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Abstract - The article presents scientific research on the preparation and application of
compositions with the necessary concentration of activators and inhibitors in the absorbent to
reduce the corrosion rate and enhance the complete absorption of acidic components from
gases. The effectiveness of a new absorption composition containing diethylolamine (DEA),
hexamine, and carbohydrazide in purifying gases from acidic components has been
determined. According to the studies conducted, the activation of absorbents with activators
allows for more complete absorption of acidic components from gases, reduces the formation
of heat-resistant salts, thereby reducing the corrosion observed in devices and preventing
excessive accumulation in the absorber.

Keywords: gas chromatography, composite absorbent, diethylamine, hexamine
(CeH12N4), carbohydrazide (OC(N2Hz3)), carbon dioxide (COz), hydrogen sulfide (H2S), carbon
sulfide (COS), carbon disulfide (CS-), mercaptans (RSH), thiophenes (C4H4S).

Introduction

At present, due to the rapid development of industry and manufacturing,
it has become evident that the direct combustion of hydrocarbon gases is an
inefficient use of resources. Modern trends in the oil and gas industry focus on
the deep processing of gases to obtain valuable products, which in turn ensures
the efficient utilization of raw materials considered highly economically
advantageous and meets contemporary requirements [1]. Like any other raw
material, hydrocarbon gases cannot be used directly — their application
requires preliminary purification, processing, and separation into fractions
using appropriate technologies [2-3].

Globally, during the purification of hydrocarbon gases from acidic
components, alkanolamine-based absorbents play a leading role. Aqueous
solutions of diethanolamine (DEA) of various concentrations are considered
particularly effective and are widely used for the removal of acidic compounds,
especially hydrogen sulfide, from gases. However, gas compositions also
contain other acidic components such as carbon dioxide (CO,), carbonyl sulfide
(COS), carbon disulfide (CS;), mercaptans (RSH), and thiophenes [4-5].
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Materials and Research Methods

At present, in order to enhance the complete absorption of acidic
components from gases, scientific research aimed at developing and applying
compositions consisting of mixtures of activators, corrosion inhibitors, and
antifoaming additives within absorbents is of great importance.

Activators added to alkanolamine absorbents include hexamine,
piperazine, methanol, phenol, ethanolamine, arsenic acid, glycine, and
substituted amines. Corrosion inhibitors that slow down the corrosion rate
include carbohydrazide, glycols (MEG/TEG), methyldiethanolamine (MDEA),
as well as mixtures of glycols (MEG/TEG) with tertiary amines. The
introduction of these components into the absorbent further enhances its
absorption capacity and stability, reduces concentration losses, and decreases
corrosion rates and excessive foaming in the absorber [6-7].

The study began with an analysis of the composition of the raw gas
supplied to the Shurtan Gas Chemical Complex. The composition of the feed
gas was determined based on the average result of gas chromatographic
analysis over one month. According to the obtained data, the CO, content
was 3.36%, and H,S — 0.093%. These indicators exceed the standard
values established by the process regulations, which negatively affect the
efficiency of amine absorption purification.

The gas purified at the Shurtan Gas Chemical Complex is subsequently
directed as follows: the methane fraction of hydrocarbons is used as
feedstock at the GTL (Gas-to-Liquid) plant to produce synthetic fuels, while
the ethane fraction serves as raw material for polymer production within the
complex itself. The purity of these gas compositions is of primary importance
for their chemical and catalytic processing.

To improve the technical and economic performance of hydrocarbon gas
purification processes from acidic components by reducing operating costs,
a modified version of the absorption process using diethanolamine (DEA)
was developed.

Accordingly, a composite absorbent was formulated based on industrially
used diethanolamine (DEA) and activators such as hexamine and
carbohydrazide.

Diethanolamine (DEA) — NH(C,H,OH), — possesses the following
physicochemical properties: it is a liquid ranging from colorless to yellowish
in appearance, with a characteristic odor. It is well soluble in both water and
fats. The hydrogen ion index (pH) is 11 at a concentration of 100 g/L in water
at 20 °C. The density at 20 °C is 1.0959 g/cm3.

Hexamine (HMTA) — C¢H12N, — is a white crystalline powder formed
by the reaction of 4 moles of ammonia with 6 moles of formaldehyde [45; 48—
62 pp.]. In terms of structural organization, the compound resembles
adamantane, which gives it high thermal stability and chemical resistance.
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Based on toxicological assessments of hexamine exposure, it has been
established that under various application methods, no long-term health risks
have been identified, and the current level of exposure to the substance is
considered safe. Hexamine functions as a corrosion inhibitor, preventing
hydrogen-induced corrosion of equipment.

Carbohydrazide (hydrazine, 1,3-diaminourea; carbonyl dihydrazide) —
molecular formula CO(NHNH;), — is a white crystalline powder with a purity
of 98.0%. It is typically used as a 10% aqueous solution with a pH of 8.45.
Carbohydrazide is highly soluble in water and alcohol and is applied as a
corrosion inhibitor, particularly in systems where water and elevated
temperatures are present.

s
HN NH

NH, ?|J-I3
An experimental setup was prepared, with its parameters adapted to
industrial operating conditions. The process of gas absorption purification
was carried out using various composite absorbents. Tests were conducted
with seven samples, during which the purified gas and the saturated

absorbent were collected in separate containers for subsequent analysis
(Table 1) [16-18].

Table 1. Composition of absorbent mixtures based on DEA, hexamine, and carbohydrazide
for the purification of gases from acidic components

Ne Name of Water content in Concentration of components, %
- absorbent the composition, % DEA | Hexamine | Carbohydrazide
1 DEA, Sample 1 70 30 ) )
(for comparison)

2 Sample 2 with DEA 67,975 30 2 0,025

3 Sample 3 with DEA 65,975 30 4 0,025

4 Sample 4 with DEA 65,975 32 2 0,025

5 Sample 5 with DEA 63,975 32 4 0,025

6 Sample 6 with DEA 63,975 34 2 0,025

7 | Sample 7 with DEA 61,975 34 4 0,025

When preparing the above-mentioned absorbent composition, the
selection of chemical reagents was primarily based on the local origin of raw
materials, their degree of efficiency, as well as on the shortcomings observed
in the existing technological scheme.
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Results and Analysis

To ensure the efficient performance of the diethanolamine (DEA)
absorbent in the process of gas absorption purification, regular laboratory
analyses are carried out. This is necessary because, under the influence of
process parameters — such as pressure, temperature, environment, chemical
reagents, and gas composition — chemical changes may occur in the
absorbent, causing it to lose its functional properties [8—10].

Taking this into account, the following studies were conducted on DEA-
based absorbent compositions used for the purification of natural gases from
CO, and H,S:

¢ determination of carbon dioxide (CO,) content;

e determination of hydrogen sulfide (H,S) mass in saturated and
regenerated diethanolamine solutions by titration;
determination of the amount of acid—thermally stable salts;
determination of the foaming tendency of the absorbents;
determination of concentration;
determination of H,S content in DEA;
measurement of the pH value of DEA,;
determination of DEA turbidity;

o determination of DEA viscosity.

These analyses made it possible to evaluate the physicochemical
stability of the absorbent, the efficiency of its performance, and the changes
in its properties during operation and regeneration. The amount of carbon
dioxide in the DEA composition samples was determined using an Orsat
apparatus (INV 12147) in accordance with Enterprise Standard 39.2-36-201
/ ASTM D-513.

Based on the obtained results, it can be concluded that an increase in
diethanolamine concentration and the addition of an activator lead to a higher
degree of carbon dioxide removal. However, a further increase in activator
concentration does not have a significant effect on the amount of absorbed
carbon dioxide. The composition containing 2% activator and 32% DEA
concentration differed from the others in that during regeneration, minimal
absorbent concentration losses were observed [11].

Table 2. Results of Determining the CO, Content in Saturated DEA Solutions in Various Units
of Measurement

No. Samples mg | wt% | g/L | mol% | mole/L | MOlEimole
CO:;, Indicator CO> CO; CO, Cco, co,

According to Orsat
DEA, Sample 1 (for

82,0 | 5,783 | 64,429 | 3,324 1,464 0,495

1 comparison)

2 Sample 2 with DEA 83,0 | 5,848 | 64,429 | 3,342 | 1,482 0,499
3 Sample 3 with DEA 84,0 | 5,929 | 65,214 | 3,388 | 1,501 0,503
4 Sample 4 with DEA 91,0 | 6,418 | 70,592 | 3,392 | 1,625 0,505
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5 Sample 5 with DEA 910 | 6,418 | 70,592 | 3,392 1,625 0,505
6 Sample 6 with DEA 91,4 | 6,446 | 70,900 | 3,399 1,642 0,498
7 Sample 7 with DEA 919 | 6,475 | 71,219 | 3,423 1,660 0,499

The main issue lies in the degree of CO, absorption by the absorbent,
while the analysis of the absorption degree with the activator was compared
and illustrated in the graph (Figure 1).
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Figure 1. Degree of CO, Absorption by Saturated DEA Samples, CO, mole/mole DEA

Sample No. 1 represented the DEA solution used at the plant without the
addition of any activators. According to the results obtained for Sample No.
1 and other composite samples, in compositions with an increased
concentration of diethanolamine and the addition of an activator, the degree
of carbon dioxide absorption increased.

Another characteristic feature of amines is the concentration of carbon
dioxide remaining in the DEA composition after regeneration. In practice, a
decrease in DEA concentration is observed with each regeneration cycle. To
maintain the required concentration in the technological process, regular
addition of fresh amine solution is provided. In composite absorbents
containing an activator (Sample No. 4), such losses were significantly reduced.

The carbon dioxide content in the desorbed (regenerated) composite
DEA samples was also determined and calculated by laboratory methods in
various units, similar to the saturated amine solutions (Table 3).

Table 3. Determination of Carbon Dioxide Content in Desorbed Composite DEA Samples in
Various Units of Measurement

No. Samples mg wt.% g/L mole% | mole/L mo:;é?o'e
CO, Indlca(t;)rrS thcordmg to co, co, co, 0, o,
1 | DEA sample L (for 5.9 0,219 | 2,121 0,114 | 0,052 0,017
comparison)
2 | Sample2withDEA | 58 | 0,214 | 2,161 | 0,117 | 0,051 0,016
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3 Sample 3 with DEA 55 0,202 2,161 0,117 0,049 0,016
4 Sample 4 with DEA 5,3 0,194 2,157 0,113 0,047 0,014
5 Sample 5 with DEA 53 0,193 2,153 0,112 0,047 0,015
6 Sample 6 with DEA 53 0,193 2,153 0,112 0,047 0,014
7 Sample 7 with DEA 54 0,196 2,158 0,113 0,048 0,014

The amount of carbon dioxide in the desorbed DEA composition sample
indicates that the absorbent has been regenerated.

Analyses showed that the carbon dioxide content in the regenerated
absorbent samples was lower compared to the control sample. It was found
that the added activator influences the rapid and efficient absorption and
subsequent release of acidic components by the amine (Figure 2).
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Figure 2. CO, Content in Regenerated DEA Composition Samples, CO, mole/mole DEA

The essence of the analysis lies in comparing the absorbent’s capacity
based on its hydrogen sulfide absorption performance. After repeated
regeneration of the absorbent, analyses were conducted to determine the
amount of hydrogen sulfide remaining in its composition.

The next key indicator is the determination of the hydrogen sulfide
content. It can be observed that the absorption capacity of the absorbent
compositions containing activators toward H,S also increased. This is
evident from the results obtained for Sample No. 4.

The determination of hydrogen sulfide content in the regenerated DEA
samples was carried out using the above-mentioned method. However,
during the analysis of regenerated DEA, the amine samples were diluted as
follows: 10 mL of DEA was mixed with 40 mL of water, after which the
resulting 50 mL solution was titrated (Table 5).

From the analyses determining the amount of hydrogen sulfide
remaining in the absorbent after repeated regeneration, it can also be seen
that the desorption process has improved (Figure 3.4).
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Figure 3. Amount of Absorbed H,S by Saturated DEA Samples, H,S mole/mole DEA

Table 5. Determination of H,S Content in Desorbed (Regenerated) DEA Composition
Samples in Various Quantities

No. Samples mg wt.% g/L | mole% | mole/L mOII;IE'XOIe
H,S titrator indicator H,S H.S H.S H,S H,S

DEA, Sample 1 (for

1 - 10,3 0,071 | 0,0074 | 0,0071 0,003 0,00062
comparison)
2 Sample 2 with DEA 9,7 0,067 | 0,0070 | 0,0056 0,003 0,00059
3 Sample 3 with DEA 8,7 0,061 | 0,0062 | 0,0051 0,002 0,00053
4 Sample 4 with DEA 8,5 0,058 | 0,0061 | 0,0043 0,002 0,00052
5 Sample 5 with DEA 8,4 0,058 | 0,0060 | 0,0042 0,002 0,00051
6 Sample 6 with DEA 8,3 0,057 | 0,0059 | 0,0042 0,002 0,00050
7 Sample 7 with DEA 8,3 0,057 | 0,0059 | 0,042 0,002 0,00050
0,0007
0,00062
— - 5 0,0009

™ 000053 | 000052 | gogos1 | | 0,000515 0000515

= | L 4 $ rs >

£ 0.0005 1
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Figure 4. Amount of Residual H,S in Regenerated DEA Samples, H,S mol/mol DEA
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The titrator readings and the obtained results also showed a decrease
in the H,S content in the DEA composition samples. This was particularly
evident in Sample No. 3 and subsequent ones.

Determination of Thermally Stable Salts in the Absorbents

Thermally stable salts are components formed during the absorption
process as a result of the interaction between the absorbent and acidic
components, which are not decomposed or removed during desorption
(regeneration).

The study was carried out only for the desorbed DEA samples. The
amount of thermally stable salts in the DEA samples was calculated using
data on the sample density and the volume of alkali consumed for titration
(Table 6) [12].

Table 6. Content of Thermally Stable Salts in Regenerated DEA Samples

Content of
N Absorbent Sample v, V_olume of Thermally Stable
0. . Alkali Used for -
Samples Density, g/cm3 Titration. mL Salts in DEA
' Samples, wt.%
DEA, Sample 1 (for

1 comparison) 1,055 5,9 0,1118
2 | Sample 2 with DEA 1,062 5,8 0,1092
3 | Sample 3 with DEA 1,068 55 0,1030
4 | Sample 4 with DEA 1,073 54 0,1006
5 | Sample 5 with DEA 1,075 54 0,1004
6 | Sample 6 with DEA 1,077 5.3 0,0984
7 | Sample 7 with DEA 1,079 54 0,0955

The content of thermally stable salts in the desorbed DEA samples
decreased compared to the initial control sample. This is clearly illustrated in
the following graph (Figure 5).

The results showed that the amount of thermally stable salts in the
desorbed DEA samples decreased compared to the initial control sample.

With an increase in the amount of thermally stable salts, excessive
foaming of DEA is observed, which leads to the entrainment of the absorbent
into the gas stream and an increase in amine consumption. To prevent this,
the foaming tendency of the amine solutions was measured in accordance
with Enterprise Standard 39.2-22-2008.

The foaming characteristics of the absorbent were determined for the
regenerated absorbent. It was found that the additives introduced into the
DEA did not have any significant negative effect on this property.

The concentrations of the composite DEA samples after the absorption
process were determined through analysis. The concentration (%) was
measured by the titrimetric method in accordance with the “Huntsman Gas
Treating Team, Field Test Method”.

Based on the obtained results, the concentrations of the saturated and
desorbed DEA samples were determined (Table 8).
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Figure 5. Content of Thermally Stable Salts in Regenerated DEA Samples

Table 7. Characteristics for Evaluating the Foaming Properties of the Absorbent

No Composition Foam Height, | Foaming | Foam Collapse Foam
' Samples mm Ability Time, s Stability
DEA, Sample 1 (for
1 comparison) 52 Average 33 Average
2 Sample 2 with DEA 46 Average 19 Average
3 Sample 3 with DEA 45 Average 18 Average
4 Sample 4 with DEA 38 Average 13 Low
5 Sample 5 with DEA 39 Average 11 Low
6 Sample 6 with DEA 39 Average 14 Low
7 Sample 7 with DEA 31 Average 15 Average
Table 8. Concentrations of Saturated and Desorbed DEA Samples
%) W
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2 Sample 2 with DEA 1,021 5,39 27,99 | 1,013 5,65 29,57
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Sample 3 with DEA 1,015 5,35 27,98 1,009 5,63 29,58
Sample 4 with DEA 1,014 591 30,90 1,023 6,17 31,98
Sample 5 with DEA 1,017 5,75 29,98 1,011 6,09 31,94
Sample 6 with DEA 1,019 5,98 31,12 1,025 6,55 33,88
Sample 7 with DEA 1,022 6,35 32,94 | 1,006 6,41 33,78

~N[(o(oh~(w

The concentration analysis of the composite DEA samples made it
possible to compare, using graphs, the losses of saturated and desorbed
diethanolamine samples (Figure 6).

33.88 33,78
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Concentrations of saturated and desorbed DEA samples

Figure 6. Change in the Concentration of Saturated and Desorbed DEA Samples

The effect of activators on reducing absorbent concentration was
studied. According to the results, increasing the activator concentration does
not have a significant effect on absorbent losses. Sample No. 4, with the
addition of 2% activator, showed that its concentration was almost equal to
the initial DEA concentration (32%).

Such parameters of the diethanolamine samples as color, turbidity,
viscosity, and content of mechanical impurities were also studied [13-14].

Table 9. Indicators of Saturated and Regenerated DEA Samples: Color, Turbidity, pH, and
Mechanical Impurity Content

- Mechanical
No. Name Blurriness, color Tu&b;/}lll_ty, nge Impurities,
mg/L
Saturated DEA Samples
DEﬁbiigﬁé%:) (for Mpo3payvHo-3enéHhii 0,69 9,7 0.84
2 Sample 2 with DEA Mpo3payvHo-3enéHhii 0,69 10,1 0,76
3 Sample 3 with DEA Mpo3payvHo-3enéHbii 0,67 10,2 0,72

11
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4 | Sample 4 with DEA | Tlpo3payHo-3enéHbii 0,65 10,1 0,63
5 | Sample 5 with DEA | T[po3spa4Ho-3enéHbiii 0,65 10,2 0,62
6 | Sample 6 with DEA | T[lpo3payHo-3enéHbiv 0,64 10,1 0,62
7 | Sample 7 with DEA | T[pospayHo-3enéHbiv 0,64 10,2 0,61
Regenerated DEA Samples
1 DEA, Sample 1 (for Transparent green 0,56 11,0 0,70
comparison)
2 | Sample 2 with DEA Transparent green 0,54 11,1 0,56
3 | Sample 3 with DEA Transparent green 0,53 11,2 0,55
4 | Sample 4 with DEA Transparent green 0,54 11,1 0,47
5 | Sample 5 with DEA Transparent green 0,54 11,2 0,46
6 | Sample 6 with DEA Transparent green 0,54 11,1 0,46
7 | Sample 7 with DEA Transparent green 0,54 11,2 0,45

It was found that the additives introduced into the DEA did not have a
negative effect on these properties.

The conducted studies showed that activation of absorbents with
activators promotes more complete absorption of acidic components from
gases, reduces the formation of thermally stable salts, which in turn
decreases equipment corrosion and prevents excessive foaming in the
absorber. In addition, experiments demonstrated that even with a decrease
in absorbent concentration in the technological process, losses were
reduced due to the use of activators.

The absorption process was carried out using a composite absorbent
consisting of a mixture of diethanolamine (32%), hexamine (2%), and
carbohydrazide (0.025%). The gas mixture purified during absorption with
this composite absorbent—recognized as the most effective—was analyzed
by gas chromatography (Figure 10).
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Figure 7. Gas Chromatographic Spectrum of the Gas Composition Purified Using the
Composite Absorbent
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As a result of the study of the purified gas mixture by gas
chromatography, it was found that the methane content was up to 92.483%,
ethane — up t0 4.297%, propane — up to 1.151%, a mixture of n-butane and
iso-butane — up to 0.501%, a mixture of n-pentane, iso-pentane, and neo-
pentane — up to 0.137%, and hydrocarbons heavier than hexane — up to
0.493%. The analysis showed that the content of the acidic component,
carbon dioxide (CO,), was up to 0.0057%. The amount of hydrogen sulfide
(H>S) was so low that it could not be detected by the gas chromatograph.

During the natural gas purification process using amine treatment, the
analysis results after absorption with the standard absorbent —
diethanolamine (DEA) used at the plant — and the composite absorbent
were compared (Table 10).

Table 10. Comparative Analysis of Gas Chromatographic Results of Natural Gas Samples

. . Concentration of
Concentration | Concentration of Gas Purified with
No. Substance Name of Untreated Gas Purified at as
Gas, mole % | the Plant, mole % Sample No. 4,
’ ’ mole %
1 Methane (CHy) 89,83 92,548140 92,483560
2 Ethane (C;He) 4,08 4,258207 4,297052
3 Propane (C3Hg) 0,93 1,057069 1,151073
4 n-Butane (C4H1o) 0.24 0,272238 0,257529
5 iso-Butane (C4Hag) 0.22 0,236912 0,244604
6 n-Pentane (CsH1,) 0,13 0,130925 0,010134
7 iso-Pentane (CsHi») 0,127161 0,127495
8 Cet 0,31 0,512006 0,492785
9 Carbon dioxide CO» 3,36 0,010134 0,005739
10 | Hydrogen sulfide H,S 0,093 - -
11 Nitrogen N, 0,757 0,847208 0,836577
Total: 100,0000 100,0000 100,0000

The research results showed that the use of absorbent compositions in
the absorption process reduces equipment corrosion rates and lowers the
energy consumption required for amine regeneration.

In conclusion, the industrial-scale tests demonstrated positive results for
Sample No. 4. It was found that the amount of acidic components decreased
by half compared to the absorbent used at the plant.

The content of very low amounts of sulfur compounds in the purified gas
was determined by spectrophotometric methods. However, due to the
extremely low concentration of hydrogen sulfide (H,S) in the purified gas
mixture, quantitative determination was challenging. Nevertheless, trace
amounts of H,S (in ppm) were measured according to GOST 22387.2—-2021
using a specialized “Lambda 20” spectrometer under laboratory conditions.

13
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Table 11. Results of the Analysis of Very Low Levels of Sulfur Compounds in Purified Gas

Formula Unit of

Symbol | Measurement Indicator

Description

Mass of mercaptan sulfur in the analyzed
volume of absorbent solution, determined from m mkg 15,5
calibration results

Volume of gas measured by the gas meter for

3
the test v dm 6
Correction factor for converting the volume of the
analyzed gas to standard measurement K ) 0.92

conditions (temperature 20 °C, pressure
101.325 kPa)

Conversion factor from micrograms to grams 100 - 100
Concentration of all sulfur-containing compounds 3

in the gas (H,S, R-SH, COS) X g/m 0,0028

The analysis results showed that the sulfur compound content in the
purified gas, according to the spectrophotometric method, is 0.0028 g/m?
[119]. A comparison of this value with the gas purified using the plant’s
standard absorbent (0.0057 g/m® of sulfur compounds) showed that the
amount was reduced by half. The use of such an absorbent composition
ensures the absence of undesirable chemical reactions in subsequent
stages of hydrocarbon gas processing in technological units.

Conclusions

The introduction of a new composite absorbent through a pump into the
existing process is important, as it does not require significant modifications
to the technology. The use of an absorbent with the new composition allows
the achievement of the following positive effects in the system:

1. The amount of thermally stable salts formed as a result of irreversible
reactions between the absorbent and acidic gases is reduced.

2. The introduction of an activator increases the rate and degree of carbon
dioxide absorption.

3. The addition of an inhibitor and the reduction in the formation of
thermally stable salts decrease the corrosion rate of equipment.

4. The reduction of corrosion products, decreased formation of thermally
stable salts, and the use of activators prevent excessive foaming of the
absorbent in the absorber.

5. During previous cases of excessive foaming, alkanolamine was
observed to enter the purified gas. Improved process performance
prevents the absorbent from entering the gas stream, thereby reducing
diethanolamine losses.

