tadqiqi naticalori tagdim olunur. Ohangdasi tullantilari:aktivator
nisbati 70:30, 75:25 va 80:20 olan nimunalar alinnmisdir. Qalavinin gaz amala gatirici aktivator
Maohlulunda gatiligindan asili olaraq hacm Kitlasinin dayismasi naticalarinin tadgiqi gostordi ki,
hacm kitlasinin minimal giymatlori galavinin qatiligi In oldugda 21da edilir. Bundan basqa,
miayyan edilmisdir ki, geopolimerli materialin an yuksak kopUklanma daracasi komponentlarin
nisbati 80:20 va gaz amala gatirici aktivatorun makilulunun garisigda migdart 18%hkiit. oldugda
alda edilir.

Acar sozlar: kdpUklanmis geopolimer, hacm Kitlasi, masamoalilik, istilik izolyasiya materiali.
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SPECTROPHOTOMETRIC DETERMINATION OF MOLYBDENUM AND
TUNGSTEN IN THE SOIL OF THE JABRAYIL REGION WITH 2-
HYDROXY-5-HALIGENTHIOPHENOLS AND AROMATIC AMINES

AZ Zal0v10000-0002-2171-8906_K A KUlieVl 0000-0002-0965-8576 ,

S.Q.A"erZ 000'0001'9624'1527,R.A. fsmailovaz 0000-0002-7654-9126,
Sh.S.Ahmed3 000-0001-7280-6634
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In the interaction of molybdenum and tungsten with 2-hydroxy-5-halogenthiophenols, mixed-
ligand complexes (MLC) extractable with chloroform are formed. Aniline, N-methylaniline, and
N, N-dimethylaniline were used as the hydrophobic amines. The conditions for the extraction-
photometric determination of molybdenum and tungsten are found. The best extractants were
chloroform, dichloroethane and carbon tetrachloride. In a single extraction with chloroform,
97.8-98.2% of molybdenum and tungsten are recovered in the form of MLC (in the case of
C2H4Cl, and CCls, 95-96% of molybdenum and tungsten are recovered). Molybdenum and
tungsten MLC extracts obey the basic law of light absorption at concentrations of 0.2-20 and
0.2-19 ug/mlL, respectively. It was established by the Nazarenko method that the complexing
form of molybdenum and tungsten is MeO (OH)?*. It was found that MLC are formed at pHopt.
1.8-5.1. The maximum in the light absorption spectrum is observed at 457-538 nm. The molar
light absorption coefficient is (3.2-4.2) x10% It has been proven that molybdenum (VI) and
tungsten (VI) are reduced to Me(V) by the reagent itself upon formation of a complex with
halothiophenols.

Keywords: molybdenum, tungsten, 2-hydroxy-5-halogenthiophenol, extraction-photometric
method, hydrophobic amines.

INTRODUCTION

Molybdenum and tungsten (Me (V, VI) = Mo or W) are among those metals that
have chromophoric properties, therefore, among the numerous photometric methods for
their determination, there are both methods based on the use of colored reagents with
chromophore groups, and methods that use colorless reagents. Most methods are highly
selective. Numerous methods are known for the photometric determination of
molybdenum and tungsten using reagents belonging to various classes of organic
compounds [1]. Reagents containing hydroxy and carboxy or two hydroxy groups in the
o-position to each other interact with molybdenum and tungsten mainly in slightly
acidic and neutral media to form colored complex compounds [2, 3]. Molybdenum (V1)
in soil and plant samples was determined by spectrophotometric method in the form of
Mo(V)-rhodanide complex [4]. Traces of molybdenum (VI) were determined
spectrophotometrically using salicylaldehyde hydrazone and acetoacetic acid [5].
Despite the fact that methods based on color reactions of tungsten with various organic
reagents are extremely numerous, only a few of them are used in the practice of
chemical analysis. The methods with the use of toluene-3,4-dithiol and thiocyanate have
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become the most widely used [1]. According to the hypothesis of analogies, reactions
with reagents of the R-SH type are possible for element ions that form sulfides poorly
soluble in water [6]. Methods have been developed for the determination of elements in
the form of mixed-ligand complexes (MLC) with 2-hydroxy-5-halothiophenols [7-13]
and 2,6-dithiol-4-tert-butylphenol in the presence of hydrophobic amines [14-16].

This work is devoted to the study of the reaction of complex formation of
molybdenum (V1) and tungsten (VI) with 2-hydroxy-5-halogenthiophenols (HTP, HL,
L) and hydrophobic amines (Am). Of the 2-hydroxy-5-halogenthiophenols, 2-hydroxy-
5-chlorothiophenol (HCTP), 2-hydroxy-5-bromothiophenol (HBTP), and 2-hydroxy-5-
iodothiophenol (HITP) were used. Aniline (An), N-methylaniline (MAn), and N, N-
dimethylaniline (DAnN) were used as the hydrophobic amine (Am).

EXPERIMENTAL PART

Reagents and solutions. The initial solution (1 mg/mL) of Mo (VI) was prepared
by dissolving 1.8402 g of (NH4)sM07024x4H>0 analytically in hot water. Upon cooling,
the solution was diluted with water in a volumetric flask to 1 L. The stock solution (1
mg/mL) of W(VI) was prepared by dissolving an accurate weighed portion of
Na;WO4x2H.O of analytical grade in water. The concentration of the solution of
molybdenum and tungsten was determined gravimetrically [11]. Solutions with a
concentration of 0.1 mg/mL were obtained by diluting the stock solution. We used a
0.01 M solution of HTP and Am in chloroform. Am was used freshly distilled.

The ionic strength of the solutions was maintained constant (u = 0.1) by
introducing the calculated amount of KCI. A 1M HCI solution was used to create the
required acidity of the solutions.

Instruments. Spectrophotometric studies of colored solutions were carried out on
KFK-2 and SF-26. The pH of the agueous phase was measured on an 1-120.2. with glass
electrode. IR spectra were recorded on a UR-20 spectrophotometer.

Method for the determination of molybdenum and tungsten. Up to 90 ug of
molybdenum, 2 ml of 0.01 M HTP solution, and 2.5 ml of 0.01 M Am solution (in the
case of tungsten, 80 ug of tungsten, 2.2 ml of 0.01 M HTP solution, and 2.6 ml of 0.01
M Am solution) were introduced into graduated tubes with a capacity of 50 ml. The
required pH value was adjusted by adding 1M HCI solution. The volume of the organic
phase was adjusted to 5 ml with chloroform, and the volume of the aqueous phase was
adjusted to 20 ml with distilled water. The mixture was shaken for 2 min. After 10 min,
the organic layer was separated and its optical density was measured at room
temperature on KFK-2 at 540 nm (in the case of tungsten, 490 nm).

On the reduction of Me (V1) to Me(V). HTP in an acid medium has reducing
properties [10, 11, 13]. It is known that the colored compound with dithiol forms only
Me(V), to which Me (V1) is reduced by the reagent itself [1]. To find out whether the
valence of molybdenum and tungsten does not change upon interaction with HTP, two
series of experiments were carried out. The reaction was carried out with HTP Me(V),
obtained by the reduction of SnCl, and KI, in a hydrochloric acid solution without the
use of additional reducing agents. The products of both reactions had light absorption
maxima at 540 and 470 nm for molybdenum and tungsten, respectively. Consequently,
Me (V1) upon the formation of a complex with HTP is reduced to Me (V) by the reagent
itself,
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RESULTS AND DISCUSSION

The choice of extractant. The best extractants were chloroform, dichloroethane
and carbon tetrachloride. At the same time, the basicity of amines does not have a
noticeable effect on the conditions and extraction of complexes. The extractability of
the complexes was evaluated by the distribution coefficient and the degree of extraction
[17]. The rapid separation of layers and the maximum value of the molar absorption
coefficient were obtained by extracting the complexes with chloroform. In a single
extraction with chloroform, 97.8-98.2% of molybdenum and tungsten are recovered in
the form of MLC. Further studies were carried out with chloroform.

Influence of the pH of the aqueous phase. For the formation and extraction of
molibden and tungsten complexes, pH 2.1-5.1 and 1.8-3.1, respectively, is optimal (Fig
1.). The presence of the second ligand led to a shift in the optimal acidity of the
complexation to a more acidic region, pHopt is wider than in the case of a two-
component compound. At the beginning, with an increase in the acidity of the initial
solution, the Me(V) extraction increases, and with a further increase, it gradually
decreases, which is obviously associated with a decrease in the concentration of the
ionized form of HoL and, most likely, it is in the solution in an undissociated form. With
an increase in pH > 7, the formation of MLC is practically not observed, which is
apparently associated with a decrease in the degree of protonization of amines.
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Fig.1. The dependence of the optical density of the MLC of molybdenum and tungsten
on the pH of the agueous phase: 1-Mo-HCTP-An; 2-Mo-HBTP-An; 3-Mo-HITP-An; 4-
W-HBTP-An; 5-W-HBTP-MAnR; 6- W-HBTP-DAnN.

Cmo(v)=4.16x10° mol/I; Cwv)= 1.09x10° mol/l; C,=(1.3-1.5)x10 mol/l;Camn=(1.2-1.5)
x10° mol/l; KFK - 2; £=0.5cm

From the data given in table 1, it can be seen that, while maintaining the
structure and nature of the functional analytical group (FAG), the pHso of the reaction
can be shifted to a more acidic region with an increase in the acid dissociation of the
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complexing groups of the FAG of the reagent forming the analytical form [18] due to
the introduction of the L- electrophilic substituents (CI, Br, I). This phenomenon can be
explained by an increase in the negative inductive effect of the substituent.
Table 1
Optimal conditions for the formation and analytical characteristics of molybdenum and
tungsten MLC with HTP and Am

PpHformations ) Muax, e 10
Compound o extractions PHoptimal am IL-mol™ -cm lgKeq | 1gKex
[Mo(HCTP)](AnH)2 1.6-5.7 2.8-4.3 |535 3.7 227 | 124
[Mo(HCTP)](MANH), | 1.8-6.1 2.8-4.8 | 537 3.9 2.74 | 12.6
[Mo(HCTP)](DAnH)> | 3.0-7.0 4.2-5.1 |538 4.2 2.68 | 12.8
[Mo(HBTP)](AnH)2 1.5-5.5 2.4-4.1 |530 3.4 2.83 | 127
[Mo(HBTP)](MANH), | 1.6-5.7 2.5-4.8 |533 3.6 2.88 | 12.8
[Mo(HBTP)](DAnH), | 2.9-6.8 4.0-5.1 |536 3.8 271 | 129
[Mo(HITP)](AnH) 1.4-5.3 2.1-4.0 | 527 3.2 290 | 129
[Mo(HITP)](MAnH), | 1.5-5.4 2.2-4.7 |530 3.3 2.86 | 13.1
[Mo(HITP)](DANH) 2.8-6.7 3.7-5.0 |534 3.6 281 | 134
[W(HBTP)](AnH) 0.2-3.2 1.8-2.8 |457 4.0 291 | 113
[W(HBTP)](MANH) 0.3-34 1.9-3.0 [462 4.1 287 | 118
[W(HBTP)](DANH) 0.5-3.7 2.0-3.1 |468 4.2 285 | 124

Absorption spectra. The maximum analytical signal upon complex formation of
Mo(V) and W(V) with HTP and Am is observed at 527-538 and 457-468 nm,
respectively. The close values of the light absorption maxima allow us to conclude that
the resulting complexes are ion associates. The molar absorption coefficients are (3.2-
4.2) x10%,
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Fig.2. Absorption spectra of molybdenum and tungsten complexes with GTP and Am:
1-Mo-HCTP-An; 2-Mo-HBTP-An; 3-Mo-HITP-An; 4-W-HBTP-An; 5-W-HBTP-MAn;
6- W-HBTP-DAN. Cmov)=4.16x10" mol/I; Cwvy= 1.09x10" mol/I; C.=(1.3-1.5)x103
mol/l; Cam=(1.2-1.5) )x107 mol/l; SF-26; {= 1.0 cm

Influence of the concentration of reagents. The optimal condition for the formation
and extraction of these compounds is the concentration of (1.3-1.5) x107 mol/l HTP
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and (1.2 1.5) x 102 mol/l Am. Molybdenum and tungsten MLC extracts obey the basic
law of light absorption at concentrations of 0.2—20 and 0.2-19 ug/ml, respectively.

Influence of holding time. MLC Me(V) with HTP and Am are stable in aqueous
and organic solvents and do not decompose within three days, and after extraction for
more than a month. The maximum optical density of the molybdenum and tungsten
complexes is reached within 10 and 15 min, respectively.

Composition and structure of complexes. The stoichiometric reaction coefficients
of the interaction of Me(V) with HTP and Am were determined using the methods of
relative yield, Asmus straight line, and equilibrium shift [19]. The curves 1/V, = f(1/ma)
plotted for various values of n show that the ratio Me(V): L: Am = 1:2:2. Similar results
were obtained by th relative yield and equilibrium shift methods. Using the Nazarenko
method, it was established that the complexing form of molybdenum and tungsten is
MeO (OH)? [20].

In the IR spectra of the Me-HTP-An complexes, an intense absorption band
appears in the range of 780-810 cm™ due to the stretching vibration of the MeO (OH)?*
group. The disappearance of a pronounced band at 2580 cm™ (SH) and in the region of
3200-3600 cm with a maximum at 3450 cm™ (OH), observed in the HTP spectrum,
indicates that the -SH and -OH groups are involved in complex formation. Absorption
bands at 1380 cm™* indicate the presence of protonated aniline [21, 22].

The mechanism of MLC formation can be represented as follows: Molybdenum
and tungsten ions, when interacting with two H.L molecules, form doubly charged
anionic complexes, which are extracted with two molecules of protonated Am. The
composition of the extractable complexes can be represented by the formula [MeO
(OH)Lz2] (AmH)a.

Let us assume that the following processes occur during complex formation:

MeO (OH)?* + 2HsL < [MeO (OH)Lz]> + 2H*
[MeO (OH)L,]* + 2AmH*< [MeO (OH)Lz] (AmH):

The values of the equilibrium constant (IgKeq) and the extraction constant (IgKex)
calculated by the equations
IgKeq =lgD-21g [AMH"]
and
lgKex = 1gD — 2Ig[R*] — 2lg [AmH*]
respectively presented in table 1.

The degree of polymerization of the complexes was calculated using the equation
given in [23]. The performed calculations showed that the MLC in the organic phase do
not polymerize and are in the monomeric form (y = 1.01-1.05). Based on the equations
of the calibration curves, the limit of photometric detection and the limit of quantitative
determination of molybdenum and tungsten were calculated in the form of MLC [24].
In table 1 shows the main spectrophotometric characteristics of the method for
determining molybdenum and tungsten. The dependences found by us are consistent
with the literature data, indicating that with an increase in pKi of the complexing
reagents, the strength of the complex compounds formed by them and the pH of the
complex formation increase.
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Influence of foreign ions. The influence of a number of cations and anions on the
accuracy of Me(V) determination was studied. It has been established that large
amounts of alkaline, alkaline earth elements, rare earth elements, F-, CI-, Br—, SOs%,
S04, and C,04>" do not interfere with the determination of molybdenum and tungsten.
The selectivity of the determination is significantly increased in the presence of masking
agents. The interfering effect of Fe (111) and Ti (IV) was eliminated with ascorbic acid,
Cu (I1) with thiourea, and Nb(V) with oxalate ion. When using a 0.01M EDTA solution,
Ti (IV), V(IV), Nb(V), Ta(V), and Fe (111) do not interfere with the determination.

In table 2 shows the data that make it possible to compare the analytical
characteristics of methods for the determination of molybdenum [1, 3, 25-31] and
tungsten [1,32-37] with some already known methods.

Table 2
Data to compare the analytical characteristics of methods for the determination of
molybdenum and tungsten

Me Reagent(s) pH A, nm g- 10"
Mo | Rezorsan [26] 0.5 M HCI 460 2.34
Mo | Rhodanide [1,25] 0.75M HCI 460 3.86
Mo | 8-hydroxyquinoline [1] 3.2-4.2 530 -
Mo | Chlorosulfophenol C [27] 0.5-3.6 1.3
Mo | Toluene-3,4-dithiol [3,25] 4-12M HCI 680 1.8
Mo | 2-amino-4-chlorobenzene-thiol [29,30] 3.9 478 3.6
Mo | HCTP+DAnN 4.2-5.1 538 4.2
Mo | HBTP+DAnN 4.0-5.1 536 3.8
Mo | HITP+DAnN 3.7-5.0 534 3.6
W Toluene-3,4-dithiol [1] 1.5-2.0 640 1,92
W 8-mercaptoquinoline [32] 0.5-3.0 412 0,367
W 8-hydroxyquinoline [32] 4.4 363 0,64
W HBTP+An 1.8-2.8 457 4.0
W HBTP+MAnN 1.9-3.0 462 4.1
wW HBTP+DAnN 2.0-3.1 468 4.2

The proposed method, under already established optimal conditions, was applied
to determine Mo(V) and W(V) in in soils. The proposed methods for the determination
of molybdenum and tungsten in soils have been tested 8-hydroxyquinoline and dithiol
methods. The results of the analysis are shown in table 3, which indicates a successful
applicability of the proposed method to the analysis of real samples.

Determination of molybdenum in soils. The proposed methods for the
determination of molybdenum are applied to its determination in light chestnut soil
from the Jabrayil region. A mass of 0.5 g was finely ground in an agate mortar and
calcined in a muffle furnace for 3 h.Upon cooling, the sample was treated and dissolved
in a graphite dish in a mixture of 16 ml of conc. HF, 5 ml of conc.HNO3, and 15 ml of
HCI (conc.) at 50-60°C to remove excess hydrogen fluoride. Another 8 ml portion of
conc.HNO3z was added three times to the solution, which was evaporated each time to 5-
6 ml. After that, the solution was transferred into a 100 ml volumetric flask and its
volume was brought up to the mark with distilled water. Molybdenum was determined
in aliquots of a portion of the solution according to the proposed method.
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Determination of tungsten in soils. A mass of 0.5 g was finely ground in an agate
mortar and calcined in a muffle furnace for 3 hours. After cooling, the sample was
treated and dissolved in a graphite dish in a mixture of 16 ml of conc. HF, 5 ml conc.
HNO; and 15 ml conc. HCI at 50-60° C to remove excess hydrogen fluoride, 8 ml conc.
HNO3z was added three times to the solution, which was evaporated each time to 5-6 ml.

After that, the solution was transferred into a 100 ml volumetric flask and its
volume was brought up to the mark with distilled water. Tungsten was determined in
aliquots of the solution using the proposed procedures.

Table 3
Correctness and reproducibility of determination of molybdenumand tungsten in soil
(n=5, P=0.95)
standard
= deviation of probe}ble direct measurement
Method % , X(10%) relative
the average o accuracy
result (10%) | £
Determination of molybdenum
Toluene-3,4-dithiol 2.95 0.148 4 (2.95+0.18)
8-Hydroxyquinoline 3.02 0.151 5 (3.02+0.19)
HCTP+DAnN 2.85 0.114 4 (2.85£0.14)
HBTP+DAnN 2.87 0.087 4 (2.87£0.11)
Determination of tungsten
Toluene-3,4-dithiol 3.67 0.172 5 (3.67+0.12)
8-Hydroxyquinoline 4.05 0.135 3 (4.05+0.22)
HCTP+DAnN 4.00 0.123 4 (4.00£0.14)
HBTP+DAnN 3.95 0.111 4 (3.95+0.17)
CONCLUSION

This work is devoted to the study of the reaction of complex formation of
molybdenum (VI) and tungsten (VI) with 2-hydroxy-5-halothiophenols and
hydrophobic amines.

In a single extraction with chloroform, 97.8-98.2% of molybdenum and tungsten
are recovered in the form of mixed-ligand complexes (MLC). For the formation and
extraction of molibden and tungsten complexes, pH 2.1-5.1 and 1.8-3.1, respectively, is
optimal. The maximum analytical signal upon complex formation of Mo(V) and W(V)
with 2-hydroxy-5-halogenthiophenols (HTP) and hydrophobic amines (Am) is observed
at 527-538 and 457-468 nm, respectively. The close values of the light absorption
maxima allow us to conclude that the resulting complexes are ion associates. The molar
absorption coefficients are (3.2-4.2) x10%.

The optimal condition for the formation and extraction of these compounds is the
concentration of (1.3-1.5) x10° M HTP and (1.2 1.5) x 10 M Am. Molybdenum and
tungsten MLC extracts obey the basic law of light absorption at concentrations of 0.2—
20 and 0.2-19 ug/ml, respectively.

The performed calculations showed that the MLC in the organic phase do not
polymerize and are in the monomeric form (y = 1.01-1.05). The proposed method,
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under already established optimal conditions, was applied to determine Mo(V) and
W(V) in soils.
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CHEKTPO®OTOMETPUYECKOE OINPEAEJIEHUE MOJIUBIEHA U
BOJIb®PAMA B TIOYBAX /UKEBPANJIbBCKOI'O PAUOHA C 2-T'HIPOKCH-
S-TAJIOTEHTHO®EHOJIAMU U APOMATUYECKUMHU AMUHAMMU
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Y43epbaiioocancruii Focyoapemeennuiii Iledazoeuueckuil Yuugepcumem
2 Azepbationcanckuii F'ocyoapcmeennviii Yuusepcumem Hegpmu u
Ilpomviuwinennocmu
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Ipu e3aumodeticmsuu moruboeHa u 8orbpama c 2-eudpokcu-S-zairocenmuogernonamu oopa-
3yromes pasnoauzanouvie komniaexcol (PJIK), sxcmpazupyemvie xnopogopmom. B kauecmae
2u0podobHo20 amuna UCHOAL308aNU aHUIUH, N-memunanunun u N,N-OumemunaHuiuH.
Hatioenvl  ycnosusi  skcmpakyuoHHO-pomomempuieckozo  onpedenienus  MoauboeHa u
sone@pama.  Jhuwumu - 9Kcmpazenmamu - OKA3AMUCL  XA0POPOpM,  OUXAOPIMAH U
yemulpexxaopucmylll yenepoo. Ilpu 00HOKpammol SKCMpaKyuu Xaopo@dopmom u3eneKkaemcs
97.8-98.2 % monubdena u orvppama 6 eude pasnonucanonvie komnnexcol (PJIK) (¢ ciyuae
CoHiCly u CCls usenexaemes 95-96 % moauboena u eonvgppama). dxcmpakmer PJIK
Moauboena u Gonvbghpama NOOYUHAIOMCS OCHOBHOMY 3AKOHY HOIOWEHUsl C8ema npu
xkouyenmpayuax 0.2-20 wu 0.2—-19 wmxe/mn coomeemcmeenno. Memooom Hazapenxo
VCMAHOBIEHO, YMO KOMNJIeKcoobpasyowell Gopmot MoauboeHa u 6oavdhpama A6aAemcs
MeO(OH)?*. Bwito obuapysceno, umo PJIK obpasyiomca npu pH,,. 1.8-5.1. Maxcumym ¢
cnekmpe noenoweHus ceema HaoOnwoaemcs npu 457-538 um. Monapuoii xkosgduyuenm
ceemonoznowenus cocmasasem (3.2-4.2)x10% Hoxaszano, umo monuboen (VI) u eonvghpam (VI)
s6occmanasaugaomess 0o Me(V) camum peacenmom npu 006pa308aHuU  KOMNIEKCA C
2a102eHMUODEHONAMU.
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Knrouesvle cnoea: monuboen, soarv@pam, 2-2udpoxcu-5-eanocenmuoghenon, 3KcmpaKyuoHHo-
homomempuueckuii Mmemoo, euopopodHble AMUHDIL.

COBRAYIL RAYONU TORPAQLARINDA MOLIBDEN VO
VOLFRAMIN 2-HIDROKSI-5-HALIGENTIOFENOLLAR VO AROMATIK
AMINLOR iLO SPEKTROFOTOMETRIK TOYINIi

O.Z. Zalovl 0000-0002-2171-8906 K O. Kulzyevl 0000-0002-0965- 8576
S S 8hmad3 0000 0001-7280-6634
1Azarbaycan Dovlat Pedaqoji Universiteti
2Azarbaycan Dévlat Neft va Sanaye Universiteti

3Azarbaycan Memarlq va Insaat Universiteti
zalov1966@mail.ru

Molibden va volfram 2-hidroksi-5-halogentiofenollar va hidrofobaminlarlo garsiliglr tosirda
olaraq xloroformla ekstraksiya oluna bilan miixta/if ligandli komplekslor (MLK) amala gatirir.
Hidrofob amin kimi anilin, N-metilanilin vo N,N-dimetilanilin istifado edilmisdir. Molibden va
volfiramin ekstraksiya-fotometrik tayini iiciin optimal sarait miayyon edilmisdir. On yaxst
ekstragent kimi xloroform, dikloroetan va karbon tetraxlorid miayyan edilmisdir. Xloroform ilo
birdafalik ekstraksiya zamant MLK saklinda 97.8-98.2 % molibden va volfram (C;H4Cl; vo CCly
halda 95-96% molibden vo volfram ekstraksiya olunur) ekstraksiya olunur. Molibden va
volframin MLK-lorinin ekstraktlar: miivafiq olaraq 0.2-20 va 0.2-19 mkq/ml qatiliq intervalinda
isig udulmanin 2sas qanununa tabe olur. Nazarenko Usulu ilo molibden va volframin kompleks
amoala gatiran ion formasimn MeO(OH)** oldugu miiayyan edilmisdir. MLK pHop. 1.8-5.1-da
omala Qalir. Isig udma spektrind> maksimum 457-538 nm-do miisahids olunur. Molar isiq
udulma omsali (3.2-4.2) x10%dir. Siibut edilmisdir ki, molibden (VI) va volfram (VI)
halotiofenollarla kompleks amala gatiran reagentin 6zl tarafindon Me(V)-2 godar reduksiya
olunur.

Acar soOzlar: molibden, volfram, 2-hidroksi-5-halogentiofenol, ekstraksiya-fotometrik dsul,
hidrofob aminlar.
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SYNTHESIS AND APPLICATION OF EFFECTIVE PLASTICIZERS,
ANTIOXIDANTS
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The article presents a one-stage method for the synthesis of effective plasticizers and
antioxidants with a heterogeneous catalyst under mild conditions with a high yield. In order to
obtain plasticizers and antioxidants, a number of studies were carried out to determine the
optimal temperature, amount of catalyst and molar ratio of reacting components based on
natural petroleum and aliphatic fatty acids (Cs-Cs) using a heterogeneous catalyst. Based on
the studies carried out under optimal conditions (temperature -110-120°C, the amount of
catalyst — 1,5 wt.%, acid, the molar ratio of components - acid: alcohol - 2:1,4), mixed diesters
were synthesized with a yield of 88-90%. To confirm the structures of the synthesized diesters
on the "Alpha" IR Fourier spectrometer, the corresponding IR-spectra were obtained, where the
absorption bands characteristic of the carbonyl and ester functional groups appear with greater
intensity. The good compatibility of the synthesized plasticizers with the polymer matrix and the
effect of these compounds on the reduction of sludge in diesel fuel are shown.

Keywords: 1,4-butanediol, natural petroleum acids, mixed diesters, diesel fuel, polyvinyl
chloride, plasticizer, antioxidant.

INTRODUCTION

Mixed diesters of dihydric alcohols and carboxylic acids as plasticizers have a
number of specific properties. They almost do not migrate, are practically non-volatile,
improve properties and are well compatible with the polymer. These esters are also
promising antioxidants for diesel fuels [1-5].

The process of synthesis of ethylene glycol diester of synthetic petroleum acids in
the presence of catalytic nano-titanium dioxide has been developed. The optimal
conditions for the esterification reaction were found and the advantage of nano-TiO>
compared to the classical KU-2(H") catalyst was shown, and a material balance was
drawn up [6].

Obtaining of a mixture of synthetic fatty acids by oxidation of paraffinic
hydrocarbons separated from diesel fraction is presented. Based on the synthesized
acids in the presence of nano-ZnO, the optimal conditions for synthesizing of
monoesters of 1,3-etylene glycol and containing CHs and OH functional groups have
been defined. Either the physical-chemical indicators used raw material or synthesized
esters have been justified via analytical and spectral methods. The material balance of
monoesters is presented and the sphere of their application studied [7].

The article [8] presents a one-stage method for the synthesis of mixed diesters
based on propylene glycol, synthetic petroleum and aliphatic fatty acids (Ce-Cs) using a
ZnO catalyst under optimal conditions - temperature -110 - 120°C, amount of catalyst —
1,3% wt. (acid), molar ratio of components - acid: alcohol - 2:1,3. Diesters have been
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investigated as plasticizers for polymeric materials and antioxidants for diesel fuel. An
analysis of the research results shows that the synthesized mixed diesters can be
proposed as effective plasticizers for PVC and new antioxidants for diesel fuels.

In order to increase the range of plasticizers and antioxidants using a ZnO
catalyst, a mixed diester of diethylene glycol based on natural petroleum and valeric
acids was synthesized, the possibility of complete mixing of the diester with polyvinyl
chloride, a decrease in the amount of diesel fuel sediment and its use as an effective
plasticizer and antioxidant was established [9].

The article is devoted to the synthesis and application of mixed ethylene glycol
diesters based on petroleum and fatty acids by a waste-free method. The properties of
mixed diesters of petroleum acids have been studied, physicochemical parameters have
been determined by analytical and spectral methods. The degrees of compatibility of
ethers with polyvinyl chloride, the ability to extend the service life of diesel fuel have
been established [10].

Considering the properties of solvents, plasticizers and antioxidants based on
mixed diesters of dihydric alcohols and petroleum acids, we are able to continue our
work in this direction.

EXPERIMENTAL PART

To obtain diesters, natural petroleum acids (NPA), aliphatic fatty acids of the Ce-
Cs series (CsH1:COOH, CsH13COOH, C7H1sCOOH), 1,4 - butanediol, and technical-
grade ZnO as a catalyst were used as raw materials. At the installation of Meriken Oil
Refinery named G. Aliyeva isolated natural petroleum acids from the 90-215°C
fraction, having the following physical and chemical parameters: acid number - 235 mg
KOH/g, molecular mass — 239 g/mol, np?°-1,4957, p4?°-0,9715 [2,3,9,10].

The IR-spectrum of NPA was recorded on an Alpha IR-Fourier spectrometer
manufactured by the German company BRUKER (fig. 1).
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Fig.1. IR - spectrum of NPA
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The following absorption bands were observed in the IR- spectrum of NPA:
935 sm' — deformation vibrations of the O-H bond of the -COOH

—_—
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1226, 1289 sm-1
1702 sm*

1377, 1411, 1455, 2855,

2922, 2950 sm™
2573, 2670 sm™

group of the acid;
— C-0O bonds of -COOH acid group;
— C=0 bonds of -COOH acid group;

— bending and stretching vibrations of C-H bond of CHz and

CH: groups;

— COOH group of acid.

The preparation of mixed diesters of 1,4-butanediol based on NPA and fatty
acids with the participation of a ZnO catalyst was carried out by a one-stage method
according to the following scheme:

e}
T°C, kat CH; - CH20IC| -R
+ RCOOH + RCOOH — | '
CH, - CH20|C| -R
O
where: R is the NPA radical, R* + CsH11-, CeH1s- and C7H1s- radicals.

Based on earlier laboratory studies [10], the optimal amount of catalyst, the molar
ratio of the reacting components and the temperature regime for mixed diesters of
petroleum acids were found:

The optimal mode for 1,4-butanediol diesters based on NPA and fatty acids: the
amount of catalyst — 1,5% wt., to the taken acid, the molar ratio of acid:alcohol - 2:1,4,
temperature - 110-120°C.