6. Under the influence of activators, the surface tension of the solution is
reduced, allowing the absorbent to capture only acidic gases. When the
absorbent enters the expander, the amount of released gas is
minimized.
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C VITAMIiNi (ASKORBIN TURSUSU) 9SASLI TOBIi
ANTIOKSIDANT SISTEMLSRIN QIDA TEXNOLOGIYASINDA
TOTBIQi VO ONLARIN KiMY8Vi STABILLIYININ
ARASDIRILMASI

9sgarli Ravana
Naxcgivan Dévlat Universiteti
Naxgivan,Azarbaycan
ravanaasgerli@gmail.com

Xilasa - Bu tadgiqgat isinda C vitamininin (askorbin turgusu) gida texnologiyasinda tabii
antioksidant kimi tatbiqi imkanlari ve onun muxtelif xarici amillerin tasiri altinda kimyavi
stabilliyi nezeri cehatden arasdiriimisdir. Askorbin tursusunun sarbast radikallari neytrallas-
dirma mexanizmi va onun oksidlasma prosesi zamani bas veran struktur dayisikliklari tahlil
edilmisdir. Tedqgiqat naticesinde muayyan edilmisdir ki, polimer matrisloerden istifade etmakle
C vitamininin termik pargalanma stiratini azaltmaq ve qidalarin raf dmrin( tabii yolla uzatmaq
miimkiindiir. isin naticeleri dayanigl kimya prinsiplerine uygun olaraq ekoloji temiz gablas-
dirma materiallarinin yaradilmasinda istifade edile bilar.

Acar sozlar: askorbin tursusu, antioksidant, oksidlesma, gida tehllkasizliyi, dayanigli
kimya.

Giris

Muasir qida senayesinde suni konservantlarin (masalen, E-ndmrali
kimyavi gatqilar) insan saglamligina menfi tesirlari ve atraf muhit Gglin
yaratdigi riskler genis muizakire olunur. "Dayanigli Galecak" konfransinin
prioritetlorine uygun olaraq, tebii antioksidantlarin tetbigi mihim shamiyyet
kesb edir [Bhmadov, 2021, 1-2; Yusifova, 2023, 15]. Askorbin tursusu
(CeHsOs) sarbast radikallari neytrallasdiraraq qidalarin rengini, dadini ve
qgida dayarini goruyan an gliclii tabii agentlardan biridir [ibrahimov, 2022, 10-
12; Bliyev, 2021, 1-3]. C vitamini tebisatda genis yayilmisdir ve onun sanaye
istehsall ham ekoloji temiz, ham ds igtisadi baximdan semaralidir. Lakin bu
maddenin istilik, isiqg ve oksigena garsi hassasliyi onun genis tetbiqi
garsisinda asas maneadir. Bu maqgalade hamin maneaslarin nazari olaraq
nece aradan qgaldirilacagi arasdirilir.

Eksperimental hissa (Nazari metodologiya)

HO
OH
o 0.
H
HO OH
Vitamin C
Sakil 1.
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Tadgigat zamani askorbin tursusunun dehidroaskorbin tursusuna kegid
mexanizmi ve molekulyar orbitallar tahlil edilmigdir. Nazari modellar asa-
sinda C vitamininin muxtalif pH muhitlerinda ve ultrabandvsgayi (UV) stalarin
toesiri altinda pargalanma kinetikasi analiz edilmisdir. Askorbin tursusunun
stabilliyini artirmaqg dc¢ln onun muxtslif polimer matrislarde (nigasta, jelatin)
"inkapsulyasiya" olunma imkanlari riyazi modelloerle giymatlendiriimisdir
[Mammadov, 2021, 5]. Bu proses maddanin straf muhit faktorlarindan
gorunmasini ve gidaya tedricaen éturtlmasini tamin edir.

Naticalar ve onlarin mizakirasi

Tahliller géstarir ki, askorbin tursusu sulu mahlulda ylksek temperaturda
(>60 °C) siiratle pargalanaraq bioloji aktivliyini itirir.

CsHsOes— CsHeOs + 2H* + 2e

Lakin polimer 6rtiklar daxilinde onun termik stabilliyinin 40%-den ¢ox
artmasi muisahide olunur [Quliyev, 2020, 22]. Bundan alave, askorbin
tursusunun gida qablasdirmasinda plyonka soklinde tatbigi oksigenin
kegciriciliyini azaldir, bu da yaglh mahsullarin acilagsmasinin garsisini alir.
Nozeori hesablamalar stbut edir ki, tabii polimerlerlo kombinasiyada C
vitamini ham antioksidant, ham de plyonkanin mexaniki xususiyyatlarini
yaxsilasdiran bir plastifikator rolunu oynayir [Smith, 2023, 104].

Takliflar

1. Qida gablagsdirmasinda sintetik antioksidantlar (BHA, BHT) avazina bitki
mangali askorbin tursusu komplekslarindan istifade edilmasi toklif
olunur.

2. C vitamininin biopargalanan nisasta plyonkalarina inteqrasiyasi isteh-
lakgl Gglin ham qida tahllkasizliyini artirir, hem de atraf muhitin barpasi-
na xidmat edir.

3. Gelacak tadgiqatlarda C vitamininin diger tebii ekstraktlarla (masalen,
kalam suyu antosianlar) sinergik tasirinin arasdiriimasi tévsiya olunur.
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KARTOF NiSASTA 9SASLI BIOPOLIMER MATRISIN®
ANTOSIANLARIN iMMOBILIiZASIYASI: QIDA TOHLUK®SIZLIYi
UGUN INTELLEKTUAL iNDIKATOR PLYONKANIN N9Z®9Ri
MODELININ QURULMASI

9sgorli Ravana
Naxcgivan Dévlat Universiteti
Naxgivan,Azarbaycan
ravanaasgerli@gmail.com

Xiulasa - Tadqgiqat isinds biopargalanan kartof nisastasi matrisina qirmizi kalam
ekstraktindan alinan antosian pigmentlarinin immobilizasiyasi prosesinin nazari asaslari
todqiq edilmisdir. isin elmi aktualli§i, gida mshsullarinin mikrobioloji deqradasiyasi zamani
ayrilan ugucu azotlu birlesmalerin tasirinden muhitde bas veran pH dayisikliklarini vizual
signala ceviran intellektual indikator plyonkanin konseptual modelinin hazirlanmasidir.
Tadgigatda antosian molekullarinin polimer zancirleri ile molekulyar saviyyada qgarsiligl tasiri
va bu garsiligh tasirin plyonkanin reng stabilliyine tasiri nazari cahatdan asaslandiriimisdir.

Acar sozlar: kartof nisastasi, antosianlar, intellektual gablasdirma, pH-hassasliq, nazari
model, immobilizasiya.

Giris

Muasir gida gablasdirmasi sanayesinda "Dayanigli Galacek" prinsipleri
materiallarin ham ekoloji temiz, ham da "agill" funksiyalara malik olmasini
telab edir [Bhmadov, 2021, 45-47]. Kartof nisastasi yliksek amiloza tarkibi va
stabil plyonkasmalageatirma potensiali ilo nazeri tadqgigatlarin asas obyekti
hesab olunur [Quliyev, 2020, 12-14]. Tedgigatin nazeri hadsfi olan
intellektual indikatorlar, gidanin tezalik daracasini heg bir kanar cihaz taleb
etmadan istehlakgiya catdiran sistemlordir.Bitki mangali antosianlarin
(C1sH1106") pH-hassasligi onlarin molekulyar qurulusunun transformasiyasi
ilo baghdir [Memmadov, 2022, 8]. Nazeri olaraq, turs muhitde stabil olan
flavium kationu, muhit gelovilesdikde (gidanin xarab olmasi naticesinda
ammonyak ifrazi ile) deprotonasiyaya meruz qalaraq rangini dayisir [Oliyev,
2021, 112]. Bu prosesin kartof nisastasi kimi soffaf bir matris daxilinde bas
vermasi, optik indikatorlarin yaradilmasi t¢gln muhim nazari baza taskil edir
[Smith, 2023, 201].

Acidic form Mewtbral farm Basic: form

Sakil 1. Antosian molekullarinin pH mihitindan asili olaraq molekulyar transformasiyasi.
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Eksperimental hissa

Tadqigat isinds indikator plyonkanin sintezi Uglin nazari metodoloji
model hazirlanmisdir. Model iki @sas marhaleni shata edir:

1.Antosianlarin immobilizasiya mexanizmi: Qirmizi kelem ekstraktindaki
antosian molekullarinin nigasta zancirlerindaki hidroksil (-OH) qruplari ile
hidrogen rabitasi yaratmasi modeli qurulmusdur. Bu rabitslar pigmentin mat-
ris daxilinde barabar paylanmasini prognozlasdirir [Quliyev, 2020, 12-14].

2.Plyonka formalasdiriimasi: Kasting (tékma) metodunun nazari para-
meterlari miayyan edilmisdir. Plyonkanin elastikliyini tanzimlamak Uglin
nisasta/su nisbatinin (5% kutle payi) ve jelatinlesma temperaturunun (90-
95°C) plyonkanin kristallik deracasina tasiri nazeari cehatden tahlil olunmus-
dur [©hmadov, 2021, 45-47]. Qliserin kimi alava plastifikatorlarin yoxlugu se-
raitinde plyonkanin struktur bitévllyldnin nisastanin 6z amiloza molekullar
arasindaki garsiligh tasirlar hesabina tamin edilmasi nazardas tutulur.

Naticalar ve onlarin miizakirasi

Modellasdirma naticasinda indikator plyonkanin muixtalif pH intervalla-
rinda gdézlenilan reng kegcidleri tehlil edilmigdir. Nezeri prognoza goére, pH 2-
4 araliginda antosianlarin kation formasinin Gstlnliyl plyonkaya parlaq
girmizi reng verir [Mammadov, 2022, 8]. Qida mahsullarinin deqgradasiyasi
zamani ayrilan azotlu asaslarin tesiri ile muihitde galevileasma (pH 8-10) bas
verdikde, antosianlar anhidrobase formasina kegerak plyonkanin rangini
yaslil va ya mavi-yasil ¢calarlara dayisir [Smith, 2023, 201].

ACIDIC HEUTRAL BASIC
Stong Weak Heutral Weak Stong

pH 1 2 3 4 5 & 7 8 9 1o 11 12 13

Diegrades to
el

Sakil 2. indikator plyonkanin miixtslif pH intervallarinda gézlenilen vizual reng kegidleri.

Nozari hesablamalar gosterir ki, kartof nisastasi matrisi antosianlarin fo-
tostabilliyini sarbast formaya nisbaten 35-40% artirir. Plyonkanin nazeri gqa-
inlig1 (texminan 0.14 mm) onun gida gablasdirmasinda ham indikator, heam
da goruyucu tebage kimi ¢ixis etmasina imkan verir [Quliyev, 2020, 12-14].

Takliflar

Nozori tadgigatin naticalerine esasan, tebii antosian indikatorlarinin
yuksak proteinli gidalarin (balig, toyuq ati) monitoringinds "tazalik etiketi" kimi
totbigi teklif olunur. Sintetik kimyavi boyaglarin biopargalanan va barpa
olunan tabii pigmentlorle avaz edilmasi ile "yasil gablasdirma” texnologiyala-
rinin tagviqi tdvsiya edilir [©hmadov, 2021, 45-47]. Galacek tedgigatlarda bu

modelin real laboratoriya sinaglari ile genigloendiriimasi nazarde tutulur.
istinadlar
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OBTAINING A BINARY SYSTEM BASED ON STYRENE-
BUTADIENE-STYRENE POLYMER USING CARBON
NANOTUBES AND DETERMINATION OF THE FLOW INDEX OF
THE COMPOSITION MELT

Sharif Hajiyev Mahir, Aysun Rzazada Mubariz
Master students, Department of Organic substances
and technology of macromolecular compounds
Azerbaijan State Oil and Industry University
Baku, Azerbaijan
aysunrzzazada@gmail.com

ABSTRACT

This work is devoted to the preparation and investigation of a composite based on styrene—
butadiene—styrene (SBS) polymer using carbon nanotubes. Nanocomposites based on
styrene—butadiene—styrene polymer (SBS) and carbon nanotubes were prepared by the
emulsion mixing method, while the vulcanization process was carried out in accordance with
standard test methods used for SBS evaluation.

The incorporation of carbon nanotubes (CNTs) into the rubber compound improved the
compatibility of the components, and the resulting nanocomposite exhibited high thermal
stability. The nanomaterial enhanced the process ability of SBS rubber—based composites.
Compared with rubber reinforced solely with carbon black, the use of nanomaterials led to a
27% increase in stress at 100% permanent elongation. In addition, partial replacement of
carbon black resulted in an increase in the elongation at break of the vulcanization from
424.5% to 554.0%.

The mechanical properties of the obtained rubbers demonstrated that they can be
regulated by

Keywords: Styrene-butadiene—styrene rubber, carbon black, CNT, modification,
vulcanization, rheology.

INTRODUCTION

Styrene—Butadiene—Styrene (SBS) is a triblock copolymer belonging to
the class of thermoplastic elastomers, and it is one of the most important
materials combining both elastic and thermoplastic properties [1-4]. Its
structure consists of a linear PS—PB—PS block chain, where polystyrene (PS)
blocks are located at both ends and a polybutadiene (PB) segment is
positioned in the middle. This unique architecture provides SBS with rubber-
like elasticity as well as thermal form stability. The polybutadiene segment
imparts flexibility and elongation capability, while the polystyrene domains
act as rigid phases that ensure mechanical strength. Consequently, SBS
behaves as an elastomer under ambient conditions, whereas upon heating
it softens like a thermoplastic and becomes moldable [5-11].
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METHOD

Preparation and Mixing Technology of SBS-CNT Composites

For the preparation of the nanocomposites, multi-walled carbon
nanotubes (MWCNTSs) were first dispersed in a predetermined amount of
toluene and subjected to ultra-sonication in a Bandelin Sonora Super RK106
ultrasonic bath for 6 hours. This step was intended to reduce nanotube
agglomeration and to ensure good dispersion within the solvent.
Subsequently, SBS polymer was added to the dispersion at a defined ratio
(5.5 mL of toluene per 1 g of SBS) and mechanically stirred until complete
dissolution was achieved. The resulting homogeneous solution was cast as
a thin layer onto a clean glass surface and allowed to evaporate at room
temperature, yielding thin, elastic, and homogeneous composite films.

The distribution and morphology of MWCNTs within the SBS matrix were
examined using scanning electron microscopy (SEM, Philips X230 FEG)
based on both surface and fracture images. Prior to SEM analysis, the
samples were cryogenically fractured in liquid nitrogen and subsequently
gold-coated by sputter deposition to prevent surface charge accumulation
and to enhance image quality.

The electrical conductivity and resistance of the composites were
measured using a Kiteley 487 automated Pico ammeter/voltage source.
During the measurements, the applied voltage was varied from -10 V to +10
V. Based on the obtained current—voltage (I-V) characteristics, the electrical
resistance (R) was determined, after which the volume resistivity (p) was
calculated using the following equation:

p =RLA (1)

RESULTS OF EXPERIMENTAL RESEARCH

Study of rheological properties

Determination of the melt flow index (MFI) of polymer composite
systems is of great importance for establishing their processing parameters.
Taking these considerations into account, a composite based on SBS + CNT
was prepared according to the formulation given below (Table 1 ).

Table 1. Formulation of the CNT-based composite.

Sample K-1 | Sample K-2 | Sample K-3 | Sample K-4 | Sample K-5
Names of
c Component | Component | Component | Component | Component
omponents
amount, gr amount, gr amount, gr amount, gr amount, gr
Styrene—
butadiene— 100 100 100 100 100
styrene rubber
Carbon
Nanotube 1 2 3 4 5
Total 101 102 103 104 105

The binary mixture was prepared in an extruder at a temperature of 190
°C for 3 minutes.

21



Towards Sustainable Chemistry and Chemical Engineering
The 7t International Scientific Conference of Students and Young Researchers

For the binary mixtures, the flow time of the composite melts through a
2 mm capillary over a fixed distance (S = 0.002 cm) was determined (in
seconds) at different temperatures (150, 170, 190, and 210 °C) under four
different applied loads. The obtained results are presented in Table 2.

Table 2. Time required for the flow of the melts of the SBS/CNT binary system (in seconds)

145°C
Loads

Samples G1 G2 Gs Ga
43.18 10.92 8.47 5.29
K-1 40.12 18.85 7.74 4.62
41.35 11.24 8.09 4.95
44.86 13.78 9.61 6.67
K2 46.12 13.45 10.38 6.15
45.58 13.22 9.97 6.34
47.32 16.71 13.18 8.76
K3 48.05 13.64 13.64 7.94
47.61 13.41 13.41 8.33
49.42 17.94 14.48 8.18
K4 53.18 16.86 14.91 9.48
51.09 17.85 14.65 8.83

165°C
31.02 8.62 6.23 241
K1 29.85 9.19 5.48 3.28
30.21 8.41 5.79 2.89
31.58 9.15 6.74 3.21
K2 31.12 9.57 5.48 3.15
30.89 9.31 6.35 3.18
33.42 11.08 7.29 3.81
K3 33.65 8.42 7.48 4.08
33.29 9.74 7.36 3.96
33.89 9.62 7.58 4.23
K4 31.05 10.15 7.76 4.36
32.41 9.88 7.69 4.29

185°C
19.92 6.48 4,79 1.74
K1 19.15 6.01 4,23 2.04
19.48 6.24 4.51 1.88
21.54 6.64 4.45 1.72
K2 18.72 5.98 4.20 1.54
20.05 6.29 4,33 1.62
20.56 4.51 5.17 2.27
K3 18.74 4.65 6.59 3.25
19.52 4.58 5.92 2.78
23.94 6.47 5.63 3.24
K4 22.45 6.02 6.98 3.46
23.08 6.25 6.31 3.35
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The applied loads were, respectively: G1 =11.75 kg, G2 = 20.85 kg, G3
= 26.85 kg, and G4 = 34.85 kg. The pressure generated on the sample
surfaces due to the applied loads was calculated primarily using the following
equation (2).

6 _ G G
P_n_DZ_ 3.14-(0.954)2 (07144
4 4
B (2)
Pi=—t =17 = 16,9701946 kg/sm?
0,8321  0,8321
Py=—2s = 2885 _ 35967756 kglsm?
00,8321, 0,8321
=G _ 2085 _ 550570844 kg/sm?
0,8321  0,8321
Py=—t = 2% — 41,881985 kg/sm?

0,8321  0,8321

After modification of the SBS polymer with carbon nanotubes, the
prepared samples were extruded through a capillary. For this purpose, the
shear stress was calculated (Equation (3)).

TZP' I‘:P- 0.05
21 2:08 (3)

Here, P is the pressure generated on the sample surface as a result of
the applied loads; 1 is the shear stress; r is the radius of the capillary used;
and | is the length of the capillary. The calculations were performed as

follows:
P41:0,05 16,9701946 .0,05

T.= - 222 = 0,530318 - 9,806 - 10* = 5,20029833 - 10
1,6 1,6
Pa
[o =222 = BTRE0% = (,783656 - - 9,806 - 10* = 7,68453 - 10*Pa
To = 22005 - 32267756 005 _ 1008365 <L - 9,806 - 10* = 9,888027 - 10*Pa
Ts= P“1°6°5 = 2R AR o 094095 -9,806 - 10* = 120,5346955 -

104Pa
To calculate the volumetric flow rate of the melts of the composites
modified with carbon nanotubes at different compositions, Equation (4) was
used.

Q=

The values calculated based on the given equation and their decimal
logarithms are presented in Table 3.

S _mD? 0,02 3,14x(0,954)>  0,014288
t % a4 Tt 4 - t
(4)
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Table 3. Calculated volumetric flow rate (Q) values of the SBS+CNT composite (cm?3/s)

145°C
Samples Gl G2 G3 G4
K1 0,0003625 0,0013289 0,0018426 0,0030184
K2 0,0003341 0,0011423 0,0015089 0,0023547
K3 0,0003184 0,0009628 0,0011297 0,0018126
K4 0,0002961 0,0008796 0,0010364 0,0017068
165°C
K1 0,0004986 0,0017894 0,0025867 0,0053182
K2 0,0004862 0,0016128 0,0023795 0,0047429
K3 0,0004528 0,0015489 0,0020696 0,0038247
K4 0,0004685 0,0015297 0,0019823 0,0035069
185°C
K1 0,0007765 0,0024158 0,0033486 0,0080943
K2 0,0007569 0,0023947 0,0034972 0,0093986
K3 0,0007751 0,0032864 0,0025698 0,0054681
K4 0,0006589 0,0024183 0,0023875 0,0044862

In this study, the

volumetric flow rate of the composite (log Q) was
calculated, and the obtained results are presented in Table 4.

Table 4. Calculated volumetric flow rate of the SBS/CNT mixture (log Q values).

150°C
Samples Gl G2 G3 G4
K1 -3.4682 -2.9014 -2.7586 -2.5449
K2 -3.5039 -2.9687 -2.8468 -2.6543
K3 -3.5261 -3.0395 -2.9756 -2.7698
K4 -3.5586 -3.0859 -3.0134 -2.7957
170°C
K1 -3.3296 -2.7718 -2.6119 -2.2974
K2 -3.3403 -2.8169 -2.6487 -2.3476
K3 -3.3728 -2.8334 -2.7105 -2.4419
K4 -3.3871 -2.8398 -2.7282 -2.4806
190°C
K1 -3.1354 -2.6298 -2.4986 -2.0345
K2 -3.1471 -2.6431 -2.5098 -2.0492
K3 -3.1665 -2.6649 -2.6147 -2.2853
K4 -3.2098 -2.6895 -2.6446 -2.3719

Based on the calculations corresponding to the data presented in the
tables, the log y—log T dependence (shear rate and shear stress) for the
SBS/CNT binary system at 150 °C, 170 °C, and 190 °C was constructed, and
the resulting curves are shown in Figures 1, 2, and.3.
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RESULTS

To improve the photo stability of SBS-based composites, 3-5 parts by
weight of carbon nanotubes (CNTs) were added. These additives enhance the
stability of the material under solar radiation, ensuring long-term durability.

The results show that nanomaterials such as CNTs and carbon black
scatter and reflect UV radiation, preventing its penetration into the polymer
structure and reducing macromolecular degradation. Their combined use
increases surface area and improves resistance to photo degradation.
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PREPARATION AND STUDY OF A COMPOSITION BASED ON
BUTADIENE-STYRENE POLYMER USING WOOD TAR

Maryam Huseyinova
Department of Organic substances and technology of macromolecular compounds
Azerbaijan State Oil and Industry University
Baku, AZ1010, Azerbaijan, 20 Azadlig Avenue
kerem_shixaliyev@mail.ru

Abstract - This work is devoted to the topic of preparation and study of a composition
based on butadiene-styrene polymer using wood tar.

An optimal recipe for obtaining a rubber mixture using butadiene-styrene rubber and
wood tar (which we will sometimes call Kamden in the future) was selected and each
component was justified. The rubber mixture was prepared in a mixer located in the laboratory
of Bakrezin JSC and the mixing mode was set at a temperature of 1200C for 14 minutes, and
the obtained homogeneous dispersed system was cooled to 800C, sulphur and accelerators
were added to it. Then the kinetics of the vulcanization process was found. The vulcanization
mode was determined as follows: T-1580C, P -12MPa, t - 26 minutes.

The physical and mechanical properties of the vulcanization were studied and it was
shown that the indicators of the obtained product meet the requirements of the standard. To
determine the durability of these rubber products obtained, the physical and mechanical
properties of the vulcanization were determined and the sample had the following
characteristics: Tensile strength, 22 MPa, Elongation at break 340%, Residual elongation
12%. Hardness according to TM-2, 85 conventional units.

Keywords: wooden stone styrene butadiene rubber, modification, vulcanization,
rheology, IKS-analysis, vulcanization.

Introduction

Recent studies have shown that rubber and its ingredients affect various
properties of rubber and vulcanize rubber mixtures differently [1-8]. Since in
each specific case, not all, but only specific properties of rubber compounds
and vulcanizes are important, when designing a compound, the ingredients
that have the greatest influence on these properties are first selected.
Studies have shown that the ingredients that dominate the properties of
various rubber compounds and vulcanizes should be different, and these
components have a significant effect on the vulcanization of the rubber
mixture. Table 1 [9-14].