The following is a synthesis based on caproic acid:

- 31,5 g (0,25 mol) 1,4-butanediol, 59,7 g (0,25 mol) NPA, 29 g (0,25 mol)
caproic acid (CsH1:COOH), 1,33 g (0,016 mol) ZnO catalyst, 85,0 g (0,92 mol) of
toluene was loaded into a three-necked flask and the reaction was continued for 4-4,5
hours. Upon completion of the reaction, the reaction product was filtered on a paper
filter, the catalyst was removed, after the solvent was distilled off, the raw ether was
subjected to vacuum distillation and physicochemical parameters were determined
(table 2). The material balance of the process of obtaining a mixed diester of 1,4-
butanediol based on NPA and caproic acid is compiled and shown in table.1.

CH, - CH,OH

+2H,0
CH, - CH,OH 2

Table 1
Material balance of obtaining a mixed diester of 1,4-butanediol based on NPA and
caproic acid
Taken Received
Denomination Amount Denomination Amount
g % g %

NPA 59,7 28,9 | Waters 8,8 4,3
CsH1:COOH 29,0 14,0
1,4-butanediol 31,5 15,2 1,4-butanediol 9,0 4,35
ZnO 1,33 0,64 | ZnO 1,28 0,62
Toluene 85,0 41,16 | Toluene 82,0 39,7
Total 206,5 100 Mixed diester 102,25 49,5

Remainder 3,17 1,53

Total 206,5 100
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RESULTS AND DISCUSSION

Other representatives of mixed diesters of 1,4-butanediol based on NPA and fatty
acids were synthesized by a similar method, their physicochemical parameters were
determined (table 2), and below is the IR- spectrum of the obtained diester based on
NPA and caprylic acid (fig.2).
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Fig. 2. IR-spectrum of a mixed diester of 1,4-butanediol based on NPA and caprylic
acid.

The following absorption bands were observed in the IR-spectrum of the mixed diester:

729 cm? - pendulum vibrations of the C-H bond of the CH>
group;

1005,1040 cm - stretching vibrations of the C-O bond of the COH
group;

1105,1165,1250 cm™ - C-O-C bond of the mixed diester;

1734 sm* - C=0 bond of the mixed diester;

1377, 1419,1458 cm - deformation vibrations of the C-H bond of
CHs,CH2and CH groups;

2855,2924,2952 cm™ - stretching vibrations of the C-H bond of the CHs,
CH: and CH groups;

1604 cm™ - C=C bond of benzen ring.

It is known from scientific sources [12, 13] those heterogeneous catalytic
reactions occur on the surface of a solid catalyst and are caused by the activation of
reactant molecules upon interaction with the surface.

Since the coordination number of ZnO is 6, such oxides have a high probability of
formation of intermediate complexes and decomposition of these complexes. The
process of attraction of reacting molecules to the surface of the catalyst weakens the
chemical bonds in them, i.e., causes their decomposition and the formation of
intermediate unstable activated complexes, which accelerates the formation of the
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reaction product. Subsequently, a water molecule is split off from this complex and the
catalyst is re-reduced (returns to its original state) with the formation of an ester.

In further studies, the compatibility of the synthesized diesters, as well as the
industrial plasticizer - dioctyl adipate (DOA) with polyvinyl chloride (PVC) “C-65" was
studied [14] and it was found that the compatibility of the synthesized mixed diesters
with PVC coincides with the industrial plasticizer DOA.

According to previous studies [15], the properties of these diesters to improve the
thermo-oxidative ability of diesel fuels were studied. The work carried out showed that
1,4-butanediol diester based on NPA and caprylic acid reduces the amount of sediment
from 4,6 mg/100 cm?® to 0,4 mg/100 cm?.

The positive results obtained by us make it possible to increase the range of esters
of natural petroleum acids.

Table 2
Some physicochemical parameters of mixed diesters of 1,4-butanediol based on
NPA and fatty acids

Boiling . Saponi- . .
temperature, | ps%°, 20 Acid fication | inematic |\, e | Yeal
R °C, 2,66-10 |g/sm Np number, number wscoglty, v, % d,
1 1 k) H 0
4 MPa mgKOH/g mgKOH/g mm?</s %
CsH11 195-245 10,9760(1,4608| 0,35 281,0 16,20 0,58 |90,0
CeH13 200-250 0,9751|1,4615| 0,63 270,2 17,28 0,60 |89,1
C7H1s 210-260 |0,9700(1,4632| 0,44 235,02 19,44 0,63 | 88,6

Referring to the literature [11] and our studies, the proposed general mechanism
for the synthesis of mixed diesters based on natural and aliphatic fatty acids in the

presence of technical ZnO as a catalyst can be represented as follows:
(0]

11
CH,-CH,-0O-C-R
CH,-CH,-0O-C-R

[l

O ,
RCOOH+R COOH
O. O. d- d-
// A // \\ + O AN + O AN
R-C ~ZnO+R-C_~ .-Zn0O R N zmo R G zmo
O~ (CH>), O= (CHy), NoH NOH
2H2A HoC - CH, J\?HZ - CH; OH
H2C _ CH2 CH2 - CH2 OH
OH(CH>) CH ] | ]
PH(CH2), ' OH(CH2), d H-O Q-H d
R - (Ij -0 :ZnO +R - IC - O :ZnO SO dt gt //O
. a N a .
o bn ZnO /C R R C\ ZnO)
HO OH

~_ -

here R, R” are acid radicals.

34
WWW.ajCnews.org



A2ll 1920 | Azarbaycan Déviat Neft va Sanaye Universiteti

CONCLUSION

Mixed diesters based on NPA, fatty acids and 1,4-butanediol have been
synthesized. The optimal mode was found (amount of catalyst — 1,5% wt., to the taken
acid, molar ratio of acid:alcohol - 2:1,4, temperature - 110-120°C) in which the highest
yields of the final product are observed. A putative general mechanism for the synthesis
of mixed diesters is proposed. The physicochemical parameters of the obtained esters
were studied and tested as plasticizers for P\VC and antioxidants for diesel fuels.
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CHUHTE3 U IPUMEHEHUE DOOPEKTUBHBIX IINTACTU®UKATOPOB,
AHTHUOKCHAAHTOB
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B cmamve npueeden oonocmaoutinwiti Memoo cunmesa ¢)pHexmusHbviX AHMUOKCUOAHMO8 U
naacmuuKamopos ¢ 2emepoceHHbiM Kamaiusamopom 6 MASKUX YCI08UAX U B8bICOKUM
8bix000M. C yenvio nOAYUeHUs NAACMUPUKAMOPO8 U AHMUOKCUOAHMO8 ObLIU NPO8edeHbl PO
UCCIe008aHUull 011 OnpedeneHUuss ONMUMANbHbIX YCIO8UL:  MeMnepamypsl, Koauuecmeda
Kamanuzamopa u MOJIbHO20 COOMHOULeHUS Pedzupyrouux KOMIOHEHMO8 HA OCHO8E NPUPOOHBIX
Hepmanvix- u arugamuueckux sxcupuvix kuciom (Ce-Cg) ¢ ucnonv3osanuem 2emepo2enHozo
kamanuzamopa. Ha ocHnose npoeedennvix uccieooganull, npu ONMUMATbHBIX YCIOBUAX
(memnepamypa - 110-120°C, konuuecmeo kamanuzamopa - 1,5% mac., no xuciome, MoibHoe
COOMHOUleHUe KOMNOHEeHMOo8 - Kucioma: cnupm - 2:1,4) Ovinu cunmesuposamvi cmeulanHvle
ousgpupul ¢ gvixodom 88-90%. [ns noomeepowcoenus cmpykmyp CUHME3sUPOSaAnHuIX OUdIPuUpos
na «Alphay UK-®@ypve-cnekmpomempe 6vLiu nonyuenst coomgememsyougue UK-cnekmpoi, 20e
c Oonvulell UHMEHCUBHOCMBIO NPOSIGIAIOMCA  NOAOCHL  NO2NOWEHUS XAPAKMeEpHble O0NA
KapOOHUNbHOU U CAONCHOIQDUPHOU  (DYHKYUuoHANbHbIX  epynn.  llokasawa  xopowas
COBMECHMUMOCHb CUHME3UPOBAHHBIX NAACUDUKAMOPO8 ¢ NOTUMEPHOU Mampuyel U GlusHue
SMUX COeOUHEHU Ha YMEeHbUleHUe 0CAOKA 8 OU3EIbHOM MONUSe.

Knrouesvre cnosa: 1,4-6ymanouon, npupoorvle nepmsanvie KUCIOMbI, CMeUlaHHble OUIPUpLI,
ouzenvbrHoe MoNau6o, NOAUSUHUIXAOPUO, NAACMUDUKAMOP AHMUOKCUOAHM.
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SOMOROLI PLASTIFIKATORLARLARIN, ANTIOKSIDANTLARIN
SINTEZi VO TOTBIiQi

N.F. Sodiyeva®00-0002-1633-6292 'y p_Cerepnoya®000-0001-6590-4797
S.A. Isgandorova®000-0001-5192-0665
L.M. Ofondiyevq®00-0002-1043-3446 'E - Quiliyeva000-0002-4797-8132
Akademik Y.H. Mommadalivev adina Neft-Kimya Proseslori Institutu
utal980@inbox.ru

Maqalada heterogen katalizator ilo yumsaq soraitdo yiuksak ciximla somarali plastifikatorlarin
Vo antioksidantlarin sintezi verilmisdir. Plastifikatorlarin va antioksidantlarin alinmasinin
optimal soraitinin: temperaturun, katalizatorun migdarmmin va reaksiyaya daxil olan
komponentlorin (1,4-butandiol, tabii neft- vo Ce-Cs swra alifatik yag tursulari): tayini U¢ln
heterogen katalizatorun istifadasi ilo bir sira tadgiqatiar aparimisdir. Apariimis tadqigatlar
asasinda (temperatur- 110-120°C, katalizatorun migdart — 1,5% Kitls, tursuya gora,
komponentlarin molyar nisbati — tursu:spirt — 2:1,4) secilmis optimal saraitda 88-90 % ciximla
qarisig diefirlor sintez olunmusdur. Sintez olunmus diefirlorin qurulusunun tasdigqlanmasi U¢ln
“Alpha” IQ-Furye spektrometrinda /Q-spektrlar ¢okilmis va yilksak intensivliklo karbonil va
murakkab efir funksional qruplarini xarakterizo edon udma zolaglart miisahids olunmusdur.
Sintez olunmus plastifikatoriarin polimer matrisa ilo yaxsi qarismast va bu birlagmalarin dizel
yanacaginda ¢okiintiiniin migdarimin azalmasina t2Siri Q0stormisdir.

Acar sozlar: 1,4-butandiol, tabii neft tursulari, garisiq diefirlori, dizel yanacagi, polivinilxlorid,
plastifikator, antioksidant.
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RESEARCH OF PHYSICAL-CHEMICAL PROPERTIES OF ESSENTIAL OIL
FROM CHAMOMILE

A.B. Hasanova 0000-0002-8734-2921 AE. Nasirova0000-0002-4561-1245
Institute of Bioresources of the Ministry of Science and Education (Ganja)
ayshe_hesenova@rambler.ru

The article presents the results of the research of substances obtained from the hydrodistillation
and solvent extraction of the chamomile plant growing in the Western region of Azerbaijan. The
average amount of essential oil from the hydrodistillation of chamomile flower according to the
wet raw material was 11.1+1.24%, and the average amount of the essential oil from the
extraction in ethyl alcohol was determined to be 1.54 +0.04%. The composition of the essential
oil obtained from common chamomile flowers, rich in biologically active substances and
important for treatment, was studied by physico-chemical methods (chromatographic,
Ultraviolet (UV) and Infrared (IR) spectroscopic). It was determined that the main components
(up to 50%) of the oil obtained from common chamomile flowers are sesquiterpenes, including.
consists of cadinene, farnesene, a-bisabolol, R-bisabolol, as well as their oxides, khamazulene.
The assessment of the dynamics of obtaining essential oil from chamomile flowers in different
periods of the year showed that it is 2.5-3.5% of the collection of dry raw materials, depending
on its yield.

Keywords: chamomile, essential oil, hydrodistillation, extraction, bisabolol, chromatography.

INTRODUCTION

The use of plants is as old as human history. Plants that were used only as food in
the past have come to be valued differently by people over time. People have benefited
from "useful plants" in various ways with knowledge and experience gained from
nature, information passed from generation to generation. Food, beverage, flavoring,
preservative, feed, paint, cosmetic, fuel and insulation material, etc. like, in addition to
these, plants called "medicinal plants” were also used as medicinal substances and are
used today [1].

According to the World Health Organization (WHQ), about 20000 plants are
currently used as medicine in medicine. These plants are widespread in the flora of the
country, especially as a result of the geographical location, climate and plant diversity,
agricultural potential and large surface area in the Republic of Azerbaijan [2].

"Medicinal plants" are generally used in the treatment of certain diseases and in
the preparation of cosmetics, while "aromatic plants"” are used as spices and additives in
food or beverages for their smell and taste properties. Every year, interest in the use of
medicinal plants among the population and doctors increases, and this is natural. In
modern medicine, herbal preparations take the first place among other medicines. Every
third medical preparation is made on the basis of plant materials. The main elements
that determine the therapeutic properties of medicinal and aromatic plants are the active
substances in its composition. The proportion of essential oil in essential oil plants
varies depending on many factors such as the genetic structure of the plant, plant organs
(morphogenetic variation), the period of plant development (ontogenetic variation),
temperature changes during the day (daily variation) and climate and environmental
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factors [3].

In recent years, in addition to intensively conducted studies on the composition of
biologically active organic compounds that make up medicinal plants, the identification
of a number of chemical components in their composition is one of the actual problems.
This is due not only to the role of many important trace elements, but also to
environmental factors. When preparing infusions for the treatment of a number of
diseases, a certain part of mineral substances can pass into the aqueous solution. In
addition, it is interesting to study the qualitative and quantitative composition of the
mineral substances contained in plants growing in the Western region, which is one of
the main researches and developed zones of the flora of Azerbaijan, both from the point
of view of use and from the point of view of ecological and chemical safety. It is known
that the growth conditions of plants can have special physico-chemical and biological
characteristics [4].

Many essential oils are used in various diseases in addition to their antiseptic
properties. Of these, eucalyptus essential oil is for the respiratory tract, juniper essential
oil is antiseptic for the urinary tract, thyme oil is fungicidal (fungal killer), chenopod
essential oil is anthelmintic (cleanses intestinal worms). It is known that peppermint oil
increases gastric juice, essential oils such as fennel and anise have carminative (gas re-
moving) effects, and chamomile has anti-inflammatory (anti-inflammatory) effects [5].

Common chamomile, an annual herb in the Compositea family with anti-
inflammatory properties, is a medicinal and aromatic plant that blooms with white
flowers between May and August. The difference between it and wild chamomile is that
the yellow flower base is hollow and the fragrance is more effective and pleasant.
Among the chamomile species with the highest economic value, it can be said that
common chamomile grows naturally in every region of Azerbaijan, and some are
cultivated is cultivated. Common chamomile is native to Eastern Europe and Asia
Minor. Today it has spread to many parts of the world. It is widely distributed in the
Western region and Kura-Araz plain in our country [6].

In world pharmaceutical practice, more than 40% of drugs are obtained from plant
raw materials. The main reason for this is that herbal remedies are close to the natural
metabolites of the body due to their structural characteristics, they are not harmful and
can be used for a long time without causing adverse effects. Chamomile is one of the
plants that can be used as a raw material in the purchase of medicinal and cosmetic
products. Common chamomile (Chamomile Recutita L.), which is the most commonly
used type of chamomile, was used in the study. Extraction of essential oil rich in
biologically active substances from its flowers and its physico-chemical properties have
been studied by various methods. This plant is used in folk medicine as an anti-
inflammatory, antiseptic and pain reliever. Most of the mentioned beneficial properties
of chamomile are due to the presence of biologically active substances such as a-
bisabolol, bisabolal oxides and chamazulene [7].

EXPERIMENTAL PART

There are 50 species of chamomile in the world flora. Chamomile belongs to the
Asteraceae or daisy family. Although there are a number of species known only as
chamomile, only three of them are used as useful plants for humans. The most famous is
Chamomilla recutita or Matricaria (Medical Chamomile), also known as Apothecary
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Chamomile, German Chamomile, Hungarian Chamomile, False or Wild Chamomile.
These are the same chamomiles that are familiar to everyone with their white and
yellow flowers. In the wild, it is distributed almost throughout Europe and is cultivated
in most European countries and the United States. Another popular species of
chamomile, Anthemis nobilis is commonly known as the Roman and English
chamomile. It is cultivated as a medicinal plant in England, Belgium, France and the
United States [8].

Common chamomile and aromatic chamomile (Chamomilla suaveolens) are
found in 3 species in the Caucasus, including 2 species in Azerbaijan. Common
chamomile species are widespread in the Ganja-Gazakh region of Azerbaijan. Based on
the analysis of landscape and geological factors, we selected the common chamomile
plant growing in the plain area of the Western region (geographical coordinates 41°05’
36" N. L. 45°21’ 58" N.L.) in the study.

The primary raw material (Common chamomile) was collected from the natural
bisenos of Dashkasan district of Western region in the first week of every month from
April to October. The selection of chamomile flowers and the average calculation of the
samples were carried out in accordance with ISO 21769-84. Before the experiments, the
raw materials were crushed to 2-3 mm in a laboratory grinder. Biologically active
components from Common chamomile flowers were obtained by 2 standard methods:

1. The hydrodistillation method is the distillation of a mixture of raw materials
and water in the process of obtaining essential oil from chamomile flowers. After the
essential oil extraction process was carried out for 2 hours, the experiment was stopped.
500 ml isolab jacketed heater, 500 ml isolab glass flask and clevenger were used in the
experiments of essential oil determination by hydrodistillation method. The quantitative
content of the essential oil obtained by hydrodistillation in the Ginzburg unit was
determined.

2. Extraction is a method of separating essential oils with mild organic solvents.
Due to their nature and properties, essential oils are well soluble in various light and
volatile organic substances. The process of extracting essential oil from chamomile
flowers was carried out in two stages: extraction with ethyl alcohol in a Soxhlet device,
that is, the actual separation of the components from the flowers, and then the separation
of the solvent by distillation. The resulting vapor carries with it the volatile components
of the essential oil. The steam is then cooled with running water, and the liquid mixture
of water and essential oil is stratified in the receiver. Since the obtained essential oil is
lighter than water, it accumulates in the upper layer of water [9].

The component composition of essential oil of chamomile flowers was
determined by the gas-liquid chromatography method in AutoSystem XL (PerkinElmer)
flame ionization detector chromatograph.

The UV/Vis 6850 spectrophotometer manufactured by JENWAY was used to
study the essential oil obtained from the chamomile flowers by UV (Ultraviolet) —
pectroscopic method. The optical transmittance of the device is 0.1 nm. The spectra
were recorded in the 200-500 nm wavelength range in steps of 1.0 nm.

The IR (Infrared) spectrum of the essential oil obtained from the chamomile
flowers was recorded on the "ALPHA" IR-Fourier spectrometer of the German
"Bruker" company. The IR spectra of the substances were recorded in the wave number
range of 600-4000 cm* at a temperature of 25°C.
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RESULTS AND DISCUSSION
The yield of essential oils obtained from chamomile by extraction and
hydrodistillation methods was calculated according to the wet weight ratio of the plant
using the following formula [10]:

Amount of essential oil, g

Yield of essential oil, % = *100%

Amount of raw materials, g

The results of the essential oil obtained by hydrodistillation and extraction
processes from chamomile flowers taken in different weight amounts are given in table
1.

As can be seen from table 1, the maximum amount of essential oil obtained by
hydrodistillation method is 1.24 %, and the maximum amount of essential oil obtained
by extraction method is 1.77 %. It was determined that the amount of essential oil
obtained by the extraction method is higher than the amount of essential oil obtained by
the hydrodistillation method. This is based on the fact that the extraction method
involves the evaporation and subsequent condensation of the solvent and the ability of
the solvent vapor to absorb the essential oils. The average amount of essential oil was
1.1 +1.24 % and 1.54 + 0.04 % according to the wet raw material in the determined
optimal options.

Table 1
Material balance of the hydrodistillation and extraction processes

Amount of | Amount of | Yield of Average

The name of the raw material raw materials, fessential oil, |essential oil, | amount,
(9) (9) (%) (%)
Results of the hydrodistillation process

Common chamomile
(Chamomilla Recutita L.) 200.48 2.12 1.05 114124
Common chamomile T
(Chamomilla Recutita L.) 200.74 249 1.24

Results of the extraction process
100.12 1.32 1.31

Common chamomile
(Chamomilla Recutita L.)
Common chamomile
(Chamomilla Recutita L.)

1.54 +0.04
100.35 1.78 1.77

The simplest methods of determining the authenticity of essential oils are to
determine their organoleptic properties (color, transparency, smell, taste) and
physicochemical properties (density, refractive index, kinematic viscosity, pH).
Physico-chemical properties of the obtained essential oil were studied by different
methods and the obtained results are presented in table 2.

As can be seen from the table, the density of essential oils (ISO 279-2014) is
usually less than one. The refractive index (ISO 280-2014) is almost constant for all oils
(table 2). According to the value of the refractive index, it can be judged that certain
components are predominant in the oil. The highest breakdown is characteristic of oils
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with a high content of aliphatic terpenes with three double bonds, and the lowest for
tricyclic terpenes. Identification of the components included in Common chamomile
oils was carried out by various methods: introducing known pure substances, measuring
the physical constants of substances isolated by preparative chromatography, IR and
UV spectroscopy methods [11]. Chromatographic, Ultraviolet (UV) and Infrared (IR)
spectroscopic methods are used to check the purity of essential oil and to analyze its
composition.

Table 2

Physicochemical characteristics of essential oil

Smell and| Densityat | Np, Kin. visco. | pH |Brix 25°| Absorbans
Color taste |20°C, g/sm®| 20°C R0°C, mm?/s °Bx
yellow specific 0.9478 | 1.3457 1.725 421 05 0.995
yellow specific 0.8475 | 1.2471 1.347 514 | 0.1 0.973
yellow specific 0.8347 | 1.2531 1.612 6.12 1.5 0.951
yelow specific 0.8741 | 1.2458 1.456 5.0 1.5 0.893

Gas-liquid chromatography is used to obtain characteristic chromatographic
profiles of components present in high amounts in medicinal plants. The advantage of
this method for obtaining repeatable chromatographic spectra is the high sensitivity of
the method when using universal detectors such as flame ionization and mass
spectrometry. In addition, the high separation power of the quartz capillary columns
used allows the analysis to be performed in a short time.

To determine the naturalness and composition of essential oils, enantioselective
gas-liquid chromatography is used, which allows determining the ratio of diastereomers
of oil components that can serve as chemomarkers of their origin. Chromatograms allow
to determine the composition of essential oils or a detailed "map" of the distribution of
all its components, the authenticity and naturalness of the essential oil. A common
method for the analysis of complex mixtures of terpene compounds (mono-, sesqui-,
diterpenes) is gas-liquid chromatography.

To carry out chromatography, a small sample (0.001 pl) of essential oil is
evaporated (at a temperature of 250°C) into a narrow quartz capillary tube (inner
diameter 0.25 mm) with a length of 30 meters using a microsyringe. Under the
influence of a carrier gas (usually helium, hydrogen or nitrogen) constantly flowing
through this tube, the essential oil in the form of vapor moves through the tube.
Simultaneously, the column temperature rises from 50°C to 220°C at a rate of 3-4
degrees/min. The inner surface of the tube (which is called a column) is covered with a
thin layer (0.25 microns) of a neutral liquid of a polymeric nature [12].

15 components (83.05% of the whole oil) were determined in chamomile essential
oil by gas-liquid chromatography analysis. The main components of the oil (up to 50%)
are sesquiterpenes, incl. consists of cadinene, farnesene, bisabolole, oxides of
bisabolole, khamazulene. The main components of chamomile oil: a-bisabolol (2.39%),
B-farnesene (3.09%), azulene (4.68%), hamazulene (8.22%), spatulenol (8.24%), a -
farnesene 0.1%, germacrene D 1.0%, peral 0.80%, longycyclene 1.12%, spiroether
0.82%, dicycloether 0.20%, bornyl acetate 3.48%, caryophyllene 1.41%, longifolene
0.95%, terpineol, 3.80% murolene 0.12%, a-cadinene 2.20%, y-cadinene 2.00%, o-
curcumene 0.10%, and triacetin (46.69%), which accounts for 73.31% of the total
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volatile substances. Substances such as xamazulene, in-ene-dicycloether, a-bisabolol
oxide A, a-bisabolol oxide B, t-p-farnesene and spathulenol are permanent components
of chamomile essential oil. Khamazulene is not a native component of chamomile
flowers, but is formed from its matrix by the effect of heating temperature applied to
plant materials to obtain the essential oil.

The analysis and percentage of the individual components in the essential oil were
calculated according to 1SO4724:2004 and 1SO 18393365-004-2010 document. In the
chromatogram of the essential oil, the capture of the peak of sesquiterpenes with a
tricyclic structure coincides with the gas-liquid chromatographic profile (reference) for
the essential oil presented in the document 1SO 4724:2004 and 1SO 18393365-004-2010
[13].

UV spectroscopy with the use of mathematical processing of the spectra
confirmed the presence of sesquiterpenes with different chemical structures in the
studied extracts. Essential oils were characterized by UV spectroscopy at 40°C. UF
spectroscopy analyzes of chamomile extracts are reported in the literature [14]. UV
spectra of the extract obtained at 40°C are shown in fig 1. The spectrum of the essential
oil has two peaks at approximately 230 nm and approximately 340 nm. It is reported
that matricine and dicycloethers absorb at 244 nm. We cautiously attribute the broad
band at 200-350 nm to a-bisabolol and its oxides. Additionally, an unidentified
fluorescent peak appears at ca. 220 nm.

Absorbance

ol

200 300

400 500
Wavelenght (nm)

Fig. 1. UV absorption spectrum of essential oil from Common chamomile.

Infrared spectroscopy substantially complements UV spectroscopy. For the
chemistry of terpenes, two parts of the spectrum are most important [15]. Absorption
bands in the region of approximately 3650-2650 cm™ (excluding C-H vibrations) in the
case of terpenoids are almost always characteristic of O-H bond vibrations. When
properly interpreted, absorption bands in this region can serve as evidence for the
presence of hydroxy or related groups. Absorption in the second and more important
part of the spectrum (approximately 1820-1640 cm™), if it is sufficiently intense, it
usually corresponds to C=0 vibrations. By the position of the absorption maximum in
this region, it can be determined whether the compound is a saturated or conjugated
ester, aldehyde, ketone, acid, lactone, or anhydride. Important, but less general, are data
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on absorption in other parts of the spectrum. Thus, a weak absorption band in the region
of 3050 cm? indicates the presence of a methylene group in the cyclopropane ring [16].
Functional groups and components related to the following absorption bands were
observed in the IR spectrum of the essential oil obtained from the chamomile plant (fig.
2.):

17)43, 1238, 1021 sm™* -C=0, -C-C-0, -O-C-C (ester group) Matricine

1743 sm’ -C=0 (ketone group) Apigenin-7-glucoside

1050, 919, 1452 and 1374 -C-O, -C-C-C (vibration, isopropyl group) a-Bisabolol
sm?

1080 and 1167 sm' -C-O-C Dicycloether

. 2963.81

2920.34
— 174278

108032

1237.94

T 2776.20
—1167.78

— 1374.22

Transmittance [%)]
145255

3500 3000 2300 2000 1500 1000 500
Wavenumbers (cm-')

Fig. 2. IR spectrum of essential oil from Common chamomile.

During our research, depending on the season, the rate of yield of essential oil
obtained from the flowers of the common chamomile plant growing in the Western
region of Azerbaijan was also studied.

The amount of essential oil of common evening primrose varies throughout the
year and has 2 maximum percentages: in spring - in April (3.4%) and in autumn - in
September (3.5%) based on the mass of dry raw materials. In the months of May-June, a
decrease in the amount of essential oil was observed, which confirms that essential oils
participate in the growth of the plant. When exposed to high solar heat in the summer
months, a decrease in the amount of essential oil is observed in the composition of the
plant.

2.5 2.5

Yield of essential oils,
%

0

April May June July August
September  October

Fig. 3. Seasonal dynamics of essential oil release from Common chamomile.
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Oil accumulation was noted from July to September, which is explained by the
intensification of physiological processes and activation of metabolism in the flowers of
the plant. In September, the increase in the amount of essential oil is due to the end of
the formation of flowers. A decrease is observed in October, which is due to the slowing
down of metabolism or metabolic processes in plants. In addition, plants that are in a
state of forced dormancy (metabolism does not take place in the dark) also react to the
reduction of daylight hours (fig. 3.).

CONCLUSION

The results of the study of substances obtained from the flowers of the chamomile
plant growing in the western region revealed that the average amount of essential oil
based on wet raw material from hydrodistillation was 11.1+1.24%, and the average
amount of essential oil based on wet raw material from ethyl alcohol extraction was
determined to be 1.54 £0.04%.

The assessment of the dynamics of obtaining essential oil from chamomile
flowers in different periods of the year showed that, depending on its productivity, it
makes up 2.5-3.5 percent of the collection of dry raw materials.

Biologically active components (vitamins, di- and triterpenes) are kept in the
essential oil obtained after extraction. They are sterile and have antioxidant properties.
The obtained extracts contain a high number of oils in addition to the essential oil,
which has a positive value. Because the oil part together with the aromatic component is
a biologically active complex suitable for use in cosmetic products. Various ointments
and lotions are prepared from these extracts for cosmetology preparations.

The essential oil obtained from the chamomile plant has been used as a
disinfectant and anti-inflammatory in skin diseases in the form of a solution and
ointment prepared in alcohol.
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W3YYEHUE ®U3UKO-XUMHUYECKHUX CBOMCTB Y®UPHOI'O
MACJIA POMAIIIKH

AB. FCICCIH06CZOOOO_OOOZ_8734_2921, A.E.Hacupoea 0000-0002-4561-1245

Hnemumym 6uopecypcos Munucmepcmea nayxku u oopasoganus (I sinooca)
ayshe _hesenova@rambler.ru

B cmamwe  npeocmaenemvi  pe3yibmamvl  UCCIEO0BAHUS  GeUjecms,  NOMYUEHHbIX
2UOPOOUCMUNTIAYUEH U IKCMpaKyuel ¢ pacmeopumenem pacmeHus poMAwKu anmeuuotl,
pacmyweii 8 3anaonom pecuone Asepbaiiddcana. Cpednee Koauuecmeo 3QPUpHo2o Macid
MEMOOOM 2UOPOOUCUNIAYUY YBEMKOE POMAWKU ANMEYHOU 6ANCHO20 CbIPbsi COCMABUNO
11.1£1.24%, a cpeonee Koauuecmeo 3QupHO0 Macia MemoooM IKCMPAKYUU 6 IMUT0BOM
cnupme onpedeneno kax 1.54%0.04%. @uzuxo-xumuueckumu memooamu (xpomamozpagu-
yeckum, yavmpaguonemogoim (Y®) u ungpaxpacnoim (UK) cnexmpockonuueckum) usyyen
cocmas 3QupHo20 MACid, NOAYUEHHO20 U3 YBEMKO8 DPOMAWIKU OObIKHOBEHHOM, 002amo2o
OuonO0cUYeCKU AKMUBHBIMU GEUWECBAMU U BANCHO20 O JeyeHus. YCMAaHOoBNIeHo, Umo
OCHOBHbIMU ~ KOMHOHeHmamu (0o 50%) macna, noayyennHozo U3 YEemMKO8 POMAWKU
00bIKHOBEHHOU, AGNAIOMCS CECKGUMEPNEHbL, 8 MOM YUCTe. COCTNOUM U3 KaOuHeHa, (apHesena,
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o-oucabonona, [-bucabonona, a maxdce ux oKcuoos, xamazyaena. OyeHka OUHAMUKU
noayuenus SQPUPHO20 MACA U3 YBEMKO8 POMAUWKU 8 PA3Hble Nepuoodbl 2004 NOKA3AAA, 4MO 6
3a6UCUMOCIU Om ee NPOOYKmMueHocmu ona cocmasisem 2.5-3.5% cbopa cyxo2o colpbsi.
Knrouesvle cnosa: pomawxa, 3gpuprnoe macio, 2uOpoOUCMUIAYUs, IKCmMpaKyus, oucabonor,
Xpomamozpagusi.