Method

In order to carry out this work, we took components in different
proportions based on BSK and determined the optimal recipe by analyzing
the samples prepared from them. Then, based on the components included
in the recipe, we calculated the components needed to prepare the rubber
mixture in a single batch, and the results are given in Table 1.
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Table 1. Calculation of components needed to prepare the rubber mixture in a single batch

(=) 2] 2 % ©
o c c o c
B 2 g g2
g8 o |3 g 8 =,
03 = |E e £ 1 © EBS
7 R 0 05 & o] £ 8 5
L © ‘5 (7] o 25 O ¢ (]
Main indicators = < =2 = € = 5 e
2 = |° S S TS
2c > ® > >a
~ E %} IS € o
o 5 2 g <
& S S 82
1 2 3 4 5 6 7
SRBS-30ARKM-15 100,00 53,19 960 0,10417 | 63,40 1,220
This radical sulfur 1,50 0,80 2050 0,00073 0,44 0,018
Sulphebamide -1, 2,50 1,32 1300 0,00192 1,17 0,030
Zinc oxide 3,00 1,60 5470 0,00055 0,33 0,037
Stearic acid 2,00 1,06 950 0,00210 1,28 0,024
Pre-vulcanization
reducing agents 0,50 0,27 1500 0,00033 0,20 0,006
Petroleum tar SPP 5,00 2,66 1000 0,00500 3,04 0,061
Oil softener 17,00 9,04 970 0,01753 10,67 0,208
Anti-aging agent 0,50 0,27 1150 0,00043 0,26 0,006
Kamed (Tree resin-
derived from cherry tree) 1,00 0,53 1010 0,00099 0,60 0,012
HAF type technical
carbon 55,00 29,26 1800 0,03056 18,61 0,672
Total 188,00 100,00 - 0,16431 | 100,00 2,294

In this work, for the first time, tree resin was used as a modifier (this resin
is called Kamerd). The kamerd was collected in August from an area called
Novkhani Baghre, located 30 km from Baku city, and its general
characteristics are shown in Figure 1.

Figure 1. Results and Discussions
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RESULTS OF EXPERIMENTAL RESEARCH

Study of rheological properties

A homogeneous rubber mixture obtained in laboratory cylinders for 14
minutes at 1200C and 12 minutes was vulcanized in the optimal
vulcanization mode (T-1580C, P -12MPa, t - 26 minutes) and the main
properties of its vulcanizate were determined (Table 4)

Table 4. Main properties of the vulcanizate of a rubber mixture based on butadiene-strol
and wood resin

Indicators

Names of indicators 1 2 3 4 5
1. Tensile strength, MPa 16 19 20 24 21
2. Relative elongation at break, % 330 370 380 390 360
3. Residual elongation,% 11.0 13.0 14.0 19.0 16.0
zul.n'irtM-Z hardness, conventional 71 79 85 87 82
5. Tear resistance, KN/M 66 68 71 76 72
(I\S/ipl:;ubber-to-metal bond strength, 3.9 5.1 5.8 74 6.9
7.Frictionresistancem3/kg force -13 -18 -15 -19 -22
8 Friction resistance m3/kgC. 61.1 56.4 68.1 71,0 62.6
9. Mass change during swelling
(20°C, 24 hours), % mass
|sobutane-to_luene (1:2) 1_0_. 19 24.9 29 34 18
Thermal resistance coefficients
(100°C, 48 hours) Ko
10. Heat resistance coefficients
(100°C 48 hours) Ko 0,95 1.10 1.35 2.08 1.78
11.Elasticity % 10 8 9 8 8
12. Ozone resistance 25°C, 72 does dr?cis does n%??;" Completely
hours, deformation - 20% not fall fall not fall apart decomposes

= 0 i
C03=0.01% wt. apart apart apart dagiimir in 109 hours

Since our goal is to obtain rubbers with chemical resistance and
mechanical strength in various aggressive environments based on BSK, we
prepared samples of rubbers obtained as a result of vulcanization and
examined them in acid, gasoline, oil, kerosene transformer oil and other
environments, and the obtained results are given in Figures 2, 3 and 4.
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Figure 3. BSK+Kamed asasinda alinmis rezinin benzinds hallolmasi grafiki
Solubility was calculated as follows:
o = =100 =475
433 -4
a = — 100 = 13,45
4,515 -3
a =———- 100 = 8,25,
= 222100 = 15,25
2,2
L -
2,0 Pad
//
S 16 /
3
1,4 //
1,2 /
1,0
0,8 12 24 36 48 50 62 74 86 100 120 327

Time, hour

Figure 4. Solubility graph of the sample in nitric acid
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Figure 5. Solubility graph of the sample in kerosene and transformer oil

The report gave the following results

a1 = 222100 = 0,19 al = 2= 100 = 0,825

a2 = 2. 100 = 0,57 a2 = 222100 = 0,365

o3 :6'4;_3. 100 = 0,85 a3 = 6’41_4- 100 = 0,6025

a4 = 7'1;_3. 100 = 1,05 a4 = 7’1i_4- 100 = 0,7775

a5 =22=.100 = 1,08 o5 = 2= 100 = 1,0477
RESULTS

1. In order to obtain rubbers resistant to oil, gasoline and aggressive
environments based on butadiene-styrene rubber, an optimal recipe was
prepared based on .-butadiene-styrene; A rubber mixture was prepared
based on optimal recipes; The rubber mixture was vulcanized and the
resistance of its vulcanizate to oil, gasoline and other aggressive
environments was studied.

2. For the first time, we obtained a nanomaterial of wood resin and used
it in the modification of butadiene-styrene rubber, thereby obtaining rubbers
with high mechanical properties.
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OBTAINING AND INVESTIGATION OF COMPOSITIONS WITH
IMPROVED PERFORMANCE PROPERTIES BASED ON SKi-3
RUBBER

Rashad Alizade
Master's student, Department of Organic substances
and technology of macromolecular compounds
Azerbaijan State Oil and Industry University
Baku, Azerbaijan
kerem_shixaliyev@mail.ru

Abstract: Obtaining and investigation of compositions with improved performance
properties based on SKI-3 rubber is devoted to obtaining rubber based on SKI-3 grade rubber
with improved physical-mechanical properties. For carrying out this work, for modification of
SKI-3 rubber, butadiene-nitrile rubber of BNK-18 grade and polymethyl methacrylate (PMMA)
were used. At the same time model rubber mixtures based on the optimal formulation were
prepared. Based on the study of properties of model rubber mixtures of non-crystallizing
special-purpose rubber BNK-18 and crystallizing general-purpose rubber SKI-3 it was
established that in the composition of formulations of industrial elastomer compositions it is
most expedient to use mechanically activated material in a planetary mill for 3 min To study
the rheological properties of binary systems SKI-3 + BNK-18 compositions were prepared on
rolls at a temperature of 140°C during 15 minutes and the obtained single-phase compositions
under different loads and temperatures (from 130 to 173°C) had the melt flow indices of this
composition determined. Thus as a result the technology of processing rubber mixtures based
on SKI-3 + BNK-18 was determined; namely; processing temperature 175°C and pressure 12
MPa.

Keywords: SKI-3 and butadiene-nitrile rubber of BNK-18 grade, modification,
vulcanization, melt indices of the composition, tensile strength.
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Introduction

For modification composite of isoprene rubber (SKI-3) many authors on
the basis of silicon dioxide was developed and obtained using multifunctional
silane, 2-aminoethyl-2-(3 triethoxysilylpropyl) aminoethyldisulfide (ATD) as
coupling agent[1-7]. Such modification significantly improved dispersion of
silicon dioxide in the corresponding composites, which was confirmed by
SEM observation. And hardness, tensile strength, stress at certain
elongation, tear strength and increase of temperature, as well as value of
dynamic loss coefficient in the range from 0°C to 80°C of vulcanized silica/IR
composites, significantly improved, especially at low dosage of ATD (24
phr)[8-14].

Method

In this work on the basis of SKI-3 and BNKS-18AMN formulation of
model rubber mixtures was developed.(Table1).

Table 1. Formulation of model rubber compounds based on SKI-3 and BNKS-18

| Ingredient | Based on BNKS-18AMN || Based on SKI-3 |
| SKI-3 I - | 100.0 |
| BNKS-18AMN | 100.0 I - |
| Ground sulfur | 1.7 I 1.0 |
| Altax (accelerator) || - || 0.6 |
| Zinc oxide | 3.0 I 5.0 |
| Guanidine F I - | 3.0 |
| Sulfenamide C I 1.0 | - |
| Industrial oil (SMZh) || 40.0 I 40.0 |

Preparation of model rubber mixtures was carried out according to
standard for SKI-3 and for BNKS-18AMN. Samples for comparison were
model elastomer compositions filled with industrial filler — low-grade carbon
black of N772 grade according to ASTM D1765-03.

SKI-3 Modification with PB and PMMA

The SKI-3 modification with PB and PMMA wires was tested at various
temperatures (°C): 1 — 85; 2 — 90; 3 — 95; 4 — 100; 5 — 105. The images
obtained are shown in Figures 1 and 2.
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Dependence of SKI-3 modification from time to time
(different PB content)
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5
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S
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Figure 1. SKI-3 modification versus modification reaction time at various temperatures.

To confirm the modification, IR spectra of SKI-3 modified with PB (2.5
wt%) were obtained. The data are e 3.IR spectra of SKI-3 modified with PB
(2.5% by weight).

concentration , % (mass)

7

7
=

355 360 365 370 375 380 385
T,K

Figure 2. Dependence of the rate constant of modification of SKI-3 on temperature and on
the concentration of PB.

rate constant copolymerization
of AA into in the presence of

O R N W b U1 O N
rate of copolymerization of AA,

The dependence of the SKI-3 modification rate constant on temperature
and PB concentration was subsequently determined (Figures 2, 3, and 4).
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Figure 3. Dependence of the modification rate of SKI-3 on temperature at a PB initiator
concentration of 1.5% (mass).

After the production of rubber compounds based on the formulation we
selected, the vulcanization process was carried out at a temperature of 158C
for 26 minutes and the main parameters of the obtained vulcanizates were
determined (Table 2).

Table 2. Results of experimental research

Ne | Parameter name Known value Proposed values
- 1 2 3 4 5 6

1 | Conditional tensile strength, MPa | 17,4 | 16,3 16,7 18,3 19,9 19,8

2 |Relative elongation, % 300 | 320 310 370 395 405

3 | Relative residual deformation, % 13 16 10 13 13,6 13,9

4 | Tear resistance, kN/m 62 67 69 68,7 69,4 69,1

5 | Abrasion, cm?(L-h) 66 67 62 59 55 56

6 | Adhesion to metal, MPa: Steel 3 5,6 52 5.1 8.5 9 9,3

7 | Adhesion to metal, MPa: Brass 3,1 - 3,4 5,2 6,7 7,5

8 |Brittleness temperature, K 266 | 232 270 244 243 246

9 | Stiffness TM-2, conventional unit 85 83 79 81 81 82
Swelling at 296 K for 24 h,

10 isooctane—toluene (70:30), % 126 | 147 | 142 106 103 10.2
Swelling at 296 K for 24 h,

1 gasoline—benzene (3:1), % ) ) 23,2 14,3 136 | 143
Aging coefficient after 48 h at

12 379 K- 0,83 | 0,89 1,15 0,88 0,89 0,98
Aging coefficient after 48 h at

13 379 K- €@ 0,77 | 0,65 | 0,92 0,8 0,79 0,89

14 |Jumping elasticity, % 12 13 17 13,9 15 13,9
Ozone resistance for 27 h at 298 | Fails | Fails | Does Does Does | Does

15 | K (deformation 20%, ozone not fail | not fail | not fail | not fail
concentration 0.015%)
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RESULTS
1. The effect of grape leaf content on the properties of SKN-3 rubber was

studied, showing that at an optimal concentration of 5-10 parts by weight,
the modified rubber exhibits higher tensile strength and lower residual
elongation.

2. The Mooney viscosity of the rubber compounds increased at grape

leaf concentrations of 5 and 6 parts by weight, but decreased at a
concentration of 10 parts by weight. Thermogravimetric analysis (TGA) was
used to assess thermal stability. SKI-3 modified with grape leaves
demonstrated increased thermal stability compared to the control sample.
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PREPARATION OF TETRACYCLIC HOMOPOLYMER AND A
COPOLYMER WITH ACRYLIC FRAGMENTS

Kh. M. Mamedova, V. S. Kadyrly, E. G. Makhmudova, R. A. Rasulova,
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Keywords: homopolymer, copolymer, cyclic monomer

The development of simple methods for the synthesis of alicyclic
monomers with various functionalities obtained from petrochemical by-
products, as well as the study of their homo- and copolymerization with the
aim of obtaining polymeric materials with a wide range of applications is one
of the most pressing problems that is the focus of researchers [1-3]. This
paper presents the results of studies of the radical polymerization of 8-
acetoxy-tetracyclo[4.4.1%°.17-1°.0"¢]dodec-3-ene (ATCD) and its
copolymerization with (meth)acrylic acids in the presence of BF3*OEt;.

Homopolymerization of ATCD and its copolymerization with
(meth)acrylic acids were carried out in bulk and in a solvent medium at a
reaction temperature of 120°C.

%

t, kat
(0} _— (e}

HaC-C-0 HaC-C-0
n

The vyield of poly-8-acetoxytetracyclo[4.4.12°.171°.0"%|dodec-3-ene at
the specified temperature and polymerization time of 10 h, in the case of the
process being carried out in a mass amount of catalyst of 5 and 10%, is
49.6% and 77.2%, respectively. The isolation of the obtained polymer from
the unreacted portion of the monomer was carried out by precipitation in ethyl
alcohol from a benzene solution.

Polymerization of ATCD was also carried out under similar conditions
using benzene as a solvent. The polymer yield when polymerizing in a 50%
benzene solution and 10% catalyst by weight was 87%. The observed
increase in polymer yield when the process was carried out in solution is due
to the high viscosity of the resulting product in bulk at the specified
temperature, which in turn complicates subsequent polymerization.

Under the above conditions, the copolymerization of ATCD with acrylic
(AC) and methacrylic (MAC) acids was studied at equal monomer weight

36


mailto:qedirlivusale@mail.ru

Towards Sustainable Chemistry and Chemical Engineering

The 7t International Scientific Conference of Students and Young Researchers

ratios. It was found that the yield of the ATCD copolymer with both AC and
MAC was only 46.3 and 45 wt.%, respectively.
0]
R-QQ—C:
o H,C OH

Il
CH,=C-C-OH
temp

o
Y
o

I
H;C-C-O I
3 H;C-C-0

R=H, CH, !

The structure of the synthesized homo- and copolymers was proven by
IR spectral analysis.

It is known that the inclusion of cyclic fragments in the macrochain
promotes increased thermal stability of the final product. Differential thermal
analysis of synthesized homopolymer and acrylic acid copolymer samples,
conducted on a LINSESIS STAPT 1600 apparatus, demonstrates the
relatively high thermal stability of the ATCD homopolymer and its acrylic acid
copolymer. In particular, the homopolymer of 8-acetoxytetracyclo-
[4.4.1%5.171° 0"¢]-dodec-3-ene is characterized by a relatively higher thermal
stability than the copolymers synthesized on its basis. A significant loss of
mass of polyacetoxytetracyclo-[4.4.12°.17°.0"%]-dodec-3-ene is observed at
224 °C and is 1.5% with a reaction enthalpy value of AH = -678.4 J/g. In
addition, in the temperature range of 443-486.5°C, an endothermic peak is
observed with a maximum reaction enthalpy of 221 J/g at a temperature of
443°C.
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PRODUCTION OF SYNTHETIC PETROLEUM ACIDS AND OXY-
PETROLEUM ACIDS VIA LIQUID-PHASE OXIDATION OF
NAPHTHENIC-PARAFFINIC HYDROCARBONS IN THE
PRESENCE OF Mn, Cr, Co, Ni, AND Zn ACETYLACETONATES
AS CATALYSTS

V.M. Abbasov, L.M. Afandiyeva, N.N. Babanli, N.N. Aliyeva, Sh.N. Ibrahimli
Academician Y.H. Mammadaliyev Institute of Petrochemical Processes
Ministry of Science and Education of the Republic of Azerbaijan
Baku, Azerbaijan
E-mail: babanlinermin@gmail.com

Abstract - Currently, various studies are being conducted in the field of the synthesis of
synthetic petroleum acids and oxy-petroleum acids. In this area, different oxidising agents are
employed to investigate their catalytic effects on the process. In particular, transition metal
acetylacetonate complexes have been utilised as oxidising agents.The dearomatised diesel
fraction was oxidised in the liquid phase for 5 hours in the presence of atmospheric oxygen.
During the oxidation process carried out in the presence of Cr, Ni, Co, Mn, and Zn
acetylacetonates, it was determined that the highest yield was obtained with the catalytic
participation of Mn acetylacetonate. Under these conditions, the yield of the mixture of
synthetic petroleum acids (SPA) and oxy-petroleum acids (OSPA) reached 33%.

Keywords: acetylacetonate, oxidation, synthetic naphthenic acids

Introduction

At present, extensive research is being conducted on the development
of new types of catalysts for investigating liquid-phase oxidation reactions of
hydrocarbons with atmospheric oxygen, as these processes play a
significant role in advancing technologies for organic and petrochemical
synthesis [1-2]. At the same time, liquid-phase oxidation of hydrocarbons in
the presence of more efficient catalysts enables the synthesis of industrially
important oxygen-containing organic compounds, such as alcohols,
aldehydes, acids, esters, and others [3,4].

Thus, the oxidation process carried out with atmospheric oxygen in the
absence of a catalyst yields relatively low results. From this perspective,
external intervention in the reaction system is required in order to enhance
the oxidative capacity of oxygen. To activate the effect of oxygen and achieve
higher yields, catalytic systems based on transition metal complexes
containing organic and inorganic ligands with variable valence states are
employed [5-7].

Experimental part

This conference paper focuses on the liquid-phase oxidation of
naphthene—paraffin hydrocarbons using acetylacetonates of manganese
(Mn), chromium (Cr), cobalt (Co), nickel (Ni), and zinc (Zn).

Fraction of Azerbaijani oils mixture taken from the Heydar Aliyev Baku
Oil Refinery, boiling at 185-329°C, was used as a raw material for the
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implementation of the oxidation process in the presented work. Initially, a
dearomatization process was performed at room temperature to remove
aromatic hydrocarbons from the feedstock, resulting in a reduction of
aromatic hydrocarbon content from 15% to 1%.

The oxidation process was conducted in a barbotage-type reactor, using
atmospheric oxygen in the liquid phase. During the experiments, which took
place at temperatures ranging from 135 to 140 °C over a duration of 5 hours,
the catalytic effects of Mn, Cr, Co, Ni, and Zn acetylacetonates as oxidation
catalysts were investigated. [8—10].

The results obtained from the experiments are presented in Table 1.

Table 1: The results of napthene-paraffinic concentrate oxidation in the presence of Metal
(Me) Acetylacetonates (t=135-140°C, air flow rate of 0.3 m%kg(h, the reaction duration — 5 h)

Oxidate SPA OSPA SPA+OSPA
The catalyst
amount on A.n., . A.n., . A.n., .
the crude,% mg Ylfld, mg Ynfld, mg Ynfld, Yield %
KOHlg | ® | koHig | * | koHig | *
Mn- acetylacetonate
0,1 42,3 94,2 138,7 12,8 120,2 8,5 21,3
0,2 52 96,2 146 14 125,2 10 24
0,3 60 96 144,5 13,5 122,6 19,5 33
Ni- acetylacetonate
0,1 36,2 95,4 136 8,2 115,4 9 17,2
0,2 50,5 96 140,5 11 122,4 7 18
0,3 50,6 95,4 138,8 10,2 125,2 8,5 18,7
Zn- acetylacetonate
0,1 25 96 135,2 6,8 110,2 8,5 15,3
0,2 28,8 95,9 138 10,5 115,8 8,8 19,3
0,3 30 96,2 138,5 9 118 9,5 18,5

Note: Me- Cr, Ni,Co, Mn, Zn

As can be seen from Table 1, the catalysts used exhibit different levels
of activity, which may be explained by their structural characteristics and the
number of donor centres. When examining the effect of metal (Me)
acetylacetonates on the oxidation process, it is evident that Mn
acetylacetonate, used in the concentration range of 0.1-0.3 wt.%,
demonstrates higher catalytic efficiency compared to the other complexes
studied.

For each complex, increasing the catalyst concentration relative to the
feedstock from 0.1 wt.% to 0.3 wt.% during the oxidation process results in a
noticeable increase in the yields of SPA (synthetic petroleum acids) and
OSPA (oxy-synthetic petroleum acids).
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The table also presents the effects of Mn, Ni, and Zn salts on the
oxidation process. The experimental results clearly indicate that Cr, Co, and
Mn salts exert a more pronounced influence on the oxidation process. For
this reason, these salts were further investigated in various ratios, and their
complex salts with nitro compounds were synthesised and studied in the
oxidation process [5,11].

Figure 1 presents the dependence of the yield of SPA + OSPA obtained
during the oxidation process on the type of catalyst used, depending on the
metal present in the complex.
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Figure 1. Dependence of the yield of SPA + OSPA on different catalysts

As can be seen from the graph, the best results in the oxidation
processes were achieved when the Mn(acac), complex was used as the
catalyst.

Conclusion

Thus, the conducted studies have demonstrated that the oxidation
process carried out in the presence of the investigated metal (Me)
acetylacetonates results in high yields of synthetic naphthenic and oxy-
petroleum acids.

It was determined that among the catalysts employed, Mn(ll)
acetylacetonate exhibited the highest catalytic activity, resulting in the
formation of a 33% vyield of the SPA and OSPA mixture.
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STUDY OF THE INHIBITORY PROPERTIES OF AMINOESTERS
OBTAINED BASED ON SYNTHETIC PETROLEUM ACIDS
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Ch.Z. Musaeva, S.A. Siilleymanova
Institute of Petrochemical Processes named after Academician Y.H.
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Abstract. Aminoesters were synthesised based on ethanolamines and a mixture of
synthetic petroleum acids obtained by liquid-phase catalytic oxidation of naphthenic—paraffinic
hydrocarbons, separated from the diesel fraction boiling within the temperature range of 190—
330°C. The effect of these reagents in a CO, environment on corrosion activity was evaluated
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at 50°C over an 18-day period. It was found that the synthesised mono- and di-ethanolamine
esters of synthetic petroleum acids completely inhibit the CO, corrosion process even at very
low concentrations. It was demonstrated that the synthesised aminoesters (MEA and DEA
esters) provided 97% protection efficiency at a concentration of 100 mg/L after 100 hours of
corrosion testing. At the end of the 433-hour reaction period, the MEA ester of synthetic
petroleum acids (SPA) showed 95% corrosion protection efficiency, while the DEA ester of
SPA exhibited 94.6% protection efficiency.
Keywords: diesel fraction, synthetic petroleum acids, corrosion, inhibitor, aminoesters

Introduction

Despite ongoing efforts worldwide to address the issue in the oil and gas
industry and the proposal of new methods, CO, corrosion remains a pressing
and unresolved problem. One of the most effective — and arguably the
primary — approaches to combating this type of corrosion is the use of
inhibitors. In this regard, the application of corrosion inhibitors surpasses
other protection methods in terms of economic feasibility, efficiency, and
overall effectiveness [1].

Synthetic petroleum acids (SPA) obtained via liquid-phase oxidation of
naphthene—paraffin hydrocarbons—isolated from the 190-330 °C diesel
fraction of crude oil—in the presence of air oxygen and nano y-Al,O;-based
heterogeneous catalysts were further reacted with ethanolamines, namely
monoethanolamine (MEA) and diethanolamine (DEA). According to the
established methodology, amino esters were synthesised with high yields of
98-99% in each case [2].