COBANYASTIGINDAN ALINAN EFiR YAGININ FiZiKi-KiMYOVi
XASSOLORININ TODQIQi

A.B. Hasanova 0000-0002-8734-2921 AE Nasirova0000-0002-4561-1245
Elm va Tohsil Nazirliyi Bioresurslar /nstitutu (Ganca)
ayshe hesenova@rambler.ru

Moaqalada Azarbaycamin Qarb boélgasinda biton cobanyastigi bitkisinin hidrodistillosindan va
halledici ilo ekstraksiyasindan alinan maddolarin todgiqginin naticalori tagdim olunmusdur.
Cobanyastigi ¢icayinin hidrodistillosindon yas xammala géra efir yagimin orta migdart
11.1#1.24%, etil spirtinda ekstraksiyasindan yas xammala gora efir yagimin orta migdart 1.54
+0.04 % miayyan edilmisdir. Bioloji-aktiv maddoalarla zangin, mualico shamiyyatli  adi
cobanyastigi ¢icoklorindan alinan efir yagi fiziki-kimyavi metodlar ilo (xromatografik,
Ultrabandvsayi (UB) Vo Infraqirmizi (IQ) spektroskopik) tadqiq edilarak tarkibi oyronilmisdir.
MuUayyan edilmisdir ki, adi cobanyastigi ¢icoklarindan alinan yagin asas komponentlari (50% -2
godar) sesquiterpenlar, o cimladan. kadinen, farnesen, o-bisabolon, BR-bisabolol, hamg¢inin
onlarin oksidlori, xamazulendan ibaratdir. Cobanyastigi cicoklarindan ilin muxtalif dovrlarinda
efir yagumin alinma dinamikasinin giymoatlondirilmasi gostarmisdir ki, onun moahsuldarligindan
astli olaraq quru xammalin kolleksiyasinin 2.5-3.5% -ni toskil edir.

Acar sozlar: cobanyastigi, efir yagi, hidrodistilla, ekstraksiya, bisabolol, xromatografiya

—_————
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CONVERSION OF PROPYLENE AND ISOBUTYLENE ON A HIGH SILICA
ZEOLITE CATALYST

1.J. AhmedOva0000-0003-3004-4242
Azerbaijan State Oil and Industry University
ahmadovairada63@gmail.com

As you know, over the past decade, due to the intensive increase in oil production, the number
of gaseous hydrocarbons released at oil refineries and petrochemical plants has sharply
increased. In this regard, the targeted conversion of gaseous hydrocarbons into valuable
intermediates on zeolite catalysts is a topical issue. In the process of conversion of gaseous
hydrocarbons, depending on the nature of the reagent and temperature, seal products of various
structures can be formed on the catalyst surface. There are different opinions on the influence
of the seal products on the catalyst activity. In some cases, the accumulation of SP on the
catalyst surface adversely affects its activity, and in other cases, vice versa. In works devoted to
the study of oligomerization and aromatization of C»-C, olefins on zeolite catalysts, the question
of the formation of SP was practically not considered.

Keywords: isobutene, zeolite, seal products.

INTRODUCTION

In the presented work, the activity of the H-HSZC catalyst in the conversion of
propylene and isobutylene, as well as coke deposition, regeneration of coked catalyst
samples, and the effect of compaction products on the general acidic properties of the
catalyst were studied [1-8]. The reaction products were analyzed on an LKhM-8MD
chromatograph and a UR-20 spectrometer. Differential thermal analysis of catalyst
samples carbonized at different temperatures was carried out on an E. Paulik, H. Erdei
derivatograph (MOM) in the temperature range 20-1000°C. The results obtained show
that the compaction products, being a by-product of the conversion of olefins, reduce
the number of acid sites [9-15]. In this case, the formation of liquid products during the
conversion of propylene and isobutylene is observed only after the accumulation of 5.5-
7.6% of the SP on the catalyst surface. As is known, the mechanism of conversion of
olefins has been sufficiently studied, but it is appropriate to note that with the advent of
new experimental and theoretical data, there is a need to revise the mechanism and
kinetics of conversion of olefins on zeolite catalysts [16-20].

In the presented work, the activity of the H-HSZC catalyst in the conversion of
propylene and isobutylene, as well as coke deposition, regeneration of coked catalyst
samples, and the effect of compaction products on the general acidic properties of the
catalyst were studied.

EXPERIMENTAL PART

The research object was the H-HSZC. Before carrying out the experiments, the
high-silica zeolite catalyst was regenerated at 500-550°C in an air flow, then purged
with nitrogen. To remove residual oxygen, nitrogen was passed through a reactor with a
copper catalyst at 450°C.
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Propylene and isobutylene were obtained by dehydration of isopropyl alcohol and
trimethylcarbinol on a-Al;O3; at the temperature of ~50°C. The activity of the catalyst
was determined in a laboratory flow setup with a reactor with a catalyst volume of 1
cm?®. The acidic properties and the amount of SP accumulated at various temperatures of
180° - 450°C) during the conversion of propylene and isobutylene were determined on a
McBen gravimetric apparatus [10]. The acidic properties of the initial and coked at
different temperatures catalyst samples were studied by adsorption of ammonia
molecules. The change in the catalyst mass was determined using a KM-6 cathetometer.
The nature of sealing product (SP) was also investigated by taking derivatograms and
X-ray diffraction patterns of samples coked at different temperatures. The reaction
products were analyzed on an LXM-8MD chromatograph and a UR-20 spectrometer.

Differential thermal analysis of catalyst samples carbonized at different
temperatures was carried out on an E. Paulik, H. Erdei derivatograph (MOM) in the
temperature range 20-1000°C.

X-ray phase analysis was performed on a DRON-2 device (Cu, Ka-radiation, Ni-
filter). For these analyzes, a sample of the catalyst worked out at various temperatures
was examined.

RESULTS AND DISCUSSION

Fig.1 shows the accumulation of SP and the yield of liquid products as a function
of time during the conversion of propylene (a), isobutylene (b) and the regeneration of
the coked catalyst from temperature. Under these conditions, one can observe the
accumulation of the maximum amount of SP — 7.8% within 20-25 minutes from the
beginning of the process. In this case, the formation of liquid products is not observed,
and the evolution of hydrogen and unreacted propylene is observed in the gas phase. A
parallel study of the activity of the H-HSZC catalyst on a flow-through unit and the
accumulation of SP on the gravimetric unit showed that the formation of liquid products
is observed only after the accumulation of 7.8% of seal products on the catalyst surface
(fig.1; curve 1). As can be seen, the regeneration curve of the coked catalyst has a
stepped shape. The first loose part of SP is removed by supplying nitrogen, and the
second graphite-like part is removed by combustion with the supply of oxygen (fig.1,
curve 3). We obtained such a character of catalyst regeneration while studying the
processes of conversion of ethylene and butylenes [11, 12]. During the conversion of
propylene, the yield of liquid products is observed at 225°C. As the temperature rises,
the yield of liquid products increases. The maximum vyield of liquid products is
observed at 320°C and is 79% (W = 300 hourst). In this case, the propylene
conversion is 98%. At relatively low temperatures (220°-280°C), the liquid product
consists mainly of aliphatic hydrocarbons. With an increase in the temperature of the
process, the formation of aromatic hydrocarbons is observed in the liquid product. In the
temperature range 400° -450°C, the bulk of liquid products consists of aromatic
hydrocarbons. The results of the analysis of liquid products during the conversion of
propylene are presented in table 1. Analysis of liquid products was carried out in the
factory laboratory of the “Azneftyanajag” Production Association by group analyzes
according to MRTU 38-1-259-67. The results of the analysis showed that the liquid
products formed at 300°C actually represent a gasoline fraction (boiling point below
180°C, with an octane number of 89-90). As can be seen from the table, the catalyzate
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obtained at 300°C contains mainly olefins, naphthenes, paraffins, and along with them,
minor amounts of aromatic hydrocarbons have been identified.

IR spectral studies of propylene compaction products on a high-silica zeolite
catalyst showed that at a temperature of 200-250°C, hydrocarbons of a linear structure
are mainly formed, and at higher temperatures (300% C), hydrocarbons of a nonlinear
structure.

The study of the propylene conversion process showed that the conversion rate
and catalyst selectivity significantly depend on the temperature and contact time. The
analysis of these results showed that at a contact time 8 sec. the maximum vyield of
liquid products is reached at a reaction temperature of 320°C and is 79%. Based on
chromatographic analysis, it was shown that the gaseous products consist of unreacted
propylene, C,, C3Hg, C3Hs, Nn-C4H1o, I-C4H10, i-C4Hs, butene-1, cis-butene 2 and trans-
butene-2.

a) b)
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Fig.1. Dependence of the accumulation of seal products (1), the yield of liquid products
on time (2) in catalyst regeneration on temperature (3) during the conversion of
propylene at 320°C (a) and isobutylene at 300°C (b).

On the thermogram of the catalyst carbonized at 320°C during the conversion of
propylene (fig.2, b), a stepwise decrease in mass is observed on the TG line,
accompanied by an extensive exothermic effect with two maxima at 460 and 550%. The
presence of two maxima indicates that there are two different components in the seal
products, differing in properties and chemical composition. In addition, this may
indicate that in the course of regeneration at temperatures above the temperatures of
their formation, SPs undergo changes, leading to an increase in the ratio of S/H in their
composition.

X-ray phase analysis of the initial and coked at 400°C catalyst was carried out in
order to determine the violation of the crystallinity of the zeolite framework during the
process and the possibility of the formation of new crystal structures during the
deposition of SP.

It should be noted that the isobutylene conversion process is similar in some
characteristics to the propylene conversion process. The process of isobutylene
conversion on H-HSZC was carried out at a temperature range of 150-450°C and
various space velocities (300, 500, 1000 h?). At 200°C, the degree of conversion of
isobutylene was 40.0; 38.4; 36.5% at volumetric velocities of 300, 500, 1000h?,
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respectively. With increasing temperature, the conversion of isobutylene increases and
at 400° - 450°C reaches 98%.

DTA

DTA

Fig.2. Differential thermal analysis of the initial (a) and carbonized H-HSZC catalyst
during the conversion of propylene (6) at 320°C and isobutylene at 350 and 400°C (c
and d).

The products of isobutylene conversion at H-HSZC consist of gaseous, liquid and
SP. Based on chromatographic and IR spectroscopic analyzes, it was found that gaseous
products consist of unreacted isobutylene, Cz, CsHs, C3Hes, CsHu1o, i-C4H10, butene-1,
cis-butene-2, trans-butene-2, Cs. Liquid products are composed of aliphatic and
aromatic hydrocarbons — benzene, toluene and meta-xylene. Based on this, it can be
assumed that, in addition to oligomerization of isobutylene and intermediate products of
its conversion, they undergo dehydrogenation, isomerization, cracking,
dehydrocyclization, etc.

The formation of gaseous products begins at a temperature of 250°C, while the
gas phase consists of hydrocarbons Cz, CsHg and CzHe.

With increase in temperature the yield of gaseous hydrocarbons increases and in
the temperature range of 400-450°C it is 53-55%. At the same time, iso- and n-butane,
butene-1, cis- and trans-butene-2 were found in gaseous products. At temperatures of
400° - 450°C, in addition to the aforementioned gaseous products, Cs hydrocarbons are
also formed.

The effect of temperature on the yield of liquid products in the process of
isobutylene conversion is shown in fig.3. The formation of liquid hydrocarbons begins
at a temperature of 180°C, up to the temperature of the amount of Cs. With increase in
temperature, the yield of gaseous products increases

_—
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To study the nature of seal products in the process of propylene conversion on H-
HSZC, thermogravimetric and X-ray phase analysis of the coked catalyst was carried
out. Figure 2 shows a differential thermal analysis of a coked catalyst during the
conversion of propylene at 320°C for 10 hours. As can be seen, on the TG curve of the
initial sample (fig.2, a), a gradual decrease in its mass is observed, and on the DTA line,
a small endothermic effect is observed with a maximum at 130°C. The appearance of an
endothermic effect on the DTA line can be associated with the removal of molecularly
adsorbed water. A weak endothermic effect is observed on the DTA line in the
temperature range 600-800°C, which is associated with the gradual dehydroxylation of
the catalyst surface.

Table 1
Characterization of liquid propylene conversion products at 300°C
No Indicators Oligomerization products
1 Density at 20°C 0,7508
2 Fractional composition, % of boil off at oC
3 Start of boiling 47
4 10% 62
5 20% 74
6 30% 85
7 40% 100
8 50% 110
9 60% 130
10 70% 140
11 80% 160
12 90% 200
13 End of boiling 238
14 lodine number 120
15 Sulfur content
16 Acidity, mg KOH/100 ml 0,1
17 Chemical composition of carbohydrates, mass %
18 Unsaturated 56,5
19 Aromatic 5,7
20 Naphthenes 20,2
21 Paraphines 17,6

On the thermogram of the catalyst carbonized at 320°C during the conversion of
propylene (fig.3), a stepwise decrease in mass is observed on the TG line, accompanied
by an extensive exothermic effect with two maxima at 460 and 550°C. The presence of
two maxima indicates that there are two different components in the compaction
products differing in properties and chemical composition. In addition, this may indicate
that during regeneration at temperatures above the temperatures of their formation, C/H
undergo changes, leading to an increase in the C/H ratio in their composition.

X-ray phase analysis of the initial and coked at 400°C catalyst was carried out in
order to determine the violation of the crystallinity of the zeolite framework during the
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process and the possibility of the formation of new crystal structures during the
deposition of SP.

Comparison of the obtained diffraction patterns of the initial and coked catalyst
showed that with the accumulation of compaction products on the catalyst surface, new
crystal structures are not formed. Small changes in the intensity and insignificant
displacement of some peaks may indicate an insignificant violation of crystallinity as a
result of the accumulation of SP in the channels and cavities of the zeolite matrix.

a) b) oy
0
<D )| o9 d)
i /T ONSS/T
DTA DTA

Fig.3. Differential thermal analysis of the initial (a) and carbonized H-HSZC catalyst in
the process of the conversion of propylene (b) at 320°C and isobutylene at 350 and
400°C (c and d).

The data obtained show that during the conversion of propylene on a high-silica
zeolite catalyst at temperatures of 250-450°C at the beginning of the process for 20-30
minutes, compaction products are deposited on the catalyst surface, and only after that
the catalyst acquires high activity.

It should be noted that the isobutylene conversion process is similar in some
characteristics to the propylene conversion process. The process of isobutylene
conversion on H-HSZC was carried out at a temperature range of 150-450°C and
various space velocities (300, 500, 1000 h™). At 200°C, the degree of conversion of
isobutylene was 40.0; 38.4; 36.5% at volumetric velocities of 300, 500, 1000h*,
respectively. With increasing temperature, the conversion of isobutylene increases and
at 400° - 450°C reaches 98%. The products of isobutylene conversion at H-HSZC
consist of gaseous, liquid and SP. Based on chromatographic and IR spectroscopic
analyzes, it was found that gaseous products consist of unreacted isobutylene, Cz, CsHs,
CsHs, CaHio, i-CsH10, butene-1, cis-butene-2, trans-butene-2, Cs. Liquid products are
composed of aliphatic and aromatic hydrocarbons — benzene, toluene and meta-xylene.
Based on this, it can be assumed that, in addition to oligomerization of isobutylene and
intermediate products of its conversion, they undergo dehydrogenation, isomerization,
cracking, dehydrocyclization, etc.

The formation of gaseous products begins at a temperature of 250°C, while the
gas phase consists of hydrocarbons C2, CsHs and C3Hes.With increase in temperature the
yield of gaseous hydrocarbons increases and in the temperature range of 400-450°C it is
53-55%. At the same time, iso- and n-butane, butene-1, cis- and trans-butene-2 were
found in gaseous products. At temperatures of 400 — 450°C, in addition to the
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aforementioned gaseous products, Cs hydrocarbons are also formed.

The effect of temperature on the yield of liquid products in the process of
isobutylene conversion is shown in fig.4. The formation of liquid hydrocarbons begins
at a temperature of 180°C, up to 250°C, liquid products consist of isobutene dimers and
trimers, the yield of which at 180-200°C is 33, 40%, respectively. An increase in the
reaction temperature to 400°C leads to a decrease in the yield of oligomers, and
aromatic hydrocarbons appear in the reaction products: benzene, toluene, and

metaxylene. As can be seen, of the yield of liquid products on temperature is extreme.
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Fig.4. Dependence of the yield of liquid products on temperature at various volumetric
velocities (1-300, 2-500, 3-1000 h?)

Depending on the values of the volumetric velocity, the maximum yield of liquid
products occurs at different temperatures. An increase in the space velocity leads to a
shift in the maximum towards higher temperatures. An increase in temperature to 450°C
leads to a decrease in the yield of liquid products, which is accompanied by an increase
in the yield of gaseous products. A characteristic feature of this process is the fact that
in the initial period the catalyst exhibits non-stationary activity. In the process of
isobutylene conversion on H-HSZC, a high degree of isobutene conversion (90%) takes
place during the first 10-30 minutes, however, there are no liquid hydrocarbons among
the products of the process, hydrogen and a small amount of methane are contained in
the gas phase. It was also found that in the initial period, coke-like compaction products
are deposited on the catalyst surface. Figure (1; b) shows the dependence of the
accumulation of compaction products on the catalyst surface, the yield of liquid
products on time (curves 1, 2), and catalyst regeneration depending on the temperature
(curve 3). As can be seen, within 20-30 minutes from the beginning of the process, SP
accumulate on the catalyst surface, reach the maximum amount (7.6%) and do not
change further, and only after that the formation of liquid products is observed.

The nature of the accumulated SP in the process of isobutylene conversion at H-HSZC
was also studied by differential thermal analysis of coked at 350 and 400°C for 10 hours
(fig.5). On the thermogram of the catalyst carbonized at 350°C, the mass loss on the TG
curve has a stepwise character. The DTA curve shows an extensive exothermic effect
with two maxima at 520° and 600°C. The presence of two maxima indicates that the SP
contain at least two different components, differing in properties and chemical
composition. This may indicate that, at relatively high temperatures, an increase in the
C/H ratio in the composition of SP occurs. A similar picture is observed for samples
coked at 350° and 400°C. In these cases, there is also an exothermic effect due to the
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combustion of SP with two maxima. With an increase in the temperature of SP
deposition, the maximum on the DTA curves shifts towards higher temperatures. These
results show that the temperature of SP formation affects not only their maximum
amount, but also the physicochemical characteristics of SP.

As it is known, the conversion of hydrocarbons on zeolite catalysts occurs at acid
sites [2, 4, 7]. Coke deposition is also associated with the presence of acid sites in the
catalyst. Naturally, the accumulation of SP on acid sites can change both the number of
acid sites and their strength. The effect of the degree of coke formation on the acidic
properties of H-HSZC in the process of isobutylene conversion was studied by
adsorption of ammonia at 20°C. It was found that the initial sample of H-HSZC adsorbs
8.5% of ammonia.

g%

8,0)
6,01

4,0t 3

dpmee T, MiN

R R
Fig.5. Dependence of the amount of adsorbed ammonia on the degree of coking of the
H-HSZC in the process of isobutylene conversion at 300°C (1), 400 °C (2) and 450°C

A).

Figure 4 shows the dependences of the amount of adsorbed ammonia on the
coking time of the catalyst at temperatures of 300°, 400°, and 450°C. As can be seen,
with an increase in the coking time, the total catalyst of the samples decreases. This
decrease is most noticeable during the first 10 minutes when the amount of NH3
adsorption decreases from 8.5 to 6.3; 5.7; 5.2 respectively.

CONCLUSION

The results obtained show that the compaction products, being a by-product of the
conversion of olefins, reduce the number of acid sites. In this case, the formation of
liquid products during the conversion of propylene and isobutylene is observed only
after the accumulation of 5.5-7.6% of the SP on the catalyst surface. As is known, the
mechanism of conversion of olefins has been sufficiently studied, but it is appropriate to
note that with the advent of new experimental and theoretical data, there is a need to
revise the mechanism and kinetics of conversion of olefins on zeolite catalysts.
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INPEBPAINEHUE INTPOIIMJIEHA U NU30BYTUJIEHA
HA BBICOKOKPEMHHUCTHOM INEOJIMTHOM KATAJIM3ATOPE

HﬂDfC AXMeaogaOO00—0003—3004—4242
Azepbatioscanckuii ['ocyoapcmeennviti Yuusepcumem Hegpmu u Ilpomviuiiennocmu
ahmadovairada63@gmail.com

Kax uzeecmno, 3a nociednee decamunemue 8 csa3uU ¢ UHMEHCUBHLIM POCOM 000bIuU Hedhmu
PE3KO  YBENUUUNIOC —KOTUYECHBO  2a3000PA3HbIX  Yeles000p0008,  GblOPACHIBAEMbIX  HA
Heghmenepepabamvleaiowux U Hepmexumuieckux 3ae00ax. B cessu ¢ omum axmyanvibim
BONPOCOM SBTISLEMCST YENeHANPABTICHHASL KOHBEPCUsL 2A3000PA3HbIX Yele8000PO008 6 YeHHble
uHmepmeouamvl HA YEOAUMHbIX Kamanuzamopax. B npoyecce koneepcuu 2azoodpazmvix
Y2ne8o00pod08 8 3A6UCUMOCIU OM NPUPOObl PEaceHma U MeMnepamypbl Hd NOSEPXHOCMU
Kamanuzamopa Mocym o0pazoeuleamsbcsi NPOOYKMbl VIJIOMHEHUs DPA3IUYHO20 CHPOECHUSL.
Cywecmeytom paszuble MHEHUS O GIUAHUU NPOOYKMOG VNJIOMHEHUs HA AKMUBHOCHb
Kamanuzamopa. B o0nux cayyasx Hakonienue I1Y Ha nogepxnocmu xamanuzamopa
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OMPUYAMENbHO CKA3bIGAEMCsl HA e20 aKMUGHOCMU, a4 6 Opyeux - Haobopom. B pabomax,
NOCGAUEHHBIX U3VHEeHUIO onucomepusayuu u apomamusayuu onedpunog Co-Ci HaA yeonrumuuix
Kamanuzamopax, onpoc oopazoganus [1Y npakmuuecku He paccmampugaics.

Knrwoueswvie cnosa: uzobdymen, yeoaum, npooyKmol YNi1OMHEHUs,

YUKSOK SILISIUMLU SEOLIT KATALIZATORU UZORIND® PROPILEN
VO iZOBUTENIN CEVRILMOSI

[C. ahmadovaoo00-0003-3004-4242
Azarbaycan Dovlat Neft va Sanaye Universiteti
ahmadovairada63@gmail.com

Moalum oldugu kimi, son on ilds neft hasilatinin intensiv artimi ilo alaQodar neft emalr va neft-
kimya zavodlarindan atmosfera atilan qaz halinda karbohidrogenlorin migdart da koaskin
artmisdir. Umumiyyatlo gaz halinda olan karbohidrogenlarin seolit katalizatoru Uzarinda
giymatli sixlasma mohsullarimin - maQsadyonlii cevrilmasi actual masalalordan biridir. Qaz
halinda olan karbohidrogeniarin cevrilmasi zamani reagentin xarakterindan va temperaturdan
astli olaraq katalizatorun sathindo muxtalif strukturlarin sixlagsma mahsullar: amola gala bilar.
Sixlagma mahsullarimin katalizatorun aktiviiyinoe tasiri haqqinda miixtalif fikirlor mévcuddur.
Bazi hallarda IB-nin Katalizator sathinda toplanmasi onun aktivliyina monfi tasir gostorirsa,
digarlarinda isa oksinadir. Seolit katalizatorlarinda C,-Cas olefinlarinin oligomerlasmasi vo
aromatizasiyasimn oyranilmasine hasr olunmus tadgigatlarda IB amala galmasi masalasi
praktiki olaraq nazardan kecirilmamisdir.

Acar sozlar: izobuten, seolit, sixlasma mahsullar
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STEAM CONVERSION OF ETHANOL TO HYDROGEN OVER
CO-CE-O CATALYSTS

D.V. Ahmadova 0000-0003-4676-7592 V.L. Bagiev 0000-0003-1475-9571
Azerbaijan State Oil and Industry University
a.dinaral208@gmail.com

In the offered article, the reaction of steam conversion of ethanol to hydrogen over binary
cobalt-chromium oxide catalysts was explored. It had been found that at temperatures up to
400°C, ethanol is mainly converted into ethyl acetate. It is shown that with increasing reaction
temperature, the yield of ethyl acetate passes through a maximum. At the high temperatures of
the ethanol steam reforming reaction, the main reaction product is hydrogen. The peak yield of
hydrogen is detected over the catalyst Co: Ce=1:9 at 650°C and is equal to 89.9%. It has been
demonstrated that carbon monoxide and methane are by-products of the reaction of the steam
conversion of ethanol into hydrogen.

Keywords: Ethanol conversion, binary catalysts, cerium oxide, hydrogen, ethyl acetate.

INTRODUCTION

As it is identified, hydrogen will be the leading type of fuel in the adjoining
forthcoming. There are countless methods for producing hydrogen, namely coal
gasification, steam reforming of various organic compounds, water electrolysis, etc. [1—
3]. One of the promising methods for producing hydrogen is the reaction of steam
reforming of ethanol on various catalytic systems [4, 5]. The steam reforming reaction
of ethanol to hydrogen is interesting from both a sustainable development and an
environmental point of view, as a result of the use of bioethanol as a feedstock,
greenhouse gas emissions into the atmosphere are reduced.

It is determined from the periodic literature that various catalytic systems are used
to carry out the reaction of steam reforming of ethanol into hydrogen [6-8]. According
to our previous studies, binary catalysts based on cerium oxide with nickel oxide
additives are highly active in the ethanol steam reforming reaction [9, 10]. In this
regard, this work is devoted to the study of the effect of cobalt oxide on the activity of
cerium oxide in the reaction of steam conversion of ethanol into hydrogen.

EXPERIMENTAL PART

Our researches were carried out on the “Chrom-5” Czech chromatograph.
Selected gas chromatograph is a device for analyzing complex gaseous substances by
differentiating them into mono-components. The components of the mixture are
analyzed for qualitative and quantitative characteristics. Researches can be carried out
using any physical and chemical methods. If the chromatograph failed to separate the
sample into elements, then the substance is considered to be homogeneous. Gas
chromatographs are an integral part of chromatography and are widely used in research
activities of various profiles, from pharmaceuticals to the mining industry.

Binary cobalt—cerium oxide catalysts of various compositions were prepared by
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co-precipitation from aqueous solutions of cobalt nitrate and cerium nitrate. The
resulting mixture was evaporated and dried at 100-120°C, decomposed to complete
release of nitrogen oxides at 250°C, and then calcined at 700°C for 10 hours. Thus, 9
catalysts were synthesized with an atomic ratio of elements from Co: Ce=1:9 to Co:
Ce=9:1.

The activity of the synthesized catalysts in the reaction of ethanol oxidation was
researched on a flow unit at a space feed rate of 1800 h™* in the temperature range of
200-700°C. 5 ml of the investigated catalyst with a grain size of 1.0-2.0 mm was
loaded into a quartz reactor, and its activity in the ethanol steam reforming reaction was
considered. The yields of ethanol conversion products, as well as the conversion of
ethanol, were determined on a chromatograph with a flame ionization detector and a 3
m column filled with a specially treated sorbent Polysorb-1 s.

The yields of hydrogen, methane and carbon monoxide were determined on a
chromatograph with a column 2 meters long filled with activated carbon. The amount of
carbon dioxide formed was determined on a chromatograph with a 6-meter column
filled with a brand sorbent «Celite» coated with Vaseline oil.

RESULTS AND DISCUSSIONS

Based on our laboratory studies of the steam conversion of ethanol to hydrogen, it
was determined that the main products of the reaction are hydrogen and carbon
monoxide. Methane, ethylene, acetaldehyde, carbon dioxide and ethyl acetate are also
formed as by-products. Raising the reaction temperature above 400°C points to a
change in the direction of the reaction towards the formation of hydrogen.

Figure 1 shows the results of studying the activity of the Co-Ce=1-9 sample in the
reaction of steam conversion of ethanol into hydrogen. It can be seen that the
conversion of ethanol in this sample begins at a temperature of 300°C. At this
temperature, 10.7% hydrogen, 0.8% methane and 6.1% ethyl acetate are produced. With
a further increase in the reaction temperature, the yield of hydrogen increases and its
maximum value is 89.9% at a temperature of 650°C. With increasing temperature, the
yield of ethyl acetate also increases, and at 400°C, the maximum yield of ethyl acetate is
38.1%. The output of carbon monoxide is observed starting from a temperature of
500°C, and its maximum yield is observed at a temperature equal to 700°C and is
22.8%.

Figure 1 also displays that the maximum yield of carbon dioxide is equal to
48.2%. The highest yield of methane on this sample is observed at a temperature of
550°C and is 12.3%. Figure 1 also demonstrates that the maximum conversion of
ethanol already at a temperature of 550°C reaches 100%. Similar dependences are also
observed for other binary cobalt—cerium oxide catalysts.

The conducted experiments also showed that the activity of the researched
catalysts depends rather strongly on the component composition of the binary cobalt—
cerium oxide catalysts.

In the table 1 is demonstrated the dependence of the activity of binary cobalt-
cerium oxide catalysts of various compositions in the reaction of steam reforming of
ethanol at 350°C on the atomic ratio of cobalt to cerium. We can see from tablel that, at
low temperatures, ethyl acetate and hydrogen are the main products of the ethanol
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conversion reaction, and carbon oxides and methane are also formed as by-products.
With an increase of the atomic ratio of cobalt to cerium, the yield of ethyl acetate passes
through a maximum on the sample Co: Ce=4:6 (45.1%) and with a further increase in
the content of cobalt in the catalyst composition drops to 24.9% on the sample Co:
Ce=9:1.
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Fig.1. Effect of reaction temperature on the activity of the catalyst Co: Ce=1:9 in the
reaction of steam reforming of ethanol.

The vyield of hydrogen, with an increase in the content of cobalt in the
composition of the catalyst, first decreases and then, starting from the sample Co:
Ce=8:2, increases again. At 350°C, the yield of hydrogen does not exceed 24.6%.

Table 1
Reliance of the yields of ethanol steam reforming products over
the atomic ratio Co/Ce. T =350°C

Atomic ratio Co/Ce | 1:9 [2:8 |37 |46 [55 |64 |[7:3 [82 |91
Reaction products Yields of reaction products, %

Ha 24,6 | 136 | 126 | 116 | 123|123 4,3 |21,7|226
CO 0 0 19 (21 |17 |15 |12 |24 |2

CO; 20,4 1106 | 18,3 /10,1 | 12,1 | 24,1 |8,3 | 22,8 | 25,9
CH,4 22 |06 |11 |11 [O5 |07 |O 0 0

Ethyl acetate 30,9 1298 | 415 | 45,1 | 443 |42,8 | 33,4 | 27,3 | 24,9
Conversion 53541 |62,3|584 |586 |691|429 |58,6 |528

Table 1 also demonstrates that the yield of methane at does not exceed more than
2.2% and decreases with an increase in the content of cobalt in the composition of the
catalyst, while the yield of carbon monoxide slightly increases and also does not exceed
more than 2.4%.