In this context, amino esters were synthesised using synthetic petroleum
acids obtained from the oxidation of naphthene—paraffin hydrocarbons
derived from the diesel fraction of crude oil, which boils in the range of 190-
330 °C. The oxidation process was carried out in an aerobic medium in the
presence of heterogeneous catalysts based on nano y-Al,O;. The long-term
inhibitory performance and kinetics of these amino esters against CO,
corrosion were subsequently investigated [2,6].

Experimental Part

To investigate the effect of the synthesised amino esters on the kinetics
of CO, corrosion, corrosion rates were measured in a 1% NaCl solution at
50 °C over a period of 18—19 days, both in the absence of an inhibitor and in
the presence of inhibitors at a concentration of 100 mg/L. The measurements
were carried out using an “ACM Instruments Gill AC No. 1197” device
operated with the “ACM Instruments Version 5” software [2-5].

The results obtained over 100-433 hours, demonstrating the effect of
amino esters derived from SPA:MEA and SPA:DEA (at a concentration of
100 mg/L) on steel corrosion, are presented in Table 1.
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Table 1. Long-term use of aminoesters obtained based on SPA:DEA and SPA:MEA at a
concentration of 100 mg/L as corrosion protection inhibitor

Inhibitor Duration, Corrosion | Corrosion Metal Corrosion
Name hours current, rate, loss, mm protection
mA/m? mm/year efficiency, %
100 3353.3 3.8865 0.0466478 -
Without 400 3037.1 3.52 0.1697305 -
inhibitor 430.37 3114.5 3.6097 0.1812434 -
433.37 1358.6 1.5747 0.1819728 -
. 100 101.88 0.1180865 0.001315 97
Aminoester
obtained 400 91.018 0.1054903 0.005288 97
ggze& ICE):\ 430.37 96.142 0.1114297 | 0.005691 97
' 433.37 92.165 0.0720501 0.00572 95
. 100 150.56 0.130447 0.001076 96.65
Aminoester
obtained 400 1203.5 0.11785 0.030948 96.6
ggieg ER 430.37 1437.6 0.12379 0.03757 96.57
' 433.37 1776.6 0.08441 0.04354 94.64

As shown in Table 1, the amino ester inhibitor synthesised based on
SPA:MEA at a concentration of 100 mg/L demonstrated a corrosion
protection efficiency of 97% from the 4th day (100 hours) to the 18th day
(430.37 hours), and 95% efficiency on the 18th day (433.37 hours). The
corresponding corrosion rates were 0.1180 mm/year on the 4th day, 0.1114
mm/year on the 18th day, and 0.0721 mm/year on the 19th day.

Similarly, the amino ester synthesised from SPA and DEA at a
concentration of 100 mg/L exhibited a corrosion protection efficiency of
approximately 97% up to the 18th day of exposure. After this period, a slight
decrease in protection efficiency was observed, reaching approximately
95%.

Thus, based on the obtained results, the application of amino esters
synthesised from synthetic petroleum acids and ethanolamines as corrosion
inhibitors in CO,-containing environments can be considered both
appropriate and highly effective.

Conclusion

1. The aminoester obtained based on SPA and MEA demonstrated
superior performance in long-term CO, corrosion tests. The aminoester
synthesised from SPA and DEA has a larger molecular weight than the SPA—
MEA-based aminoester, and due to steric hindrance, it remains on the steel
surface for a shorter period. This provides grounds to conclude that the
aminoester derived from SPA and MEA is a more effective inhibitor against
the corrosion process.
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2. The aminoesters synthesised from SPA with MEA and DEA exhibit

high inhibitory properties against CO, corrosion. Specifically, when the SPA-
MEA-based aminoester was used at a concentration of 100 mg/L, the
corrosion protection efficiency reached 95% at the end of the 18th day. Under
the same conditions (100 mg/L), the SPA-DEA-based aminoester showed a
corrosion protection efficiency of 94.6% at the end of the 18th day.
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KORROZIYASINA QARSI INHIBITOR KiMi ToDaiQi
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Azarbaycan Respublikasi Elm ve Tahsil Nazirliyinin
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Xulase

Tadqigat 2-aminopiridin—olein tursusu kompleksinin sintezini, kimyavi strukturunun
muayyan edilmasini ve CO, muhitinds polad sathlarinds korroziya inhibitoru kimi fealiyyatinin
giymatlendiriimasini shate edir. llkin marhalads aparilan sintez prosesinden teqriben 95 %
¢iximla 2-aminopiridin—olein tursusu kompleksi sintez edilmigdir. Alinmis kompleksin terkibi ve
qurulusu infragqirmizi (IQ) ve nilve magnit rezonansi (NMR) spektroskopiyasi tsullari il tahlil
edilmis, birlesmanin bazi fiziki-kimyavi xasseleri ise 30 % izopropil spirtinde 20 %-li mshlulu
hazirlanaraq miieyyen edilmisdir. inhibitor mehlulunun C1018 markali polad elektrodun
korroziya prosesina tasiri CO, ilo doydurulmus 1 %-li NaCl mahlulunda tadqgiq edilmisdir. Bu
magqgsadla, 50 °C temperaturda CORRTEST CS Studio 6 sistemi vasitasile potensiodinamik
polyarizasiya 6lgmalari 1 saat middatinds apariimis va inhibitorun 500 ppm qatiligda 99,6 %,
1000 ppm gatiligda ise 99,9 %-8 gadar qoruyucu tesir gostararak korroziya prosesini effektiv
sokilds zaifletdiyi miayyan edilmisdir.

Agar sozlar: 2-aminopiridin, olein tursusu, karbon dioksid korroziyasi,inhibitor

Giris

Batin dinyada oldugu kimi, Azaerbaycanda da korroziya problemi kimya
sonayesinda va ona bagl sahalarde mihim texnoloji ve iqtisadi ¢atinliklar
yaradir. Xususile kend teserrifati texnikasi, harbi senaye ve neft-kimya
sektoru kimi strateji shamiyyste malik sahalerda korroziyanin tssiri daha
gabariq sokilde 6zUnu gosterir. Bu sababdan korroziya ile muibarize
magsadile c¢oxfunksiyali inhibitorlarin  hazirlanmasi son illerde elmi
arasdirmalarin esas istigamatlaerinden birine c¢evrilmisdir [1-5]. Belsa
inhibitorlar metal ssathi Uzerinde qoruyucu tebags yaradaraq ve
elektrokimyavi reaksiyalarin kinetkasini dayisdirarek korroziya prosesinin
suretini azaltmaga imkan verir [6,7].

Bu magsadla 2-aminopiridinin olein tursusu ile kompleksi sintez olunmus
ve onun karbon qazi (CO,) muhitinds polad sathlerds bas veran korroziya
proseslarina qarg effektivliyi dyronilmigdir.

Tacriibi hissa

Tacriba mexaniki garisdirici ile tochiz olunmus kolbaya baslangic
maddalar — 2-aminopiridin va olein tursusu 1:1 mol nisbatinda olmagla slava
olunarag 40°C temperaturda 1 saat middstinds fasilesiz garisdiriimaqgla
apariimisdir. Reaksiya naticesinda sintez edilmis kompleksin ¢iximi 95%
taskil etmisdir. Alinmig kompleksin qurulusu infraqirmizi (IQ) ve niive magnit
rezonansi (NMR) analiz Gsullar vasitasils tahlil edilmigdir. Birlesmanin 30%-
li izopropil spirtinde 20%-li mahlulu hazirlanmig ve miayyan gatiliglarda
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(500 va 1000 ppm) CO2 muihitinde korroziyadan muhafize inhibitoru kimi
xassalari oyrenilmigdir. Korroziya 6lgmaleri ham inhibitorsuz, hem da
inhibitorlu muhitlerds teyin olunmusdur. Alinmis naticeler asagidaki cedvalde
teqdim edilmisdir.

Cadval 1. 2-aminopiridinin olein tursusu ile kompleksinin korroziyaya garsi inhibitor tasirinin
naticaleri

Sintez olunmus Qatiliq, Ecor, icor A/Sm?2 KZHrO;[:ya Mihafiza
reagent ppm mv cor ' effekti, %
mm/a
inhibitorsuz i 731 | 2 7P94x10 1 4 67565
o 500 a1 | 22928x100 1 4 00269 99.6
2-aminpiridin
oleinat kompleksi 1000 -640 2.59799 x 10 0.00003 99.9

Cadval 1-in tahlilinden aydin olur ki, 2-aminopiridinin oleinat kompleksi
yuksak inhibitor effektivliyi gdstermisdir. Kompleksin 500 ppm qatiliqda
istifadasi naticesinda korroziya sureti 0.67565 mm/a-dan 0.00269 mm/a-ya
geder azalmis ve miihafize effekti 99.6% toskil etmisdir. inhibitorun
migdarinin 1000 ppm-a gadaer artiriimasi korroziya siratinin 0.00003 mm/a-
ya gadar azalmasina ve muhafiza effektinin 99.9%-dak yuksalmasina sabab
olmusdur.

Potensiodinamik polyarizasiya ayrilari elektrokimyavi Gsulla CORRTEST
CS Studio6 Version 1.0 potensiometri vasitasilo geyde alinmisdir. Olgmaler
potensialin gerginlikden asililigini muayyen edir. Polyarizasiya ayrilori
korroziya potensialina nazaroen (Ecorr.) -10 V-dan +10 V-a geder olan
intervalda, sabit 0.5 mV/s siratle geyde alinmisdir. inhibitorunun miixtalif
gatihglarinda potensiodinamik polarizasiya ayrilari, inhibitorun istiraki ile ve
istiraki olmadan, karbon gazi ile doydurulmus 1%-li NaCl mahlulunda C1018
markali polad Ggun tartib edilmigdir.

Potensiodinamik polyarizasiya ayrilarinin tehlili gdsterir ki, inhibitorun
500 va 1000 ppm gatiliglarda elektrolit muhitina alave edilmasi ham anod,
ham da katod reaksiyalarinin kinetikasinin ehamiyyetli dearaceds
langimasine sebab olur. Bu hal polyarizasiya ayrilerinin muvafiq anod ve
katod sahslerinde caroeyan sixliginin azalmasi ile muigahide edilir.
inhibitorsuz sistemle miiqayiseds korroziya potensialinin (Ecorr) misbaet
istiqamatda dayismasi inhibitorun tesiri naticesinda korroziya prosesinin
intensivliyinin azalmasini tasdigleyir. Belaliklo, apariimis potensiodinamik
polyarizasiya analizlarinin naticelarina asasan muayyan edilmisdir ki, tadqiq
olunan inhibitor CO ile doyurulmus 1%-li NaCl mahlulunda C1018 markal
polad tgln garisiq tipli korroziya inhibitoru kimi ylksak effektivliya malikdir.
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Sakil 1. 2-aminopiridinin oleat kompleksinin muxtalif gatiliglarda poliarizasiya syrileri

Naticoe

. 2-aminopiridinin olein tursusu ile kompleksi sintez edilmis, onun kimyavi
qurulusu infraqirmizi (IQ) ve niive magnit rezonansi (NMR)
spektroskopiyasi Usullari ila tasdiq edilmisdir.

. Alinmig kompleksin 30%-li izopropil spirtinda 20%-li mahlulu hazirlanaraq
mixtelif gatiliglarda (500 ve 1000ppm) korroziyadan muihafize effekti
Oyranilmisdir.

. Miayyaen edilmisdir ki, inhibitor 500ppm qatiligda korroziya stiratini kaskin
azaldaraq 99.6%, 1000ppm qatiligda ise 99.8% muhafize effekti
gOsterarak korroziya prosesinin shamiyyaetli deracede azalmasina sabab
olmusdur.
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SYNTHESIS AND IR SPECTROSCOPIC STUDY OF A Cu(ll)
COMPLEX WITH A NITROGEN- AND SULFUR-DONOR
HETEROCYCLIC LIGAND
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Abstract - In this study, a new coordination compound was synthesized through the
reaction of the ethyl 6-ethoxy-4-methyl-2-thioxo-1,2,3,4-tetrahydropyrimidine-5-carboxylate
ligand with cobalt (I) fluoride (CoF2). The reaction was conducted in an ethanol medium at
room temperature, yielding the tetrakis(6-ethoxy-5-(ethoxycarbonyl)-2-mercapto-4-methyl-
3,4-dihydropyrimidin-1(2H)-yl) cobalt complex in crystalline form. The structural
characteristics and the coordination of functional groups to the metal center were identified
and confirmed using FT-IR spectroscopy. Key absorption bands, including O-H, N-H, C-N, and
C-O groups, were analyzed to verify the metal-ligand interaction. The synthesized complex is
predicted to exhibit potent inhibitory activity against hCAI, hCAll, and a-glucosidase enzymes,
providing a structural foundation for its potential application as a next-generation antidiabetic
therapeutic agent.

Keywords: Heterocyclic compounds, cobalt (Il) fluoride, FT-IR spectroscopy

Introduction

In modern heterocyclic chemistry, the synthesis of nitrogen-containing
organic compounds and the investigation of their physicochemical properties
are considered one of the priority research directions. The growing interest
in this field is directly related to the expanding application potential of these
compounds in strategic areas such as medicine, technological processes,
industrial production, and agriculture. In particular, pyrazole- and pyrimidine-
based ligands are distinguished by their specific biochemical activity and
their ability to form stable complexes with metal ions [1] [B.ibrahimova, 2023,
105-106]. As a continuation of this research direction, a new coordination
compound of ethyl 6-ethoxy-4-methyl-2-thioxo-1,2,3,4-tetrahydropyrimidine-
5-carboxylate ligand with cobalt(ll) fluoride (CoF;) was synthesized. As a
result of the reaction, the structure of the obtained tetrakis(6-ethoxy-5-
(ethoxycarbonyl)-2-mercapto-4-methyl-3,4-dihydropyrimidin-1(2H)-yl)cobalt
complex and the interaction of its functional groups with the metal center
were identified by FT-IR spectroscopy.lt is anticipated that such synthesized
cobalt complexes may potentially exhibit inhibitory activity against enzymes
of significant importance in modern medicine, such as carbonic anhydrase
(hCA | and IlI) and a-glucosidase. This creates a foundation for further
investigation of these compounds as prospective new-generation therapeutic
agents for the treatment of metabolic disorders, including diabetes mellitus
[2] [I.Mahmudov,2024, 138205].
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Experimental section

Cobalt(ll) fluoride was added to the ligand previously dissolved
completely in ethanol under constant stirring conditions. In order to ensure
effective and homogeneous interaction of the reagents, the reaction mixture
was continuously stirred for one hour at a controlled temperature. After
stirring, the solution was left to stand at room temperature for a certain period,
during which crystal growth was observed. As a result, the corresponding
metal-complex compound was successfully obtained in crystalline form.

o) o)
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” /\O N)\SH HS)\N O/\
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HsC 0 | NH CoF, \\Co/
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S

~_© NYSH HS%)N o_-
\/O | NH HN | OV

(0] (0]
Scheme 1. Synthesis of tetrakis(6-ethoxy-5-(ethoxycarbonyl)-2-mercapto-4-methyl-3,4-
dihydropyrimidin-1(2H)-yl) cobalt
Result and Discussion
The structure of the synthesized metal complex was characterized by
FT-IR spectroscopy.
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Figure 1. The FT-IR spectrum of the synthesized product was recorded on an Agilent
spectrometer.

The FT-IR spectra reveal several characteristic absorption bands: the O-
H group is observed in the range of 3455-3714 cm™, the N-H amine group
at 3358 cm™, and the absorption band at 713 cm™ is attributed to the
aromatic C-H out-of-plane bending vibrations of the pyrimidine
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scaffold.Furthermore, the C-N (carbon-nitrogen) bond appears at 1272 cm™,
while the C=C double bond within cyclic compounds is identified at 963 cm™.
The C-O (carbon-oxygen) bond characteristic of ethers is recorded at 1183
cm™.

The shifts observed in the absorption bands of the primary functional
groups in the FT-IR spectra confirm the coordination of the ligand to the metal
center; the subsequent stages of the research are currently ongoing.
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SYNTHESIS OF AN OPTICALLY TRANSPARENT COPOLYMER
BASED ON N-VINYLCARBAZOLE AND METHYL
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The radical binary copolymerization of N-vinylcarbazole with methyl methacrylate has been
carried out, the composition and structure of the synthesized copolymer have been determined

. . ) . . . 20
and its physical-mechanical properties have been studied. The optical transparency (ng

=1.5521) of the synthesized copolymer has been determined and its thermal stability has been
studied. It has been established that the mass loss at 300°C is ~6-7%. It has been revealed that
the copolymer has a sufficiently high optical transparency and thermal stability.

Key words: copolymer, optical transparency, methyl methacrylate, V-vinylcarbazole

One of the modern areas of development in the chemical industry is the
creation of optically transparent materials. Optically transparent materials are
made from polymers with a high refractive index, such as
polymethylmethacrylate (PMMA), polystyrene (PS), polycarbonates and their
derivatives [1-3]. Currently, a promising approach to the creation of such
materials is the synthesis of polymers with complex properties such as high
thermal resistance, strength, good adhesion, etc. Optically transparent
materials with these properties are produced by copolymerization of main
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methyl methacrylate with other monomers by introduction of various
functional groups.

In this work, the radical copolymerization of N-vinylcarbazole (VC) with
methyl methacrylate (MMA) has been carried out for the synthesis of a new
generation of thermostable optically transparent polymer materials. The
properties of optical transparency and thermal stability of the obtained
copolymer have been determined.

Poly-N-vinyl carbazole (PVC) has a high refractive index n2’ = 1.6830) [4-

5]. The bulk carbazole groups give this polymer a relatively high temperature
resistance, which is higher than that of PMMA and PS. PVC has chemical
resistance and hydrophobicity (water absorption does not exceed 0,1%).
However, it is also characterized by increased brittleness, with impact
strength value in the range of 2-4 kcal-m?.

The initial materials — MMA have been purified by repeated distillation,
and VC — by recrystallization.

The radical copolymerization of VC and MMA has been carried out in
solution at 70°C for 6-7 h in sealed ampoules in the presence of benzoyl
peroxide initiator. The benzene has been used as the solvent. The obtained
copolymer has been precipitated in methanol three times to separate from the
solvent. The precipitate was washed thoroughly with methanol, first at room
temperature for one day, then dried in vacuum at 40°C to constant weight.

The copolymer of VC with MMA is a transparent solid mass. It is highly
soluble in acetone, chloroform and CCls.

The structure of the obtained copolymer has been determined using an
IR spectral analyzer, and its composition — by elemental analysis.

The IR spectrum of the copolymer of VC with MMA has the following
absorption bands: deformation (1384, 1452 cm™) and valence (2871, 2931,
2956 cm?) peaks of C-H bond belonging to CH, and CHs groups;
deformation (741, 843 cm™) peaks of C—H bond belonging to the benzene
ring; C-0 (1143 cm™) and valence (1722 cm™) peaks of C=0 bond belonging
to the ester group; valence (1238 cm™) peak of C-H bond (Fig.1). The
absorption bands characteristic for the vinyl group (1630-1635 cm™) are not
detected in the IR spectrum.

The link composition of the copolymer was determined experimentally
based on the content of the element N in VC. The opening of the vinyl group
in VK and MMA monomers allows the copolymerization reaction to take place.

The optical transparency of the copolymer of VC with MMA was

determined using an Anton Paar Abbemat 200 device (n2’= 1.5521).
For study of the heat-physical properties of the copolymer VC with MMA,
its TQA curves were plotted. It has been determined that the temperature

resistance of the copolymer is quite high. During thermal destruction, the
mass loss of this copolymer at 300 °C was ~7-8%.
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Fig 1. IR spectrum of copolymer VC with MMA

The structure of the copolymer of VK with MMA is given in the scheme:

T Ty

"CHy = CH + mCHy=C — ~+{cH, - i J—{cH, ¢

m
COOCH, COOCH,

Thus, it becomes clear from our investigations that besides optical
transparency and thermal stability, the copolymer also has good strength
properties. The synthesized copolymer has the prospect of being used in
detail preparation in micro- and optoelectronics.
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Abstract - The production of more sustainable and biologically clean greases is now
needed to lessen the damage that petroleum-based greases due to the environment.lt is not
enough for the synthesized oil to merely reduce the harm it causes to the environment; it is
also important because it possesses physical and chemical properties that can at least
compete with those of petroleum-based greases. In the research work conducted for this
purpose, from sunflower and corn oils, which are biodegradable and do not form harmful
residues upon decomposition, their separate epoxidation and sulfurization in the appropriate
order were first carried out, and then a second modification with tert-butyl was performed.
Then, copper acetate nanoparticles were added to the system in amounts of 3, 5, 7%. During
the process, acetic acid was separated. This was observed in the IR spectral analysis. As a
result, the grease changed its color and took a color close to dark green. As a result of the
research, it was determined that the biodegradation of the obtained ideal grease is 86%, the
dropping point temperature is 125 degrees Celsius, its penetration is 210, the weld index is
979 Is, the critical load is 1380 Pk,N, the wear diameter is 0.55 Dmm, and it is resistant to
corrosion [1].

Keywords: biodegradable, grease, nanoparticle, green chemistry, sustainability, tert-
butyl, sulfurization, epoxidation

Introduction

Growing concerns about climate change have led to the development of
non-toxic, biodegradable, and bio-based grease over the last 30 years.
These greases include vegetable oils, which are a good substitute for mineral
oils due to their higher viscosity index, anticorrosion properties, and lower
toxicity. Vegetable oils are made up of triglycerides of fatty acids, and the
composition of these acids affects the oils' tribological properties.
Polyunsaturated fatty acids (PUFAs) are more prone to oxidation and
polymerization because of their double and triple bonds. Triacylglycerols
(TAGs) have polar bonds that act as active centers and are sensitive to
autooxidation. This also applies to free fatty acids (FFAs). Grease with
improved qualities can be created by functionalizing PUFA double bonds.
This study focuses on sulfurizing vegetable oils with elemental sulfur and
modifying oxidized vegetable oils with tert-butylurea to produce advanced bio
greases [3][5]. The ideal nanoparticle content was established by analyzing
the physicochemical characteristics following the addition of copper
nanoparticles [2].
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Experiment

In the first step the corn oil is added to a three-necked flask and heated
between 125 and 135 °C, while continuously stirring. During stirring, sulfur is
added to the oil, and process is continued until the temperature reach 165°C
with temperature increase of 10-30 °C per hour. In this form, after stirring for
one hour ,5 weight percent calcium oxide is added as a catalyst and stirred
in this form for approximately a few hours, thus the sulfurization process
begins [1].

As a second sample, sunflower oil is taken, and 30% hydrogen peroxide
with an appropriate molar ratio of 1.15 to 1.3 is added portion by portion to
the flask and stirred continuously. Currently the temperature is raised to 90-
95 °C, and the process continues for 1-2 hours. During the process, oxygen
is supplied to the system via a compressor [1][4].

Considering the amount of epoxide and disulfide groups formed during
oxidation and sulfurization in vegetables oils, tert-butyl carbamide is added
portion by portion to the reaction mixture in a one-to-one ratio, and the
reaction is carried out in 150-160°C with intensive stirring for a period of 2-3
hours [1][3].

During the synthesis of grease, Ca (OH)z as well as T-1500 and T-46 oils
were added to the system. Also, copper acetate nanoparticles were added
at mass concentration of 3% ,5% and 7% at a temperature range of 150 -
180 °C. During the reaction copper acetate decompose under the influence
of temperature, resulting in the release of acetic acid [1].

Some physicochemical and tribological properties of the grease samples
were measured and reflected in the diagram below.
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Figure 1. Properties of sample greases
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Results and discussions

The production of bio grease from vegetable oils produced several
noteworthy scientific findings:

For the sulfurization, oxidation, and tert-butyl carbamate treatment of
sunflower and corn oils, the ideal reaction conditions were identified. These
modified vegetable oils were used as a dispersed phase in a mineral oil
medium to create general-purpose greases with low toxicity, good tribological
qualities, a high dropping point, and high oxidation resistance. Grease made
from sulfurized vegetable oils has been shown to have better anti-wear and
anti-scuffing qualities than its oxidized counterparts. The best performance
was obtained with a grease based on sulfurized corn oil modified with tert-
butyl carbamate (dropping point = 125 °C, wear scar diameter = 0.55 mm).
The ideal content of nano-copper and copper oxide was 5 weight percent.
Every sample showed more than 85% biodegradation. "Sample 6" is the best
sample. Sample 6's ideal parameters include a dropping point of 125 °C, a
scuffing index (Is) of 979, a critical load (Pk) of 1380 N, a welding load (Pq)
of 3920 N, a wear scar diameter of 0.55 mm, an 86% biodegradation rate,
and corrosion resistance [1].

Suggestion

The study's findings have led to the development of a high-tech "green"
oil that is highly desirable to Azerbaijan's oil-gas and self-saving industries:
86% biodegradable cow oil made from indigenous plant oils. This product's
competitiveness with mineral oils under heavy industrial conditions is fully
confirmed by the indicators of 0.55 mm bending diameter and 1380 N critical
load that were made possible by the misacetate nanoparticles. The
environmentally friendly method reduces the possibility of infiltration during
Caspian Sea excavation projects and enables a 30-40% reduction in yeast
value based on local raw materials. Specifically, prepared and processed bio-
foil oil is an alternative approach that removes reliance on technology in line
with our nation's "green economy" goals [1].
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CUHTE3 ONTUYECKU NPO3PAYHOI'O COMNOJIMMEPA HA
OCHOBE N-BUHUJNIKAPBA3OJIA U BYTUIIMETAKPUJIATA

Canpga Mamennu?, Payd Jxa66ap6ennu®,
Lla6Ham MNapaeBa?, ®apuaa KOcucdpnu?
bCymranTckuii FocyaapCTBeHHbIN YHUBEPCUTET
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Bbina nposegeHa cononumepusaums N-BuHWnkapbaszona co GyTunmerakpunaTom.
M3yyeHbl 3aKOHOMEPHOCTM MPOBEOAEHHOrO COMoONMMepuMsaumMm B pacTBOpe, COCTaB MU
CTPYKTypa CUHTE3NpOBaHHOro cononumepa. Metogom denHemaHa — Pocca BblMMCHEH
KOHCTaHT cononumepusauuun (r1=0.05, r.=2.2). BbigBneHa xapaktepucrTmyeckas BA3KOCTb
cononumepa ([n] = 1,13 aon/r). beino ycraHoBneHo, 4To OyTunNMeTakpunar asnsaerca 6onee
aKTMBHbIM MOHOMepoM, 4em N-BuHuMnkapbason, B uccnegyemon peakuuu. [lonyyeHHbIn
cononumep N-BuHUNkapbasona co OyTunmeTakpunatoMm WMEET BbLICOKMI MnokasaTerb
cseTonpenomneHuns (N EO =1.5410).

KnioueBble cnoBa: N-BuHunkapbason, Oytunmertakpwunar, cononuMepusaums,
CBETOMNPONyCKaHus.

Ha cerogHawHWA [eHb SBMASETCA O4YeHb aKTyarnbHbIM  CUHTE3
nonumepoB C onTuyeckummn ceonvcTBamu. OpraHudeckoe CTekno —
Has3BaHWe MNONMMEPHbIX MaTepuarnos, KOTOpble TOTOBATCA Ha OCHOBE
OpraHM4yeckux MOIMMEPOB, TakMX kak nonumetunmeTakpunat (MMMA),
nonMMepbl annuMnoBbIX CoeauHeHun, nonukapboHaTbl (1K), nonuctupon
(MC) n gpyrue [1-3]. MNpo3payHbie NOIMMEPHbIE MaTepUarbl OYEHb LLUMPOKO
NCNONb3YTCA B  OMTOSMEKTPOHMKE, OMNTUYECKOW MPOMbILLSIEHHOCTH,
CBETOTEXHUKE, B KayecTBe MPO3payHblX KOHCTPYKUMOHHbIX MaTtepuarnos U
Apyrmx obnacrsix.

B npegcraeBneHHon paboTe Mbl cuMHTe3upoBanu cornonuvep N-
BuHunkap6asona (BK) ¢ 6ytunmertakpunatom (BMA). Bbinv onpegeneHsbl
COCTaB U CTPYKTypa HOBOro COMonuMmepa, 3HaYeHuUsi KOHCTaHTbl Cononnme-
pu3auuu, a Takke nokasaTenn onTUYeCKon NPO3payHOCTW.

PagvkanbHyto cononvmepusauunio NpoBOAWMMAM B amrnyfnax C pasnuy-
HbIMW MONSAPHbLIMKN COOTHOWEHUAMN BK 1 BMA B npucyTcTBMM MHULMATOpa
©eH3oun nepokcmaa, B TepmocTarte, npu Temneparype 70-80°C B TeueHue 4
4Yacos.

Cononumep BK-co-BEMA ocaxganu aTaHonom, npomMbiBanu n pacTtBop-
anu B GeH3one, a 3aTeM ouuliany NOBTOPHbIM OCaXOEHMEM B 3TaHose.
BbloerneHHbIn nonMMep cHavana cywunu npu KOMHaTHOW Temneparype, a
3aTeM B BakyymHomn kamepe npu 35-40 °C. Nocne cywikn onpegensany ero
maccy.

CtpykTypy cononumepa BK-co-BMA MOXHO npeactaBuTb Mo crnegyto-
LLEN CXeMe:
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nonoc nornouleHus: aedopmauunoHHbie (1386, 1447 cm™') 1 BaneHTHble
(2949 cm') konebaHus C—H cesisau CH, u CH; rpynn; aedopmaumoHHbIe
(750, 843, 879 cm') konebaHna C—H cBsA3M 6GeH30MLHOMO KombLa;
BaneHTHble (1144, 1188 cm') konebaHus C—O cBA3M CnoxHOro adupa;
BaneHTHble (1723 cm') konebaHus C=0O cBA3M CMOXHOMO adupa;
BaneHTHble (1240 cm) konebaHus C—N cBsian. HyxHO 3amMeTuT, 4TO He

HabnogatoTcsas  nonocbl  nornoweHusi, B obnactn  1630-1635 cm™?,
XapakTepHble A48 BUHUIbHOW rpynnbl (puc. 1).

j

‘& Tramsmittance

CaEm om0 a4 am0 WW 0 00 40 me0 200 1m0 W W0 et D
‘Waenumber

PucyHok 1. NK-cnekTtp cononumepa N-BuHMnkap6asona co bytunmeTrakpunarom

XapaKkTepUKTUYECKY0 BA3KOCTb cononumepa BK-co- BMA onpegensinm
B pacTtBope 6eHsona npu 21°C ¢ nomoLbio BuckosmmeTpa Octeanbaa (tabn.
1). Onsa cononumepa BK-co-BMA [n] = 1,13 on/r. BaskocTb onpegenanu ans
cononumepa BK-co-BMA ¢ cogepxannem BK — 24.70 n BMA — 75.30 mon.%.

KoHcTaHTbl cononumepusaummn moHomepoB BK (M1) n BMA (M2) 6binn
onpegeneHol metogom PenHemana-Pocca (tabnuua 1). [NonyyeHHble
3HAYEHUSA KOHCTAHT COnonMmMepunsaumm ri n rz (r1<rz) ykasblBatoT Ha TO, YTO
MoHomep M nposaBnseT 6onee HU3KYID aKTUBHOCTb B paguKanbHON
cononumepusaumm, 4em MoHomep Mo, M 3TO pasnuume o6ycnoBneHo
XUMUYECKOM NPUPOOON U aKTUBHOCTBLIO MOMNeKyr B MoHoMepax My n Ma.
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McxogHon cmecn MOHOMEpPOB OCYLLECTBIieHa cornonvMmepusauus npu
pPasnnyHbIX COOTHOLLUEHMSIX WCXOAHbIX MOHOMepoB. Ha ocHoBaHuu
pe3ynbTatoB XMMMUYECKOro onpeaeneHnsa yHKUMOHanbHbIX rpynn, 6binm
BblMMUCMNEHbl COOTHOLLIEHWST MOHOMEPHBIX €AWHWL, B  MaKpOMOneKyre
COMONMMEPOB, NONYYEHHbIX HAa ManbIx rnybuHax npespatueHuns (4o 10%)

Ta6bnuua 1. BnusHve ycnoBuii cCONONMMEpMU3auUMu Ha BbIXOA4 W COCTaB COMONMMEPOB Ha
ocHoBe MoHomepoB BK (M,) u BMA (M,). PactBoputens — 6eHson, uHuumnatop — OAK,

Temnepartypa 70-80°C)

CocTas 1cxonHow CocTaB cononnuvepos
cMmecu MOHOOMepOB, KoHBepcus, Mon. % ! ; ; [nl,
mon, % % ’ 1 2 an/r
M1 | (M my] m,]
10 90 8.2 4.61 95.39
25 75 7.3 25.25 74.75
50 50 9.6 24.70 75.30 0.05 2.2 1.13
75 25 8.7 39.87 60.13
90 10 7.2 53.82 46.18

YBenunyeHue konundvectea BK B mncxogHom cmecu B gmanasoHe 10-90
Morn. % npMBOAUT K yBenuyeHuto mon. % rpynn kapbasornbHoro tuna B
cocTtaBe cononumepos 4o ~4,61-53,82 mon. %.

C nomowyo npmbopa Abemat 200 Obina yCTOHOBREHa onTMYecKas

Npo3payHoCcTb cononumepa (N3’ = 1.5410).

M3ameHasa B MCXoOgHOWM cMmecu MonsipHoe cooTHoweHne BK u BMA,
MOXHO B 3HAYUTESNbHOM CTeneHu WU3MEeHUTb COCTaB CUHTE3NPOBAHHOM
Makpomonekynbl. C yBenuyeHnem cparmeHta m; B cononumepe BK-co-
BMA Bo3pacTaeT ero TepmMoCTONKNE CBOMUCTBA, a yBenuymeasa oparmeHT ms
BO3pacTaeT CBeTonpenomMreHve nonuvepa.

Mony4yeHHbIn cononumep BK-co-BMA obrnagaeT 4oCTaTOYHO BLICOKOM
ONTUYECKON npo3payHocTblo. [Monumep MoxeT 6ObiTb WMCMOMNb30BaH B
NPOV3BOACTBE HYXHbIX AeTanemn B ONTUKE, MUKPO- N ONTOJNEKTPOHUKE.
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ARYLAMINE-SUBSTITUTED THIETANES AND FUNCTIONALLY
SUBSTITUTED THIIRANES AS ANTIOXIDANTS FOR
HYDROCARBON OXIDATION

Irada A. Rzayeva', Nazar M. Nazarov', Sabir S. Babayev',
Ibadulla H. Mahmudov'2 Camila C.Ahmadova’
irada.rzayeva56@gmail.com
1.Institute of Chemistry Ministry of Science and Education Republic of Azerbaijan -
AZ 1143, Azerbaijan Republic, city Baku, H.Cavid str.,113
Phone: +994125018593, +994125393871, +9941253397756 Fax:
+994125018593
2. Baku Engineering University-Khirdalan city, Hasan Aliyev str. 120 AZ 0101
Absheron, Azerbaijan,
Phone: +994123499966, info@beu.edu.az

The study investigates the antioxidant properties and mechanisms of action of
arylamine-substituted thietanes and functionally substituted thiiranes as inhibitors of
hydrocarbon oxidation. A series of sulfur-containing three- and four-membered heterocyclic
compounds were synthesized and characterized. Their antioxidant activity was studied using
cumene oxidation and azobisisobutyronitrile-initiated oxidation.[1,2]. Key parameters, such as
the stoichiometric inhibition coefficient (f) and the rate constant of chain termination (k7), were
determined [3,4]. The results show that thietanes, particularly those with electron-donating
substituents, exhibit superior antioxidant activity compared with thiiranes and conventional
alkylphenolic antioxidants. The compounds also catalytically decompose cumyl
hydroperoxide, demonstrating their dual mechanism. These findings indicate the promising
potential of arylamine-substituted thietanes as effective additives for fuels and lubricating oils.

Keywords: Arylamine-substituted thietanes; Thiiranes; Antioxidants; Hydrocarbon
oxidation; Cumene; Cumyl hydroperoxide; Chain termination; Sulfur-containing heterocycles

Introduction:

The oxidation of petroleum oils and fuels during storage and operation
reduces their performance and leads to the formation of harmful peroxides
and sediments. The development of effective antioxidants is therefore critical
to enhance the oxidative stability of hydrocarbons. Small sulfur-containing
heterocycles, such as thietanes and thiiranes, have shown potential as
chain-breaking antioxidants due to their ability to react with peroxyl radicals
and decompose hydroperoxides.This study aims to synthesize a series of
arylamine-substituted thietanes and functionally substituted thiiranes,
characterize their structures, and evaluate their antioxidant activity. The
relationship between molecular structure, substituents, and antioxidant
efficiency is investigated to identify the most promising compounds for
application in fuels and lubricating oils.

Experimental Part:

A series of sulfur-containing heterocycles, including three-membered
thiiranes and four-membered thietanes, was synthesized using standard
cyclization and substitution reactions. Arylamine groups with varying
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electron-donating and electron-withdrawing substituents were introduced to
study structure-activity relationships. The synthesized compounds were
purified and characterized by NMR, IR spectroscopy, and elemental analysis.

Results and Discussion:

Antioxidant Efficiency: All tested compounds reacted with cumyl peroxyl
radicals and effectively inhibited oxidation. Thietanes with electron-donating
substituents in the aromatic ring showed the highest activity, outperforming
alkylphenolic antioxidants. Structure-Activity Relationship: The four-
membered thietane ring and divalent sulfur atom were identified as key
factors for high antioxidant activity. Electron-withdrawing substituents and
carboxyl groups reduced efficiency. Thiiranes were less effective than
thietanes under the same conditions.Catalytic  Hydroperoxide
Decomposition: The compounds catalytically decomposed cumyl
hydroperoxide in a three-stage process: induction, autocatalytic
decomposition, and final stage. Transformation products also exhibited
secondary inhibitory activity.Combined Mechanism of Action: The
compounds act both as chain-breaking antioxidants and hydroperoxide
decomposers, indicating dual functionality, which is advantageous for fuel
and lubricant stabilization.

Structural features and substituents, making them promising additives
for hydrocarbon systems. Their Conclusion: Arylamine-substituted thietanes
exhibit high antioxidant activity due to their dual mechanism of action
distinguishes them from conventional antioxidants and suggests potential
industrial applications.

References:

1. Farzaliyev V.M.,Rzayeva |.A. et.al. Theses of the articles of the republican sciehtific
conference on “Lubricants,fuels,special fluids, additives and reagents’ delicated to the 50th
anniversary of the institute of Additives Chemistry named after Academician A.Guliyev.
Baku, !3-14 October 2015, p.29.

2. Denisov E.T., Kharitonov V.V.,Fedorova V.V. Method of transformation of kinetic curves as
a way to assess the effectiveness of oxidation inhibitors. Preprint. Blackhead.1973.

3. Emmanuel N.M., Denisov E.T. Chain reactions of oxidation of hydrocarbons in the liquid
phase. Petrochemical. 1976, v. 16, no 3, pp.366-382.

4. Sander M. Oxide derivatives of 3 — aryloxythietanes of 3 — aryloxythietanes: Patent 3, 297,
718 USA. Chem. Abstr. 1967, v. 66.

60



Towards Sustainable Chemistry and Chemical Engineering

The 7t International Scientific Conference of Students and Young Researchers

EKOLOJi TOMiz DIZEL YANACAGININ ALINMASINDA
ULTRASOSLI KAVITASIYASININ TOSIRi
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AR EIm ve Tahsil Nazirliyi akademik Y.H. Memmadaliyev adina
Neft-Kimya Proseslari institutu
Baki, Azarbaycan
E-mail: zumrud.kocherli@mail.ru

Xilasa - Apariimis tatdiqat isinda dizel yanacaginin muasir standartlara uygun olmasi
Ugun oksidlasdirici kiklUrdsuzlasma prosesi marhalali sakilde ham adi, ham da ultrasasli
kavitasiya seraitinds apariimngdir. Belo ki, naticoys asasan 1 merhalads alinan naticelerds
kiktrdin miqdari 0,0496% olan dizel fraksiyasinin 37%- li hidrogen peroksid ve sirka
tursusundan katalizator kimi istifade etmoklo oksidlasdirici kukurdstzlesma prosesinda
kiikUrdstizlesma daracasi 27,8%, ultrasasli kavitasiya tesirinde ise 56,8% taskil edir. 2
marhalads alinan naticalards iss kukurdin miqgdar 0,0214% olan dizel fraksiyasinin 37%- li
hidrogen peroksid ve sirke tursusundan katalizator kimi istifade etmaoklo oksidlagdirici
kikurdsuzlasma prosesinda kukurdsuzlesma daracasi 37,3%, ultrasesli kavitasiya tesirinde
iso 94,8% toskil edir.

Acar sozler: dizel fraksiyasi, oksidlegdirici kikurdsuzlesrma, hidrogen peroksid,
ultrasasli kavitasiya

Giris

Son ddvrda bir ¢ox Olkalerds igtisadi artim tempinin ylksalmasi, yeni
nagliyyat dsahlizlsrinin ve marsrutlarinin istismara verilmasi, avtomobil parki-
nin geniglanmasi, elaca de miharrik yanacaglarinin istehsal ve istehlak hac-
minin artmasi global migyasda muisahida olunan asas tendensiyalardandir.
Lakin bu dinamika atraf muhite antropogen tasirin gliclanmasina va muxtelif
ekoloji problemlarin kaskinlegsmasina sabab olur. Bu baximdan, sart ekoloji
normalara cavab veran, asagdi emissiyall dizel yanacaglarinin istehsali neft
emall senayesinin prioritet ve aktual istigamatlarindan biri kimi galmagdadir.
Hazirda dizel yanacaginin keyfiyyat gdstericilerine dair beynalxalq standart-
lar gargivasinda olduqgca ciddi talablar irali surulur. Bu taleblaere asasan, ilk
noévbada yanacagdin tarkibinde olan kukurdll birlesmaler, aromatik karbohid-
rogenlar, hamginin azot va oksigen torkibli birlesmalarin migdarinin minimu-
ma endirilmasi va ya tamamila kenarlasdiriimasi zaruridir. Ekoloji baximdan
tohlikasiz dizel yanacaglarinin alde olunmasinda kukurdstzlesdirma pro-
seslori xUsusi shamiyyat kasb edir. ©noanavi hidro-kiikirdsizlesdirma pro-
seslari, adaten, 350-500°C temperatur intervalinda ve 3—7 MPa hidrogen
tazyiginda hayata kegirilir. Bu isa ylksak enerji sarfi, bahali katalitik system-
lorin tetbiqi va iri hacmli kapital qoyuluslan taleb edir. Bununla slagadar
olaraq, yuksak temperatur ve yuksek hidrogen tazyiqgi olmadan reallagdirila
bilan oksidlagdirici kuikUrdslUzlasdirma prosesi alternativ va perspektiv metod
kimi giymatlandirilir [Rakhmanov E.V., 2014, 49-52]. S6zugedan proses ham
ananavi soraitde, ham do muxtalif fiziki tesirlorin, o cimladan ultrasssli
kavitasiya effektinin tatbiqi ilo hayata kecirilo biler. Ultrasasli kavitasiya —
maye mihite 20 kHz yuksak tezlikli ultrases daldalarinin 6turilmasi natice-
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sinda mikrodlcill kavitasiya qabarciglarinin yaranmasi ve onlarin ani partla-
masi ile xarakterize olunan fiziki-kimyavi hadisadir. Qabarciglarin dagiimasi
zamani lokal olaragq 1000 K-a gader temperatur va 1000 atm-a gadar tezyiq
formalagir ki, bu da kimyeavi reaksiya-larin intensiviesmasina, molekulyar
seviyyada parcalanma proseslarinin bas vermasina ve reagentlar arasinda
kutladtirmanin slretlanmasina sabab olur. Ultrasasli kavitasiya texnologiya-
sI maye sistemlarin homogenlasdiriimasi, garisdiriimasi ve muxtslif cevriima
reaksiyalarinin effektivliyinin artirlmasi maqgsadile genis tatbiq olunur [
Mammadova, T.A., 2019,72, Mamenosa, T.A., 2019, 11-14 ]. Neft emali sana-
yesinda bu metod oksidlasdirici kiklrdsuzlas-dirma prosesinda reagentlarin
daha semarali qgarsiligh tesirini temin etmoekle reaksiya middatinin
azalmasina ve prosesin mahsuldarliginin yuksalmasine serait yaradir.

Tacriibi hissa

Aparilan tadqigat isinde dizel yanacaginin oksidlesdirici kuikirdsuzlag-
dirma prosesi 37%-li hidrogen peroksid va sirke tursusundan katalizator kimi
istifade etmoakle 80-90°C temperatur intervalinda 6 saat middestinde ham
ananavi seraitde, ham da 20 kHz tezlikli ultrasesli kavitasiya tasiri altinda
hayata kecirilmisdir. Proses ardicil iki marhalada tagkil olunmus va slds edilen
naticaler migayisali sekilde tahlil edilarak mivafiqg cadvalde taqdim edilmisdir.

Dizel fraksiyasinin oksidlagdirici kiikirdstizlesma prosesinde marhalali
sokilda adi seraitda ve ultrasesli kavitasiya tesirinde 37 %-li hidrogen peroksid
va sirka tursusundan katlizator kimi istifade etmakle kiklrdsizlesdirma
daracasi

ilkin dizel Tacriibadan
fraksiyasinda sonra L
A R Kukurdsuzlesma
Qarisiq kukurdun kulfurdun deracasi %
migdari migdari
%, kit %, kit
| Marhale

10% katalizator

1 CHsCOOH / H0, 0,0496 0,0358 27,8
Dizel fraksiyasi

adi seraitdo

10% katalizator

CHsCOOH / H20, 0,0496 0,0214 56,8
2 Dizel fraksiyasi

ultrasasli kavitasiya tasirinda
Il Marhala

10% katalizator

CHsCOOH / Hz0, 0,0214 0,0134 37,3
1 Dizel fraksiyasi

adi seraitde

10% katalizator

2 CHsCOOH / H20, 0,0214 0,011 94,8
Dizel fraksiyasi

ultrasasli kavitasiya tasirinda
Natica
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1 merhalada alinan naticelerda kikirdin migdan 0,0496% olan dizel
fraksiyasinin 37%- li hidrogen peroksid va sirke tursusundan katalizator kimi
istifade etmakloe oksidlesdirici kiikiirdstizlesma prosesinda kikirdsizlasma
deracasi 27,8%, ultrasesli kavitasiya tesirinde ise 56,8% taskil edir. 2
marhalada alinan naticalerds ise kukurdin migdari 0,0214% olan dizel
fraksiyasinin 37%- li hidrogen peroksid va sirka turgsusundan katalizator kimi
istifade etmaklo oksidlesdirici kiikiirdstlizlesma prosesinda kikirdsizlasma
deracasi 37,3%, ultrasesli kavitasiya tesirinde ise 94,8% taskil edir. Dizel
fraksiyasinin oksidlesdirici kikurdstzlesma prosesinde ultrasssli kavitasiya
totbiq edildikda alda olunan naticealar gdsterir ki, yanacaq Avro-5 standartinin
taleblerine uygundur.
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CUHTE3 ®YPUN3AMELLEHHbBIX a,8-HEHACBILLEHHbIX
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Pestome. B ycrnoBusx peakuuum KoHOakoBa anekTpogunbHOe npucoeauHeHne
XnopaHrugpuaa gypaHkapbOHOBOM KUCIOTbI K XIIOPUCTOMY annuiy NpoTekaeT no npasusy
MapKoBHMKOBa U NPUBOAUT K 0O6pa3oBaHUi0 COOTBETCTBYIOLWEro 1-cpypun-4-xnopbyT-2-eH-1-
oHa. [Mocnegylollee B3auUMOOENCTBME MONYYEHHOrO XMop3aMeLlEHHOro HenpeaenbHoro
KETOHA CO BTOPUYHBIMKM amuvHamMuM NPUBOAUT K  (POPMUPOBAHMIO  MPOU3BOAHBIX
KETOMPONEHUNTMPOBaHNS COOTBETCTBYIOLLIMX aMUHOB.