Other dependences of the yields of reaction products over the atomic ratio of
cerium to cobalt are observed at temperatures above 500°C, when the direction of the
ethanol conversion reaction changes towards the formation of hydrogen.

The upshots of revising the dependence over the binary cobalt—cerium oxide
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catalysts activity of various compositions during the reaction of steam reforming of
ethanol at 650°C on the atomic ratio of cobalt to cerium are displayed in the table 2. It
can be comprehended that with an increase in the cobalt content in the catalyst
composition, the hydrogen yield diminutions from Co: Ce=1:9 to 44.9% on a Co:
Ce=6:4 trial and then intensificated slightly.

In contradistinction to low temperatures at 650°C, the maximum yields of
methane and carbon monoxide at do not exceed respectively 11.8 and 28.6%. It should
also be distinguished that methane formation on catalysts with a high cobalt content is
not observed over the entire temperature range studied. Table 2 is also illustrated that
ethyl acetate is not formed on all the considered models at high temperatures. The
conversion of ethanol at high temperatures on all the premeditated samples practically
reaches 100%.

Table 2
Yields dependence of the ethanol steam reforming products over
the atomic ratio Co/Ce. T = 650°C

The atomic ratio of Co/Ce [ 1-9 [2-8 [3-7 |46 |55 |6-4 |7-3 |82 |9-1
Products of reaction Yields of reaction products, %

Ha 89,9 757649634 |57 |44,9]48,8]83,7|593
CO 149128619 (24 |16 |18 |66 |24 |47
CO; 28,5|44,8|43,2|38,2|27,3|283|42,4|40,9|357
CH,4 16 |58 [43 [31 [109]118|0 0 0
Ethyl acetate 0 0 0 0 0 0 0 0 0
Conversion 100 | 100 | 100 | 100 | 100 | 100 | 100 |91,2]90,3

CONCLUSION

1. At temperatures up to 400°C, ethanol is mainly converted to ethyl acetate,
while at high temperatures of the ethanol steam reforming reaction, the main
reaction product is hydrogen.

2.The highest yield of hydrogen is observed over the catalyst Co: Ce=1:9 at
650°C and it is equal to 89.9%.
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ITAPOBASI KOHBEPCHUS 9TAHOJIA B BOJOPO/ HA CO-CE-O
KATAJIM3ATOPAX

,ZZB AXM6006a0000—0003—4676—7592 B.JI. Bazues 0000-0003-1475-9571
Aszepoatioscanckuii ['ocyoapcmeennuiti Yuueepcumem Heghmu u Ilpomvluiiennocmu
a.dinaral208@gmail.com

B npedcmaesnennoii cmamve uzyuena peaxyus napogoii KOHEEpCUu 3MaHond 6 6000po0 Ha
OUHAPHBIX KOOANLM-YEePUli OKCUOHBIX KAMAIU3AMOpax. YCmanosneHo, 4mo npu memnepamypax
0o 400°C asmamnon 6 ocrnosHom npespawjaemcs 6 smunrayemam. llokazano, umo ¢ pocmom
memnepamypvl peaxkyu 8bIXxo00 dMuiayemama npoxooum uepes maxcumym. Ilpu evicoxux
memnepamypax peaxkyuu naposoli KOHEEPCUU IMAHONA OCHOGHLIM HPOOVKIMOM peaKyuu
asnsemcst 6000poo. Haubonvuuii 661x00 600opoda na nabrwoaemcs Ha kamanusamope. Co:
cé=1:9 npu 650°C u pasen 89.9%. Iloxazano, umo nob6ouHbIMU NPOOYKMAMU PEaKyuU napoeol
KOH@epcuu 9manoa 8 6000p00 AGNAIOMCA MOHOKCUO Yenepooa U MemaH.

Knwueswie cnosa: Kongepcus smanona, OunapHvie Kamaiuzamopul, OKCUO Yepus, 6000po0,
smunayeman.
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CO-CE-O KATALIZATORLARININ UZORINDD ETANOLUN HIDROGEN®
BUXAR FAZALI KONVERSIYASI

D.V. Ohmadova. 0000-0003-4676-7592 VL Baglyev 0000-0003-1475-9571
Azarbaycan Dovlat Neft va Sanaye Universiteti
a.dinaral208@gmail.com

Toqdim olunan magalada etanolun binar kobalt-serium oksid katalizatorlarinin iizarinda buxar
fazaswn istirak: ila hidrogena gevrilmasinin reaksiyast tadqiq edilmisdir. Miiayyan edilmisdir
ki, 400°C-2 gadar olan temperaturda etanol asasan etil asetata cevrilir. Gostorilmisdir ki,
reaksiya temperaturunun artmasi ilo etil asetatin mohsulu maksimumdan kegir. Yiksak
temperaturda etanolun buxar fazali konversiya reaksiyasinin 2sas reaksiya mohsulu
hidrogendir. On yiiksak ¢ixim 650°C-da Co: Ce=1:9 katalizatorunda miisahido edilir vo 89,9%-
2 baraboardir. Etanolun hidrogena buxar fazasina reaksiyasinin yan mahsulu karbon monooksid
Va metan oldugu gastarilir.

Acar sozlar: Etanolun gevrilmasi, binar katalizatorlar, serium oksidi, hidrogen, etil asetat.
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BIOCOATING ON OIL AND GAS PLATFORMS — THE ROLE OF
PERIPHYTON AND THE SOOLIGOMER - BASED COMPOSITE USED
AGAINST CORROSION

G.S. Hasanov 0000-0001-9272-6084 , T.M. Naibova 0000-0001-5543-1033’
AY. Aliyeva 0000-0002-1519-0180
Azerbaijan State Oil and Industry University
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aysel.aliyeva@socar.az

Periphyton, which forms a biological cover by accumulating a large number of organisms,
develops in large quantities in the underwater parts of ships and hydraulic structures, causing
serious damage to facilities, especially maritime. Thus, periphyton organisms, which choose the
submarine part of the ship as a substrate, cause the surface of the ship to be eroded and the
speed of the ship to decrease by up to 50%. Therefore, the article investigates the use of
varnish-based coatings based on urea-modified resorcinol formaldehyde soligomers to protect
marine equipment and facilities from corrosion. For comparison, parallel studies were
performed for both modified and unmodified resorcinol-formaldehyde oligomers. One of the
main reasons for using the modified resorcinol-formaldehyde oligomer as a mask is the
increased resistance to oil and gasoline at high temperatures. The optimum temperature for the
synthesis of urea-resorcinol-formaldehyde soligomer was determined as 70°C. Below this
temperature, the amount of target product decreases, and at higher temperatures, the amount of
soluble fraction decreases as the production process progresses. Changing the amount of
modifier affects the speed and output of the process. When the amount of final product at 70°C
ranges from 0.01 to 0.05 moles of urea, the yield ranges from 65,18 to 80,27%. In this case, the
productivity of the soluble fraction decreases, the amount of the insoluble fraction increases. A
comparative analysis of the main parameters of the urea-resorcinol-formaldehyde soligomer
with that of the resorcinol-formaldehyde oligomer shows that the molecular weight, hardness,
viscosity, density and softening temperature of the soligomer increase when the optimal amount
of urea is 0.03 mol.

Keywords: periphyton, biological coating, modification, synthesis, oligomers, resorcinol-
formaldehyde oligomer, urea, sooligomers.

INTRODUCTION

The intensification of technological processes in the oil and gas extraction
industry, the transportation of hydrocarbons over long distances, the increase in the
volume of production equipment and facilities, etc. Considering the adverse effects of
the factors, corrosion protection issues are even more important.

The crucial attention of researchers around the world, including in Azerbaijan, is
focused on solving the problems of corrosion protection of equipment and devices made
of metal. However, taking into account the known theoretical and practical principles of
the corrosion process, it would be appropriate to change the working conditions of
metal-made equipment and devices, to apply new methods to prevent corrosion, to
synthesize corrosion protective compounds for known working conditions, and to
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examine corrosion resistance under these conditions. The protective properties of anti-
corrosion coating compositions have been studied in marine and coastal areas where
humidity is high. From the results of the research it was established that ordinary water
is not considered a destructive medium, corrosion is observed only when the water
contains a small amount of such salts. It is known from the literature that the corrosion
rate in distilled water does not exceed 1.0 g/m? in 24 hours, and in a sample of this
water in contact with air, the corrosion rate increases approximately 2.0-2.5 times.

Seawater, which contains various salts, occupies a special place in the corrosion
of equipment and devices made of metal.

Seawater erodes equipment and installations made of X18H10T carbon steel
faster and loses approximately 8 g/m? of mass in 24 hours. Corrosion in seawater is
electrochemical in nature. Therefore, additional chemical processes can be observed
during corrosion. Basically, a hydroxide layer forms on the corroded surface.

The general minerality and chemical composition of seawater has a direct
destructive effect. At the same time, it is known that the corrosion rate increases
approximately 2.5 times when the temperature rises from 8-10 °C to 27-28°C.

Considering the assembly, organization of production processes, transportation of
oil and gas, maintenance and operation of equipment and facilities in the Caspian Sea
production sites, the corrosion process in this region has always been in the focus of
attention as the main problem.

Interest in this area is due to high humidity, temperature changes, the presence of
a wet layer that remains on equipment and devices for a long time due to condensation,
etc. are factors. Air humidity increases the corrosion rate, when the temperature of the
atmosphere changes, the total humidity increases, evaporates and the contact time at the
metal-water phase boundary is shortened. Significant amounts of Cl and SO4 ions are
also formed in this region, and these ions cause the formation of a mineralized water
layer on the surface [6-8].

In order to protect equipment and installations from corrosion in specified
environments, the aim of research work is mainly to improve functionality by
modifying existing oligomers and to prepare anti-corrosion coating compositions by
using them as binders.

Many factors (where the equipment or installation is operated, its size, structure,
material, environmental cleanliness, indoor or outdoor operation, etc.) must be
considered in preparing a protective coating composition [9-10]

EXPERIMENTAL PART

The main reagent in the synthesis of resorcinol - formaldehyde oligomer is
resorcinol (m-dioxyphenol) and a 37% solution of formaldehyde in water (formalin).
Urea was used as a modifier.

The synthesis of resorcinol-formaldehyde oligomer and resorcinol-formaldehyde
sooligomer was carried out in a laboratory reactor. The first step is completed by
obtaining a solid-liquid mixture at 70 °C for approximately one hour with continuous
stirring of the reaction mass. In the second step, the reaction mass is poured from a
three-necked flask into a porcelain vessel, paraformaldehyde and glycerine are added to
solidify.

The main parametrs of the modified resorcinol-formaldehyde oligomer and the
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unmodified resorcinol-formaldehyde oligomer were examined (table 1). The solubility
of the co-oligomer was tested in different solvents and it was determined that the best
solvent for the co-oligomer was acetone [11-12]. The IR spectrum of the resorcinol-
formaldehyde oligomer and the urea-modified resorcinol-formaldehyde sooligomer was
investigated. The 1400-1740 cm™ absorption band observed in the IR spectrum
confirms the existence of CH2-NH linkage. Observation of 3000-3400 cm™ and 1240
cm absorption bands in the IR spectrum of the sooligomer and functional groups such
as -OH, -NH, respectively confirms its positive effect [13].

RESULTS AND DiSCUSSION

According to the results of physical-chemical and spectral analysis, it can be said
that chemical modification occurs during the modification of resorcinol-formaldehyde
oligomer with urea.

Based on the studies, the possible structure of the urea-modified sooligomer can
be shown as follows:

OH

OH
— CH;y— NH—— CO—HN—
H
OH OH
n

wheren=3-5
The effective use of urea-modified resorcin-formaldehyde sooligomer, as well as its
thermooxidative degradation under dynamic thermogravimetry conditions, were also
studied for use as a binder in the preparation of an anti-corrosion coating composition.
Thermogravimetric research was carried out in the Paulnik — Paulnik — Erdeil
derivatograph system. Thermophysical parameters of modified resorcinol -
formaldehyde sooligomer at 100 - 900 °C were also investigated [14].

The effective use of urea-modified resorcin-formaldehyde sooligomer, as well as
its thermooxidative degradation under dynamic thermogravimetry conditions, were also
studied for use as a binder in the preparation of an anti-corrosion coating composition.

Table 1
Main parameters of resorcinol-formaldehyde oligomer and urea-modified sooligomer

Parameters RFO RFSO
1 | Density, kg/m? 1200 1260
2 Softening temperature °C 80 95
3 Degree of solidification, % 96,8 98,7
4 Molecular mass 580 920
5 Adhesive strength, MPa 16 22
6 The amount of hydroxyl groups, % 18 15,8
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Mass loss due to temperature (at 100°C) started at 3.272, 576.6 °C - 15% and
90°C - 75.651 %. The remaining mass was about 25%. The presence of amide and
hydroxyl groups in modified resorcinol-formaldehyde solegomer based composites
improves the main performance parameters. Thus, when the functionalized oligomer is
used as a binder, a sharp difference is observed in the curing process of the composite
(compared to the composite made on the basis of the unmodified oligomer). The
presence of an additional amide group in the solegomer participates in the structuring
process during the solidification process. The formation process of the network
structure is explained by the degree of solidification, and the criterion of the degree of
solidification is explained by the amount of the gel fraction. The amount of gel fraction
in the modified resorcinol-formaldehyde solegomer was measured by the extraction
method and calculated by the following formula:

Go_ G

F = X 100%

0
where, F — gel — fraction amount in %, GO — sample mass before extraction in g, G —

sample mass after extraction.

Acetone was used as solvent in the extraction process. The optimal regime of the
curing process, that is, the effect of temperature and curing time on the degree of curing
was studied (fig.1).

To prepare the implicit compound against corrosya, the fully dried sooliqomer is
dissolved in acetone at the temperature of the herb, then the calculated amount of filler
is added, it is taken as a mass of 50 - 60 minutes.

From bauxite slurry as filler (Fe20s3 -48.75%, Al,O3 -75.56%, MgO - 5%, SiO; -
4.98%, CaO -1.32%, SOz - 1.166%, Na,O + K20 - 1%) ,26 and volatile substances —
11.72% content) ) were used. Bauxite slurry is a waste of the alunite processing process,
it is a red powder dispersed compound with a density of 3700 kg\m?. The composition
consists of a specified amount of oxides, which, if the amount of these oxides is
sufficient and forms an adsorption relationship with the solegomer, leads to an increase
in its resistance to corrosion and at the same time a decrease in cost.

The main parameters of the anti-corrosion coating composition based on urea-modified
resorcinol-formaldehyde sooligomer were studied (tab.2).

100
80

60

F%

20

0 1 2 3 4 5
T, time
Fig.1. Time dependence of the amount of gel fraction at different temperatures
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(1-120°C; 2-130°C; 3-140°C; 4 - 150 °C).
The coating composition is applied to the cleaned surface in two layers (50-55 pm
each). Then the samples are hardened by thermal or chemical method.
Table 2
The main parameters of the coating composition based on urea-modified resorcinol-
formaldehyde sooligomer

No Indicators RFO —i RFSO - i
1 \/Z — viscosity with device, C 58 68

2 Solidity, s.v. 0,8 0,95

3 Adhesive strength, MPa 2,2 2,8

4 Resistance to alcohol, petrol and oil Not variation

5 | Heat resistance, °C 180 \ 210

The protective coating composition based on resorcinol-formaldehyde-urea
sooligomer was tested in sea water for 12 months and positive results were obtained.
The mass loss during the test was in the range of 0.012-0.028%.

For corrosion protection of equipment and devices operating in various environments, it
is recommended to use a urea-modified resorcinol-formaldehyde sooligomer-based anti-
corrosion coating composition.

CONCLUSION

The protective coating composition based on resorcinol-formaldehyde-urea
sooligomer was tested in sea water for 12 months and positive results were obtained.
The mass loss during the test was in the range of 0.012-0.028%.

The coating composition is applied to the cleaned surface in two layers (50-55 pm
each). Then the samples are hardened by thermal or chemical method.

For corrosion protection of equipment and devices operating in various
environments, it is recommended to use a urea-modified resorcinol-formaldehyde
sooligomer-based anti-corrosion coating composition.
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BUOITIOKPBITUE HA HE®TEI'A3OBBIX INTAT®OPMAX - POJIb
HNEPUOUTOHA U KOMITIO3UTA HA OCHOBE COOJIMT'OMEPA,
INPUMEHAEMOTI'O ITIPOTUB KOPPO3UHN

K.C. Tacarog “000-0001-9272:6084 7y 1 pr. 60, 0000-0001-5543-103
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Azepbatioscanckuii ['ocyoapcmeennuviti Ynueepcumem Heghpmu u Ilpomviuinennocmu
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Ilepughumon, obpasyrowuii 6uorocuteckull NOKpPo8 3a cuem CKONeHus DOIbUI020 KOIUYecmed
Op2aHUu3Mo8 6 OONbUWUX KOIUYECMBAX pa3eUeAemcs 6 HNOOBOOHLIX 4YacmaAx Kopabieu u
2UOPOMEXHUYECKUX —~COOPYHCEHUN, HAHOCA Cepbe3Hblll  YWepd COOPYHCEHUAM, O0COOEHHO
mopckum. Tak, nepugpumonnvie opeanusmul, uzbpasuwue 8 Kawecmse cyocmpama NOOBOOHYIO
yacmv Kopaobis, 8bI3bl8AIOM IPO3UI0 NOBEPXHOCHU KOPAODIIA U CHUMCEHUEe CKOPOCHU Kopaobis 00
50 %. Iloosmomy 6 cmamve ucciedyemcs npumeHenue NaKoKpacouyHbIX NOKPLIMULl Ha OCHOGe
MOUEBUHO-MOOUDUYUPOBAHHBIX — CONULOMEPOS  PE30PYUHODOpMATbOe2UOd  Oai  3aujumsl
€y008020 000pY008aAHUA U COOPYIHCEHUU Om Koppo3uu. [[nsa cpasHeHus Obliu NpoeodeHbl
napanienvtble UCCIe008AHUAL KAK 08 MOOUPUYUPOBAHHBIX, MAK U O HEMOOUDUYUPOBAHHBIX
pe3opyurohopmanvoecudHbix onucomepos. 1o pesyriomamam uccie008anus yCmMaHo81eHo, 4mo
coonueoMep, NOTYUEHHbIL 6 Kauecmee CeA3YIuje20 U3 Moouukayuu pe3opyuno@dopmais-
0e2UOH020 0U2OMEPA, CUHMESUPOBAHHO20 NO PEaKyuu NOIUKOHOeHCayuu, bonee npueooer 0
UCNONL306aHUS  ONIA  NOJYYEHUS  IKONOSUYECKU YUCIO20 KOMNO3UYUOHHO2O ~MAMepuand.
Cpasnumenvubili aHAIU3 OCHOGHBIX NAPAMEMPOS KapOAMUOO-PE30PYUHOPOPMATLOE2UOHO20
conueomepa ¢ OUSOMEPOM  Pe30PYUHOPOPpMATbOe2Uuda NOKA3bIBAem, YMO MOJeKYIAPHAS
macca, meepoocmy, 6A3KOCMb, NJIOMHOCMb U MEeMREPaAmypa pasmsacyeHus Ccoaueomepa
VBEeIUUUBAIOMCS NPU ONMUMATbHOM Koauvecmee mouesursl 0,03 mono.

Knwueswvie cnosa: nepugumon, Ouonokpvimue, MOOUDUKAYUS, CUHME3, OAUSOMEDDI,
Pe30PYUHOPOPMANLOCLUOHDLU ONUSOMED, MOYCBUHA, COONULOMEDD.
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NEFT — QAZ PLATFORMALARINDA BiOLOJi ORTUK - PERIFITONUN
VO ONUN OMOLO GOTIRDIYi KORROZIYAYA QARSI iISTIFADO
OLUNAN SOOLIQOMER 9SASLI KOMPOZIT

QS Hassnov 0000-0001-9272-6084 , T.M. Naibova 0000-0001-5543-1033,
AY ah-yeva 0000-0002-1519-0180
Azarbaycan Dovlat Neft va Sanaye Universiteti
gaman51@ mail.ru
tamilla.naibova@asoiu.edu.az
aysel.aliyeva@socar.az

Torkibindo ¢oxlu sayda canlilar toplamagla bioloji ortiik amoalo gatiron perifiton gomilorin
sualti hissalorinda, hidrotexniki qurgularin iizorinda kiillii migdarda inkigaf etmakla qurgulara,
xtisusilo gomigiliya ¢ox ciddi ziyan vurur. Bela ki, gaminin sualti hissasini oziina substrat segcon
perifiton organizmlori gami sathinin korroziyaya ugramasina vo gominin horakat siiratinin
50%-2 goador asagi diismasine sabab olur. Bu sababdon doniz saraitinds istismar olunan
avadanlig va qurgularin korroziyadan qorunmast magsadi ilo karbamidlo modifikasiya olunmus
rezorsin-formaldehid sooligomeri asasinda hazirlanan lak-boya ortiiklorindon istifado olunmast
istigamatinda todgiqat islori aparilmisdir. Miiqayisa mogsadilo hom modifikasiya olunmus
sooligomer, ham do modifikasiya olunmamus rezorsin-formaldehid oliqomeri ilo paralel olaraq
tadgigatlar aparimisdir.  Modifikasiya edilmis rezorsin-formaldehid oligomeri asash
kompozitdon qoruyucu ortiik kimi istifads edilmasinin asas sabablorindon biri yiiksok
temperaturda neft vo benzina garst miigavimatin artmasidr. Karbamid-rezorsin-formaldehid
sooligomerinin sintezi ticiin optimal temperatur 70 °C oldugu miiayyon edilmisdir. Bu
temperaturdan asagi temperaturarda magsadli mahsulun mahsuldarligi asagi olur, daha yiiksok
temperaturlarda isa  hall olunan fraksiyanin migdart azalir. Modifikatorun migdarinin
dayisdirilmasi prosesin siiratina va g¢ixisina tasir edir. 70 °C - do hazir mahsulun c¢iximi
karbamidin mol migdar: 0,01 ila 0,05 mol arasinda dayisdikda ¢ixim 65,18 - 80,27 % araliginda
dayisir. Bu zaman hall olunan fraksiyamin moahsuldarligi azalir, hall olunmayan fraksiyanin
migdart artir.

Karbamid-rezorsin-formaldehid sooliqomeri ilo rezorsin-formaldehid oliqomerinin asas
parametrlorinin miigayisali tohlili gostarir ki, karbamidin optimal migdar: 0,03 mol oldugda
sooliqomerin molekul kiitlasi, sartliyi, ozliliiyii, sixligi vo yumsalma temperaturu artur.

Acar sozlar: perifiton, bioloji ortik, modifikasiya, sintez, oliqomer, rezorsin,formaldehid,
karbamid, sooliqomer, korroziya.
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SYNTHESIS OF N4, Ns-DI (N1’, N:'-DIDODESOXYMETHYLAZON-N'-
MONODODESOXYMETHYLAZONE) DIPHENYLCARBAZONE COMPOUND
AND RESEARCH AS A CORROSION INHIBITOR

G] Bayram0v0000-0003-2561-0094
Baku State University
giyasbayramov@mail.ru

On the basis of o~ chlordecoxymethyl ether and chlorazone, the compound Na, Ns-di (N1’, N1'-
didodesoxymethylazon-N'-monododesoxymethylazone)  diphenylcarbazone  (comp. KB-4)
containing 6 groups Ci2Hx»sOCHo, 16 nitrogen atoms, 6 groups CsHs, 4 azonyl groups. During
the study, it was found that these new compounds have both economic and environmental high-
performance inhibitory properties. Under laboratory conditions, the anti-corrosion inhibitory
effectiveness of the KB-4 compound was determined. In the study of 0.20; 0.25; 0.5 mg/I
concentrations of compound KB-4, its inhibitory efficiency was 99.96-100%. From an
environmental and economic point of view, this compound is several times more effective than
the inhibitors currently used in the oil and gas and petrochemical industries to protect steel
process equipment in the most aggressive environments. Thus, the use of a new guanidine
derivative compound KB-4 for corrosion protection of steel process equipment in the oil and
gas and petrochemical industries can be considered scientifically substantiated.

Keywords: diphenylcarbazone, o~ chlordecoxymethyl, ether, chlorazone, synthesis, research,
inhibitor, corrosion.

INTRODUCTION

As can be seen from the technical literature [3] and the results of our long-term
studies [1,2,5-11], organic compounds containing nitrogen atoms, as well as a large
number of functional groups, have highly effective inhibitory properties.

Previously, we synthesized diphenylcarbazone derivatives containing 9.12
nitrogen atoms, several -CH>OR ether and Ce¢Hs — groups, as well as other functional
groups. Even with an increase in the number of —CH_ groups in these compounds, the
inhibitory efficiency increased at the lowest concentrations.

From this point of view, we have synthesized a new derivative of
diphenylcarbazone, unknown in the literature, based on a-chlorodecoxymethyl ether and
chlorazone (compound KB-4), containing 16 nitrogen atoms, 6 -CH2OC12H2s groups, 6
-CeHs groups.

Synthesis of a new derivative of diphenylcarbazone (Comp. KB-4) was carried
out in several stages. At the beginning, Ci12H»sOCH>Cl and NI1’, NI'-
didecoxymethylazone-N'-monodecoxychloroazone esters were synthesized. The
composition and structure of the synthesized ethers were determined by known
methods. At the last stage, by carrying out the reaction between the synthesized Ni’,
N1'-didodecoxymethylazon-N'-monododecoxymethylchlorazone ether and
diphenylcarbazone, its new derivative, unknown in the literature, N4, Ns-di (N1, Ny'-
didodesoxymethylazon-N'-monododesoxymethylazone) diphenylcarbazone (Comp.KB-
4) was obtained.
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Fig. 1. Comp. KB-4.
EXPERIMENTAL PART

Synthesis of N4, Ns-di N'-monododesoxymethylazone) diphenylcarbazone (Comp.
KB-4). 2 g of ZnClz, (0.001 g-mol) of diphenylcarbazone are placed in a flask for
synthesis and 50 ml of ethyl alcohol are added, heated to 70°C with stirring until the
diphenylcarbazone is completely dissolved. Then, (0.002 g-mol) N', N4-
didodecoxymethylazone-N'-monododecoxymethylchlorazone ester (0.002 g-mol) was
added to the mixture gradually. Stirring is continued for 6 hours at the temperature of
the condensation of the alcohol. After that, 100 ml of 10% NaOH solution is added to
the reaction flask at room temperature, stirred for 0.5 h, 200 ml of distilled water are
added. The organic layer is taken up in diethyl ether, dried over CaCl; after distillation
of the ether. The residue is distilled in a vacuum plant to isolate N4, Ns-di (N1’, Ni'-
didodesoxymethylazon-N'-monododesoxymethylazone) diphenylcarbazone (comp. KB-
4), which is a weak yellow viscous liquid with a sharp specific odor.

The compositions and structures of the synthesized compound KB-4 were
established on the basis of elemental analysis, IR, mass and NMR spectra.

In the mass spectra of compound KB-4, it was determined that its molecular mass
corresponds to molecular ions of 2000 m/e.

In the IR spectrum of this compound, they appear as an intense band of a simple
ether group C-O-C 1050, 1080 cm™; bond C-N 1310-1350 cm™; CH, group 2950 cm™;
CHjs group 1380, 1400, 1460, 2990.3030 cm™; NH group 2910, 3113, 3340, 3360, 3400,
3450 cm; belonging to the azone group C=C bond 1680 cm™; in the benzene ring C=C
bond 1440-1465, 1500-1510, 1590-1600 cm™; C¢Hs group 700-780 cm™.

In the NMR spectra of compound KB-4, singlets at 3.94-4.40 ppm and 4.75-5.55
ppm correspond to the protons of the methylene groups of the fragments > N-CH> - and
> N -CH2 - O, there are signals of the methylene groups of the ring (wide intense
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multiplet in the region of 1.41-1.82 ppm), the methyl group (triplet 0, 8-1.21 ppm),
groups - CH20 - (doublet 2.05 ppm). In the range of 6-8 ppm two doublets correspond
to the signals of two nonequivalent m-protons of the benzene ring in the azonyl group,
which confirms the structure of the synthesized compound KB-4.

Data on the vyield, physicochemical constants, elemental analysis of the
synthesized  N4,Ns-di(N1',N1'-didodesoxymethylazon-N'-monododesoxymethylazone)-
diphenylcarbazone (compound KB-4) are presented in table 1.

Table 1
Elemental analysis, physicochemical properties, yield of synthesized new
diphenylcarbazone derivative N4,Ns-di(N1',N1'-didodesoxymethylazon-N'-
monododesoxymethylazone)diphenylcarbazone (comp. KB-4)

Conditional MRo Brutto | Elemental analysis, %
comnection | Yl | TwC | 20 | 50 | Found/ | Formula, Calculated/
oumber | &% | (mmHg) D" | calcula | Mol. Found

ted Weight C H N
Comp. KB-4 98,9 285- 1,50 1,87 654,71 _C131H196 72,51 9,04 8.12
1 286 (2) | 97 80 | 654,62 N16011 72,34 | 8,86 | 7,91
2168

The inhibitory efficacy of the synthesized new derivative of diphenylcarbazone,
compound KB-4, was studied in highly [3% NaCl + oil (10:1) + H2S 500 mg/l; 0.3 N
HCI + gasoline (1:7) + H2S 1000mg/l] aggressive media prepared under laboratory
conditions by the “gravimetric” method, according to the methods indicated in the
literature [1,2,4-11]. Studies have shown that the inhibitory effectiveness of compound
KB-4, even at its lowest concentrations of 0.20; 0.25; 0.5 mg/l was 99.96-100%.

According to the studies, the KB-4 compound in its economic and environmental
significance is 10 times higher than the results for inhibitors that have received patents
and inventor's certificates over the past 10 years, as well as inhibitors used against
corrosion in the oil and gas and petrochemical industries.

Based on the explanations of the results of our previous studies [5-11], as well as
scientific and theoretical data obtained from the literature [12-24], the inhibitory
efficacy of the new diphenylcarbazone derivative compound KB-4 can be substantiated
as follows. The presence in the Comp. KB-4 32 double bonds, 16 nitrogen atoms, 6 -
CH20C12H2s groups, 6 CsHs groups, an increase in internal Van der Waals forces, as
well as an increase in electron density in the composition of the compound, contributes
to the formation of coordination bonds on the steel surface with this compound, which
leads to to passivate the metal surface.

The results of our studies on the study of the inhibitory effectiveness of Comp.
KB-4 are presented in table 2.

As can be seen from table 2, the synthesized new derivative of diphenylcarbazone
Comp. KB-4 at a concentration of 0.25; 0.5; 1.0 mg/l has 99.96-100% inhibitory
activity and exceeds in its qualities the [8] compound known in the literature, which
received an author's certificate and conditionally called by us compound A, even at its
high concentration.

As a result of the study, we can assume that the synthesis of a new derivative of
diphenylcarbazone (comp. group KB-4) includes an inhibitor of formation in the oil and
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gas production, oil refining and petrochemical industries to protect steel process
equipment from the release and release of significant, both economic and environmental

efficiency.

As can be seen from the composition and structure of the new derivative of
diphenylcarbazone (Comp. KB-4) can find their application as additives, biologically
active substances, insecticides, flotation reagents, as well as in other areas.

Table 2

The results of the study of the inhibitory efficacy of a new derivative of
diphenylcarbazone (comp. KB-4)

3% NACI + o0il (10:1) + | 0.1 N HCI + gasoline (1:7) +
Reference Inhibitor + H2S 500 MG/L + H>S 1000 MG/L
number of the | concentration,| Corrosion | Inhibitory | Corrosion .
. Inhibitor
compound mg/I rate, efficiency, rate, officiency. %
g/lcm?eh % g/lcm?eh . 7
Without
inhibitor 2,56 3,65
Comp. KB-4 0,20 0,0006 99,97 0,0007 99.96
0,25 0,0002 99,99 0,0001 1(’)0
0,5 0,0001 100
A [10] 200 98,5 96

From the above, it follows that the synthesis of compounds of this type and their
study in the synthesis of organic and petrochemicals can be assessed as very relevant.

RESULTS AND DISCUSSION

As can be seen from the information and explanations given in the above-
mentioned literature, the effectiveness of corrosion inhibitors currently used in the oil-
gas and petrochemical industry is not 100%.

The synthesis and research of new corrosion inhibitors of economic and
environmental importance is one of the most urgent topics in preventing the corrosion
of steel technological equipment, which is one of the main environmental problems in
the oil-gas and petrochemical industries. For this purpose, a new derivative of
diphenylcarbazone, Na,Ns-di(N1',N1'-didodesoxymethylazon-N'-monododesoxymethy|-
azone)diphenylcarbazone compound KB-4, which is high-quality, inexpensive and
meets all the requirements of modern environmental safety, was synthesized by us for
the first time and researched as a corrosion inhibitor.

This compound is several times superior to the inhibitors shown in the literature
and used in the industry due to its hardness of use and 100% inhibitory property in a
strong corrosion environment at high temperature (i.e. up to 200°C).

CONCLUSION

Taking into account the environmental and economic effectiveness of the above-
mentioned and synthesized the new derivative of diphenylcarbazone conditionally
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marked KB-4, to guarantee can use of this substance for corrosion protection of steel
technological equipment under the high temperature and aggressive environments in the
oil-gas and petrochemical industries.

Based on the scientific explanations given above about the inhibitory efficiency

of the KB-4 compound, we consider it appropriate to use that compound for corrosion
protection of the large-diameter pipe surface used in the transportation of gas and crude
oil containing free H.S gas.

N
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11.
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CHHTE3 COEUHEHMS Na, Ns-JIH (N1°, Ny'-
JUJOJELOKCUMETHUJIA30H-N'-MOHO/IOJELIOKCUMETHJIA30H)
TA®EHUIKAPEA30HA U HCCJIEJOBAHUE B KAYECTBE
WHTABUTOPA KOPPO3MH

U EaapaMO60000-0003-2561-0094

bakunckuii 'ocyoapcmeennulii Yuusepcumem
giyasbayramov@mail.ru

Ha ocnose a-xnopoeyoxcumemunogozo spupa u xaopasona noiyyeno coeouneruss Na,Ns-
ou(N1',N1'-0udooeyoxcumemunazon-N'-monoooodeyokcumemunazon) ougeHurkapoazon
(coed.Kb-4), coodepacawee 6 epynn Ci1oHsOCHy, 16 amomoe azoma, 6 epynnvt CeHs, 4
asonuIbHbBle 2pynnvl. B xo0de uccredosanus 6ul10 YCMAHOBIEHO, YO MU HOBbLE COCOUHEHUs.
obnadarom KAk — IKOHOMUYECKUMU, MAK U  IKOLOSUYECKUMU  BbICOKOIPDeKmusHbIMU
uneubUpylowuMy cgolcmeamu. B 1abopamopuvix yCiosusx onpeoeisiiu aHmuKOppO3UOHHYIO
uneudbupyiowyio sgpgpexmusnocmo cocmasa Kb-4. Ilpu uccnedosanuu 0,20, 0,25; 0,5 me/n npu
KoHyenmpayuu coeounernusi Kb-4 e2o uneubupyrowas spgpexmusnocmo cocmasuna 99,96-
100%. C sxonocuueckoll u 3KOHOMUUECKOU MOYKU 3DEHUsi dMOM COCMAG 8 HECKOAbKO pPa3
appexmuenee UHSUOUMOPOS, NPUMEHAEMbIX 6 HAcmosaujee 6pemsi 8 He(hmezazo6ol u
He(hmexumMuueckolt NPOMbIULIEHHOCHU 0N 3AUuumvl CMALENIA6UIbHO20 MEXHOI0UYECKO20
000pYy006aHUsL 8 CAMBIX A2PeCcCUsHbIX cpedax. Takum odpazom, npumeHeHue Ho8020 COeOUHEeHUs
npoussooHoco ecyanuouna Kb-4 0na 3awumel om KOpposuu CmMaAibHO20 MeEXHOI0SULEeCKO20
000pydosanus Hepme2azo60t U HepmMexumMuieckou NPOMbIULIEHHOCMU MOJICHO CYUMAMb
HAYYHO 000CHOBAHHBIM.

Knwuesvie cnosa: ougenunkapboason, o-xnopoeyoxcumemusn, 3Qup, XI0PAa3oH, CUHMES,
uccnedosanue, UHSUOUMOP, KOPPO3USL.

Ns, Ns-DI (N2, N1'-DIDODESOKSIMETILAZON-N'-
MONODODESOKSIMETILAZON) DIFENILKARBAZON BIRLOSM®OSININ
SINTEZI VO KORROZIiYA iNHIBITORU KiMi TODQIQI

Q] Bayram0v0000-0003-2561-0094

Baki Déviat Universiteti
giyasbayramov@mail.ru

o- xlordesoksimetil efiri va xlorazon asasinda tarkibinda 6 qrup C12HsOCH>, 16 azot atomu, 6
qrup CeHs, 4 azonil qrupu olan N4, Ns-di (N:’, MNi'-didodesoksimetilazon-N'-
monododesoksimetilazon) difenilkarbazon (komp. KB-4) birlogmasi sintez olunmusdur. Todqiqat
zamani malum olub ki, bu yeni birlosmalor ham iqtisadi, hom da ekoloji cahatdan yiiksak effektiv
inhibitor xiisusiyyatlorina malikdir. Laboratoriya saraitinds KB-4 birlagmasinin korroziyaya
qarst inhibitor effektivliyi miiayyan edilmisdir. Arasdirma naticasinda miiayyan edilmigdir ki,
KB-4 birlagmasinin 0,20, 0,25; 0,5 mq/l konsentrasiyalarinda belo onun inhibitor effektiviiyi
99,96-100% taskil etmisdir. Ekoloji vo iqtisadi néqteyi-nazordon bu birloasmo on aqressiv
miihitlords polad texnoloji avadanliglarin qorunmast ii¢iin hazirda neft-qaz va neft-Kimya
sanayesindy istifada olunan inhibitorlardan bir ne¢ca dofa daha effektivdir. Belalikls, neft-qaz va
neft-kimya sonayesinda polad texnoloji avadanhqlarin korroziyadan miihafizasi tigiin
quanidinin yeni téramasi KB-4 birlogmasindon istifads olunmasini elmi asaslandirilmis hesab
etmak olar.

Agar sozlar: difenilkarbazon, a-xlordesoksimetil, efir, xlorazon, sintez, tadgiqat, inhibitor,
korroziya

78
WWW.ajCnews.org


mailto:qiyasbayramov@mail.ru

r D r\ ED AJCN, Vol. 5, No. 1, 2023, pp. 79-86
I IL/IND & https://doi.org/10.32010/AJCN04022023-79

UDC:665.753.502

ELIMINATION OF ENVIRONMENTAL POLLUTION CAUSED BY DIESEL
TRUCKS IN KARABAKH REGION
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Azerbaijan State Oil and Industry University
babak001@mail.ru

The demand for diesel fuel produced in the Republic of Azerbaijan is high, and reducing its
impact on the environment is one of the topical issues. The purification of diesel fraction and its
positive and negative aspects have been studied. Research has been conducted on low-energy
external agents used to conduct processes in milder conditions. In order to obtain diesel fuel
that meets the Euro standard indicators, polycyclic aromatic hydrocarbons were removed from
the diesel fraction obtained from the primary processing of oil by using the extraction method.
The extraction process was performed under the influence of a magnetic field. N-
methylpyrrolidone and its mixture with various acids were used as an extractant in the research
work. The amount of polycyclic aromatic hydrocarbons in the diesel fuel purified under the
influence of the magnetic field was 6%, which meets Euro-5 diesel standards.

Keywords: diesel fraction, polycyclic aromatic hydrocarbons, extraction method, magnetic
field, N-methyl-pyrrolidone.

INTRODUCTION

The quality indicators of diesel fuel produced in the Republic of Azerbaijan do
not meet the latest EURO standards and therefore have harmful effect on the
environment. Since various machinery, trucks, and vehicles used in the liberated areas
run on diesel fuel, the cleaning of diesel fuel is one of the urgent issues for
environmental protection.

Diesel fuel produced in the Republic of Azerbaijan is obtained from the primary
processing of crude oil and by the hydrogenation method. If we look at the main
products processed at the oil refinery in 2021, we will see that the main production
focus is fuel for internal combustion engines. In 2021, from raw materials 1265.5
thousand tons of motor gasoline, 491.8 thousand tons of jet engine fuel, 2395.8
thousand tons of diesel fuel, and 269.9 thousand tons of liquefied gases were produced.
As can be seen from here, the main direction of oil refining is the production of diesel
fuel for users [1].

Smoke gases produced by the combustion of diesel fuel in cars have a harmful
effect on the environment as well as on the human body. [2-3] found that polycyclic
aromatic hydrocarbons (PAHs) contained in smoke gases due to incomplete combustion
of fuels have a high carcinogenic effect on living organisms, and the easy collection of
PAHSs in different places results in their easy entry into the food chain. More than 100
PAHSs exist in nature, and 16 of them are listed as major pollutants in Europe and the
United States.

The amount of PAHSs in soil samples at large truck stop located on the side of a
major use highway was investigated in [4]. Soil samples taken from 0-15 ¢cm and 15-30
cm depth were analyzed by gas chromatography/mass spectrometric analysis and PAH
content was between 16.4-32.0 mg/kg and 18.6-26.6 mg/kg, respectively. The

79
WWW.ajcnews.org


mailto:babak001@mail.ru

Azll 1920 | Azarbaycan Déviat Neft va Sanaye Universiteti

concentration of PAHs obtained here exceeded the limit of permissible concentrations
determined for soils in most developed countries of the world.

In order to comply with environmental requirements, it is required to control the
amount of sulfur and aromatic hydrocarbons in the produced fuels. Therefore, fuel
purification is one of the topical issues. The purification of aromatic hydrocarbons from
the diesel fraction is one of the serious problems. In [5], a crude sample containing
20.1% aromatic hydrocarbons and 166 ppm sulfur was purified by extraction process
using acetonitrile as a solvent. The process was carried out at low temperature and
atmospheric pressure. After purification, the amount of aromatic hydrocarbons was
7.2%, and the amount of sulfur was 73.2 ppm.

In order to obtain high-quality low-viscosity diesel fuel, a hydrocracking process
was carried out in the presence of a zeolite catalyst based on nickel oxides and
molybdenum oxides. The process was carried out at a temperature of 340-380°C, a
pressure of 15-18 MPa, and hydrogen recirculation [6].

Purification of motor fuels with selective solvents was carried out by the
extraction method. Distillates of motor fuels were purified from aromatic and sulfur
compounds and resins with organic solvents and ionic liquids. The advantage of the
extraction method over the hydrogenation method was shown [7].

In [8], the purification of PAH was carried out by a one-step extraction method
from petroleum residues purified from asphalt with a mixture of N-methylpyrrolidone
with 10, 15 and 20% wt. ethylene glycol. A total of eight types of carcinogenic PAHs
were purified from a feedstock consisting of a heavy vacuum gasoil mixture with a
asphalt-refined petroleum residue, using a four-stage countercurrent extraction method
using a mixture of N-methylpyrrolidone and 10% mass ethylene glycol. The extraction
process was performed at a ratio of 2:1 and a temperature of 45°C. After extraction, the
amount of PAH in the raffinate was reduced from 37.9 mg/kg to 0.4 mg/kg.

Purification of aromatic hydrocarbons and sulfur from diesel fuel obtained
primary processing of crude oil was studied [9]. Extraction method was used for this
purpose and dimethylformamide chosen as an extractant Studies were conducted on
different ratios of extractant and raw materials, and the best result was obtained at a
ratio of 3:1. At this time, when carrying out a 2-stage extraction process, a decrease in
the amount of aromatic hydrocarbons by 5 times and a decrease in the amount of sulfur
from 2% to 0.33% were observed.

EXPERIMENTAL PART

As a result of studies [10,11], it was determined that technological processes are
carried out in lighter conditions by using external influences that require less energy
(electric field, electromagnetic field, magnetic field, ultrasonic field, acoustic field,
vibration field). One of the effective, economically profitable and easy-to-use means of
external influence is the energy of the magnetic field [12]. Currently, the energy of the
magnetic field is widely used in scientific research and normal life. Special equipment
(magnetron, magnet activator) is used to create the magnetic field [13].

The catalytic cracking process of vacuum gas oil and its mixture with cottonseed
oil under the influence of a magnetic field was studied [14]. It was determined that
when using a magnetic field, the productivity of diesel fractions increases by 19.7-25%
mass in the process of catalytic cracking of vacuum gas oil and its mixture with 5%
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cottonseed oil at a temperature of 500 °C.

As mentioned above, one of the non-traditional methods for cleaning raw
materials from unwanted impurities is the use of a magnetic field. In our studies before
investigating the effect of the magnetic field, studies were conducted in the direction of
determining the optimal parameters of the purification process of diesel fuel from
polycyclic aromatic hydrocarbons by using N-methylpyrrolidone as an extractant [15-
17]. For this purpose, the scheme of the device on which we conducted the research is
shown in fig.1.

e~ —— e —— —/ -

T

Fig.1. Extraction device.
1-three-necked round-bottom flask, 2- glass stirrer, 3- electric motor, 4- thermometer, 5-

countercooler, 6- heater, 7- water bath.

Table 1
The characteristics of the diesel fraction

Ne Indicators Values
1 Density, at 20°C, kg/m® 0.8450
2 Total amount of sulfur, % (wt.) 0.0895
3 Kinematic viscosity, mm?/s 6.2
4 Freezing temperature, °C -36
5 Turbidity temperature, °C -25
6 Flash point, °C 72
7 lodine number 1.83
8 Acidity 57.7
9 Aromatic hydrocarbons, % (wt.) 18.08
10 Actual resin, % (wt.) 3.4

Fractional composition, % (wt.)

Begining of boiling, °C 222
11 50% boils , °C 296

96% boils , °C 357

End of boiling, °C 367
12 Residue 3.8
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Researches were carried out under the influence of magnetic field by using N-
methylpyrrolidone as an extractant to remove polycyclic aromatic hydrocarbons from
the diesel fraction obtained from primary oil processing.

The characteristics of the diesel fraction used in the experiment is given in table 1.

IR spectra of the diesel fraction were determined on the "BRUKER Research
Spectrometers™ device, and the number of aromatic hydrocarbons was determined by
sulfation and iodine number method.

RESULTS AND DISCUSSION

The results of studies conducted to determine the optimal values of the
parameters that affect the process (raw material-extractant ratio, temperature, number of
mixer cycles) are shown in the following figures 2,3,4.

12.5
12
115
11
10.5
10
9.5

The amount of aromatic
hydrocarbons, wt. %

8.5

15 20 25 50

Temperature, °C
Fig. 2. Effect of temperature on the extraction process.
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Fig.3. Influence of the raw material-extractant ratio on the extraction process.
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Fig.4. Influence of the number of stirrer cycles on the extraction process.

As can be seen from the graphs, the optimal parameters of the extraction process are
as follows:

- Diesel fraction: N-methylpyrrolidone - 1:1

- Temperature - 25°C

- The number of cycles of the mixer - 70 rpm.

Then experiments were carried out at different values of the intensity of the
magnetic field affecting the process. The results of the research are given in table 2.

As can be seen from the table, a high degree of purification corresponds to a
magnetic field strength of 20 mT. At the optimum value, the amount of polycyclic
aromatic hydrocarbons is 6% (mass.), which corresponds to the Euro-5 standard.

When a magnetic field is introduced into the system, a new layer is formed, which
is different from the layer formed by the components of the diesel fraction, which
ensures the penetration of the solvent into all layers. These changes ensure the selective
distribution of the components between the phases and their dissolution by N-
methylpyrrolidone.

Table 2
Effect of magnetic field on the extraction process
Magnetic field intensity, mT h’;‘é?g:;rtbgzg’rgz?ﬁ) Sulfur content, % (wt.)
0 10 0,075
5 10 0,075
10 9 0,051
15 7 0,037
20 6 0,032
25 7 0,032
30 7 0,032
35 8 0,034
40 7 0,035
45 7 0,035
50 7 0,035
CONCLUSION
e —
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Under the influence of a magnetic field, the amount of aromatic hydrocarbons in
diesel fuel decreases from 18.08% to 6%.

The optimal process parameters are determined as follows:

- Diesel fraction: N-methylpyrrolidone - 1:1

- Temperature - 25°C

- The number of cycles of the mixer - 70 rpm.

As a result of the influence of the magnetic field on the process, a new structure is
formed, which is characterized by high homogeneity, regularity, and low viscosity. As a
result, molecular, convective diffusion is reduced, which means that interfacial
distribution of components occurs, and the necessary hydrocarbons are separated
through solvents.

As a result of the research, it was identified that the amount of aromatic
hydrocarbons in the diesel fraction obtained during the primary processing of oil after
extraction under the influence of a magnetic field complies with the EURO-5 standard.
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Azarbaycan Respublikasinda istehsal olunan dizel yanacaqlarina olan talabat yiiksakdir vo onun
atraf miihito olan tasirinin azaldilmasi aktual moasalolordon biridir. Dizel fraksiyasinin
tomizlonmasi va onlarin miisbat vo monfi cohatlori tadqiq olunmugdur. Proseslori daha yiingiil
soraitdo aparmagq tigtin istifada olunan az enerji talob edon xarici tasir vasitalori hagqinda
tadgigatlar aparilmisdir. Avro standarti gostoricilorine cavab veran dizel yanacagini alinmasi
ticiin neftin ilkin emalindan alinan dizel fraksiyasimin ekstraksiya iisulu ilo politsiklik aromatik
karbohidrogenlordon tomizlonmasi prosesi apardmigdir. Ekstraksiya prosesi magnit sahasinin
tasiri altinda yerina yetirilmisdir. Todqiqat isinda ekstragent kimi N-metilpirrolidondan va onun
miixtalif tursularla qarisigindan istifado edilmisdir. Magnit sahasinin tasiri altinda tomizlonmig
dizel yanacaginda politsiklik aromatik karbohidrogenlarin migdart 8% olmusdur ki, bu da
Avro-5 dizel standartlarina cavab verir.

Acar sozlar: Dizel fraksiyasi, aromatik karbohidrogenlar, ekstraksiya tisulu, magnit sahasi, N-
metilpirrolidon.
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The deasphalting process of the vacuum residue has been studied in the magnetic field in order
to odtain the suitable DAO for mixing with the vacuum gas oil for the subsequent catalytic
cracking process conducted in a constant magnetic field.

The probable mechanism of action of a magnetic field on the de-asphalting process has been
studied. The study examined the catalytic cracking of a mixture of vacuum gas oil and tar
deasphalted oil products in the presence of a magnetic field, and found that the findings could
serve as a foundation for producing high-quality gasolines with high octane ratings. The quality
of the deasphalted oil obtained was found to be impacted by a range of factors, including the
process temperature, settling time, and solvent-to-raw material ratio. Taking these variables
into account, the study evaluated the effect of magnetic treatment on the raw materials during
the deasphalting process, and identified the optimal conditions for achieving the desired results.
The researchers also explored the impact of magnetic treatment on the settling time and
discovered that it accelerated the settling process. In addition, the explanation of the
mechanism of action of a costant magnetic field on the process of catalytic cracking in terms of
singlet-triplet state of ions and radicals has been given.

Keywords: deasphaltization, catalytic cracking, deasphaltization temperature, magnetic
treatment of raw materials, asphalt-resin substances.

INTRODUCTION

At present, extensive research is being carried out to develop a technology for
increasing the yield of motor fuels by involving heavy oil residues in the process. It has
long been known that a magnetic field affects the yield and ratio of products of some
chemical reactions and processes. The results of the study of catalytic cracking of a
mixture of vacuum gas oil with tar deasphalted oil products in a magnetic field can be
used as the basis for obtaining high-octane gasolines. From this point of view, of great
interest is the use of preliminary magnetic treatment of tar in the deasphaltization
process [1].

In the composition of the tar after the vacuum distillation of fuel oil, in addition to
a certain number of oils, there are also compounds that exhibit high surface activity,
which, as is known, activate the catalytic cracking process. Therefore, if the tar is
subjected to deasphaltization and the main part of the asphalt-resin substances with high
coking capacity, as well as containing the main part of organometallic compounds,
which are strong poisons for the catalyst, is removed from its composition, then it is
possible to investigate the cracking of a mixture of this deasphalted oil with vacuum gas
oil.

The quality of the resulting deasphalted oil depends on various factors such as
process temperature, settling time, solvent: raw material ratio, etc. considering all these
factors, the effect of magnetic treatment of raw materials on the deasphaltization
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process was studied and the optimal conditions for this process were identified. It
should be noted that pentane, hexane and gasoline were used as a solvent, which began
to boil at 80°C and did not contain aromatic hydrocarbons. For deasphalted products
obtained at various solvent: raw material ratios: 2:1, 3:1, 4:1, 5:1, the physical and
chemical properties were studied and the patterns of changes in their properties with
changing ratios of the tar solvent were established. Temperature is one of the most
important factors influencing the deasphaltization process.

The solvents we have chosen are non-polar solvents, and therefore, at ordinary
temperatures, they are mixed with the liquid components of the raw material in almost
all proportions, and the solubility of solid components in them obeys the general theory
of the solubility of solids in liquids. With increasing temperature, the solubility of
substances in such solvents decreases. The deasphaltization process is based on this.

Figure 1 shows the change curves dependence of the deasphalted oil yield on
temperature. As can be seen from these curves, with magnetic treatment of tar, as well
as without it, the optimum temperature is 160°C at which the yield of pentane
deasphalted oil is 59%mass, hexane 68% mass, and gasoline 72%mass. A further
increase does not have a significant effect on the deasphaltization process and only
leads to an increase in energy consumption.

EXPERIMENTAL PART

The influence of magnetic treatment of raw materials on the settling time was also
investigated. The results showed that magnetic pre-treatment accelerates the settling
process.

Based on the foregoing, the effect of magnetic treatment of raw materials on the
deasphaltization process can be explained as follows. As you know, all substances
according to their magnetic properties can be divided into several groups, such as
diamagnets, paramagnets and ferromagnets.
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Fig.1. Dependence of the amount of deasphalted oil yield on the deasphaltization
temperature with magnetic treatment and at ratio of solvent: raw material 4:1.

Oil belongs to diamagnets, that is, when such substances are placed in a magnetic
field, the electron shells of atoms and molecules begin to process in it as a whole, while
the system acquires magnetization for some time opposite to the vector of the external
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magnetic field [2]. The heavier the oil, the greater its magnetic susceptibility. Asphalt-
resin substances are one of the heaviest components of oil and, in addition, contain
almost all organometallic compounds, which are the most magnetically susceptible
during magnetic treatment. When dissolved in solvents, these magnetized particles are
the centers of coagulation and, as a result, the formed undissolved coagulates are rapidly
precipitated. This can explain the improvement in the quality of the deasphalted oil
during the magnetic treatment of tar.

The experiments were carried out under normal conditions and with preliminary
treatment of the tar with a magnetic field. The results of studies of the properties of the
obtained tar deasphalted oil products are presented in tables 1 and 2.

As can be seen from table 1, regardless of which solvent was used, the optimal
ratio can be considered 4:1. In addition, an increase in the solvent: raw material ratio
leads to an increase in the cost of its regeneration from extract and raffinate solutions.
Thus, the conducted studies show that the most optimal in terms of the quality of the
obtained deasphalted oil, as well as from an economic point of view, is the ratio of
solvent:tar 4:1.

Table 1
Physical and chemical characteristics of deasphalted oil products obtained at
different ratios of solvent: raw material at 160°C without magnetic treatment of tar

Deasphaltizat

Indicators pentane hexane petrol

221 | 31 4:1 51121 |31 41 |51 21| 31| 41 |51

Yield, %mass 69 | 62 59 58 | 78 | 72 | 68 | 67 |84 | 77 | 72 | 70

Density, g/cm® [0.8899|0.886/ 0.8835 |0.883(0.8965/0.893(0.8095/0.8898/0.908|0.90150.89250.8905

Sulfur content,

1.18 |{1.09| 1.06 |1.05|1.19 |1.15{1.09 | 108 | 2 1.5 | 1.19 | 1.08
%mass

Viscosity at

100°C. mm/s 112 | 108 | 105 | 103 | 112 | 110 | 108 | 107 | 120 | 114 | 111 | 110

Coking, %mass | 7.5 7 64 | 79| 73 68| 65|84 |79| 69| 69 | 6.6

Resin content

55 | 42| 32 [295| 59 (455 34 | 3.2 |95 | 79 | 46 | 3.9
96, mass

Asphaltenes, %
mass

1 07 03 |028| 13 (09|035|033|16| 1 0.4 |0.38

The process of magnetic treatment of tar deasphalted oil products and their
physical and mechanical properties were studied, and the optimal conditions for the
deasphaltization process were determined.

It is shown that the deasphalted oil products obtained after preliminary magnetic
treatment can be used as an additive to the catalytic cracking raw material — vacuum gas
oil. To study the effect of a magnetic field on the deasphaltization process, experiments
were carried out at various solvent: raw material ratios, at 160°C, and at a magnetic
induction flux of 1.4.

As can be seen from table 2, the deasphaltization process indicators improve with
the preliminary treatment of tar with a magnetic field. So, the content of resins at a ratio
of solvent:raw material: 4:1, in the case of pentane deasphalted oil, decreases from
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3.2%mass to 3.0%mass, the content of asphaltenes is from 0.3 to 0.26%mass, coking
from 6.4 to 6.0%mass, the change in viscosity is insignificant from 105 to 104
mm?/sec., the sulfur content decreases from 1.06 to 1.04%mass.

Physical and chemical characteristics of deasphalted oil products obtained at

Table 2

different solvent: raw material ratios at 160°C with magnetic treatment of tar

Deasphaltizat
Indicators pentane hexane petrol
2:1 3:1 4:1 51 21 | 31| 41 51 | 21| 31 4:1 |51

Yield, %mass | 64 | 60 | 55 | 53 | 70 | 67 | 59 | 55 | 77 | 70 | 63 | 60
Density, g/cm® |0.8899| 0.885 |0.8825/0.8825| 0.896 |0.893| 0.89 |0.8995| 0.1 | 0.903 [0.8915| 0.89
Sulfur content, |, o | 199 | 104 | 102 | 118 | 1.1 | 1.07 | 106 | 2 | 1.4 | 112 |1.05
%%0mass
Viscosity at 107 | 104 | 202 | 112 | 110 | 107 | 106 | 118 | 112 | 120 | 108
100°C, mm?/s
Coking, %mass| 63 | 61 | 6 | 50 | 66 | 64 | 63 | 62 | 7.3 | 67 | 64 | 63
Resincontent | o | 29 | 3 | 28 | 46 | 41| 32 | 31 | 83| 65| 4 |37
96, mass

0,
szsa“e”esw 08 | 06 | 026|025| 12|07 03 |028| 15/ 08 | 032031

Tar deasphalted oil products contain in their composition mainly compounds
exhibiting high surface activity. Many researchers have proven that additives with
surface-active properties activate the process of catalytic cracking [3, 4, 5].

This can be explained from the point of view of controlled phase transitions by
prof. Sunyaev Z.I. The essence of this theory lies in the control of physical
transformations with the help of activating additives. According to this theory, with the
help of such additives, it is possible to influence the physical transformations of the
components of petroleum raw materials during catalytic processes (fig.2). These
transformations include:

the formation and coexistence of oil dispersed systems such as liquid emulsion
and foam at temperatures of the catalytic process;

the influence of the obtained oil dispersed systems properties on the final results
of the process;

establishment of adsorption-desorption equilibrium between initial and final
reaction products in adsorption layers on the surface of solid catalysts in heterogeneous
catalysis.

Schematically, the adsorption-desorption of complex structural units (as in the
terminology of the theory-controlled phase transitions are called gas bubbles with
hydrocarbons adsorbed on it) can be depicted as shown in fig.2.

Based on this scheme, the probable mechanism of action of the deasphalted oil
can be explained as follows: During the cracking of pure gas oil, gas bubbles form on
the surface of the liquid phase, which then pass into the interfacial layer and rise. At the
same time, they increase in size, collapse, form again, and collapse again, exchanging
their contents with the liquid phase. As a result of this, the formed heavy molecules of

90
WWW.ajcnews.org



the compaction reaction are deposited on the surface of the solid wall, the pores are
coked. If there are surfactants in the composition of the raw material, which are in large
quantities included in the composition of the deasphalted oil, they are adsorbed on the
interfacial surface bubble-continuous phase, as a result of which the lifetime of the gas-
liquid emulsion and foam increases.

O .
Fig.2. Schematic representation of adsorption-desorption of complex structural units: 1
— pair solid wall surface; 2 — liquid phase (absorption layer); 3 — interfacial layer (black
dots — adsorption of associates, white dots — desorption of gas bubbles); 4 — vapour
phase.

RESULTS AND DISCUSSION

As bubbles with surface-active properties rise, they become more and more
saturated with compaction products, sulfur-, nitrogen-, oxygen- and organometallic
compounds, and at the same time, without being destroyed, they pass through the entire
interfacial layer, removing all of the above compounds from the reaction zone,
poisonous catalyst. This apparently explains the increase in the yield of heavy gas oil
when tar deasphalted oil is added to vacuum gas oil.

Another evidence of such a mechanism of action of the deasphalted oil is a
decrease in the yield of coke and the content of isobutane and dry gas in the gas
composition.

According to Wojciechowski and Korma, coke, methane, ethane, ethylene,
propane, and isobutane are secondary products of the cracking reaction [6].

Previously, experiments were carried out with a mixture of vacuum gas oil with
pentane deasphalted oil in the optimal ratio of 87:13%vol. The purpose of these experi-
ments was to test the effect of the magnetic field on the catalytic cracking process. As a
result of the studies, it was found that the magnetic field affects the process of catalytic
cracking, and the optimal value of the magnetic induction flux is 0.4 T.

Table 3 shows the dependence of the yield of catalytic cracking products on the
percentage of gasoline deasphalted oil obtained without preliminary magnetic treatment
of tar in vacuum gas oil in a magnetic field of 0.4 T.

As can be seen from this table, in contrast to previous experiments, where the
gasoline yield during cracking of pure vacuum gas oil was 46.0% mass, in a magnetic
field this figure is already 46.9% mass, when mixed raw materials are cracked, the
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gasoline yield initially slightly drops to 46.5%mass, at 5% deasphalted oil content, and
then with an increase in the content of the latter in the mixture, it grows to 47.5% mass,
with the optimal content of deasphalted oil in the raw material. Thus, in comparison
with cracking under normal conditions, in a magnetic field the yield of gasoline
increases by 1.8% mass. As can be seen from table 3, the coke yield in a magnetic field
decreases by 0.1% and is 3.4% mass.