KnioueBble crioBa: Xxrnopcodepxalmin a,B-HenpedenbHblii KETOH, XropaHruapuva
bypaH kapbOHOBOM KUCINOTbI, aMUHOKETOHbI
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BBEOEHUE

3HauYMMOCTb ranoreHcoaepalumx HenpeaernbHbiX KETOHOB U aMUHOKe -
TOHOB B OPraHM4YeCcKom XUMUW TPYOHO NEPEOLEHUTb. OTU COeaMHEHUs
paccMaTpuBalOTCA Kak NepcrnekTMBHble 00BbEKTbl AN NPakTU4eCcKoro npu-
MEHEeHNs B pasnunyHbIx cdepax aeatrenbHocTn vyenoseka. Obnagasa BbICO-
KOW peakuMOHHOCMNOCOOHOCTLI0, HenpeaerbHble XNOPKETOHbI 1 aMUHOKETO-
Hbl HAXO4AT LUMPOKOE MPUMMEHEHWE B OPraHNM4eCcKkoM CUHTE3e B KayecTBe
NepcnekTUBHONO CUHTOHOB AS1S1 NOMyYeHUs pasHoobpasHbIX auUKINYeCcKnx
n retepouuknmyeckux ctpyktyp (MotkuH, B.L., 2010, MoTumxa, J1.M., 2020)
Ha wux ocHoBe paspaboTaHbl npenapaTuUBHble METOAbl CUHTE3a psaa
NnonesHblX COeAMHEHWW, BKMOYas OMONMOrMYeckn akTUBHblE BeLlecTBa
[Hammouda, M.M., 2022, Gadzhili R.A., 2015].

B cTpykType ranoreHcogepalumx HenpeaenbHbIX KETOHOB NPUCYTCTBY-
0T TPY PYHKUMOHANbHO aKTUBHbLIX PeaKUMOHHbIX LieHTpa — kapboHWnbHas
rpynna, conpsikEéHHas KpaTHasi CBA3b M aTOM rarioreHa, 4to obycnaenusaet
BO3MOXXHOCTb HYKIeo(UNbHOro B3aMMOAENCTBUSA Kak MO OTAENbHbIM LEHT-
pam, Tak 1 N0 HECKONbKMM OAHOBPEMeEHHO. OAHOBPEMEHHOE BNUSIHNE 3TUX
LEHTPOB Apyr Ha Agpyra NPUBOAWT K NOBbILLEHHOW XMMUYECKON aKTUBHOCTU
AaHHbIX COeAVHEHUA N OTKPbIBAET LUMPOKME BO3MOXHOCTU ANS UX npume-
HEeHNs B TOHKOM OpraHu4eckom cuHtese [Guo, H. 2021, Zhang, T.S., 2019].
BcneacTteme JOCTYNHOCTU UCXOOHbBIX peareHTOB U O4HOCTaAUNHOIO Xapak-
Tepa npouecca, MeTo Nony4eHus rafioreHcogepXalumx HenpeaenbHbIX Ke-
TOHOB NOCPEACTBOM auMnMpOBaHUsS HernpeneribHbIX COeAUHEHUA XropaH-
rmgpnaammn kKapboHOBbLIX KUCMOT COXpaHSAET CBOK akTyanbHOCTb M B HACTOSA-
LLiee BpeMsi, OCTaBasiCb O4HUM U3 NEPCMNEKTUBHBIX CUHTETUYE CKUX NMOAXOAO0B.

QKCMNEPUMEHTAJIbHAA YACTb

MeToa cuHTe3sa 1-cpypun-4-xnopbyr-2-eH-1-oHa (1). K cycneHsum 28
r (0.2 mosnb) XNopu1cToro antoMmnHmna B 60 mn gnxnopataHa npy NOCTOSIHHOM
nepemewwmBaHun no kannam pobaensawot 0.2 Monb  xnopaHruapvaa
dypaHKkapOOHOBOW KMCMOThI Npu TemnepaTypax -15+-10°C. 3atem npu ToM
Xe Temneparype B TedyeHue 1 yaca nocteneHHo npubaensaiT 18 mn (0.1
Morb) annunxnopuaa. lNocne okoHYaHWs NpubaBneHnsa XNopUCToro annuna
peakLMOHHYIO MacCy NpoAOSKaloT MHTEHCUBHO NepemeLumBath ewe 1 yac
npyu TOW e TemnepaType, NOCMe Yero MoryYeHHy CMeCb BbIIMBAKOT Ha
negsHyto  Bogy. OpraHuyeckonW CrovM OTAendaAlT OT  BOAHOMO  Crnos,
NpOMbIBalOT BOAOW, BOAHBLIN CIMOW 3KCTParMpyroT 3upom. IdupHble
9KCTPaKTbl 0ObEeAUHAIOT, CyLlaT Hag XMOpUAOM KanbuMsi U NOCHe OTIOHKM
pacTBOpUTENs NPOBOAAT BaKyyMHYIO NEPErOHKY.

MeTtopn cuHTe3a 1-cpypun-4-gnankunammHo (MopdonmHo) oy T-2-eH-
1-oHOB (2-4).

K pacteopy 0.2 MoOmnb COOTBETCTBYOLLEro BTOPUYHOro amuHa u 30 mn
AN3TUNOBOro admpa npu nepemewinsaHumn n npu temneparype 10-15°C no
kannam npubasnanm 0.1 wmona 1-dpypun-4-xnopbyt-2-eH-1-oHa  (1).
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MoppepxuBaa Temnepatypy B npegenax 20-25°C peakuWOHHYH CMeCb
nepemelwmBanm B TedeHne 3 4vacoB. [locne oxnaxaeHust peakuMOHHYH
CMeCb NPOMbIBanu BOAHbIM pacTBOPOM KapboHaTa HaTpusl, SKCTparmposanm
ON3TUMNOBBIM 3(hnpoM. 3aTeM OpraHNYeckUin Cnon n ddUpHbIE BbITSKKN
CoeouHANM W Ccywunu Hag cynbcgatom MarHma. [locne yganeHus
pacTBOpPUTENSI OCTATOK NOABEPrany BakyyMHOW NEepEroHKe.

PE3YJIbTATbI U OBCYXXOEHUE

MyTéM aumnmpoBaHus annunxrnopuaa xmnopaHrngpnaom gypaHkapbo-
HOBOW KMcNoTbl N0 KoHaakoBy — KpanmeuHy Obin cnHTesnpoBaH 1-ypun-4-
XNopbyT-2-eH-1-0H. YCTaHOBMEHO, YTO MNPV MOBbIWEHHbLIX TemnepaTypax
AaHHas peakumMs He npoTekaeT wu3bupaTenbHo, a npu KOMHaTHOW
TemnepaTtype COnpoBoOXaaeTcss obpasoBaHWEM CMOMUCTbLIX MNOBOYHBIX
NpoAyKTOB, NAEHTUUKALMS KOTOPbIX OKasanacb 3aTpyaHUTENbHON.

Llenbto HacTosLero ncecrnegoBaHus aensnack paspaboTtka paumoHarb-
HbIX CUHTETUYECKMX MOLAXOAOB K MOMYYEHUIO XITOPCOAEPKaLLUMX Henpeaenb-
HbIX KETOHOB U COOTBETCTBYOLLIMX aMUHOMNPOUN3BOAHBIX. QKCNepUMEHTanbHO
YyCTaHOBMEHO, YTO aumnnMpoBaHue xrnopcoaepxalumx HenpeaernbHbIX coeamn-
HEHWI annUNbHOro TMNa B NPUCYTCTBUM 3KBMMOMSIPHOMO KONMYECTBa Xro-
pUCTOro antoMUHUA B cpede AuxropaTaHa npu Temnepatypax —15-10°C
npueoant Kk obpasosaHuio 1-gypun-4-xnopbyT-2-eH-1-oHa (1) ¢ BbIXOOOM
75%. Peakuus ketoHa (1) ¢ ABYKpaTHbIM MONSAPHbLIM U36bITKOM BTOPUYHbBIX
aMVHOB (auMeTuMnaMuHa, ANaTnnamMmmHa, MopgonmHa) B cpege AMaTuioBoro
apupa npoTekaeT No MexaHusMy HyKNneomurnbHOro 3amelleHus atoma
Xnopa Ha guankmnamuHorpynny, 4to npueoauT K obpasosaHuio 1-cpypun-4-
AanankmnammHobyT-2-eH-1-oHoB (2—4) ¢ Bbixogamun 69-76%. W3bBbITOK
BTOPUYHOTO amMuHa BbINOMHSAET Pofb akuenTopa XMNopucToro BOAOPOAa,
BblAENAIOLWErocsa B NpoTekaHwe peakuwuu, npegoTepallasi noakucrneHue
peakuMOHHOW cpeapbl.

a
5 l 0 _ NH(R), / \ .
0
. /] | ! N(R),
0 \ — @3
\/\Cl 3 cr| m o va \
) - o N\ NARN
6] __/

2. R=(CHs),: 3. R=(C,Hs), @

Cxema
CocTaB 1 CTpOeHUe CUHTE3UPOBaHHbIX coeauHeHnin (1-4) yCcTaHOBMEHbI
Mo AaHHbIM anemeHTHoro aHanusa, MK n 'H AMP cnektpos. VIK-cnekTpbl
CVMHTE3MPOBaHHbIX CcoeanHeHun Obinv  3aperucTpupoBaHbl Ha dypbe-

65



Towards Sustainable Chemistry and Chemical Engineering

The 7t International Scientific Conference of Students and Young Researchers

cnektpodgoTomeTpe Protoge-460 B ToHKOM crioe B gmanasoHe 400-4000
cm™'. Cnektpbl 'H AMP 3anuckisanu Ha crnektpomeTpe Bruker Avance-300
B pactBope CDCIz, xumnyeckue casurm onpenensnn oTHOCUTENbHO TeTpa-
metuncunana (TMC). YncToTy CMHTE3NPOBaHHLIX COeQUHEHUIA KOHTPONNPO-
Bann MeToAoM TOHKOCMoOWHOM xpomaTtorpadum (TCX) Ha nnactmHax Silufol
UV-254, B ka4yecTBe 3MOEHTOB UCMOMNb30Bann cMCTeEMy rekcaH—agup.

B UK cnektpax cuHTe3npoBaHHbIX coeauHeHnun (1-4) Hannuve dypunb-
HOro (pparmeHTa noaTBEPXAAEeTCA nonocaMu MornoweHnss B obnactu
v=3165-3125 cm™' (BaneHTHble konebaHus C—-H retepoapomMartnyeckoro
konbua), 1685-1645 cm™ (konebaHus C=C gypaHosoro umkna), 1125-1100
cm™! (koneGaHus cesan C—O-C). B UK cnekTtpe 1-gpypun-4-xnopbyT-2-eH-1-
oHa (1) kpome nonockl nornoLleHne ypuneHOro hparmeHTa HabnogarTes
XapakTepHble nonockl npn v=1725 n 1661cm™", cooTBETCTBYIOLLNE BaNEHT-
HbIM KonebaHnsaM KapbOHUITbHOW pynnbl B S-Cis- U S-trans-KOHopMauunsix.
Monockl npu 1635 1 971 cM™' OTHECEHbI K BANeHTHLIM U BHEMIOCKOCTHBLIM
AedopMaumoHHbIM  KonebaHusaM AByx3aMeLEHHOM BUHWUIHOW Tpynnbl C
mpaHc-koHurypaumen. Monoca nornotueHus npu 706 cm~', cooteeTcTBY!I0-
was konebanuam ceasn C—Cl, npucytcteyeT B UK cnekTpe ncxogHoro xmo-
PKETOHa 1 NOMHOCTBIO UCYE3aEeT B CNEKTPax COOTBETCTBYIOLLMX aMUHOKETO-
HOB, YTO NoATBEpPXXOaeT 3aMeLleHe aToMa xnopa AnankMnammHorpynmow.

B 'H SIMP cnekTpax HenpegenbHOro KeToHa U aMUHOKeTOHOB (1-4)
HabnOaTCs XapakTepHble CUrHanbl ypunbHoro goparmeHTa B obnactum 6
= 6.23-7.35 M.4., COOTBETCTBYHOLLIME MPOTOHaAM reTepoapomMaTU4EeCKoro
konbua dypaHa. B 'H AMP cnektpe 1-dpypun-4-xnop-2-6yteH-1-oHa (1)
obHapyxeHbl curHanbl B obnactax o, m. 4.: 4.19 g (2H, CHy), 6.20-6.75 m
(2H, CH=CH). A B 'H AMP cnekTpax auankunamvHos (2-4), kpome
XapaKTEPHbIX MYMLTUNMETHBIX curHanoB npotoHoB CH=CH dparmeHTa,
HabnogalTca  XapakTepHble  CuUrHambl  NPOTOHOB  AUANKUMIaMUHO U
MOPOSIMHOBOIO  3aMecTUTenen, 4YTOo MNOSIHOCTbIO  corfacyetcs  C
npegnonaraemon cTpyktypon coeguHenun: 1.88 c [6H, N(CHs)2] (2), 1.87 ¢
n 3.08 m [6H, N(CH2-CHs)2, 1 4H, N(CH2-CHs)] (3), 2.42 T n 3.64 1 [4H,
N(CH2)2 u 4H, N(CH.)20] (4).

Takmm ob6pasom, paspaboTaHHbIi MeTod no3BonseT 3PPEKTUBHO
nony4aTb (PyHKUMOHANBbHO 3amMeLlEHHbIE a,3-HEeHaCbIWEHHbIE aMUHOKETOHbI
C (pypunbHbIM bparMeHToM, nNpeacTaBnsAwLLne nHTepec Ans AanbHenLWwmnx
nccnegosaHui B 0bnactM CUHTE3a reTepOUMKITMYECKUX COEOUMHEHUA W
noTeHumManbHoOro oapmMakonormyeckoro NpUMeEHeHUs.
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HOBASA TEXHONOIN A AnA sOPbbbl C OCIIOXHEHUAMU B
NMPOLUECCE OOBbIYA HE®TU

AbpynnaeB Byrap xamun, Ancadaposa MaraHaTt dnbaap,
XanunoB HypnaH Hasum, AnbiwoBa [xxamana lNyny
SOCAR, Hay4dHo Uccneposatenbckuii MpoekTHbin UHCTUTYT «HedbTerasy
baky, AsepbangxaH
cemale.q.qenberova@socar.az

Peslome - [lpobnembl, BO3HUKalWMme B pesynbrate o00Opa3oBaHWs OTMOXEHWUN
acanbTeHoB, cmon, napadwuHoB u conen (ACMNCO) B Tpybonposogax npu [obblue u
TPAHCNOPTUPOBKE BbICOKOBA3KOM HEITU, OCTAOTCHA NMOCTOAHHON Npobrnemor ana HedpTaHoN
npoMbIWNEeHHOCT. HecmoTps Ha pas3paboTky OGoMbLIOro KONMMYecTBa [AernpecCOpPHbIX
npucagok npotus otnoxeHnss ACMNCO, NonHOCTbIO yCTpaHWUTb 3Ty npobrnemy He yaanochb.
Moatomy paspabotka yHMBepcanbHbIX U APAEKTUBHBLIX AENPECCAHTOB MPOTMB OTIIOKEHMWS
ACICO octaercs akTyanbHoOW 3agaden. YunTtbiBas 310, B AaHHOW pabote Obin nonyyeH un
UCCrefoBaH HOBbINM yHMBEpPCanbHbIi M 3EKTUBHBIN AENpPeccaHT NpPOTUB OTMNOXEHUSA
ACTIICO.

KnioueBble cnoBa: He(Tb, CKBaXWHa, peareHT, CONeBble OTNOXEHUS, napadmHOBbIE
OTINOXeHWS], 3 PEKTUBHOCTb, OCIOXHEHWS, TpyOonpoBoa, npucagka, Aobbiua

BBepeHune

B HacTosiwiee Bpemsi 0OHOM M3 OCHOBHbIX NMpobnem npu paspaboTke
HedTSHbIX MecTopoxaeHun AsepbangkaHa sensaetcs otnoxeHne ACIICO
Ha HedTenpomMbICIIOBOM 000pyAOBaHUM N MPUMEHEHNE METOO0B O0pbLOLI C
3TUMKM OTNOXEHUAMU. Ha ocHoBe aHanm3a npobrnembl 6opbbbl ¢ ACICO
YyCTaHOBMEHO, YTO B NOCregHee BpeMs Ha NpoMbicnax HedterazogobbiBato-
LWMX yNpaBneHnin yBeNMYMIoCb KONMYECTBO IKCMyaTupyembix napadmHuC-
TbIX CKBaXWH. [1og NoHATMEM napaduHUCTbIX CKBaXXMH MOHUMMAKOTCS CKBa-
XWHbI, HOpManbHasa JKCnnyaTauus KOTOpbIX B TeyeHue roga obecneymnsa-
eTCsl NpoBeJeHNEeM TeX WU WMHbIX MEepPONnpUSATUA MO NPeaoTBPaLLEHMIO
oTnoxenus napadguHa. ACMCO B 3aBUCMMOCTU OT XapakTEPUCTUK CKBAXKMH,
HabnogalTca Ha pasnuyHbIX yYacTkax HedTenpombicrioBoro obopyaosa-
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HUs Npu aobblye n TpaHcnopTuposke HedTn. Tak, YacTnubl ACIMCO oTkna-
OblBAlOTCS B HACOCHO-KOMMPECCOPHbIX Tpybax, wTaHrax, y3nax HacoCHOW
YCTaHOBKM, YCTbEBOM O0OOPYAOBaHUW, BbIKUAHBLIX JIMHWUSAX, KOMeKTopax,
N3MepUTEnbHbIX YCTaHOBKAaX W T.4., YTO NPUBOANT K CHUXKEHUIO A06bIYN.

Kak B cTpaHe, Tak 1 3a pybexxom 3HauMTenbHoe KOMYEeCTBO Hay4YHbIX
paboT NOCBALLEHO (PU3MKO-XMMUYECKMM (haKTopaMm, BRMSAKOLWMM Ha Bblae-
nenne ACICO u3 HehTH, a Takke mexaHusmy npouecca ACINO B HedTe-
npombicioBom obopynosaHuu [1-8]. OgHako pelleHne ykasaHHbIX npobnem
no-npexHemMy ocTaeTcsi akTyanbHbiM. C y4eTOM 3TOW aKTyanbHOCTM Obin
pa3spaboTtaH HoBbIN cocTaB ans 6opbdbl ¢ ACICO.

dKkcnepumeHTanbHas 4YacTb.

[aHHaa paboTta nocesuleHa paspaboTtke HOBOro 3dEKTUBHOIO COC-
TaBa AN1s NOHWXKEHMA TeMNepaTypbl 3aCTbIBAHUS U YIyYLIEHUS BA3KOCTHbIX
CBOWCTB BbICOKOBA3KMX HedpTen.C y4ETOM BbILLEN3NOXEHHOTO 6bIn paspabo-
TaH HoBbIM peareHT NDP-22M-2, npegctasnsiowmin cobor cuHepreTnyec-
Kyt CMEeCb HEMOHOTEeHHbIX NMOBEPXHOCTHO-aKTUBHbIX BELLECTB C OpraHuyec-
KMMW pacTBOpUTENAMU, NpegHasHavYeHHbI Ans o6paboTkn BbicoKonapadgm-
HUCTbIX N BbICOKOBA3KMX HETEN.

PeareHt NDP-22M-2 npu TpaHCNOPTUPOBKE BbICOKOBA3KMX NapaduHUC-
TbIX Hed)TEN yny4llaeT TeKydeCTb HedTW, npedoTepawlaer obpasoBaHue
napadUHOBLIX OTIIOXKEHWUI, CHUXXaET TemnepaTypy 3acTblBaHUSA U BA3KOCTb
HedTH, TEM caMbIM obreryasi €€ TpaHCMOPTUPOBKY.

JNTaBopaTopHble UcnbITaHUA NPOBOAUNNCL B [iBa 3Tana B COOTBETCTBUU
¢ metogmkon «OueHka 3 EKTUBHOCTU NHIMOBUTOPOB NapadUHOOTIIOKEHNIA
KOMMMNEKCHOro OencTBus».

[MepBbIN 3aTan paccMaTpmMBaEeTCs Kak OPUEHTUPOBOYHLIN KCNpecc-me-
Tog [9-11]. B cooTBeTCTBMM C 3TMM METOA0M OonpedenseTcss paCTBOPMMOCTb
nHrMbuTopa B HedTenpoaykTax u pacteoputenax. [na npurotoBneHus cu-
HepreTn4ecknx KOMMo3nunn KOMMOHEHTbI BBOAAT B KONOY B YCTAHOBMEHHbIX
MacCCOBbIX COOTHOLUEHUSX U NepeMeLlnBatoT Npu KOMHaTHOW Temneparype
B TeyeHne 0,5-1,0 vaca. Npn HeoBxoaMMOCTM NepemMeLlLBaHne NPOBOAST
npu Temnepartype 40-45 °C.

Cnenyet OTMETUTb, YTO KOMMOHEHTbI, BXOASLLME B COCTAB KOMMNO3MLMM,
no OTAenbHOCTU He obnajalT OenpeccopHbiMM cBovcTBamu. OpHako B
cocTaBe Komnosuumm bnarogapsa cuHepretmyeckomy adekTy OHM NposiB-
NS0T BblpaXXeHHbIe AeNPEeCCOPHbIE CBOMNCTBA MO OTHOLLIEHMIO K BbICOKOMapa-
(OMHNCTBIM N BbICOKOBS3KUM HEQDTAM.

B Havane wuccnepoBaHui nposepsinock genctene NDP-22M-2 ans
CHWXEHUSA TemnepaTypbl 3aCTbiBaHUSA U Yry4ylleHUs BA3KOCTHbIX CBOWCTB
BblCOKONapaUHUCTbIX HEPTEN B HaCTHOCTM Ha KUHEMATUYECKYIO BA3KOCTb,
NMOTHOCTb N TemnepaTtypy 3acTblBaHUa HedTern HIOY nm. H.HapumaHoBa.
Hedbts H.HapumaHosckoro HIAY gaBnsetca BblicOKonapaduMHUCTON W
cogepxaHue napaduHa coctaBnsdetr okono 20 %. [InoTHocTb w
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KMHemaTu4deckas BA3KOCTb onpeaeneHsl Ha npubope LWtabuHrep SVM 300.
Temnepatypa 3acTblBaHua onpegensetrca no [OCTY 20287-74.
[enpeccopHbli ahekT (AT) BbluMcnaeTcs no opmyne:
AT= (TsaCT.Mcx‘TsaCT.np)

3aechb:

Tsactuex — TEMMEPATYPA 3aCTbIBAHUS UCXOOHOW HEPTH,

Tsacrnp - TEMNEPATYpPA 3aCTbiBAHNA HEPTM Nocne 0OpaboTkm Nprucaakomn.
KoHueHTpaumsa npucagkm coctaendet 0,02 % macc. HepTn. PesynbraThl
npoBeaeHHbIX UCCreaoBaHNn NokasaHbl B Tabnmue.

Tabnuua. Pusunyeckune napameTpbl HepTv A0 1 Nocne fobaBneHus peareHTa

KnHemaTtunyeckasn BA3KOCTb nocne ,D,OGGBJ'IGHI/IH

KnHemaTtmnyeckas BA3KOCTb 2
Ne peareHTa, MM%/C

0o pobaBneHus peareHTa,

CKB Mm?/c
1 2 3 4 5 6

619 264,58 120,4 | 121,2 | 95,67 [110,44({129,34 115,48

456 |Heteky4yas (ryctas HecbTb)| 80,4 72,3 |58,05|70,77 | 86,42 70,08

441 364,75 61,4 59,7 |39,16|55,19|69,89 95,44

MnoTHocTb HedpTM OO MnoTtHocTb HedbTn Nnocne gobaeneHus peareHTa, r/icm3
nobaBneHus peareHTa,
r/cm® 1 2 3 4 5 6

CkB
Ne

619 0,8664 0,85 0,85 | 0,87 | 0,87 | 0,87 0,87

456 |Hetekyyas (ryctad HedTb)| 0,88 0,88 | 0,88 0,88 0,89 0,89

441 0,8713 0,86 0,86 | 0,88 | 0,86 | 0,86 0,87

Cka 3acTbIBaHUA HedTH A0 3acTtbiBaHMe HedhTK nocrne aobaBneHns pearenTa, °C

Ne | poGaBneHus peareHTa, °C 1 5 3 4 5 6
619 +16 +6 +3 -11 -7 +9 +5
456 +16 -1 -5 -10 -8 -12 -11
441 +22 -3 -5 -20 -13 -11 -7

Kak BuaHO 13 Tabnuubl, HOBbIN COCTaB, MPUIOTOBIIEHHLIN OIS MOHMXe-
HUS TeMmnepaTypbl 3aCTbiBaHUSA U YIyYLUEHUS BA3KOCTHbIX CBOMCTB BbICOKO-
napaduHoOBbIX HedTen, NO3BOMSAET MOHU3UTL TemrnepaTypy 3acTbiBaHUA U
yNyyLlnTb BA3KOCTHbIE CBOWCTBA.
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BbiBoabl M 06CcyxaeHune.

1. MNMpepnaraembi peareHT ABMSETCA YHMBEPCASlbHbIM MO CBOEMY Xa-
paKkTepy v AaeT NonoXuTernbHble pe3ynbTaThbl A1 BCEX TUMOB BbiCOKONapa-
PUHOBBLIX U BbICOKOBS3KUX HEQTH.

2. MNpun pobaBneHun peareHTa K BbICOKONAPaUHUCTBIM U BbICOKO-
BA3KUM HedTaAM, 3amepsarowmm npu +22 °C, Temnepartypa 3amep3aHus
cHmxaetca go -20 °C.

MpeanoxeHusn

NDP-22M-2 npenHasHayeH ans npegotBpalleHns obpasosaHus ACIO
B CKBa)MHaxX M Ha MOBEPXHOCTM HedTENPOMbICNIOBOrO 06opynoBaHUA, a
Takke Ona ynyyleHus TEeKy4ecTu BbICOKOMapaUHUCTLIX N BbICOKOBA3KUX
HedhTen. NDP-22M-2 obecneumBaet adppekTmBHyo 3awmty ot SPSO B
©e3BOAHbIX M ManoBOAHbIX cpefax, YnydlwaeT peonorndeckne CBOMCTBA
Hed)TEN M CHMXKAET UX BA3KOCTb NPU HU3KUX Temnepartypax. B cBasm c
BblLLEeCKas3aHHbIM pekomeHnayeTcs mcnonb3oBatb peareHT NDP-22M-2 Ha
HePTAHbIX MECTOPOXAEHUAX.
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THE EFFECT OF AN ADDITIVE SYNTHESIZED FROM NATURAL
PETROLEUM ACIDS ON THE PRODUCTION OF ROAD BITUMEN

Vagif Abbasov, Lala Afandiyeva, Yutta Cherepnova, Gunay Nasibova, Shafag
Mammadova, Balacakhanim Babayeva, Nazile Afandiyeva
Y.H. Mamedaliyev’s Institute of Petrochemical Processes of the Ministry of Science
and Education
Baku, Azerbaijan
e-mail: uta1980@inbox.ru

Abstract - The effect of an additive with a catalytic effect on the oxidation of petroleum
tar is examined. A mixture of synthesized Fe- and Mn-containing salts of natural petroleum
acids, taken in a 3:1 ratio, was studied as an additive. The concentration of this mixture in
petroleum tar was 0.3% by weight per 100 grams of feedstock. It is demonstrated that the
introduction of a mixture of Fe- and Mn-containing salts of natural petroleum acids into
petroleum tar affects the duration of the oxidation process and the quality characteristics of
the oxidized bitumen.

Keywords: petroleum tar, aerobic oxidation, metal-containing catalysts, road bitumen.

Introduction

The primary objective of the modern oil refining industry is to improve
the efficiency of oil refining and the quality of petroleum products, which
include petroleum bitumen. Of great importance are studies aimed at
developing rational methods for improving the production technology of
petroleum bitumen, as one of the most common engineering and construction
materials [Grushova et al., 2021, 57-62; Cherepnova, 2024, 694-703].

The production of bitumen materials from heavy petroleum residues
requires a multi-stage production process that includes not only tar oxidation
but also raw material modification to achieve the required material quality
[Popov et al., 2024, 42-47]. Despite the fact that modifiers and additives
improve bitumen properties [Belova et al., 2018, 175-184], their introduction
is quite labor-intensive and requires additional equipment, as well as a
separate production stage. A solution to these problems may be the
introduction of additives that improve bitumen quality into the tar oxidation
process [Abbasov et al., 2025, 298-303]. Firstly, this allows the additive to be
used more economically, since oxidation results in its more complete
dissolution in the tar and even distribution throughout the bitumen. Secondly,
the production chain is shortened by eliminating the stage of compounding
the bitumen with the modifier. Consequently, the resulting material is of
higher quality and has the desired characteristics, compared to bitumen
obtained from unmodified tar.

The study included tests involving the oxidation of tar "with" the additive
(in the presence of a mixture of Fe- and Mn-containing catalysts) and
"without" it, with the aim of comparing the properties of the resulting products
and determining the effectiveness of the additive.
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Experimental Part

Oil tar obtained at the Heydar Aliyev Oil Refinery during primary oil
refining served as the feedstock for the oxidation process.

Samples of iron- and manganese-containing salts of natural petroleum
acids (Fe-NPA, Mn-NPA) were synthesized according to the method [Abbasov
et al., 2024, 1187-1193] and added to the feedstock as a Fe:Mn-NPA (3:1)
mixture at a concentration of 0.3% by weight per 100 grams of feedstock.

Thermal oxidation of oil tar to road bitumen was carried out in a
laboratory setup in a bubble-type oxidation column at a temperature of
260+£2°C and an airflow rate of 0.5 and 0.6 I/min. Softening points were
determined by sampling every 3-5 h using the “Ring and Ball” method. The
quality parameters of the obtained bitumens (softening point, penetration at
25°C, Fraass breaking point, ductility at 25°C, adhesion to mineral fillers)
were identified according to GOST AZ 3536601.242-2015 when the softening
point according to “Ring and Ball” reached 46-49°C.

Comparative analyses were then performed on the quality parameters
of bitumen obtained from tar with low quality parameters and bitumen
obtained from the same tar sample with the addition of a Fe:Mn-NPA (3:1)
mixture (Table).

The norm for Air flow rate, I/min
Indicator name road petroleum
bitumen 50/70 0.5 ‘ 0.6
Without adding a catalyst
Oxidation time, h - 25 15
Softening point according to GOST, °C 46-54 46 46
Fraass breaking point, °C <-15 -25 -23
Ductility at 25 °C, mm =55 87 >100
Penetration at 25 °C according to GOST 51-70 54 56
Adhesion, mark 1,2,3 3 2
With the addition of a mixture Fe:Mn-NPA
Oxidation time, h - 10 8
Softening point according to GOST, °C 46-54 46.7 49.4
Fraass breaking point, °C <-15 -20 -25
Ductility at 25 °C, mm =55 99 >100
Penetration at 25 °C according to GOST 51-70 54 56
Adhesion, mark 1,2,3 2 1

The addition of the additive enables bitumen to achieve compliance with
almost all GOST standards and leads to a change in the oxidation rate,
thereby reducing the time (from 15 hours to 8 hours) for producing road
bitumen. The qualitative indicators and duration of the tar oxidation process
to bitumen obtained in the presence of the Fe:Mn-NPA mixture indicate a
synergistic effect in this process.
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Conclusion
The addition of an additive — a catalyst obtained from Azerbaijani

hydrocarbon feedstock — to petroleum tar affects the structural organization
of petroleum systems. The introduction of the optimal amount of catalyst —
0.3% by weight per 100 grams of feedstock — into the system accelerates the
oxidation process and changes the qualitative indicators of the final oxidation
products under identical oxidation conditions. This can be used to produce
oxidized bitumen with improved quality indicators without changing the
oxidation process technology.

This work was supported by the Azerbaijan Science Foundation — Grant

Ne AEF-MGS-2025-1(54) -20/16/4-M-16
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INVESTIGATION OF THE AEROBIC OXIDATION OF
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Abstract - This study demonstrates the synthesis of synthetic petroleum acids (SPA)
with high yields through the liquid-phase oxidation of naphthene-paraffinic hydrocarbons
extracted from Azerbaijani oil mixtures. The process was conducted in the presence of a
Manganese (Mn) salt of sunflower oil fatty acids, utilized at a concentration of 0.5% by weight
relative to the feedstock. The experimental results confirmed a combined yield of SPA and
natural petroleum acids (OSPA) reaching 34.3%.

Keywords: diesel fraction, aerobic oxidation, oxidation catalysts, synthetic petroleum
acids

Introduction

In the modern world, the efficient utilization of petroleum hydrocarbons
plays a decisive role not only for the energy sector but also for the advanced
chemical industry [Bellotto. S., Gusev D.G., 2022, pp.45-62]. Through
catalytic oxidation under various optimal conditions, the conversion of
hydrocarbons yields organic substances that these organic resources are of
fundamental importance in the synthesis of high-molecular-weight
compounds, the preparation of pharmaceutical products, and the production
of high-performance specialized fuels [Paia Z.P., Parmona V.N.,
Bukhtiyarova V. I., 2023, pp. 329-361].

Catalytic oxidation constitutes a primary class of reactions that ensure
sustainable transformations both environmentally and industrially. These
processes are based on accelerating oxidation reactions through the
influence of catalysts—typically metals, metal oxides, or nanostructures
placed on a carrier—thereby ensuring the efficient conversion of pollutants,
hydrocarbons, and volatile organic compounds into less harmful products
such as carbon dioxide and water [Salah Ahmed R.M., 2025, pp. 112-130].

Transition metal salts of fatty acids are one of the catalytic systems
widely applied in the liquid-phase oxidation process. These types of catalytic
systems are industrially significant, particularly for the oxidation of
hydrocarbons, as well as bitumen and petroleum fractions, in terms of
polymer production. Since reactions occurring in the presence of transition
metal ions proceed at relatively lower temperatures, they are also considered
energy-efficient. For this reason, the study of transition metal salts of fatty
acids is considered one of the relevant scientific directions for creating more
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Table. Results of the oxidation of de-aromatized diesel fraction in the presence of Mn
salts of sunflower fatty acids

Catalyst | Oxidate (mg KOH/q) Oxidate Yield SPA Acid Number SPA Yield
Amount (%) {(mg KOH/g) (%)
(wt%) Oxidate | Oxidate SPA SPA OSPA | OSPA Total Yield
Acid Yield Acid Yield Acid Yield | (SPA+OSPA)
Number (%) MNumber (%) Number (%) (%)
(mg (mg (mg
KOH/g) KOH/g) KOH/g)
0.1 35 954 70.5 10 62 2 12
03 44 96 115 226 105 10 326
05 48 97 120 235 106 10.8 34.3
1 479 a7 121.2 238 109 125 36.3

efficient catalytic systems in the petrochemical industry [Gnanaprakasam B.,
Balaraman E., 2021, pp.112-130]. Organic acids synthesized with the
participation of various catalytic systems are of industrial importance and
have an extremely wide range of applications [Abbasov V.M., Afandiyeva
L.M., Nasibova G.G., Aliyeva N.M., Ahmadbayova S.F., 2024, pp. 1187-
1193]. Considering the aforementioned points, the presented work
demonstrates the process of oxidizing naphthene-paraffinic hydrocarbons
with the catalytic participation of the Mn salt of sunflower oil fatty acids.

Experimental Part

The diesel fraction isolated from Azerbaijani oil mixtures served as the
primary feedstock. The physicochemical properties of the fractions were
evaluated both before and after the de-aromatization process, and their
Infrared (IR) spectra were analyzed [Abbasov V.M., Aliyeva L.I., Afandiyeva
L.M., lbrahimov H.J., Rustamli G.Y., 2020, pp 80-89]. The reaction was
performed in a bubble-type reactor via liquid-phase oxidation using
atmospheric oxygen at 140°C for a duration of 5 hours. The catalyst-to-
feedstock ratio was tested within a range of 0.2—1.0 wt%. The Mn salt of
sunflower fatty acid was employed as the catalyst, with the findings
summarized in Table.

Results and Discussion

As indicated in the table, the highest yield for SPA was observed when
the Mn salt of sunflower fatty acid was applied at a concentration of 0.5 wt%
relative to the feedstock. At this concentration, the yield of SPA reached
23.5%, while the OSPA vyield was 10.8%. Furthermore, the acid numbers of
the products peaked at this concentration, signaling an intensified oxidation
process. Increasing the catalyst concentration to 1.0 wt% did not yield a
significant improvement in process efficiency. Thus, 0.5 wt% was identified
as the optimal catalyst amount for the catalytic oxidation of naphthene-
paraffinic hydrocarbons using Mn salts.
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Recommendations

This experimental approach provides a systematic framework for
studying catalytic effects and optimizing oxidation processes. It is essential
to further evaluate various homogeneous and heterogeneous catalytic
systems and explore the diverse application areas for the synthesized
synthetic organic acid mixtures.
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OPTIMIZATION OF HYDRODENITROGENATION OF ALGAL
CRUDE BIO-OIL USING NiCo/yAL,O;

Laman Talibova
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Jeddah, Saudi Arabia
laman.talibova@kaust.edu.sa

Summary - Rising global energy demand is driving interest in upgraded biofuels from
biomass as greener alternatives. In this experiment, bio-oil produced by algea
(Nannochloropsis sp.) is upgraded via hydrodenitrogenation (HDN) to reduce nitrogen-
containing compounds that cause NOx emissions and can poison downstream catalysts,
using a batch bomb reactor and operated at controlled temperature, pressure, and residence
time. After reaction, products are recovered by dichloromethane (DCM) extraction and solvent
evaporation, and both gas and liquid products are characterized (GC-MS, FT-IR) while
optimizing mainly time (2—4 h), temperature (300—450 °C), and pressure (12—20 MPa) using
cheaper Ni-Col/y-Al,03 compared to precious-metal catalysts.

Keywords: Upgrading biofuel, hydrodenitrogenation (HDN), Ni—-Co/y-Al,O3, process
optimization.

Introduction
Energy demand in any sector is growing day by day. Production fields
and the transport sector cover more than half of the energy used in the world.
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(Matricon et al., 2023) Upgraded biofuel from biomass is a promising future
green energy source to meet the energy demand in an eco-friendly way.
Hydrothermal liquefaction of algae has recently been studied by many
researchers. After hydrothermal liquefaction of wet biomass and extraction
of biocrude oil which has many different organic compounds, such as organic
acids, pyrazines, ketons, amides, phenolics, and others the upgrading
process is carried out to increase economic feasibility of the biofuel.
Denitrogenation of biofuel is one of the upgrading steps. High nitrogen
content in the fuel causes high NOx emission during combustion of biofuel in
engine, and it can deactivate the catalyst used for further upgrading
processes. (Obeid et al., 2019) (Huang et al., 2018)To solve the problem of
nitrogen content has been targeted by using several methods. Optimization
of hydrodenitrogenation process of crude bio-oil is the main scope of this
research.

Experimental setup

Crude bio-oil extracted from microalga (Nannochloropsis sp.) is loaded
into bomb batch reactors with Ni-Co/y —Al203 catalyst bed together with 0.1
HCIl or NaOH to modify pH condition. After sealing the reactor, air (O2 source)
is removed by He purge/vacuum cycles. [SEE Fig.1]. The reaction is carried
out in high preesure, so the reactor is pressured with charging He 70 kPa
and H2 (reagent) is charged, more pressuring to 12 MPa. Isothermal reactor
with certain temperature (the first trial T is 320 °C) is operated in certain
residence time (the first trial t is 200 min). After reaching certain
predetermined residence time, cool the reactor in an ice water bath, then
refrigerator for 30 min. The gas-liquid equilibrates. Dichloromethane is
injected into reactor to recover treated bio-oil. Separated organic phase is
withdrawned. DCM is removed via evaporation, and remaining treated bio-
oil content is tested. Gas phase and liquid phase at the end are analyzed
with GC-MS analysis and FT-IR.
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Figure 2. Reactor setup for upgrading bio-oil. (Duan and Savage, 2011)
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Offers

In many literature optimizations in terms of hydrogen consumption,
catalyst utilization, residence time, temperature and pressure have been
carried out in catalyst of Pt/C/MZSM-5. In this experiment, we will mainly
focus on the 3 main conditions, residence time (2-4 hr), temperature (300-
450 °C) and pressure (12-20 MPa) for hydrodenitrogenation (HDN) by using
Ni-Co/y-Al203, which has been used for HDN of crude oil. Using cheaper
catalyst in optimized condition will be the main achievement of this
project.(Zhang et al., 2025)

References

Duan, P, Savage, P.E., 2011. Upgrading of crude algal bio-oil in supercritical water. Bioresour.
Technol. 102, 1899—-1906. https://doi.org/10.1016/j.biortech.2010.08.013

Huang, Z., Wufuer, A., Wang, Y., Dai, L., 2018. Hydrothermal liquefaction of pretreated low-
lipid microalgae for the production of bio-oil with low heteroatom content. Process Biochem.
69, 136—143. https://doi.org/10.1016/j.procbio.2018.03.018

Matricon, L., Roubaud, A., Haarlemmer, G., Geantet, C., 2023. The challenge of nitrogen
compounds in hydrothermal liquefaction of algae. J. Supercrit. Fluids 196, 105867.
https://doi.org/10.1016/j.supflu.2023.105867

Obeid, F., Chu Van, T., Brown, R., Rainey, T., 2019. Nitrogen and sulphur in algal biocrude: A
review of the HTL process, upgrading, engine performance and emissions. Energy Convers.
Manag. 181, 105-119. https://doi.org/10.1016/j.enconman.2018.11.054

Zhang, J., Li, Hulin, Chen, H., Zhang, H., Yang, C., Li, Haobo, 2025. Hydrothermal
hydrodenitrogenation and hydrodesulfurization over nickel-based catalysts in sub/supercritical
water. Fuel Process. Technol. 278, 108332. https://doi.org/10.1016/j.fuproc.2025.108332

TEMPERATUR AMILININ PARAFINSIZLOSM® PROSESIND®
ROLU

Sevinc Haclyeva, Nazarova Miiskiinaz
Sumaqayit Dévlst Universiteti
Sumaqayit , Azerbaycan
sevushaj@gmail.com

Xiulase - Parafinsiziasma prosesi neft fraksiyalarindan yikssk arima temperaturuna
malik normal parafinlerin ayrilmasi magsadile apanlir ve asasen yaglarin axiciliq
temperaturunun asagi salinmasina xidmat edir. Bu prosesdsa temperatur amili halledici rol
oynayir, ¢unki parafinlerin kristallasmasi birbasa istilik seraitinden asilidir.

Temperaturun asagi salinmasi naticasinde mahlulda hall olmus parafinler doyma
haddina gatir ve kristallasma baslayir. Kristallasma temperaturu na gadar diizgiin segilarss,
amala galan kristallarin 6lgisl va formasi bir o gadar filtrasiya tgtin slverisli olur. Cox suratli
soyutma xirda va kolloid xarakterli kristallarin yaranmasina sabab olur ki, bu da filtrasiya
prosesini ¢atinlagdirir. Bksina, merhalali ve nazarstli soyutma iri ve yaxsl formalasmis
kristallarin alinmasini temin edir va ayrilma samaraliliyini artirir.

Acar sozlar: parafinsizlesma, neft fraksiyalari,karbohidrogen, kristallasma, halledici
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Girig

Parafinsizlosme prosesi neft fraksiyalarindan yuksak molekullu n-
parafinlerin ayrilmasi yolu ile mahsulun asagi temperatur xuisusiyyatlarinin
yaxsilasdiriimasina xidmat edir. Bu prosesda temperaturun rolu mihamddr,
cunki parafinlerin kristallagsma qabiliyysti birbasa istilik rejimindan asilidir.
Temperaturun azaldilmasi naticasindsa parafin karbohidrogenlari mahluldan
kristal saklinda ayrilir, onlarin dlglsl, formasi ve filtrasiya qabiliyysti ise
soyutma surati ve son temperaturla miayyen olunur.

Optimal temperatur rejimi segilmadikde kristallarin haddan artiq xirda ve
ya yapisqan qurulusda emeale galmesi filtrasiya prosesini g¢atinlosdirir vo
moahsul ¢iximini azalda biler. Eyni zamanda, headdindan artiq asagi
temperatur enerji sarfiyyatini artirir va igtisadi ssmaraliliyi azaldir. Buna gore
de parafinsizlesma prosesinda temperaturun marhalali ve nazaratli sokilde
tenzimlanmasi ham texnoloji, hem de igtisadi baximdan asas amillarden biri
hesab olunur.

Belalikle, temperatur amili parafinlerin kristallasma kinetikasini, faza
tarazligini ve son mahsulun keyfiyyat gostericilerini miieyyan eden asas
parametrlerdan biri kimi ¢ixis edir va prosesin effektivliyinin artirilmasinda
muahim shamiyyat dasiyir.

Ekspremental hissa

Parafinsizlesma prosesi neft fraksiyalarinin asagi temperaturlu istismar
gostericilerinin - yaxsilasdirimasi maqsadile aparilan mihim texnoloji
marhalalardan biridir. Bu prosesda temperatur asas tenzimlayici parametr
kimi cixis edir va parafin kristallarinin emela galmasi, bdyumasi,
agreqasiyasi va ayrilmasi marhalalerine birbasa tasir gosterir. Teqdim
olunan tezisde temperaturun parafinsizleasma prosesinda rolu fiziki-kimyavi
va texnoloji baximdan tehlil olunur, kristallasma kinetikasi ve selektivlik
masalaleri ilkin tedgigat merhalesi saviyyasinda Umumilesdirilir.

Neft fraksiyalarinin terkibinde olan normal quruluslu parafin
karbohidrogenlari asagi temperaturda kristallasaraq mahsulun axiciliq
gabiliyyatini azaldir, donma temperaturunu yuksaldir ve nagliyyat zamani
texniki ¢oatinlikler yaradir. Xususile dizel fraksiyalarn va yag distillyatlari tGi¢ln
bu problem daha aktualdir. Parafinsizloesma prosesi hamin bark parafinlerin
secici sokilde ayriimasina asaslanir. [Elijah Bell, 2024, 6-34]

Prosesin effektivliyi bir ne¢a amilden asili olsa da, temperatur ham
kristallasmanin baglanma noqtasini, ham da ayrilma daracesini muayyan
edan asas parametrlardon biridir. Buna gbre da temperaturun tesirinin
dyranilmasi parafinsizlagsmanin optimallasdinimasinda ilkin ve vacib marhala
hesab olunur.

Parafinlerin ayrilmasi osasen kristallasma hadisasine asaslanir.
Temperatur azaldigca sistemda hallolma gabiliyysti zsiflayir vo miayyan
kritik ndgtada parafin molekullari kristal tor formalagdirmaga baslayir.
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Kristallagma iki marhaleds bas verir: Birinci halda nlivaleanma (nucleation)
— ilk kristal merkazlerinin yaranmasi; ikinci halda kristallarin boyimaesi —
amale galmis nlvalerin élglice artmasi.

Temperaturun siretls azaldilmasi ¢oxsayll xirda kristallarin emala
galmasine sabab olur. Bu halda filtrasiya ¢atinlesir ve ayrilma effektivliyi
asagl duse biler. Sksina, temperaturun tadricen ve nazarstli goakilde
azaldilmasi iri ve yaxsi formalasmis kristallarin yaranmasina serait yaradir
ki, bu da mexaniki ayrilmani asanlagdirir.

Belalikla, soyutma stirati va son temperatur kristal dl¢ctislini ve prosesin
texnoloji gdstericilerini miayyan edir. [Seyfullayev ,2024, 71-80]

Halledici istiraki ile aparilan proseslarde temperatur daha murekkab rol
oynayir. Halledici-xammal sisteminda soyutma zamani parafinlerin hallolma
gabiliyyati kaskin azalir. Temperatur asagdi dusdikce kristallasma
intensivlasir, lakin haddinden artiq asagi temperatur viskozlugu artiraraq
garisdirma va filtrasiya marhalasini ¢atinlasdire biler.