Table 3

Catalytic cracking of vacuum gas oil mixture with gasoline deasphalted oil
(deasphalted oil obtained without magnetic treatment of tar)

The content of deasphalted oil in raw materials, %vol.
Products

0 5 10 13 15 20 25
Hydrogen 0.3 0.3 0.3 0.25 0.3 0.35 | 0.35
Dry Gas 2.3 2.3 2.2 2 2.3 255 | 2.75
Isobutane 1.7 1.9 1.7 1.3 1.6 1.9 2.2
Butylenes 13.7 14 13.8 13.9 13.7 13.8 | 13.6
Total gas 18 18.5 18 175 | 179 | 18.6 | 189
Gasoline n.cn 195°C 46.9 46.5 47 475 | 46.9 | 455 | 43.8
Fraction 195-350°C 20.2 20.2 18.9 18.6 | 19.1 20 21.5
Fraction above 350°C 11.4 11.4 12.6 13 12.4 12 11.1
Coke 35 3.6 35 3.4 3.7 3.9 4.7

The results of catalytic cracking of the pentane deasphalted oil mixture were
expected to be superior to the results of the cracking of the gasoline deasphalted oil
mixture, which are presented in table 4.

Thus, the yield of gasoline increases to 48.0% mass, and the yield of coke
decreases to 3.1% mass (table 4). Much less gas formation as well. With a 13% content
of pentane deasphalted oil in the raw material, the gas yield is 16.7%mass, against
17.5% mass in the case of gasoline deasphalted oil.

Table 4
Catalytic cracking of vacuum gas oil mixture with pentane deasphalted oil in a
magnetic field (deasphalted oil obtained without magnetic treatment of tar)

The content of deasphalted oil in raw materials, %vol.

Products
0 5 10 13 15 20 25
Hydrogen 0.3 0.3 0.25 0.2 0.25 0.3 0.35
Dry Gas 2.3 2.3 2.05 1.8 1.95 2.2 2.45
Isobutane 1.6 1.6 1.2 1 1.1 1.4 1.9
Butylenes 13.7 13.7 14 13.7 13.7 13.6 13.6
Total gas 18 17.9 175 16.7 17 175 18.3
Gasoline n.cn 195°C 46.9 47 475 48 47.8 46.5 45
Fraction 195-350°C 20.2 19.6 19.5 17.9 18.5 19.4 20.2
Fraction above 350°C 11.4 12 13.2 14.3 13.5 13.1 12.2
Coke 3.5 3.5 3.3 3.1 3.2 3.5 4.3
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Changes in the composition of the gas in both cases are of the same nature, that is,
the content of hydrogen, dry gas and isobutane decreases. Also, the influence of the
magnetic field on the cracking of vacuum gas oil mixtures with deasphalted oils
obtained by magnetic treatment of tar was studied (fig.3). Experiments were carried out
with mixtures of deasphalted oil, obtained by magnetic processing of tar, with vacuum
gas oil.

As can be seen from fig.3, the gasoline yield during catalytic cracking of this
mixture passes through an extremum, as in previous experiments at 13% deasphalted oil
content in the mixture. When comparing the results of this experiment with the results
of cracking, where pentane deasphalted oil obtained without magnetic treatment of tar
was used as a raw material component, we see that the results of the first one is slightly
better. Thus, in the case of gasoline deasphalted oil obtained by magnetic treatment of
tar, at the optimal ratio of vacuum gas oil: deasphalted oil, the gasoline yield is
48.2%mass, the coke yield decreases to 2.8%mass, i.e., 10% less than in the case of
pentane deasphalted oil obtained without magnetic treatment of tar. The gas yield is
reduced to 14.3%mass.

Even better results are shown in the cracking of vacuum gas oil mixture with
pentane deasphalted oil obtained by magnetic treatment of tar, which is shown in figure
4,

-
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Fig.3. Dependence of the yield of cracking products on the content of gasoline
deasphalted oil in the raw material in a magnetic field (deasphalted oil obtained by
magnetic processing of tar):

a — gas; b — petrol; ¢ — light gas oil; d — heavy gas oil.

CONCLUSION

As can be seen from figure 4, the yield of gasoline in this case reaches its
maximum value, compared with all previous experiments, it is 48.9%mass, and the
yield of coke decreases to 2.6%mass, the yield of the fraction 195-350°C slightly
decreases, but the yield of heavy cracking gas oil increases from 11.4 to 14.9%mass. As
can be seen from the analysis of the data in table 3, the content of the deasphalted oil in
the mixture, the volumetric ratio of CO2:CO in the regeneration gases, the content of
hydrogen, dry gas and isobutane in the composition of the cracking gases is minimal.

When analyzing the regeneration gases, one more property of the added
deasphalted oil was revealed. As it turned out, the addition of deasphalted oil to the
cracking raw material leads to an increase in the CO2:CO ratio in the regeneration gases.
The data from these analyzes are shown below. An increase in the ratio in regeneration

93
ISNN: print 2663-7006; online 2709-2666



gases means a decrease in emissions of such a dangerous toxic substance as carbon
monoxide into the atmosphere.

To explain the effect of a magnetic field on the yield of catalytic cracking
products, let us use the cell effect. It was first considered by Frank and Rabinovich. It is
known that in the gas phase the fragments of a decaying molecule fly apart. The essence
of the “cellular effect” is that fragments of a molecule in a condensed medium do not
necessarily diverge, daughter ions can recombine and again give the parent molecule,
the precursor of this pair of radicals, or enter into a disproportionation reaction and give
molecular products of a different structure, in our case, compaction products. Such a
reaction is called geminal or cellular recombination, and the recombination product is
called cellular [7].

49 26
48 ! - _
47 | | |petiol | | 1| et | 24
46 light gas oil =
" It . L1 20
o 45 18 o
O\% a4 . gas . Q\%
43 | | | | | I
42 heavy gas oil | 14
41 . [ 12
40 =10

%vol.

Fig.4. Dependence of the yield of cracking products on the content of pentane
deasphalted oil in the raw material in a magnetic field (deasphalted oil obtained by
magnetic processing of tar):

a — gas; b — petrol; ¢ — light gas oil; d — heavy gas oil.

lons and radicals in a cell can be in two electronic spin states: singlet or triplet.
The probability of recombination in these states is not the same. Indeed, for the vast
majority of molecules, the electronic ground state is a singlet, and the triplet is an
excited state. A stable product must arise from ions and radicals in the singlet state.

The main ways of their transformation, including changes in their multiplicity,
can be depicted as follows (figure 5): Of these processes, only the S-T intercombination
transition depends on the interaction of unpaired electrons with external magnetic fields.
This is the physical nature of magnetic effects in the recombination of ions and radicals.

transition

R R, R R,
v r .

R R, R R,

recombination exit from cell

Fig.5. Pathways for the transformation of ions and radicals.

For the first time, physically based ideas about the role of S-T transitions in the
process of recombination of ions and radicals and the possible mechanism of the
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influence of a magnetic field on the reaction were proposed by Brocklehaust [8]. He
formulated two propositions:

for chemical reactions, singlet-triplet transitions in ions and radicals can affect the
ratio of reaction products;

these intercombination transitions themselves are induced by the paramagnetic
relaxation of the electron spins of the partners.

So, summing up the above, we can explain the influence of a magnetic field on
cracking as follows: during catalytic cracking of vacuum gas oil, as well as its mixture
with tar deasphalted oil, decomposing molecules form correlated ions in the singlet
state. Under the influence of a magnetic field, the transition of ions from the singlet
state to one of the triplet ones occurs. According to the literature data, the probability of
recombination of diffusion ions and radicals increases with increasing magnetic field
induction.

The foregoing suggests that in the initial section of the increase in the magnetic
field, the probability of the formation of compaction products as a result of ion
recombination decreases due to the prevalence of the effect of reducing the probability
of recombination of correlated ions over the effect of increasing the probability of
recombination of diffusion ions.

With a further increase in the magnetic flux, the rate of decrease in the probability
of recombination of correlated ions decreases, while that of diffusion ions continues to
increase, as a result of which there is a tendency to increase the probability of
densification reactions, which in turn leads to an increase in the yield of coke. When
analyzing the quality of cracked light gas oil, it can be seen that its density slightly
increases, which can be explained by an increase in the proportion of heavy
hydrocarbons in its composition, which in turn is caused by a decrease in coke yield.

Table 5
The quality of cracking products of vacuum gas oil and its mixtures with tar
deasphalted oil products in a ratio of 87:13 under optimal conditions

Clean vacuum Vacuum gas oil Vacuum gas oil
smart oil pentane deasphalter gasoline deasphalter
Options Cracking in | Cracking | Without Cracking | Without
a magnetic | inamag- | magnetic | inamag- | magnetic
field netic field | treatment | netic field | treatment
Petrol
Density at 20°C, kg/m? 746.9 739.6 743.2 7415 745.8
Sulfur content, %mass 0.14 0.12 0.13 0.14 0.15
Octane number 79 82 80 81 80
Group at/in the
composition %mass
Unlimited 18.9 19.3 19.2 19.1 19
Aromatic 23.9 25.5 24.8 25.4 24.6
Naphthenic 10.2 10.9 10.8 10.8 10.7
Paraffin 47 44.3 45.2 44.7 45.7
Light gas oil
Density at 20°C 921.1 922.5 923.2 922.7 924.1
Sulfur content, wt. 0.71 0.73 0.74 0.75 0.77
95
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This apparently explains some increase in the sulfur content in the composition of
light gas oil. Thus, the analysis of the experimental data showed that the best is
deasphalted oil obtained after preliminary magnetic treatment of tar, and they can be
used as an additive to the catalytic cracking raw material — vacuum gas oil to produce
high-quality fuels.
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MATHUTHOCTD IMPOINECCOB JEACPAJIBTU3ALIUU U
KATAJIMTHYECKOI'O KPEKHMHI'A HCCJIEJOBAHHUE
NHTEHCUDPUKALMHA B ITOJIE

C.C.Anuesa, 1.4 Xaﬂaqboeaoooo'oooz'9107'4202
Aszepbatioxcanckuii I'ocyoapcmeennviii Yuusepcumem Hegpmu u
Ipomvruunennocmu
shamsaliyeval6 @gmail.com

C yenvio nonyuenus JJAO, npucooHo2o O01i cMeWU8aHus ¢ BAKYYMHbIM 2da3ounem Ol
nociedylowezo npoyecca  KAmamumuiecko2o KpeKuHed, NnpogoouMo20 6 HNOCMOSAHHOM
MASHUMHOM noje, ObLL UCCAeA08aH npoyecc 0eacharbmuzayuu 2yopoHa 6 MacHUMHOM noJe.

Hccenedosan eeposmublii Mmexanusm GIUAHUSL MACHUMHO20 NOAS HA NPOYECC Achanbmupo8aHusl.
B Xx00e uccnedosanuii uzyuancs xamanumudeckuti KpeKuHe cmecu 8aKyyMHO20 2a30Uis U
Heghmenpodykmos paguruposanus acaibma 6 NPUCYmMCmeuu MASHUMHO20 HOAs, U OblIo
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onpeoeneHo, Ymo NOJLYYeHHble 6bl6OO0bL MO2Ym Oblmb NON0NCEHbl 6 0CHO8Y noayuenusi C
BbICOKUMU OKMAHOBbIMU NOKazamensimu. boviio obnapysiceno, umo na Kavecmeo nonyuaemou
OUMYMUHO3HOU Hepmu enusiem ps0 QAKmopos, 6KIUAs MeMnepamypy npoyeccd, 6pems.
OMCMAUBAHUL U COOMHOUWIEHUe pACMEOpUmens U UCX00Ho2o cbipvs. C  yuemom smux
nepemMeHHbIX 8 X00e UCCLe008aHUL ObLIO OYEHEHO GIUSHUEe MASHUMHOU 06paboOmKU HA Cbipbe 6
npoyecce acgharbmuposanust u OnpeoeieHbl ONMUMAIbHbIE YCI08UsL OISl NOJYYEHUS. HCEACMbIX
pesyabmamos.  Hccneoosamenu makace UCCied08anu GIUAHUE MASHUMHOU 00pabomKu Ha
8peMsL 0CaNCOeHUst U OOHAPYICUNU, YMO OHA YCKopsiem npoyecc ocadcoenus. Kpome moeo,
0aHO OOBICHEHUe MeXaHusMa B030eUCmBUst NOCMOSHHO20 MACHUMHO20 MO HA NpOYecc
KAMAaumu4eckoe0 KpeKuHea ¢ MOYKU 3PeHUs CUHSIEMHO-MPUNIEMHO20 COCMOSHUS UOHO8 U
paouKanos.

Kniouesvie cnosa:  oOeacanomuzayus,  KamMamumuueckuil — KpeKuHe, — memnepamypa
Oeacanvmuzayuu, MACHUMHAS 0OPAOOMKA CHIPbSL, ACPHATLMOCMOIUCTbIE BEULeCMEA.

ASFALTSIZLASMA VO KATALITIK KREKING PROSESLORININ MAQNIT
SAHOSIND® INTENSIVLOSDIRILMASININ TODQIQATI

S.S. Aliyeva, LA. Xalafova 0000-0002-9107-4202
Azarbaycan Dovlat Neft va Sanaye Universiteti
shamsaliyeval6@gmail.com

Sabit magnit sahasinda aparilan sonraki katalitik kreking prosesi ticiin vakuum gazoylu ila
qarisdirmagq tigiin uygun DAO-nun alda edilmasi magsadilo magnit sahasinda vakuum galiginin
asfaltdan tomizlanmoasi prosesi todgiq edilmisdir.

Asfaltlanma prosesinda magnit sahasinin ehtimal olunan tasir mexanizmi todgiq edilmisdir.
Todgigat zamani magqnit sahasinin moévcudlugunda vakuum gazoylu va Qatranla asfaltdan
tomizlonmis neft mahsullar: qarisigimin katalitik krekingi tadqiq edilmis va tapintilarin yiiksak
oktan gostaricilorina malik yuksak keyfiyyatli benzinlorin istehsali iiciin zamin ola bilacayi
miayyan edilmisdir. Alinan asfaltdan tamizlonmis neftin keyfiyyatina proses temperaturu, ¢cokmoa
vaxti va halledicinin xammala nisbati do daxil olmagla bir swra amillorin tasir etdiyi askar
edilmisdir. Tadgigat zamani bu doayisanlar nazaora alinmagqla, asfaltlama prosesi zamani
magnitlo mialicanin xammala tosiri qiymatlondirilmis, arzu olunan naticalorin alda edilmasi
tictin optimal sorait mlayyan edilmisdir. Tadgigatcilar hamginin magnit moalicasinin ¢okma
middatine tasirini arasdirmglar va bunun ¢okma prosesini suratlondirdiyini askar etmislor.
Bundan alava, ionlarin vo radikallarin takli-UclU vaziyyati baximindan katalitik kreking
prosesina kostant magnit sahasinin tasir mexanizminin izahi verilmisdir.

Acar sozlar: deasfaltizasiya, katalitik kreking, deasfaltizasiya temperaturu, xammalin
magnitlo tamizlanmoasi, asfalt-gatran maddalori

97
ISNN: print 2663-7006; online 2709-2666


mailto:shamsaliyeva16@gmail.com

AJCN, Vol. 5, No. 1, 2023, pp. 98-103
https://doi.org/10.32010/AJCN04022023-98

UDC: 665. 8. 547. 431

RESEARCH OF CONSERVATION LiQUIDS MADE ON THE BASIS OF
RESIDUAL FATTY ACIDS, NITRO COMPOUNDS AND ADDITIiVES BASED
ON DERIVATIVES OF NATURAL PETROLEUM ACiDS

N. E.Mamedova®000-0001-8508-8192  ry /' Npcafov
Azerbaijan State Oil and Gas University
n.a.mamedova@inbox.ru
heydar.najafov@gmail.com

Within this research project, we have analyzed petroleum acids as a basis of corrosion
inhibitors. We conducted several laboratory experiments to define the best conditions to get
maximum efficiency. First, we take combinations of fatty acids and polyethylene polyamine
(PEPA) in a range of different molar ratios under different circumstances. We applied specific
thermo humidity chamber, sea water and sulfuric acid solutions to create conditions which
enhance corrosion rate. Then we went further to get higher efficiency, we added nitro
compounds with different molar ratios. After presence of nitro-components, final experiment
results were obtained. After completions of several experiments, we get best possible results
when we applied reaction between imidazoline and residual fatty acids with nitro compound in
a 1:2 mole ratio. It becomes clear that we need to keep specific molar ratio to enhance
corrosion protection period.

Keywords: conservation liquids, corrosion, inhibitors, corrosion inhibitors, imidazoline, fatty
acids.

INTRODUCTION

Since the storage, transportation and operation of metal equipment are mainly in
atmospheric conditions, their protection from atmospheric corrosion is of great
importance.

It should be noted that atmospheric corrosion is a continuous process, and the
dissolution of metals in this process, in most cases, depends on the characteristics of
climatic conditions, the degree of air pollution with various chemical compounds and
additives.

The fact that some chemical substances have inhibitory properties has been
known since the time when mankind was familiar with chemical compounds. The
research work on studying the mechanism of this process started after the second half of
the 20th century, because until this period, mineral oils were mainly used to protect
metal devices, mechanisms and equipment from corrosion. However, they could not
prevent water vapors from penetrating the metal surface, which could cause
intensification of rust on the metal surface, so the protective ability of oils used without
inhibitors was very low [1].

The use of conservation liquids and lubricants to prevent atmospheric corrosion is
technically more convenient and cheaper [2]. Currently, along with the intensive
development of technology, the demand for conservation fluids and lubricants is
increasing year by year, and at the same time, the requirements imposed on them are
becoming stricter.
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EXPERIMENTAL PART

Inadequate protection of various metal equipment from corrosion and the
shortening of their service life causes great damage to the oil-gas-chemical industry.
Corrosion protection remains one of the area which needs to be improve. One of the
most effective and reliable methods of corrosion protection in the oil and gas industry is
the application of corrosion inhibitors.

Taking into account that corrosion is such a large-scale problem, various methods
are currently applied to define most eeffective ways wagainst corrosion issue. One of
the key methods is systenthesize of imidazolines [3]. To do that, initially, a reaction of
technical petroleum acid with PEPA in a 1:1 mol ratio was carried out.

Scheme of the reaction of technical petroleum acid with polyethylene polyamine
(PEPA).

0
V/, - 0,
Rl_C< + H,NCH,CH, (NHCH,CH,);NH, 139-144C
OH "0
0 CH,—CH,
— R—C/ 240-250°C |
NHCH,CH, (NHCH,CHp)sNH, — -5 N, N— (CH,CH,NH),CH,CH,NH,
H, -

I
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RESULT AND DISCUSSION

The physicochemical parameters of the synthesized imidazoline compound were
determined. The obtained imidazoline derivative is a reddish brown, alkaline liquid
insoluble in water, but well soluble in organic solvents [4]. Some indicators of the
imidazoline derivative are listed in table 1.

Table 1
Physico-chemical parameters of imidazoline derivatives
Synthesized Rela}tlve nght. Freezing Average Yield of
7 . density at | absorption I .
imidazoline o e temperature | molecular | imidazoli
compounds 20°C, p, | coefficient, °C weight, M, ne %
kg/m? np20 ! !
Imidazoline
synthesized on the ] .
basis of PEPA and 1193 1,5109 16 (minus) 428 91
TNT

It needs to be point out that imidazoline derivatives synthesized on the basis of
TNT and PEPA [5].

In order to conduct research, complex mixture of imidazoline which synthesized
on the basis of technical petroleum and corn fatty acid acid and polyethylene polyamine
(PEPA) as a component of conservation liquids in different molar ratios (1:1, 1:2, 1:3,
1:4 and 1:5) prepared.

Research works were carried out with conservation liquids by adding 6% of the
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prepared compositions to turbine oil. In this case, we used T-30 type as a turbine oil.

Tests of the corrosion protection effect of the prepared conservation fluids on
"Steel-3" brand steel samples in three environments (in sea water, in a 0.001% solution
of sulfuric acid in water and in the "Q-4" thermo-humidity chamber) were conducted
[6]. As a result of the tests, it was found that the addition of 6% additive to T-30 turbine
oil leads to a further increase in the corrosion protection effect of metal plates.

For example: T-30 turbine oil in the "Q-4" thermohumidity chamber had a corro-
sion protection effect of metal plates for 35 days, while the 6% addition of imidazoline
and corn acid in a 1:3 mol ratio to turbine oil showed a higher result of 229 days.

As a result of the tests, it was found that the metal plates of conservation fluids
prepared on the basis of the composition of imidazoline with corn acid in a 1:3 mol ratio
have a corrosion protection effect, while those prepared on the basis of the compositions
of other ratios (1:1, 1:2, 1:4 and 1:5 mol ratios) Metal plates of conservation fluids have
a higher corrosion protection effect.

Since the synthesized nitro compounds are highly effective as preservation
liquids, tests were conducted in various environments using the preparation of
compositions from these compounds [7].

As a raw material for the nitration reaction, a-olefin (tetradecene-1) synthesized
on the basis of ethylene oligomerization at the Nizhnekamsk oil and organic synthesis
production unit of the Russian Federation was taken. Their nitration takes place under
milder conditions (at 70-90°C, normal pressure) and the reaction product mixture of
nitro compounds is produced with a high yield. is taken. NO2, N2O4 and nitric acid in
various concentrations are used as nitrifiers [5].

Preservative liquids were prepared and tested by mixing the synthesized nitro
compound and the mixture of imidazoline with residual fatty acids (1:1, 1:2, 1:3, 1:4
and 1:5 mol ratio) in different molar ratios by adding 12% to T-30 oil.

Table 2
Test results of preservative fluids based on synthesized imidazoline and corn fatty acid

Corrosion protection period (DAYYS)

Amount of

Ne Composition of preservation inhibitors «Q-d» Sea In a 0.001%
liquids, % (%) thermohumi- | o or | solution of HsSO
dity chamber 2o
1 | T-30ail 35 16 10
2 | T-30 oil + reaction of
imidazoline and residual 6 22 6 7

fatty acids in a 1:1 mole ratio

3 | T-30 oil + reaction of
imidazoline and residual 6 107 37 38
fatty acids in a 1:2 mole ratio

4 | T-30 oil + reaction of
imidazoline and residual 6 229 117 117
fatty acids in a 1:3 mole ratio

5 | T-30 oil + reaction of
imidazoline and residual 6 125 46 48
fatty acids in a 1:4 mole ratio

6 | T-30 oil + reaction of
imidazoline and residual 6 136 59 59
fatty acids in a 1:5 mole ratio
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Table 3
Test results of preservation liquids prepared on the basis of a mixture of synthesized
nitro compound and imidazoline with residual fatty acids

Ne Corrosion protection period (DAYYS)
" . Amount of
Composition of preservation o «Q-4» thermo- Sea Ina 0.001%
. inhibitors L .
liquids, % (%) humidity water solution of
chamber H2S04

1 | T-30 oil + nitrocompound 12 110 79 48

2 | T-30 oil + reaction of
imidazoline and residual fatty
acids ina 1:1 mole ratio +
nitrocompound

12 113 78 80

3 | T-30 oil + reaction of
imidazoline and residual fatty
acids in a 1:2 mole ratio +
nitrocompound

12 283 154 155

4 | T-30 oil + reaction of
imidazoline and residual fatty
acids in a 1:3 mole ratio +
nitrocompound

12 247 118 120

5 | T-30 oil + reaction of
imidazoline and residual fatty
acids in a 1:4 mole ratio +
nitrocompound

12 275 119 119

6 | T-30 oil + reaction of
imidazoline and residual fatty
acids in a 1:5 mole ratio +
nitrocompound

12 109 33 37

As a result of the tests, it was found that the composition of the synthesized nitro
compound and imidazoline with residual fatty acids showed a high result as a
preservative liquid.

As can be seen from the results of the tests, the effect of corrosion protection of
metal plates of the "Steel-3" brand in different environments (G-4 hydrochamber, sea
water and 0.001% H.SO4 environment) with the addition of 12% of nitriding to T-30 oil
without inhibitor and 12% addition of nitriding to T-30 oil ) 35, 16, 10 and 110, 79, 48
days, respectively. 283, 154 and 155 days were shown in addition of imidazoline with
residual fatty acids (1:2 mol ratio) and 12% amount of nitro compound to T-30 oil.

CONCLUSION

To sum up, it can be highlighted that application of synthesized imidazoline and
residual fatty acids is enhance carrosion protection periods. However, to get better
results, it can be concluded that it is more appropriate to use the composition of
synthesized imidazoline with residual fatty acids and nitro compound as an inhibitor to
create more effective preservation liquids. In this way, we would manage to enhance
operability period and realibity of equipment and steel pipelines.
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UCCJIEJOBAHUE KOHCEPBAIIMOHHBIX JKUJIKOCTENH HA OCHOBE
OCTATOYHBIX ) KUPHBIX KHCJIOT, HATPOCOEJUHEHUI 1
INPUCAJOK HA OCHOBE ITPOU3BOJHBIX ITPUPOJHBIX HE®TAHbBIX
KHUCJIOT

H. 3. Mamedoeq®®0-0001-8508-8192 = pr Haoorcaghos
Azepbatioscanckuii I'ocyoapcmeennviii Yuueepcumem Hegpmu u Ilpomviuiiennocmu
n.a.mamedova@inbox.ru
heydar.najafov@gmail.com

B pamxax smozo ucciredosamenbckoco npoekma Mvl NPOAHATUZUPOSATU HeQMAHbIe KUCIOMbL
KaK OCHO8Y UH2UOUMopos Kopposuu. Mvl npogenu HecKoIbKO 1a60PAMOPHbIX IKCNEPUMEHNOS,
4mooObL ONpedenums HAuIyyuiue yciosus 0 NOLYYeHUs MAKCUMATbHOU 3¢hdexmusnocmu. Bo-
nepevix, Mvl Oepem KOMOUHAUUU JICUPHBIX Kuciom u noaudsmuiennonuamuna (PEPA) &
PA3TUYHBIX MOJAPHLIX COOMHOWIEHUAX NPU PA3IUYHbLIX 0bcmoamenvcmeax. Mvl npumenuiu
CReYuanvHylO Kamepy MepMOBIANCHOCHU, MOPCKYIO 600V U PACMBOPbl CEPHOU KUCIOMb,
KOmopbule YBenuyusaiom cKopocms KOpposuu. 3amem, umobbl noayuums 0Oo01ee GblCOKYIO
aghpexmusrnocmp, mbl 000ABUIU HUMPOCOCOUHEHUSL C PAZIUYHBIM MOJISIPHLIM COOMHOUEHUEM.
Ilocie  Oobaenenuss — HUMPOKOMNOHEHMOS  NONYYEHbl — OKOHUAMENbHble — Pe3yibmanivl
axcnepumenma. Ilocne 3a8epuieHuss HECKOIbKUX IKCNEPUMEHMO8 Mbl NOIYYULU HAUTYYHUIUE
pe3ynbmamol, NOCie NPOGeOeHUsl peaKyu MexHcoy UMUOA30IUHOM U OCIMAMOYHBIMU HCUPHBIMU
KUCTIOMAMU C HUMPOCOCOUHEHUAMU, B35AMbIX 8 MOJAPHOM coomuoutenuu 1:2. Hccnedosanus
noKasanu, 4mo O VEeIUYeHus nepuood 3auumsl Om KOPpO3UU HeoOX00UMO coOn0dams
onpeodenenHoe MOJAPHOe COOMHOULEHUE.
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Knwuesvie cnosa. roncepsayuoHHvle HCUOKOCMU, KOPPO3Usl, UHSUOUMOPbBI, UHSUOUMOPbL
KOPPO3ulU, UMUOA30IUHBL, HCUPHBIE KUCLOMbL.

TOBIi NEFT TURSULARININ TOROMOLORININ QATQILARIN OLAVO
EDILMOSi, QALIQ YAG TURSULARI VO NITROBIRLOSMO OSASINDA
HAZIRLANMIS KONSERVASIiYA MAYELORININ TODQIiQi

N.O.Mamedovq®0-0001-8508-8192 ' 1y 1 Arseofov
Azarbaycan Dovlat Neft va Sanaye Universiteti
n.a.mamedova@inbox.ru
heydar.najafov@gmail.com

Bu tadqiqat layihasi corgivasinda neft tursularinin korroziyasi inhibitorlarimin asast kimi tahlil
edilmisdir. Maksimum samoraliliyi alda etmak va alava olaraq, uzun middatli korroziyaya
davaml inhibitor alda etmak (iciin bir neca laboratoriya sinaglar kecirilmisdir. Ilkin olarag,
mixtalif saraitlorda muxtalif molyar nisbatlorda yag tursulart vo polietilenpoliamin (PEPA)
birlasmoalari gétiiriilmiisdiir. Korroziya siiratini artirmaq moQsadila xisusi rutubat kamerasi,
doniz suyu va sulfat tursusu mahlullart totbiq edilmisdir. Sonra daha yiiksok effektivlik aldo
etmok Gglin - muxtalif molyar nishatlora  malik nitro birlagmoalari  alave  edilmisdir.
Nitrobirlagmalarin an optimal mol nisbati miayyan edildikdon sonra son sinag naticalori geyd
edilmisdir. Aparilmig tocrlbalorin yekunu olaraq imidazolin vo gqalig yag tursularmin
nitrobirlagmalari ilo 1:2 mol nisbatinds reaksiyasini tatbiq etdikde mumkin olan an yaxs:
naticalori olda etdik. Qeyd etmok lazimdwr ki, korroziyadan qorunma miiddatini artirmagq iigiin
xtisusi molyar nisbatlori tatbiq etmak lazimdur.

Acar soOzlar: konservasiya mayelori, korroziya, inhibotrlar, korroziya aleyhina inhibotrlar,
imidazoline, yiksak molekullu neft tursulart.
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INVESTIGATION OF ARYLALKYLATION REACTIONS OF LIQUID
PRODUCTS OF PYROLYSIS WITH 130-190°C FRACTION IN THE
PRESENCE OF HYDROCHLORIC ACID IMPREGNATED KH-30 CATALYST
OF PHENOL
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Alkylation reactions of 130-190°C fraction of liquid products of pyrolysis with the presence of
KH-30 catalyst impregnated with hydrochloric acid of phenol were studied. As a result, the
effect of various parameters - reaction temperature, duration, molar ratios of initial
components and the amount of catalyst - on the yield and selectivity of the target product was
investigated. It was determined that the yield of para-arylalkylphenol is 78.6%, and the
selectivity is 94.3%. Although more than 100 years have passed since the study of alkylation
reactions of phenol, the preparation of alkylphenols and their various derivatives has not lost its
relevance even today. Alkylphenol-based chemical compounds are finding new effective areas of
use: they are insecticides, pesticides, etc. against agricultural pests. they are used as a ligand
for catalytic precursors used in the production, oligo- and polymerization of olefins, and as an
extractant in the purification of oil fractions from aromatic hydrocarbons.

Keywords: phenol, fraction 130-190°C, catalyst, arylalkylation, para-arylalkylphenol.

INTRODUCTION

The 130-190°C fraction of liquid products of phenol and pyrolysis was taken as
raw material for research. Newly expelled and purified phenol was used for
experiments: Thoil - 182°C, Tmelting - 41°C, molar mass — 94 [1].

Fraction of liquid products of pyrolysis Fraction of liquid products of pyrolysis is
obtained from the rectification of liquid products obtained as a result of pyrolysis of
low-octane gasoline and has the following physicochemical parameters: Tpoii - 130-
190°C, n2°- 1.5160, pZ° - 0.8578, molar mass - 120.

KH-30 impregnated with 10% hydrochloric acid was also used as a catalyst for
alkylation reactions. The catalyst is prepared according to the following procedure. The
KH-30 catalyst is first kept in distilled water for 1 day, separated from the water, then
10% hydrochloric acid is soaked in the catalyst and evaporated, it is dried in an oven at
100°C, and the temperature is continuously raised from 200°C to 600°C. Then the
catalyst is cooled and used [2].

Arylalkylation reactions of phenol with fraction of liquid products of pyrolysis
were carried out in a flask under laboratory conditions. The mixture of components is
mixed in the reaction zone for 2-8 hours with the presence of KH-30M catalyst, cooled
to 40°C, filtered and separated from the catalyst while hot, and rectified. First, fraction
of pyrolysis liquid products and phenol, which do not react up to 200°C, are rectified,
and then the target products are rectified in vacuum (10 mm Hg) [3-5]. The composi-
tion, physic-chemical parameters and structures of alkylphenols removed from alkylate
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are determined by spectral methods.
EXPERIMENTAL PART

Chromatographic analysis of reaction and rectification products was carried out
on LXM-72 chromatograph. Column length - 2m, solid carrier - chromaton - N-AW
DMC acid-washed and silanized with dimethylchlorosilane 0.2 = 0.25mm fraction, 5%
SE-30 methylsiloxane elastomer was taken as stationary phase. Initial column
temperature 50°C, final temperature 280°C, programming speed - 10 °C/min, carrier
helium gas rate - 50 ml/min, evaporator temperature - 300°C, chart tape speed - 60
mm/h. 100% of the sum of the areas of the total peaks was taken as the basis for
calculating the number of components in %.

Separation of pyrolysis liquid products was done in order to increase the
concentration of unsaturated hydrocarbons (especially styrene and a-methylstyrene) in
the fraction.

In order to find the effective conditions of the arylalkylation reaction of phenol
with PMMF, the effect of various parameters - reaction temperature, duration, mole
ratios of primary components and the amount of catalyst - on the yield and selectivity of
the reaction products was investigated. The temperature of alkylation reactions of
phenol is 80-140°C, the duration of the experiment is 2-8 hours, the molar ratio of
phenol to Fraction of liquid products of pyrolysis is from 1:1 to 1:4, and the amount of
catalyst is 5-15% (table 1).

The pyrolysis liquid product brought from the Sumgayit "Sintez Kauchuk™ plant
and expelled from it is provided in a high-level table of more than 130 - 190°C.

Table 1
Fractional composition of pyrocondensate and FLPP

Hydrocarbons Pyrocondensate FLPP
2Ca 0.25 -
2Cs 7.17 -
2.Cs 8.32 1.67
>Cy 3.58 1.04
Benzene 22.75 6.21
>Cs 4.76 2.05
Toluene 17.81 5.33
>Co 2.58 3.61
Ethylbenzene 2.60 3.17
m- xylene 3.25 7.73
p- xylene 1.63 5.20
0- xylene 3.56 6.53
isopropylbenzene 2.21 5.26
styrene 10.83 32.18
a- methylstyrene 1.87 5.96
Vinyltoluene 4.60 7.37
inden 0.59 4.28
indan 1.14 -
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One of the important factors in the study of alkylation reactions of phenol with
FLLP is the amount of catalyst used to carry out the reaction.

RESULT OF EXPERIMENT

Table 2 shows the results of the chromatographic analysis of FLLP before and
after the reaction.

It can be seen from table 2 that styrene, a-methylstyrene, vinyltoluene and indene
are included in the alkylation reaction with phenol. After the reaction, the density of
styrene in FLLP decreased from 32.18 to 34.2%, the density of a-methylstyrene
decreased from 5.96 to 0.95%, the density of vinyltoluene decreased from 7.37 to
1.78%, and the density of indene decreased from 4.28% to 4.28% [6-8].

Table 2
Results of chromatographic analysis of FLLP before and after reaction
Hydrocarbons Before the reaction After the reaction

2Co 1.67 3.52
>C 1.04 2.86
Benzene 6.21 11.77
2.Cs 2.05 5.13
Toluene 5.33 9.07
2.Co 3.61 5.82
Ethylbenzene 3.17 6.27
m- xylene 7.73 10.75
p- xXylene 5.20 8.54
0- xylene 6.53 11.30
isopropylbenzene 5.26 12.43
styrene 32.18 3.42
a- methylstyrene 5.96 0.95
Vinyltoluene 7.37 1.78
Phenol - 2.52
inden 4.28 0.56

The table shows the results of alkylation reactions of phenol with FLLP in
the presence of KH-30 catalyst impregnated with hydrochloric acid.

The effect of the molar ratio of the initial components in the reaction mixture is
also important. The direction of the reaction can be regulated by increasing or
decreasing the concentrations of the primary components [9-12].

Since the unsaturation of FLLP is 32-35%, a 1:3 mole ratio of phenol to fraction
can be considered acceptable. At these molar ratios of primary components, the yield of
para-arylalkylphenol is 78.5%, and the selectivity is 94.3% with respect to the target
product.

As we know, in the alkylation of phenol with FLLP, when the reaction
temperature increases from 80 to 110°C, the product yield increases from 36.7 to 78.5%
(at this time, the selectivity changes from 86.1 to 94.3%). Alkylphenyl ethers are
obtained at low reaction temperatures. With increasing temperature, the alkyl group
migrates to the ortho-position closer to the hydroxyl group of phenol. The presence of
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ortho-alkylphenol up to 5-8% in alkylate is explained by this factor. By increasing the
reaction temperature to 140°C, the yield of the target product decreases to 67.0%, and
the selectivity decreases to 76.2%. The decrease in selectivity is explained by the
formation of di- and tri-substituted alkylphenols at high temperatures.

One of the main factors affecting the yield and selectivity of the target product is
the reaction time. By increasing the mixing time of the primary components taken for
the reaction in the flask from 2 to 5 hours, the yield of the target product increases from
28.3 to 78.5% according to the phenol taken. By increasing the meeting time of the
components up to 8 hours, the yield of the target product is 69.6%, and the selectivity is
89.4%. The relatively low selectivity is explained by the acquisition of side products.

The effect of the molar ratio of the initial components in the reaction mixture is
also important. The direction of the reaction can be regulated by increasing or
decreasing the concentrations of the primary components.

As it is known, by taking the molar ratio of phenol to FLLP of 1:3, a high value of
yield and selectivity of the target product can be achieved.

Para-arylalkylphenol is removed from the alkylate by rectification and its
physicochemical parameters are determined. The results are given in table 3.

Table 3
Para-arylalkylphenol is separated from alkylate by rectification and its
physicochemical parameters

: Functional
.0 0
ol It();mmrg 20 v | Mol. Element analysis, % composition, %
P c.st. b | P4+ | Mass | Calculated | Found OH

C H | C | H | Calculated| Found
p-alkyk- | 160,180 | 1.5675 | 0.973 200 | 84.3 | 7.1 | 84.2] 6.8 8.6 8.3
phenol

CONCLUSION

The reactions of p- alkylphenol components of the 130-190°C fraction of pyrolysis
products in the presence of a zeolite-containing KN-30 catalyst were studied. It has been
established that under the optimal mode, the yield of the target p- alkylphenol is 81.2%
of the amount predicted theoretically for the given amount of phenol, and the selectivity
is 94.7% for the target product.

Thus, as a result of the conducted research, it was determined that the arylalkylation
reactions of phenol with hydrochloric acid-impregnated KH-30 catalyst and pyrolysis
fluid fraction at 130-190(1C are carried out under milder conditions, different from
other known alkylation reactions, and the yield and selectivity of the target product are
high.
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HCCJIEJOBAHME PEAKIIUI APUJIAJIKUJIMPOBAHUS KUIKUX
IMPOJAYKTOB IINPOJIN3A ®PAKLIUH 130-190°C B IPUCYTCTBUU
MPOIMUTAHHOI'O COJISTHOU KUCJOTOU KATAJIU3ATOPA KH-30
®EHOJIA

Y.P.pr6aHJZbll 0000—0002—5842—4258, A.A.FacaHoel 0000—0001—8953—491]’
yr Pacyzzogz 0000-0003-4999-2955

L Asepbationcancruii Focyoapemeennviii Yuueepcumem Heghmu u
IIpomviuinennocmu
2Uncmumym Hegpmexumuyeckux Ipoyeccos HAH Azepbaiiocana
gurbanli.ulviyya@mail.ru

Hccenedosanvl peaxyuu ankunuposanusi 130-190°C gpakyuu sHcudkux npooykmos nuponusa 8
npucymcemeuy  kamaauzamopa KH-30, nponumannoco consnoni kKuciomou ¢enora. B
pesynvmame ObLIO UCCIEO08AHO GIUSHUE DAIUUHBIX NAPAMEMPO8 - MEMNEPamypbl peaxyuu,
NPOOOIACUMENLHOCIU, MOJILHBIX COOMHOUIEHUL UCXOOHBIX KOMHOHEHMO8 U KOIUYECmEa
Kamanuzamopa - Ha GblX00 U CeleKMUBHOCMb yeneeo2o npooykma. bulio onpedeneno, umo
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8bIX00 napa-apurankuigenona cocmaesnsem 78,6%, a cenexkmuenocmo - 94,3%.

Xoms ¢ momenma u3zyueHus peaxyuii aikuiuposanus ¢enona npoutno 6onee 100 nem,
noayuenue AIKuiQeHoI08 U UX PaIUYHbIX HPOU3BOOHBIX He YIMPAMULO C80el aKMyalbHOCU U
6 Hacmosiyee epems. Xumuueckue COeOUHEHUs] HA OCHOBe AIKUIPEHON08 HAXOOSM HOBble
appexmuenvie 00IACMU NPUMEHEHUsL: MO UHCEKMUyuovl, necmuyuodvbl u Op. NPOMU8
CeNbCKOXO3SAUCMBEHHBIX — 6pedumenell. UX — UCHOAB3YIOM 8  Kawecmee  JuUeaHod — OJs
KAmManumu4eckux npeKypcopos, UCHOIb3YeMblX 6 NPOU3Bo0Ccmee, Oaueo- U NoAUMepusayull
onepunos, a maxdce @ Kauecmee IKCMPALEHMA HPU OHUCTIKE MACTAHLIX (pakyutl om
aApOMAMUYECKUX yeneso0opooos

Knrouesvte cnosa: ¢enon, ¢gpaxyus 130-190°C, kamanuzamop, apulaikuiuposanue, napa-
apunanKuigheHos.

FENOLUN XLORID TURSUSU HOPDURULMUS KH-30
KATALIZATORUNUN ISTIiRAKI iLO© PIROLIiZIN MAYE MOHSULLARININ
130-190°C FRAKSIYASI ILO ARILALKILLOSM® REAKSIYALARININ
TODQIQI
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C. Q. Rasuloy?0000-0003-4999-2955
Y4zarbaycan Doviat Neft va Sonaye Universiteti
2 Akademik Y.H. Mommadbliyev adina Neft-Kimya Proseslori Institutu
gurbanli.ulviyya@mail.ru

Fenolun xlorid tursusu hopdurulmus KH-30 katalizatorunun istiraki ilo pirolizin maye
moahsullarimin 130-190°C fraksiyast ila alkillosma reaksiyalart tadqiq olunmusdur. Noaticodo
miixtalif parametrlorin-reaksiyanin temperaturunun, miiddatinin, ilkin komponentlorin mol
nisbatlorinin vo katalizatorun miqdarinin-magsadli mahsulun ¢iximina va segiciliyina tasiri
arasdirdmisdir.  Miiayyan edilmisdir ki, reaksiyamin tapilmig optimal saraitinds para-
arilalkilfenolun ¢ixami gotiiriilon fenola gora 78.6%, segiciliyi 94.3% olur.Fenolun alkillagma
reaksiyalarinin tadqgiqgindan 100 ildsn artiq miiddst ke¢masina baxmayaragq, alkilfenollar va
onlarin miixtalif toromalarinin alinmast bu giin do oz aktualliginm itirmamigdir. Alkilfenol asash
kimyavi birlagmoalarin yeni samarali istifada sahalari askarlanmaqdadir: onlar kand tasarriifati
zararvericilorina qarst insektisidlorin, pestisidlorin va s. alinmasinda, olefinlarin oligo- va
polimerlagsmasinda istifads olunan katalitik prekursorlara ligand kimi, neft fraksiyalarimin
aromatik karbohidrogenlordan tomizlonmoasinda ekstragent kimi istifada olunurlar

Agar sozlar: fenol, fraksiya 130-190°C, katalizator, arilalkillosma, para-arilalkilfenol.
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EFFECT OF LOW OXIDATION TEMPERATURE ON PROPERTIES
AND SERVICE LIFE OF PETROLEUM ROAD BITUMEN
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Studies were researched based on the quality and operating properties of oxidized road bitumen
at different temperature conditions. The improvement of the quality of road oil bitumen,
including the thermooxidative resistance to aging, at the production stage with the reduction of
the oxidation temperature has been theoretically and empirically justified. BND 60/90 bitumen
samples were taken during the research. The samples taken were analyzed according to the
temperatures of 200, 220, 250 and 280 °C. Here, in order to increase the resistance of bitumen
samples taken at 160 °C to aging due to thermooxidative effect, softening temperature, fragility
temperature, penetration at 25 °C, mass loss, limiting shear stress, softening temperature in
Petri cups and the relationships between them were studied in different regimes. It was
determined that the preparation of asphalt-concrete mixtures and road surfaces from bitumen
obtained as a result of oxidation of raw materials at a temperature of 220 °C is considered
more favorable. It has been studied that bitumen oxidized at a temperature of 220 °C allows to
extend the service life by 1.3-1.5 times due to its aging resistance.

Keywords: bitumen, oxidation temperature, softening temperature, fragility, mass loss, road
surfaces, aging resistance, limited shear stress, thermooxidative effect.

INTRODUCTION

Oil bitumens are widely used in many fields of national economy. In
economically developed countries, their production volume is 10-15% of all processed
oil. More than 90% of the total amount of bitumen consumed in many industries is
artificial bitumen obtained from oil; their world production is tens of millions of tons.
About 10 million tons of bitumen are produced annually, and about 70% of it is road
bitumen. Due to the daily needs, worldwide economic growth, road-destroying motor
vehicles increase production activities. In addition, given the gradual disappearance of
conventional oil, oil industries are looking for new, easier bitumen production to solve
road infrastructure problems. however, they face the major challenge of developing less
expensive techniques. The service life and crack resistance of the asphalt-concrete
coating depends on the quality and properties of the bitumen.

Bitumen consists of a mixture of high-molecular hydrocarbons of the methane and
naphthenic series and their oxygenated, sulfurous and nitrogenous derivatives. Element
composition of bitumen, %: C — 70-80; H — 10-15; S — 2-9; O — 1-5; N — 0-2. These
elements are found in bitumen in the form of hydrocarbons and their compounds with
sulfur, oxygen and nitrogen. The chemical composition of bitumen is quite complex.
Thus, they can contain saturated hydrocarbons from CgHzo to CsoHs2. Bitumen is
defined as a virtually non-volatile, adhesive, and waterproofing material derived from
crude oil or present in natural asphalt, completely or nearly soluble in toluene, and
highly viscous or nearly solid at ambient temperatures.
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Road bitumen is mainly used for the construction and repair of road and airfield
surfaces. Oil road bitumens are divided into viscous and liquid types: BND (oil road
bitumen) and BN (oil bitumen). Viscous oil road bitumens are produced in five
varieties: BND 40/60, BND 60/90, BND 90/130, BND 130/200, BND 200/300; oil
(BN) - four types: BN 60/90, BN 90/130, BN 130/200, BN 200/300. The letters BND
stand for "oil bitumen", the numbers 40/60, 60/90, etc. indicate the permissible limits
for the degree of penetration depth of a standard needle at 25°C, which indirectly
characterizes the viscosity of bitumen. BND brand bitumens adhere well to stone
materials and have high enough plasticity at low temperatures and are resistant to
climatic effects. Technical characteristics of viscous petroleum bitumen are
standardized by GOST 22245-90. Viscous petroleum road bitumen is used for
liquefaction in the preparation of hot, hot and cold asphalt mixes, surface cleaning,
impregnation, as well as preparation of cold asphalt-concrete, surface cleaning and road
mixing [1-8].

EXPERIMENTAL PART

Road bitumens have good operational properties only in a very specific proportion
of their constituents. Their components are consisted of asphaltenes, resins and oils. The
hardness and high softening temperature of bitumen are determined by asphaltenes, the
flexibility and cementing properties by resins, and the frost resistance by oils. The
dependence of the operating properties of bitumens on their chemical composition is
characterized by the ratio of the asphaltene content to the total content of asphalt-resin
substances A/(A+C) and their ratio to the sum of hydrocarbons and resins A/(C+M). At
the same time, the specific weight of asphaltenes in the total amount of asphalt-resin
substances is 0.39-0.44, and the ratio of hydrocarbons and resins is 0.25-0.30.

What we got about the composition of bitumen of data (table 1) allows to
determine the main regularities between the oxidation temperature and the properties of
raw materials.

Table 1
Group chemical composition of bitumens obtained at different oxidation temperatures
Content (by mass, %) A A _ o
Ne I"Asphaltenes | Resins | Oils | (A+C) | (C+M) Bgruawgn té)r;(;g?:tznre
(A) ©) (M)
1 BND
21.13 35.82 | 43.05| 0.37 0.27 60/90 200C
2 BND
22.10 35.18 | 42.72 | 0.39 0.28 60/90 220C
3 BND
23.28 35.84 | 40.88 | 0.39 0.30 60/90 250C
4 BND
27.36 36.28 | 36.36 | 0.43 0.38 60/90 280C

As expected, the oxidation of raw materials to bitumen at 250 and 280°C leads to
an increase in the amount of asphaltenes, which leads to an increase in fragility
temperature and a decrease in penetration. The decrease in oil content explains both the
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low frost resistance of these bitumens and, as a result, the low plasticity interval.
However, the increased content of resins leads to their high elasticity at 25°C. Reducing
the oxidation temperature to 200 and 220°C helps to reduce the content of asphaltenes
in bitumen by increasing the number of oils and keeping the same number of resins.
This leads to an increase in penetration, a decrease in the fragility temperature and an
increase in the plasticity interval, which allows the bitumen to show good adhesive
properties. This can be explained as bitumens with a wider plastic range contain
significant amounts of aromatic hydrocarbons and resinous substances, which increase
the polarity of the binder and consequently improve its adhesion to stone materials. In
addition, bitumens obtained from the oxidation of raw materials with a decrease in
temperature to 200-220 °C should contain more polar and high molecular weight
asphaltenes.

RESULTS AND DISCUSSION

As we mentioned above, the main technology of bitumen production in our
country is the process of blowing oil residues and oil tars with air which is called
oxidation. The quality of oxidized bitumen normalized by the current standard - AZS
050-2001 constitutes the requirements that meet this technology. However, the
increasing demands on the materials used in road construction today require the need to
improve the quality.

Bitumens obtained by the oxidation method, regardless of the origin of the raw
materials, are not sufficiently resistant to aging processes as a result of thermal
oxidation. To eliminate this deficiency, it can be achieved by reducing the oxidation
temperature of raw materials to 200-220°C and observing all the main parameters of
oxidation at the bitumen production stage. Therefore, a decrease in the oxidation
temperature should lead to an increase in the thermal oxidation resistance of bitumen.

Evaluation of thermal oxidation resistance of bitumens obtained as a result of
oxidation of raw materials at temperatures of 200, 220, 250, 280 °C in laboratory
conditions was carried out according to the method indicated below. To increase aging
resistance, change in softening temperature, fragility, penetration at 25 °C and weight
loss were determined [9].

==200°C =={3=220°C ==f=250°C ==X==280°C
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Fig.1. Change of softening temperature (Ts) of bitumen samples under thermooxidative
effect at 160 °C.
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As can be seen from fig.1, the change in the softening temperature of bitumen
obtained at the oxidation temperature of 200 °C is 2, 3, and 4.5 times less than the
bitumen obtained at the temperatures of 220, 250, and 280 °C, respectively. In figure 2,
the change in penetration is 1.4 times less in the bitumen obtained at a temperature of
280 °C. In figure 3, the change in fragility temperature of bitumen obtained at
temperatures of 250 and 280 °C is 1.5 and 2 times lower.

=== 200C ===220C ==r=250C ==X==280"C

80 \x
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Thermooxidation time, hour

Change of
penetration, %

Fig.2. Change of penetration of bitumen samples at 160°C due to thermooxidative
effect.
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Fig.3. Change of Fraass fragility temperature (Tf) of bitumen samples under
thermooxidative effect at 160°C.
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Fig.4. Mass loss (%) of bitumen samples during thermooxidative action at 160°C.

In the initial period, mass loss in bitumen obtained by oxidation occurred more
intensively during temperature reduction and stabilized after 15 hours of heating (fig.4).
This is believed to be related to their transition to equilibrium after oxidation.It is
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believed that the test stage for the aging of bitumen in a thin layer at 160°C for 5 hours
was carried out and the obtained results corresponded to the use of bitumen on
pavement for one year.
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Fig.5. Variation of softening temperature (Ts) of bitumen samples placed in Petri cups
at 160 °C under thermooxidative effect.

We determined the changes in softening temperature according to GOST 18180-
78. The total time of bitumen heating reached 30 hours, and the softening temperature
during heating was periodically determined every 5 hours (fig.5). In parallel, the change
in the limiting motion stress in the 30 um bitumen layer was determined.

=Qm=200°C ==J=220°C ===250°C ==X==280°C
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Thermooxidation time, hour
Fig.6. Change in limiting shear stress (K2s) of bitumen samples under thermooxidative
effect at 160 °C temperature.

For bitumen obtained as a result of oxidation at temperatures of 200 and 220 °C,
the change in softening temperature during thermal aging of bitumen in a thin layer is
less intense (fig.5).

Thus, after 30 hours of heating, the softening temperature of bitumen oxidized at
high temperature increases more sharply.

According to the date in fig. 6, increasing the cohesion (adhesion) strength of the
samples analyzed at the initial stage occurs due to structuring processes, which as a
result, allowsimproving asphalt-concrete properties.

Later, the dispersed system is destroyed due to destruction processes. For
bitumens obtained by oxidation at temperatures of 200 and 220 °C.
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This period is 1.3 times less than bitumen oxidized at 250 °C and 1.7 times less
than bitumen oxidized at 280 °C.

This level corresponds to an annealing temperature in the range of 60 - 65 °C (fig.
7). At this time, asphalt-concrete coatings usually destroy bitumen observed with aging.
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Fig.7. Relationship between softening temperature (Ts) and limiting shear stress (Kzs)
for given bitumen samples.

Similar studies aimed at studying the thermooxidative resistance to aging of
bitumen samples at temperatures of 220 and 250 °C were carried out.

For each 1 kg of bitumen, the oxidation process was carried out by continuously
blowing the oxidized mass of bituminous raw materials with an air supply of 0.84 —
1.40 m3/min.

After reaching the commercial quality of the bitumen, the air supply was stopped,
the bitumen was cooled by circulation through a cooler and injected into the fuel filling
station.

The liquid and gaseous products formed during the oxidation process in the
reactor enter the condenser-cooler, and from there the separator, where it is separated
into mixed distillate (also called "black diesel fuel") and gases.

Gases are burned in the furnace. Distillate is added to boiler fuel.

The results of studying the thermooxidation resistance of bitumen obtained by
industrial oxidation are the same as the data obtained for bitumen oxidized in laboratory
conditions (fig.8-14).
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Fig.8. Change of softening temperature (Ts) of bitumen samples under thermooxidative
effect at 160°C.
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Fig.9. Change of penetration of bitumen samples at 160°C due to thermooxidative
effect.
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Fig.10. Change of Fraass fragility temperature (Tg) of bitumen samples under
thermooxidative effect at 160°C.
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Fig.11. Mass loss (%) of bitumen samples during thermooxidative action at 160 °C.

The following conclusion can be reached based on the experiments conducted to
study the thermal oxidation stability of bitumen obtained as a result of oxidation of raw
materials under different temperature conditions. Reducing the oxidation temperature in
the bitumen production process to 200-220°C allows obtaining a binder with increased
thermooxidative resistance to aging. Despite the significant reduction in the productivity
of the oxidizer, during the production of bitumen at low temperatures, road builders will
build better quality and more durable asphalt concrete pavements.
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Fig.12. Variation of softening temperature (Ts) of bitumen samples placed in Petri cups
at 160 °C under thermooxidative effect.

={3=220"C =—h=250°C
0.6
0.4

0.2

K,s, MPa

0 5 10 15 20 25 30
Thermooxidation time, hour

Fig.13. Change in limiting shear stress (Kzs) of bitumen samples under thermooxidative
effect at 160 °C temperature.
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Fig. 14. Relationship between softening temperature (Ts) and limiting shear stress (Kzs)
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CONCLUSION

1. Experimental studies conducted in laboratory conditions confirmed the
correctness of theoretical assumptions about the effectiveness of reducing the
oxidation temperature of raw materials in bitumen production.
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2. As a result of the experiments conducted on the thermooxidation stability of
bitumen obtained as a result of the oxidation of raw materials at different
temperature conditions, it was found that reducing the oxidation temperature to
200-220°C during bitumen production allows saving energy.

3. The conducted regression analysis proved the regularity of the influence of the
oxidation temperature of raw materials on their thermooxidative resistance to
aging in bitumen production. The higher the bitumen production temperature,
the faster it ages out.

4. Bitumen obtained as a result of oxidation of raw materials at a temperature of
220 °C is considered more favorable for preparing asphalt-concrete mixtures.

5. Aging resistance of bitumen allows to extend the service life by 1.3-1.5 times.
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BJUSHUE HU3KOM TEMIIEPATYPbI OKUCJIEHUS HA CBOMCTBA
N CPOK CJHYXBbI HE®TAHBIX TOPOXHBIX BUTYMOB

HCAx6epaueea0009—0001—9318—1095 A H[pr6aH060000—0001—9447—217X

Aszepbaiioncanckuil I'ocyoapcmeennviit Yuueepcumem Hedpmu u
Ipomviunennocmu
narminhaxverdiyeva@gmail.com

Hccnedosanus npoeoounucsy Ha 0CHoge Kavecmead u SKCNAYAmayuoHHbIX CEOUCME OKUCTIEHHbIX
OOPOANCHBIX OUNYMOB 8 PA3IUYHBIX MEMNepaAmypHuIX ycaosusx. Teopemuuecku u dIMRUpU4ecKu
000CHO8AHO NOBbLUEHUE KAYeCMBA OOPOJCHLIX HemAHbLIX OUMYMOS, 6 MmMOM Hucie
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MEPMOOKUCTUMENbHOU CIMOUKOCHU K CIAPEHUIo, HA CMA0ul Npou3eo0cmed npu CHUNCEHUU
memnepamypsl okucienus. Ilpu npoeedenuu ucciedosanuti Ovliu 0moopanvl 00pazyvl bumyma
FHJT 60/90. B3amule npobwsr ananusuposanu npu memnepamypax 200, 220, 250 u 280°C. 30ecw
07151 NOBbLUEHUSL CIOUKOCIU 00pa3yos bumyma, omoopanuvix npu 160°C, k cmaperuio 3a cuem
MEPMOOKUCTUMENbHO20 d(Pghexma, memnepamypovl pamscyetus, memMnepamypvl Xpynkocmi,
nenempayuu npu 25°C, nomepu mMaccwl, npedenvHO20 HANPANCeHUs CO8ued, memMnepamypvl
pasmazueHus 8 yawikax [lempu u coomHoweHUt MeNcOy HUMU USVYATUCL 8 PASHBIX PEHCUMAX.
Onpedeneno, umo bonee 6b1200HbLIM CUUMAEMCS NPULOMOBIEHUE ACHATbMODEMOHHIX cMecell U
OOPOJICHLIX NOKPBLIMULL U3 OUMYMA, NOAYYEHHO20 6 pe3Vibmame OKUCAEHUs Cblpbsi npu
memnepamype 220°C. Usyueno, umo okucienue bumyma npu memnepamype 220°C noseonsem
npooaUms cpox cayxcowvt 6 1,3-1,5 paza 3a cuem e2o cmoikocmu K CmapeHuio.

Knroueswie cnosa: 6umym, memnepamypa OKUCACHUSL, MEMNEPAmypa pasmsacyetus, Xpynkocms,
nomepst MAccol, OOPOJACHbIE HNOKPLIMUS, VCMOUYUBOCMb K CMAPEHUIO, 02paHudenHoe
HanpsiiceHue cosuad, mepmMoOKUCTUMENbHbIU I dexm.

ASAGI OKSIDLONMO TEMPERATURUNUN NEFT YOL BiTUMLARININ
XASSOLORINO VO ISTISMAR MUDDOTINO TOSIRI

N.S.Haxverd iyeva0009-0001-9318-1095 95 Qurban0v0000-0001-9447-217X
Azarbaycan Dovlat Neft va Sanaye Universiteti
narminhaxverdiyeva@gmail.com

Oksidlagmis yol bitumlarimin mixtolif temperatur saraitlorinda keyfiyyati va istismar xassalari
asasinda  tadgiqatlar aparilmigdr.  Oksidlogsmo  temperaturunun  azalmas: ilo istehsal
marhalasinda  yol neft  bitumunun  keyfiyyatinin, o clmladan  kéhnalmaya  garsi
termooksidlosdirici  dayanighliginin  yaxsilagdiriimasini  nazori va  tocriibi  cohatdon
asaslandirilmisdir. Tadgiqat zamam BND 60/90 markalr bitum niimunalori gétiiriilmiisdiir.
Gotdrilon nimunalar 200, 220, 250 va 280°C temperaturlara uygun olaraq analiz edilmisdir.
Burada 160°C temperaturda gotirilon bitum nidmunalarinin  termooksidlasdirici  tasir
naticasinda  kéhnalmaya garsi dayamqliigim  artirmaq maqsadi il mixtlif  rejimlorda
yumsalma temperaturu, kovroklik temperaturu, 25°C olan penetrasiyasi, kiitlo itkisi,
Mohdudlasdirict siiriisma goarginliyi, Petri bosqablarinda olan yumsalma temperaturu va onlar
arasindaky alaqalor Uzra tadgiqatlar apardmisdr. Miiayyon edilmisdir ki, xammalin 220°C
temperaturda oksidlasgmasi naticasinda alinan bitumlardan asfalt-beton qarisiglarmin, elaCo da
yol saothlorinin  hazirlanmasi daha alverisli hesab olunur. Todqiq edilmisdir ki, 22°C
temperaturda oksidlasmis bitum kéhnalmaya qarsi davamhiligina gora istismar muddatini 1,3-
1,5 dofa uzatmaga imkan verir.

Acar sozlar: bitum, oksidlasma temperaturu, yumsalma temperaturu, kovraklik, kitla itkisi, yol
sathlori, k6hnalmaya garst dayaniqliliq, mahdud kasilma garginliyi, termooksidlasdirici tasir.
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TAKING CONCRETE SAMPLES BASED ON WASTE ALUMINUM

G. I. Amanullayeya®000-0003-3058-6703 '\ A 'Hasanzadeh,M.1. Aliyeva0000-0001-7626-4457
M.R Mi kayl |ova0000-0002-0009-8779
Azerbaijan State Oil and Industry University
emenullayevag@gmail.com

The presented article is about obtaining concrete samples using aluminum generated as waste
or by-product from household, industry. Shikhlar sand, M400 cement produced by the Norm
plant, and various aluminum wastes were used as starting raw materials for the purchase of
concrete samples. Concrete samples based on waste aluminum were prepared according to the
mixing ratios of M500 concrete, known from the industry. Various aluminum wastes (aluminum
wire, aluminum foil and aluminum sawdust) 5%, 10% gravel, which is a natural raw material in
concrete samples. 15%, 25%, 30%. The indicators of the received concrete samples were
compared with the indicators of classical concrete.

Keywords: solid industrial waste, waste aluminum, recycling, obtaining concrete samples.

INTRODUCTION

In today's world, the increase in the volume of consumption and related
production has also increased the demand for natural resources. In this case, there is a
shortage of raw materials needed for production, which causes a delay in the process.
As a result, the possibility of meeting the ever-increasing consumer needs decreases. In
recent years, as a way out of this situation, recycling has been directed [1].

By means of recycling, the waste considered unsuitable for use gains the ability
to be produced and consumed again. Recycling meets the raw material needs of
production and at the same time creates economic efficiency because it provides raw
materials that cost less in terms of energy and budget [1].

Based on research studies, 3778.2 thousand tons of waste were generated in
Azerbaijan in 2021. This amount is 9.4% more than the previous year. 68.3% of the
collected waste was solid household waste. 31.7% was waste generated during the
production activity of various enterprises. 12.3% of production waste generated in
different areas of industry was used as raw material in enterprises. The remaining 34.2%
was sold within the country, and 1.8% was exported. 6.9% of production waste was
placed in landfills for disposal, 44.8% remained in enterprises [2].

Waste is classified into different categories. For example, production (industry)
and consumption (municipal-household) waste.Recyclable waste includes bio-waste,
polyethylene, metal, glass, paper, cardboard, etc. includes. Aluminum is the most
widely used metal material in the world after steel, and its annual consumption is 88
million tons [3]. According to the North American Aluminum Industry Sustainability
Report published by the Aluminum Association, worldwide aluminum recycling is
increasing up to 90% in transportation and construction, and up to 70% in the
production of beverage cans [4-11].

The properties of aluminum make it suitable for its use as an important material in
construction and other fields. Thus, aluminum is a light and active metal: Aluminum's
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inherent strength makes it particularly useful as a structural material, weighing up to
65% less than steel. Aluminum is naturally corrosion resistantcreates a protective oxide
coating. Various types of surface treatments can further enhance this feature. Aluminum
material integrity and processingit can be made in any shape and size without
compromising its ability. Aluminum is a good reflector of visible light and heat. This
makes it an ideal material for reflecting sunlight and saving energy. Recyclable
aluminum can be recycled without losing its quality [5,6]. Aluminum remelting saves
up to 92% of the energy required for primary aluminum production. Aluminum
construction products and their surface treatments do not pose a threat to the
environment during use [12].

In metric kilotons

China S (2771
Other Asia IEEE————— (17
Europe msss——— 5551
North America —————— 5451
Other producers m———1937
South America w1754
Japan mm]144
Middle East m551

-4000 1000 6000 11000 16000

® Recycled aluminium production worldwide

Fig. 1.Global production of recycled aluminum in 2021.

In 2021, China was at the forefront of recycled aluminum production, recycling
about 12,771 metric tons of the metal that year. Despite being third in the standingsWith
Europe recycling half the volume of the Chinese market, it left all other countries
behind (fig.1.).

The main purpose of the research work was to obtain concrete samples from the
point of view of environmental and economic efficiency using aluminum, which is
household and industrial waste. It is to create raw material for recycling business by
using aluminum waste. It is to buy new concrete samples using waste aluminum as raw
material and compare the results obtained with the purchase of classic concrete.

EXPERIMENTAL PART

In the preparation of concrete samples, waste aluminum was used as a substitute
and reusable raw material for natural gravel.

During the research, concrete samples were taken in laboratory conditions based
on aluminum waste. Concrete samples were prepared based on aluminum foil obtained
from household waste, aluminum sawdust and wire from industrial waste, M400 cement
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produced by Norm plant, Shikhlar sand, gravel and water.The natural gravel used in the
concrete samples was crushed, sieved with a size of 3-7 mm, washed and dried in an
oven. Gravel, which is a natural raw material, was replaced with aluminum waste
containing 5%, 10%, 15%, 25%, 30%. The ratio of water and cement was taken the
same in all samples.

RESULTS AND DISCUSSION

The purchase of concrete samples on the basis of waste aluminum was carried out
in accordance with the procedure for the preparation of M500 brand concrete known
from classical literature. Accordingly, the initial raw materials of the concrete materials
purchased on the basis of aluminum sawdust, foil and wire are given in tables 1-3.

Table 1
Mass composition of concrete samples based on aluminum sawdust
Starting raw materials g/cm?®
Percentages Fine
Concrete| of recycled Rude aggregate aggregate
Water/Cement
samples| aggregates Cement| Water | Natural | Recycled| Natural
% raw raw raw
materials| materials| materials
Y5 5% 0.401 132.72 53 327.8 17.2 225.62
Y10 10% 0.401 132.72 53 310.5 34.5 225.62

Y5- 5% used aluminum sawdust
Y 10- 10% used aluminum sawdust

As can be seen from table 1, crushed waste aluminum sawdust was taken with
different percentage contents (5%, 10%) and replaced gravel, which is a natural raw
material. The used gravel is pre-fractionated and washed and dried.

Table 2
Mass composition of concrete samples based on aluminum foil
Starting raw materials g/cm3
Concrete | Percentages | water/C Coarse aggregate Fine
I of recycled aggregate
SAMPIES 1 - ggregates % ement | Cement | Water| Naturally] Recycled | Natural
raw raw raw
material | materials materials
F5 5% 0.401 | 132.72 | 53 327.8 17.2 225.62
F10 10% 0.401 | 132.72 | 53 310.5 345 225.62

F5- 5% used aluminum foil
F10- 10% used aluminum foil
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Table 2 shows the mixing composition of concrete sample materials made on the
basis of household waste aluminum foil. Aluminum foil has replaced gravel, which is a
natural raw material, with 5% and 10% contents.

In Table 3, aluminum-based wire scraps replaced gravel, which is a natural raw
material, in contents of 5%, 10%, 15%, 25%, 30%. The concrete samples were prepared
in a rectangular mold of size 4x4x16 cm and a cube mold of size 4x4x4 cm. The samples
were dried in the open air for 28 days without sunlight

Table 3
Mass composition of concrete samples based on aluminum wire
Starting raw materials g/cm3
Concrete | oTCeMades |\ ter/Ce Coarse Aggregate Fine
of recycled aggregate
samples aggregates % ment | Cement| Water | Natural Recycled Natural
raw raw raw
materials | materials | materials
M5 5% 0.401 |132.72 | 53 327.8 17.2 225.62
M10 10% 0.401 | 132.72 | 53 310.5 345 225.62
M15 15% 0.401 | 132.72 | 53 293.3 51.7 225.62
M25 25% 0.401 | 132.72 | 53 258.8 86.2 225.62
M30 30% 0.401 | 132.72 | 53 241.5 103.5 225.62

M5 - 5% used aluminum foil

M10- 10% used aluminum foil
M15- 15% used aluminum foil
M25- 25% used aluminum foil
M30- 30% used aluminum foil

Hardening, workability and swelling of concrete were also observed and recorded.
The drying of the received concrete samples does not lag behind the drying of classic
concrete. The study aims to study some properties of concrete samples (density, water
resistance, resistance to temperature, shock and bending) obtained from aluminum
waste by saving local and natural raw materials.

CONCLUSION

The formation of aluminum-based waste, sources of generation, environmental
effects, possibilities of reuse were studied. In the research work, concrete samples were
obtained using aluminum waste in the content of 5%, 10%, 15%, 25%, 30%. The drying
time of these samples is not far behind the drying time of classic concrete composites.
Thus, the reuse of waste aluminum can play a positive role in solving environmental
problems, reducing the amount of waste, and saving raw materials.
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npomvluienHocmuy. B kauecmee ucxoO0noeo cvipbs 0Nl NOAVYEHUs 00pasyos Oemoua
ucnonvzosanu Iluxnapckuii necox, yemenm mapxku M400 npouszsoocmea 3asoda «Hopmy,
paziuunvle omxoowl amomunus. O6pasyvl OemoHa, HA OCHO8e ANIOMUHUEBHIX OMX0008,
20MOBUIU 8 COOMBEMCMEUU C U3BECIHBIMU 8 NPOMBIUIEHHOCU COOMHOUEHUAMU CMEUUBAHUSL
oemona mapxu M500. Paznuunvle omxoobl antoMunus (AOMUHUESAs NPOBOJIOKA, AIOMUHUEBAs]
Gonvea u anomunuesvie onuaxu) samenunu, 5%, 10%, 15%, 25%, 30% epasus, sersrowuiics
npUpoOHbIM CbipbeM 6 obpaszyax 6emona. Illoxkazamenu noayyeHHvlx 00pazyoe Oemona
CPABHUBANUCH C NOKAZAMESMU KIACCULECK020 Bemona.

Kniouesvie cnosa: meepovie npomvluiieHHble 0mX00bl, OMX00bl ALIOMUHUSL, NnepepabomKa,
noJayuerue oopasyos bemona.

TULLANTI ALUMINIUM OSASINDA BETON
NUMUNOLORINALINMASI

G.I. Amanullayevaq®0-0003-308-6703  nr 5 ITssonzada, M.1 Oliyeyq000-0001-7626-4457
MR'Mikayllova0000-0002-0009-8779
Azerbaijan State Oil and Industry University
emenullayevag@gmail.com

Toqdim olunan maqala maisatdon, sanayedon tullanti kimi va ya yan mohsul kimi yaranan
aliminiumdan istifado etmoklo beton numunalorinin  alinmasidir. Beton niimunalarinin
alinmasinda bagslangic xammal olaraq Sixlar qumu, Norm zavodunun istehsali olan M400
markali sement, miixtalif aliiminium tullantilart istifado olunmusdur. Tullanti altiminium
asasinda beton niimunalari sonayedan molum olan M500 markali betonun garisma nisbatloring
uygun olaraq hazirlanmisdr. Miixtaolif aliiminium tullantilart (aliiminium moftil, alliminium
folga va altiminium yongar) beton nimunalarinda tabii xammal olan ¢ingili 5%, 10%. 15 %,
25%, 30% nisbatlorinda avaz etmisdir. Alinan beton niimunalorin gdstiricilori klassik betonun
gostoricilari ilo muqayisa olunmusdur.

Acar sozlar: bark sanaye tullantilari, aliiminium tullantilari, tokrar emal, beton nlimunalarinin
alinmasi.
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RESULTS OBTAINED IN THE DIRECTION OF PRODUCING AVIATION
OILS FROM THE MIXTURE OF BAKU “NEFT DASHLARI” OILS

Z_G_Nasibli0009-0005-9243-6307 E.A_Guseinova0000-0003-0297-1516
Azerbaijan State Oil and Industrial University
nesiblizehra@gmail.com

The purpose of the currently presented article is to obtain some results in the direction of
producing aviation oils from a mixture of Baku "Neft Dashlari" oils. Deasphaltizates (I and Il
stages) obtained as a result of the tar deasphalting of "Neft Dashlari" oil were used as raw
materials. In order to increase the chemical resistance of the oil, processing of the oil with
various reagents was carried out with different methodologies, including using ordinary 98%
sulfuric acid and bleaching earth, neutralization with activated sulfuric acid and bleaching
earth, some adsorbents, including silica gel, and selective solvents.

Based on the obtained results, it can be noted that the deasphaltizate of ready "Neft Dashlari"
oil can be used as a raw material for the production of high-grade aviation oils. The most
effective and, at the same time, the most cost-effective way of cleaning is the cleaning of the
deasphaltizate of "Neft Dashlari" oil with NM-Pyrollidone. Here, the versatility of the method
and the fact that not only the stability of the oil but also the viscosity curve improve, however, at
the same time as a result of processing with significant losses of oil and reagent, attract special
attention.

All the other methods described in this article have some effect, that is, firstly, either the
chemical stability is increased or the viscosity curve is improved, and therefore their
combination is required; secondly, they are still less effective and also require large losses.
Keywords: aviation oils, NM-Pyrrolidone, selective solvent, sulfuric acid, viscosity, viscosity
index, silica gel, sulfuric acid.

INTRODUCTION

Over the past few decades, many advancements have taken place in the field of
aviation, which has led to an increase in the demand for modern oils. Improvements in
engine performance through more modern maintenance practices and increased fuel
efficiency, resulting in higher operating temperatures and pressures, have been the basis
for the development of modern aviation oils [8-10].

The primary functions of oils within an engine include services such as reducing
friction, cooling, sealing, cleaning, and protecting moving parts. Aviation oils form a
fluid barrier between moving parts to prevent friction and wear. As for cooling, oil
provides up to 40 percent of the cooling of an aircraft's air-cooled engine. The oil
creates a seal between the piston rings and the cylinder walls. This helps reduce wear,
provide better compression and keep contaminants out of the system while improving
fuel efficiency [11-13].

Oils become contaminated when they are used in engines. Contaminated oils are
cleaned of dirt, metallic materials and unburned carbon by means of an effective
dispersant. Oils must be renewed at certain intervals. A typical oil change interval varies
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between 25-50 hours depending on the type of engine. In addition to the hourly interval,
oils should be changed quarterly or seasonally. This process helps prevent corrosion by
removing moisture from the engine and oil. Oil types were developed by the military in
the 1940s and later standardized by the Society of Automotive Engineers (SAE). The
system classifies engine oils according to their viscosity. Oils are classified according to
their viscosity measured at high temperature for single-grade oils and at low and high
temperatures for multi-grade oils.

A different viscosity classification is used for aircraft engines than automotive and
SAE. 65W-30, 80W-40, 100W-50 and 120W-60 standards are applicable for aircraft
engines. Later, the SAE automotive classification system was adopted for aviation
multigrade oils, and ranges such as 15W-50, 20W-50, 25W-60 can be found [3].

SAE standards for lubricants include J1966 and J1899. SAE standard J1966
specifies requirements for non-dispersible (single grade) mineral lubricants used in four-
stroke piston aircraft engines. It covers the same requirements as the former MIL-L-
6082 military specification. J1899 specifies requirements for lubricating oils containing
ashless dispersant additives, identical to MIL-L-22851 [1].

Below are some technical terms, specifications, and descriptions of the various
types of lubricants used in the aviation piston engine industry.

Viscosity is a measure of an oil's resistance to shear or flow. High viscosity
indicates high resistance to flow and low viscosity indicates low resistance. It varies
depending on the temperature and also depends on the pressure. An increase in
temperature causes a decrease in viscosity, while a decrease in temperature causes an
increase in viscosity. High pressure causes an increase in viscosity, which increases the
film thickness of the oil. Viscosity is measured by shear and time. When measured by
shear, it is expressed in centipoise and is known as dynamic viscosity. Kinematic
viscosity is expressed in centistokes and is usually given at two temperatures, 40 °C and
100 °C. Kinematic viscosity is measured as the time taken for a sample of oil to flow
through a viscosity tube at standard temperature. This value is converted into
centistokes [4].

While viscosity is an oil's intrinsic resistance to flow, its viscosity index is simply
its resistance to changing flow characteristics as a result of temperature changes. If the
oil's viscosity changes very little despite significant temperature changes, the oil has a
high viscosity index. The viscosity index is an arbitrary numbering system. Higher
numbers mean the oil's viscosity changes less with temperature, while lower numbers
mean it changes more. Single-grade oils typically have a viscosity index of 90 to 110.
Multigrade oils with a viscosity index of 150 or higher can withstand extreme
temperature changes and maintain their viscosity characteristics better. Some automatic
transmission fluids are so multigrade that they can have a viscosity index of 200.
Multigrade oils are common in applications such as aviation oil, automatic transmission
fluid, power steering fluid, gear oil, and hydraulic fluid.

Viscosity index can be increased by adding viscosity modifiers or viscosity index
improvers to base oils. Several types of polymers are used to modify the viscosity index
of aviation oils. Viscosity modifiers are available in a variety of molecular weights, so
they can be selected based on the most desirable performance and cost characteristics.

Along with the viscosity, the pour point of oils is also determined, which is
considered the lowest temperature at which the oil will flow. Oils are usually selected if
the pour point is ensured to be significantly lower at the expected ambient temperatures.
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The flash or flash point of oils is the lowest temperature to which a lubricant must
be heated before it vaporizes, ignites when mixed with air and exposed to a flame
source, but does not continue to burn. It is used to determine transport and storage
temperature requirements along with potential product contamination [7].

Paraffin-naphthenic oils are available in Azerbaijan, and a number of them,
including aviation oils, are being studied. The purpose of the currently presented article
is devoted to obtaining some results in the direction of producing aviation oils from the
mixture of Baku "Neft Dashlari* oils.

EXPERIMENTAL PART

Deasphaltizates [6] (stage | and Il) obtained as a result of tar deasphalting of

Neft Dashlari oil were used as raw materials (table 1).
The data given in Table 1 were obtained as a result of the study of the properties of the
Neft Dashlari oil reserve.

Table 1
Standard properties of "Neft Dashlari" oil
"Neft Dashlari” oil
Standard Properties
| stage Il stage

Density 15 °C 0.905 0.905
Viscosity 100 °C E 44, 3.65 412
Viscosity 50 °C Es, 32 38.7
Viscosity index 93 90
Flash point °C (Brenken) 258 258
Flash point °C (MP) 270 271
Freezing temperature °C -10 -10
Coking rate according to Conradson 0.8 0.8
Ash content in weight percent 0.003 0.002
Acidity in mg KOH 0.00 0.00
Resins according to Marcousson 2.6 2.6

Simultaneously with the study of standard properties, the stability and chemical
stability of "Neft Dashlari" oil was determined.

Its stability is determined by oxidizing the oil with oxygen in a special flask at a
temperature of 200°C under slight pressure for 2.6 hours.

RESULTS AND DISCUSSION

In terms of stability, the deasphaltizate obtained from ‘“Neft Dashlari” cannot be
directly used as aviation oil, so we intend to conduct research by presenting a number of
purification methods.

In order to increase the chemical resistance of the oil, the treatment of the oil with
various reagents was carried out with the following methodology [5]:

a) Neutralization with conventional 98% sulfuric acid and bleaching earth.

b) Neutralization with activated sulfuric acid and bleaching earth.
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c) Some adsorbents, including silica gel.

d) Selective solvents.
a) Cleaning oil with conventional 98% sulfuric acid and bleaching earth.Acids are taken
in the amount of 1 and 3% of the total oil. 10 and 30% bleaching earth is taken. Acid is
added to oil at a temperature of 30-40 °C and mixed with oil for 1 hour. Precipitation
lasts for 20 hours: after precipitation, the acid resin falls down and the bleaching soil of
Zikeyevo is added to the oil. Mixing the oil with the soil lasts about 1 hour. Separation
of soil from oil is carried out with a manual filter press.
It should be noted that the viscosity does not undergo a noticeable change, although
there is a certain general decrease and some improvement in it.

Table 2
Dependence of the coking number on the amount of sulfuric acid
Sulfuric acid content % Coking number
0 16
0.2 13.6
0.4 12.2
0.6 11
0.8 10.3
1 9.8
1.5 9.1
2 8.8
3 8.6

b) Cleaning oil with activated sulfuric acid. The activation of the acid was obtained by
adding different concentrations of potassium dichromate (K,Cr,0;). Cleaning
conditions: acid cleaning temperature 30-40 °C, soil cleaning temperature 150 °C.
Treatment of oil with activated acid significantly improves chemical resistance and in
some cases (5% activated acid and 40% soil) significantly reduces the overall viscosity
of the oil, and also slightly improves the viscosity index; but at the same time, if we
compare these results with those obtained during cleaning with ordinary sulfuric acid, it
can be concluded that the activated acid does not have a greater effect.

Table 3
% dependence of the coking number on the amount of Sulfuric acid (K2Cr207)
Sulfuric acid content (%) %K,Cr,0, Coking number

0 15

0.2 13.9

0.4 13.1

0.6 11.9

0.8 11

1 10

1.5 8.9

2 8

3 7.8

c¢) Cleaning of oil deasphaltizate from “Neft Dashlari” oil with adsorbents. Bleaching
Zikey soil. The first experiments were conducted with Zikey soil. As a result, oil
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samples with the following qualities were obtained (graph 1). It is also clear from the
graph that it is possible to obtain high-quality samples with high chemical stability by
treating the oil with Zikey soil. It should be noted that although the improvement of oil
stability is directly proportional to the increase in the amount of adsorbent added to the
oil, this dependence occurs only to a certain extent.

Here, the turning point and at the same time the optimal soil area should be
considered in the amount of 40%; Oil treated with this amount has the best quality in
terms of resistance, but oil treated with 60% is considered the worst. It can be seen that
the results obtained here and the conclusions drawn regarding the improvement of
chemical resistance coincide with the opinions repeatedly expressed by researchers
working in this field.
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Fig.1. Dependence of certain indicators on the amount of bleaching earth

It should also be noted that a certain general decrease in the viscosity of oil is
observed during purification with Zikeyevo soil, but it is obvious that this decrease is
practically insignificant and cannot be of any importance.

Silica gel. The results of the experiments on the purification of “Neft Dashlari” oil
asphalt with silica gel are given in the graph below.

It is very important to note that when oil is cleaned with silica gel, the
improvement of the chemical resistance of the obtained samples occurs more sharply
than when cleaned with Zikeyevo soil. Already 10% silica gel is enough to reach almost
optimal values for stability. Further increase in the amount of silica gel no longer has a
noticeable effect. In its lower part, the curve follows a straight line to increase the
chemical resistance of the oil.

d) Treatment of oil with selective solvents is carried out either in separating
funnels or in metal reactors with mixing.

The reaction mixture is heated in an oil bath or over an open flame. Precipitation
of NM-Pyrrollidone and furfurol occurs at about 15-20°C.

After precipitation, the oil was distilled with superheated steam at a temperature

—_—
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of 200-220°C for NM-Pyrrollidone and 120-130°C for furfurol, as the oil still contained
some of the solvent In order to find the optimal conditions for cleaning with NM-
Pyrrollidone, for example: processing temperature, precipitation temperature, exposure
time and amount of reagent, many experiments were conducted, as a result of which it
can be concluded that with NM-Pyrrollidone cleaning, the oil is processed in several
stages.

The most optimal temperature during processing is 35 and 85 °C. A number of
experiments have shown that at low temperatures (about 25-40 °C) a better and more
complete removal of the high-viscosity part of the oil and a relatively small amount of
asphalt-resin substances; was clearly noticeable with a slight improvement in color and
coke content (not less than 0.40).

Precipitation of NM-Pyrrollidon with extracted substances was carried out at a
temperature not exceeding 20 °C.

The table below shows the results of deasphaltization of “Neft Dashlari” oil using
NM-Pyrrolidone. Purification with NM-Pyrrollidone takes place in two steps: one at 85
°C and another at 35 °C.
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Initial sample 10% silicium gel  20% silicium gel ~ 40% silicium gel
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Mass % of silicium gel
== \/iscosity, 50 °C —@—\/iscosity, 100 °C
== \/iscosity Index —&— Residue after oxidation

Fig.2. Oil purification with silica gel.

Table 4
The effect of the amount of silica gel on the coking number.
Amount of silica gel, mass % Coking number

0 16
1 14
2 12
5 8.4
7 7.5
8 7

9 6.5
10 6.1
15 5.2
20 5.1
30 5.1

- ——————
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The data in table 5 shows that approximately 150% NM-Pyrrollidone by volume
of oil is sufficient to obtain high-quality samples.

Table 5
Refinement of “Neft Dashlari” oil deasphaltizate with NM-Pyrrollidone
. Original 100% NM- 150% NM- 300% NM-
Indicators . . : .
oil Pyrrolidone Pyrrolidone Pyrrolidone
Viscosity, 50°C 36 28.5 27.36 26.68
Viscosity, 100°C 4.1 3.83 3.94 3.83
Viscosity index 95 106 112 112
Resin, mg 3 0.76 0.6 -
Amount of coke, mg 0.87 0.58 0.2 0.21
Sediment, mg 16 0 0 0
lodine number 1.57 0.56 0.65 0.57
Flash Temperature °C 270 280 285 -

Under favorable processing conditions, the yield of refined oil is always equal to
85-90% of the weight of the initial product.

Under favorable processing conditions, the yield of refined oil is always equal to
85-90% of the weight of the initial product.

As for the remaining 10-15% extracted with NM-Pyrrollidone, this extract turns
into a highly viscous dark green oil after the NM-Pyrrollidone is distilled. Its indicators
are as follows:

Table 6
Performance of NM-Pyrrollidone after distillation
Density 15°C 0.942 lodine number 55
Viscosity 100°C 5.6 Coke 3.0
Heavy asphalt 0.0 Tar 6
Flash point °C 255

Thus, by treatment with NM-Pyrrollidone, the deasphaltizate of “Neft Dashlari”
oil is split into two fractions, each of which becomes a fully usable benign oil. Based on
the changes in the properties of refined oils (reduced viscosity at low temperatures,
reduced iodine, tar, and coke content), it can be assumed that NM-Pyrrollidone extracts
from “Neft Dashlari” oil deasphaltate, mainly high molecular weight, polycyclic
naphthenic and aromatic hydrocarbons are the main carriers of viscosity, as well as is a
significant part of unsaturated compounds and asphalt-resin substances.

CONCLUSION

Summarizing the results of the work done in terms of finding ways to improve the

deasphaltization of "Neft Dashlari" oil, the following general conclusions can be drawn.

1. The deasphaltizate of finished "Neft Dashlari" oil can serve as a raw material for
the production of high-grade aviation oils.

2. The most effective and at the same time the most cost-effective way of cleaning

is the cleaning of the deasphaltizate of "Neft Dashlari" oil with NM-Pyrollidone.
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Here, the versatility of the method, the fact that not only the stability of the oil
but also the viscosity curve is improved at the same time as a result of
processing with significant losses of oil and reagent, is particularly fascinating.
All the other methods described in this article have some effect, that is, firstly,
either the chemical stability is increased or the viscosity curve is improved, and
therefore their combination is required, and secondly, they are still less effective, and
also require large losses.
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PE3YJIBTATHBI, IOJTYYEHHBIE B HAITPABJIEHUU ITPOU3BOJCTBA
ABUAIIMOHHBIX MACEJI U3 CMECHU MACEJI BAKY "HE®T
JALIJIAPBI"

3.1 Hacu6nu®®%00592936307 13 4 [ o1i0640000-0003-0297-1516
Aszepbaiioscanckui I'ocyoapcmeennwiil Ynusepcumem Hegpmu u [Ipomviuunennocmu
nesiblizehra@gmail.com

ue/'lb npeécmamenuoﬁ cmambvbu  noceAuleHa  NnoJYy4eHur0  HEKOomopsvlx pe3yibmanos 6
HanpaeienHuu noay4erus asuadyuOHHbIX MAcCel U3 CMecu baxkuHckux macen «Hed)mb ,Z]aumapbz».

B kauecmee cuipbs ucnoavzosanu oeacarvmuzamol (1 u I cmaouu), nonyuennvie 6

pesynomame  Odeacanvmuzayuu  nepmu  «Hepmov Jawnapvry. C  yenvio  noguvluieHust
XUMUYECKOU CIOUKOCIU MACIA NPOBOOUNLACy 0OpabOmMKA MACIA PA3TUYHBIMU PeazeHmamu no
DA3HbLIM MEMOOUKAM C UCNOb308aHuem o00biunol 98%-Holl cepHOu Kuciomsl u GenunbHOU
3eMaU, HeUMpPaIu3ayuy aKkmusUpoOBaAHHOU CepHOU KUCTIOMOU U OeIUulbHOU 3eMilell, HeKOMOPbIX
a0copbenmos, 8 MoM Yucie CUTUKARes, U CENeKMUBHbLE PACMEOPUENU.

Ha ocnosanuu nonyueHHvix pe3yismamos MOICHO OMMemums, 4mo oedacharbmuzam 20mogou
negpmu «Heghmo [lawnapory modcem Obimb UCNONb306AH 8 KAYECBE CHIPbs 0151 RPOUBOOCMEA
BbICOKOCOPMHBIX AgUayuoHHbIX Macen. Haubonee sghgpexmusnvim u 6 mo sice epemsi naubonee
IKOHOMUYHBIM CROCODOM OYUCMKU ABAAemcs oducmka oeacghanrvmuzama Hepmu «Hegpmo
Hawnapvry HM-TTuporudonom. 30ecy ocoboe suumanue obpawarom Ha cebsi yHUBepCAIbHOCHb
Memooa, mo, 4mo YIyuuaemcs He moabKo CIAOUIbHOCHb MACId, HO U KPUBAsl 8513KOCMU, HO
npu 3mom 8 pezyibmame 00pabOmMKU CO 3HAUUMENbHLIMU NOMEPAMU MACAA U peaseHma.

Bce ocmanvuvie Memoowl, onucannble 8 Mol cmamve, UMeron HeKomopbwli dpgdexm, mo ecmo,
60-nepevlX, IUOO NOBLIUAECMC XUMUYECKAs. CMAOUIbHOCMb, AubO  VIyyuaemcs Kpueas
6A3KOCTU, U HNOIMOMY Mpedyemcs ux KomMOuHayus, a 60-6MOPLIX, OHU 6Ce Jice MeHee
aghpexmuansl, a makice mpebdyrom 601buUX NOMeEPU.

Knwuesvie cnosa: Asuayuonnvie macia, NM-nuppoaudon, cenexmuguvlil pacmeopumen,
CEPHAS KUCIOMA, 8A3KOCMb, UHOEKC 6513KOCMU, CUTUKAETb, CEPHASL KUCTOMA.

BAKININ “NEFT DASILARI” NEFTLORININ QARISIGINDAN AViASiYA
YAGLARININ ALINMASI iSTIQAMOTINDO OLDO OLUNAN BOZi
NOTICOLOR

Z.G Nasibli0009—0005—9243—6307 E.A HUseynova0000—0003—0297—1516
Azarbaycan Dovlat Neft va Sonaye Universiteti
nesiblizehra@gmail.com

Hal-hazirda taqdim olunan magalanin maqsadi Bakinin “Neft daslart” neftlorinin qarisigindan
aviasiya yaglarimin alinmas istiqamatinda alda olunan bazi naticalarin alinmasina hasr olunur.
Xammal kimi Neft dagslari neftinin qudronun asfaltsizlasdirilmast  naticasindo  alinan

deasfaltizatlar (/ vo /I pillali) istifade olunmusdur. Yagin kimyavi migavimatinin

yuksaldilmasi baximindan yagin miixtalif reagentlorlo islonmasi adi 98% sulfat tursusu va
agardict torpaqlaria neytrallasdirma, aktivissdirilmis sulfat tursusu va agardici torpaglarla
neytrallagdirma, bazi adsorbentlor, o cimladan, silikagel, secici halledicilardan istifada edarak
mxtalif metodologiyalar ila hayata kegirilib.

Olda olunan naticalara asasan qeyd etmok olar ki, hazir “Neft daslari” neftinin deasfaltizati
ylksak daracali aviasiya yaglarimin alinmasi iigiin  xammal kimi istifads edilo bilar.
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Tomizlomanin an effektiv va eyni zamanda an sarfali yolu “Neft daslari” nefiinin deasfaltizatimin
NM-Pirollidon ilo tomizlanmasidir. Burada tisulun ¢oxsaxaliliyi, yagin va reagentin ahamiyyatli
itkilori ilo emal naticasinda tokca yagin dayamqligr deyil, hom do 6zIUIUK ayrisinin eyni
zamanda yaxsilagmasi fakn xiisusilo diqgati calb edir.

Bu magalada tasvir olunan bitiin digar metodlar miayyan tasir gostoarir, yani birincisi, ya
kKimyavi dayamiqliq artir ya da 6zIUlUk ayrisinda yaxsilasma olur va buna gora do onlarin
birlagmasi talab olunur, ikincisi isa onlar hala do daha az tasir gostarirlor, ham da boyik itkilar
tolab olunur.

Acar sozlar: Avaiasiya yaglar,, NM-Pirollidon, segici halledici, Sulfat tursusu, 6zIuluk, 6zIiluk
indeksi, silikagel.
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