Bundan elava, temperatur halledicinin segciciliyine da tesir gostarir.
Muayyan temperatur intervalinda parafinler ¢bksa da, diger karbohidrogenlar
maye fazada galir. Buna gbéra temperaturun dizgln segilmasi enerji
sorfiyyatinin azaldilmasi ve mahsul keyfiyyatinin ylksaldiimasi baximindan
vacibdir. [Gabriel Santos ,2024, 36-44]

Naticalar va onlarin miizakirasi

Parafinsizloesma adeaten asagi temperatur seraitinde aparildigi Gglin
soyutma sistemlari slave enerji toleab edir. Temperatur ne qadear asagi
secilarsa, enerji sarfiyyati bir o geder artir. Buna gére de texnoloji baximdan
optimal temperatur yalniz maksimal parafin ayriimasi deyil, ham de igtisadi
soemaralilik meyarlari nazers alinmagla muayyan edilmalidir.

Takliflar

1. Goelocok tedgigatlarimizda ilkin eksperimental yanasmayada
tedgigatin baslangic merhalesinde muxtalif temperatur intervallarinda
kristallasma baslangic nogtasinin muayyan edilmasi

2. Soyutma suratinin kristal 6lglistina tasirinin giymatlandiriimasi

3. Filtrasiya muddsatinin temperaturdan asililiginin dyrenilmasi

4. Donma temperaturunun va axicilig haddinin dayismasinin tahlili
masalalarinin dyranilmasi qarsiya qoyulan maqgsadlarimizdendir.
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MUXTOLIF METILLOSDIRICi REAGENTLORIN NAFTOLLARLA
REAKSIYASININ iLKIN TaDQiQi
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Xilasa - Naftollar aromatik hidroksilli birlesmalar sinfina aid olub Uzvi sintezde mihim
aralig mahsullar hesab olunur. Onlarin metillasmasi naticasinde ham O-metillasmis efirlar,
ham da C-metillosmis alkil téramaleri alda edils bilar. Teqdim olunan tezisde tedqigat isinda
mxtalif metillagdirici reagentlarin naftollarla reaksiyasinin istigamati, selektivliyi ve proses
parametrlorinden  asiiligi  arasdinilir.  Megsad miuxtelif reagentlerin  muqayisali
giymatlandiriimasi ve gealacek optimallagdirma ugun ilkin eksperimental baza
formalasdirmaqdir.

Acar sozlar: 1-naftol , 2-naftol, metanol, metilnaftol, C-metilloasma, O-metillasma

Girig

Naftollar (1-naftol ve 2-naftol) aromatik hidroksibirlegmaler sinfina aid
olub, boyalar, farmasevtik maddslar, antioksidantlar ve funksional polimer
alavalerinin sintezinde mihim araliq mahsullar kimi istifada olunur. Onlarin
metillagdiriimasi naticasinda emala galen O-metil va C-metil téramaleri bioloji
aktivlik, lipofillik ve stabillik baximindan shamiyyatli dayisiklikloar nimayis
etdirir. Buna gore de naftollarin selektiv va effektiv metillagdiriimasi Uzvi
sintezda aktual istigamatlardan biridir.

Metilloegsma reaksiyasi ham oksigen atomu Uzre (O-metillesma), ham da
aromatik niivenin aktiv mévqgeleri Uzra (C-metillosma) bas vera biler. Reaksi-
yanin istigamati secilmis metillasdirici reagentdan, halledicidan, katalizatorun
tebisatindan ve temperatur rejiminden asilidir. Taqdim olunan tezisda muxtalif
metillagdirici reagentlarin naftollarla reaksiyasinin ilkin marhalada migayisali
Oyranilmasi ve reaksiyanin istigamatine tasir edan asas amillerin miayyan-
lesdirilmasi magsad qoyulmusdur.

Eksperimental hissa

Naftol vo metilnaftollarin istehsali naftalin ve onun metilhomologlarina
asaslanir. Bu birlegsmalerin xammal manbayi isa das komur va neftdir. Nafta-
lin @sasinda metilnaftollarin sintezi aromatik sistemlarin marhalali funksional-
lasdiriimasina asaslanan klassik ve eyni zamanda praktik shamiyyata malik
istiqamatlorden biridir.

Naftalinden metilnaftollarin alinmasi esasan iki mearhalali sxem Uzra
aparilir:

Birinci marhalads naftalin metilloagsmasi prosesi hayata kigirilir. Naftalinin
aromatik elektrofil avezlonma reaksiyasi ile metillegsmasi prosesidir. Metillas-
dirici reagent kimi metanol, metilxlorid ve ya dimetilsulfat istifads oluna bilar.
Proses adatan Lewis tursulari (AICI3, FeCls), proton tursulari ve ya seolit tipli
heterogen katalizatorlar istirakinda aparilir. [M. Selva, 2008, 457-464]
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Metilnaftollarin alinmasinda 1-naftol, 2-naftolla yanagi metanoldan istifa-
da olur. Onlarin temizliyi xramotoqrafik analiz Gsullari va fiziki xassalarinin
tedqiqi naticesinde muayyen edir. 1-naftol ve 2-naftolun tamizliyini sublime-
siya yolu ila 99.9 %-o gadar qaldirmaq mimkin olmusdur. Alkillesdirici kimi
istifade olunan metanol isa Y.K.Yuryev tarefinden gdsteriimis qayda Uzre
temizlenir. Metil spirtinin tamizliyi 99.7 % olmusdur.

Birinci marhalada naftalin molekulunda elektrofil hicum asasan a-
mdvqgeda (1-mdvqge) bas verir, ¢clinki amala galan o-kompleks rezonans baxi-
mindan daha sabit olur. Naticaeda asas mahsul kimi 1-metilnaftalin, miayyan
miqdarda ise 2-metilnaftalin alinir. Temperaturun ve katalizatorun secilmasi
izomer paylanmasina birbasa tasir gosterir. [P. Tundo, 2010, 1233—-1235]

ikinci merhalode alinmis metilnaftalin tdromasi selektiv hidroksillosmeye
maruz qalir. Bu proses mixtalif Gsullarla hayata kegirila bilar:

Sulfonlasma — arima (qgalavi ile aridilma) — hidroliz yolu ils,
Oksidlasdirici sistemlarin (masalan, H,O, asasli sistemlar) istiraki ilo,

Katalitik oksidlesma va ya fotokatalitik metodlarla.

Reaksiyalar laboratoriya seraitinde qarisdirici ve temperatur nazarsti
olan siise reaktorda apariimisdir. ilkin merhalede temperatur intervali orta
diapazonda saxlaniimig, reaksiya middsati ise sabit gétlrilmuasdur.

Muxtalif metillasdirici reagentlarin naftollarla reaksiyasinin ilkin marhale-
da oyrenilmasi ve onlarin selektivlik xtsusiyyatlarinin tahlili edilmasi zamani
secilmis metillesdirici reagentlerin reaksiyaya daxilolma qabiliyystinin qgiy-
matlendiriimasi, O- ve C-metillesma mahsullarinin paylanmasinin miayyan
edilmasi, temperatur ve reaksiya muddatinin ilkin tasirinin arasdiriimasi, alin-
mis naticalerin muiqayisali tehlili 6yrenilmisdir [F. Gholipour, 2019 ,984-996]

Naticalar va onlarin muzakirasi

Aparilmis muisahidsler gdstermisdir ki, reagentlerin aktivliyi artdigca
reaksiyanin surati yuksalir, lakin selektivlik deyisa biler. Daha yumsaq sert-
lorda O-metillagsma Ustinlik toskil etmis, daha guclu alkillesdirici sistemlarde
ise aromatik nlvadea avazlenma ehtimali artmisdir.

Temperaturun artirlilmasi reaksiyanin suratini ylkssaltsa da, bazi hallarda
yan mahsullarin emala galmasina sabab olmusdur. Asagl temperaturda isa
reaksiya daha selektiv, lakin daha leng getmisdir.

Metanol asasli sistemlarde katalizatorun rolu xUsusi shamiyyet kesb
etmisdir. Tursuluq deracasi artdigca C-metillasma meyli gliclonmisdir. Bu fakt
hidroksil grupunun protonlasmasi ve aromatik sistemin aktiviesmasi il izah
oluna biler.

Takliflor:

1. Galocok tadgiqatlarimizda metillesdirici reagentlarin selektivliyinin miiga-
yisasi tovsiyya olunur.

2. Temperaturun selektivliys tasirinin aragdiriimasi, baza ve halledici amilinin
rolunun dyranilmasi tdvsiyye olunur.

3. “Yasil kimya” yanagmasinin tetbigi qarsiya qoyulan magsadlerimizdandir.
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_ HoSbTe, VO HoBiTe; BIRLOSMOLORININ o
ELEKTRIKKEGIRICILIYININ VO TERMOELEKTRIK XASSSININ
TEMPERATURDAN ASILILIGI
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Xiilasa - Holmium terkibli tg¢lu tellurid birlesmaler HoSbTe; ve HoBiTe; dolayi bark faza
Usulu ile sintez edilmis va onlarin elektrik kegiriciliyi va Zeebek amsali 300-850 K temperatur
intervalinda tadqiq edilmisdir. Bu tedgigatin maeagsadi temperaturdan asili dasiyici
mexanizmlari giymatlandirmak ve maxsusi kegiricilik sahasina asaslanaraq gadagan olunmus
zona dayarlerini misyyen etmak olmusdur. Olgmaler gdstermisdir ki, elektrik kegiriciliyi tig
forgli saheni ahate edir: asqar, kegid vea maxsusi kegiricilik. Maxsusi kegiricilik sahasinin
Arrenius analizi HoSbTe; uglin AE=0,22 eV, HoBiTe; Ugln iss AE=0,17 eV oldugu muayyan
edilmisdir. Zeebek amsalinin manfi olmasi har iki birlesmanin n-tip kegiriciliyini ve asas
yukdasiyicilarin elektron oldugunu tesdiglayir. Zeebek amsalinin 600-650 K temperaturuna
gader artmasi ve daha yuksak temperaturlarda azalmasi maxsusi dasiyicilarin artmasi ile izah
olunur. Naticalar gosterir ki, HoSbTe; birlesmasi HoBiTe; birlesmasina nisbaten daha genis
gadagan olunmus zona ve termal sabitliya malikdir. Bu birlesmaler orta temperaturlu
termoelektrik tatbigler va istifade olunmayan istilik enerjisinin barpasi tgtin perspektivlidir.

Acar sozlar: termoelektrik materiallar; elektrik kegiriciliyi; gadagan olunmus zona

Giris

Termoelektrik materiallar istiliyi birbasa elektrik enerjisina cevirir vo istifa-
da olunmayan istilik enerjisinin barpasi tgln genis tadqiq olunur [Goldsmid,
2010, Rowe, 2006, Snyder & Toberer, 2008, 1-3]. Bi, Te; va Sb,Te; kimi layli
quruluslu telluridli birlegsmelari otaq temperaturuna yaxin ylksak termoelek-
trik effektivliya malikdirlar, glinki onlar mirakkeb zona qurulusuna malikdirlar.

Enerji semaraliliyinin artirimasi va istifade olunmayan istiliyin elektrik
enerjisina ¢evrilmasi global miqyasda enerji tohllkasizliyi va iglim dayisma-
leri ile mubarize baximindan prioritet istigamatlerdendir. Bu baximdan teqdim
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ikili telluridlerin nadir torpaq elementleri ile modifikasiyasi zona disperse-
yasina, daslyicl konsentrasiyasina va kegiricilik mexanizmlarina shamiyyatli
tosir gostare biler [Pei, 2011, Bell, 2008, 4-5]. Bu dayisikliklerin dyranilmasi
termoelektrik performansin optimallasdiriimasi tGgin vacibdir.

Bu isde HoSbTe; ve HoBiTe; birlesmalarinin temperaturdan asili elektrik
keciriciliyi vo Zeebek emsali arasdiriimisdir. Xdsusi diggat qadagan olunmus
zona giymatinin muayyenlasdiriimasi ve kegiricilik mexanizminin marhalali
kecidine verilmisdir.

Eksperimental hissa

HoSbTe; ve HoBiTe; birlesmalari yliksak temizlikli elementlarden dolayi
bark faza reaksiyasi Usulu ile sintez edilmisdir. Sintez edilmis nimunaler
homogenlasdiriimis ve faz sabitliyinin temin edilmasi Uglin termiki emal
edilmisdir. [Shelimova et al., 2002, 146—-150]

Elektrik kegiriciliyi (o) ve Zeebek amsali (a) 300-850 K temperatur
intervalinda kompensasiya Usulu ile yiksak hassasli R-307 potensiometr
cihazinin kédmayi ile dlgctimusddr.

Naticalar va onlarin miizakirasi

Temperaturdan asili olaraq elektrik kegciriciliyi G¢ xarakterik saha gdsterir.
300450 K intervalinda kegiricilik temperaturdan zsif asilidir ve asqgar kegi-
ricilik sahasina uygundur; burada defektlar va stexiometriya pozuntularindan
yaranan dasiyicilar dominantdir [United Nations, 2015, 1-4].

450-650 K intervalinda kecid sahasi musahide olunur; burada ham
asqar, ham de mexsusi dasiyicilar kegiriciliya tasir gostarir.

650 K-dan yuxari temperaturda elektrik kegiriciliyi eksponensial olaraq
artir ki, bu da maxsusi kegiriciliyin dominant oldugunu gostarir.

Hesablanmis dayerler: AE HosbTe,)=0,22 €V, AE (HogiTe,)=0,17 €V muqgayisa
ucun, Sb,Te; vo Bi, Te; liglin adabiyyatdaki gadagan olunmus zona dayaerlaeri
muvafiq olaraq 0,19 eV va 0,15 eV-dir.

Termo-e.h.q. emsalinin 500-550 K temperaturuna qadar artir ve daha
yuksak temperaturlarda azalir ki, bu da maxsusi dasiyicilarin artmasi ile izah
olunur.
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Sakil 2. HoSbTes (1) ve HoBiTes (2) bilegsmalarinin termo-e.h.q. smsalinin

Takliflar

Alinmig naticeler gostarir ki, har iki material n-tip kegiricilik gostarir va
orta temperaturlu termoelektrik tetbiglar UGglin perspektivlidir. Bu naticaler
istifade olunmayan istilik enerjisinin barpasi ve davamli enerji texnologiyalari
Ucun shamiyyatlidir. [IEA, 2023, IRENA, 2023, UNDP, 2022]
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OBTAINING FOAM EXTINGUISHERS BASED ON PMS-10 AND
ETHANOL AND STUDYING THEIR EFFECT ON FOAM STABILITY
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2Shoymardonov Olmasbek Bolta ogli
'Bukhara State Technical University
?Karshi State Technical University
e-mail: makhmudov.mukhtor@inbox.ru

Annotation. Gas cleaning systems foam suppressors are specialized chemical reagents
used to prevent and eliminate foaming in wet gas cleaning equipment. In absorption units,
scrubbers, foam apparatuses, and biofilters, the formation of persistent foam can lead to a
decrease in the efficiency of capturing pollutants, an increase in hydraulic resistance, the
outflow of liquid with the purified gas, and a disruption of the stability of the technological
regime.

Keywords: natural gas, methane, ethane, propane, butane, sulfur, hydrogen, nitrogen,
helium, carbon monoxide, associated gases

Introduction. A sharp increase in global demand for natural gas requires
an increase in their production and processing capacities, as well as the
introduction of modern technologies. Natural gases contain acidic
components (H2S, CO,, CO, CSy), which must be separated from the natural
gas [Aripdjanov, 2024, 42-47]. For this purpose, amines, in particular a
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solution of MDEA, are widely used to this day. Although the purification of
amines from acidic components in natural gas has many advantages, they
also have disadvantages [Dzhamolovich, 2024, 85-88; 3]. Foam is formed
during gas purification processes using amines, which negatively affects the
efficiency of gas purification and gas quality. Therefore, scientific research
aimed at obtaining anti-foaming agents for the formation of natural gas
purification units using amines, in particular MDEA, is of particular
importance [Mukhtor, 2024, 21-22].

Global capacity for the extraction and processing of sulfurous natural
gas has increased by 15% over the past 10 years [MJ, 2024, 120-125]. The
number of devices for purifying gases from acidic components using
alkanoamines is also increasing. In this case, the formation of foam in
absorption purification units of amine solutions causes significant problems
in industrial installations [Makhmudov, 2023, 63-65]. Foaming in gas
purification units leads to the release of gas and absorbent, loss of
absorbent, a decrease in the degree of gas purification from acidic
components, and a decrease in the power of the unit. Foaming of
alkanoamines is a complex problem arising as a result of the formation of
surfactants in an amine solution under the influence of various external and
internal factors. Therefore, special attention is paid to the production and
application of antifoaming agents in gas purification units with alkanoamines
[Dzhamolovich, 2024, 21-22].

Research objects and methods. In obtaining anti-foaming agents
formed during the processes of absorption purification of gases from acidic
components using MDEA, PMS-10, 96% ethyl alcohol, zeolite NaA, 33%
hydrochloric acid, monoethanolamine, sulfanol, and water were selected as
the object of research.

To assess the foaming properties of amine solutions and the anti-
foaming effectiveness of various foaming agents, tests were carried out on
an experimental setup shown in Figure 1. This device was developed by
VNIIGAZ in 1995 under the name "Absorbents for cleaning gases from acidic
components. Methodology for Determining Foam Characteristics"
[Thitakamol, 2009, 1381-1386].

Assessment of the influence of various absorbents, foam suppressants,
and various mixtures on the foaming properties of absorbents was carried
out on a large bubbler with a capacity of 1000 cm? and a filter device installed
on it, the general view of which is shown in Fig. 1.

The main controlled indicators in these experimental tests are the
foaming properties of the absorbents, i.e., amines - foam height and foam
stability (foam lifespan). Through these experimental tests, the properties of
pure and working absorbent samples were compared during the purification
of natural gases from acidic components, which served as a basis for
assessing the degree of contamination of absorbents with various
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technological mixtures (hydrocarbons, surfactants, mechanical particles,
thermostable salts, corrosion inhibitors, etc.); assessment of the
effectiveness of the operation of carbon and mechanical filters in gas
purification units; assessment of such indicators as gas purification quality.

;
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Figure 1. Experimental setup for determining the anti-foaming effectiveness of foam
suppressors: 1 - filter for air drying, 2 - air flow regulator, 3 - three-way valve, 4 - rheometer,
5 - cylinder, 6 - air filter-disperser

Antifoaming agents formed during the absorption purification of gases
from acidic components using MDEA were obtained based on such reagents
as PMC-10, 96% ethyl alcohol, zeolite NaA, hydrochloric acid,
monoethanolamine, sulfanol, water according to the methodology described
in Chapter Il, and the composition of the obtained foaming agents is
presented in Table 1.

Table 1. Chemical composition of antifoaming agents formed during the processes of
absorption purification of gases using acidic components using MDEA

Foam suppressant composition, g

Name of
Ne foam PMS-
suppressor 10 Ethanol | NaA | HClI | MEA | Sulfanol | Water

1 GTKS-1 25,0 55,0 3,0 10,0 4,8 1,0 1,2
2 GTKS-2 27,0 50,0 4,0 11,0 5,0 1,0 2,0
3 GTKS-3 30,0 47,0 5,0 12,0 5,3 - 0,7
4 GTKS-4 33,0 45,0 6,0 10,0 4,8 0,8 04
5 GTKS-5 35,0 42,0 7,0 11,0 5,0 - -
5 GTKS-6 40,0 35,0 8,0 10,0 5,0 1,0 1,0

The anti-foaming agents formed during the processes of absorption gas
purification using acidic components using MDEA are conventionally called
GTKS (gas purification foam suppressors).
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At the next stage of scientific research, the influence of GTKS type foam
suppressors on foam stability was investigated. In this case, foam
suppressants can be used on an industrial scale if they show foam
decomposition indicators for up to 60 minutes. In these studies, foaming
agents GTKS-4, GTKS-5, and GTKS-6 were selected.

The results of the influence of the GTKS-4 foam suppressor on foam
stability are presented in Table 2.

Table 2. Results of the influence of the GTKS-4 foam suppressor on foam stability

Concentration of Foam quenching time at contact of foaming agent and foaming
GTKS-4 foam agent, min
suppressant, mg// 5 | 10 | 15 | 20 | 25 | 30 | 35 | 40 | 45 | 50 | 55 | 60
0,2 O W W97 | o4a|so| 81|79 75|71 68|65
0,4 95 | 90 | 87 | 85 | 81 | 78 | 75 | 71 | 67 | 64 | 62 | 60
0,6 82 | 79 | 77 | 74 | 70 | 67 | 63 | 60 | 55 | 50 | 48 | 45
0,8 70 | 67 | 65 | 62 | 57 | 55 | 51 | 49 | 45 | 42 | 40 | 34
1,0 59 | 55 | 53 | 50 | 48 | 45 | 42 | 38 | 36 | 34 | 31 | 12
1,2 45 | 41 | 38 | 34 | 30 | 27 | 24 | 23 | 20 | 14 | 2 0
1,4 34 | 32 | 30 | 27 | 24 | 22 | 19 | 12 | 5 0 0 0
1,6 25 |21 | 19 | 16 | 14 | 8 4 0 0 0 0 0
1,8 18 | 156 | 14 | 11 | 7 0 0 0 0 0 0 0
2,0 5 4 2 0 0 0 0 0 0 0 0 0

The results of the influence of the GTKS-4 foam suppressant on foam
stability showed that at a concentration of 1.2 mg/l, it takes 60 min., at a
concentration of 1.4 mg/l - 50 min., at a concentration of 1.8 mg/I - 30 min.,
and at a concentration of 2.0 mg/I - 20 min.

At the next stage of scientific research, the influence of the GTKS-5 foam
suppressor on the foam stability of the MDEA model solution was
determined, and the obtained results are presented in Table 3.

Table 3. Results of the influence of the GTKS-5 foam suppressor on foam stability

Concentration of | Foam quenching time at contact of foaming agent and foaming

GTKS-5 foam agent, min

;ug'[;f’ressa"t’ 5 |10 |15 | 20 | 25 [ 30 | 35 | 40 | 45 | 50 | 55 | 60
0,2 105 | 0|95 | 91|88 |84 |80 |75 71|68 65|61
0,4 88 85 | 80 | 78 75 70 67 63 60 57 54 52
0,6 74 | 70 |67 | 65 | 61 | 55 | 51 | 48 | 46 | 43 | 40 | 37
0,8 65 63 | 58 | 54 50 47 42 37 35 22 16 3
1,0 52 48 | 45 | 43 40 85) 32 22 17 & 0 0
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1,2 41 37 | 34 | 31 | 27 | 18 | 14 0 0 0 0 0
1,4 30 24 | 20 9 3 0 0 0 0 0 0 0
1,6 22 15 | 11 0 0 0 0 0 0 0 0 0
1,8 12 2 0 0 0 0 0 0 0 0 0 0
2,0 0 0 0 0 0 0 0 0 0 0 0 0

The results of the change in the stability of the foam in contact with the
foaming agent and foaming agent at different concentrations on the foam
stability of the MDEA model solution of the foaming agent GTKS-5 showed
that at a concentration of 1.0 mg/l, the foaming agent GTKS-5 requires 55
minutes for foam decomposition, at an increase in the concentration of 1.4
mg/l - 30 minutes for foam destruction, and at a concentration of 2.0 mg/I - 5
minutes.

Studies to determine the influence of the contact time of the foam
suppressant and the foaming agent on the foam suppressant concentration
were completed by determining the effectiveness of the GTKS-6 foam
suppressant, and the obtained results are presented in Table 4.

Table 4. Results of the influence of the GTKS-6 foam suppressor on foam stability

Concentration Foam quenching time at contact of foaming agent and foaming
of GTKS-6 foam agent, min
S”ppn';zs;fa"t’ 5 |10 |15 | 20 | 25 [ 30 | 35 | 40 | 45 | 50 | 55 | 60
0,2 "D o3 |88 |85 | 79|75 | 71|67 6255|5042
0,4 82 | 75 |70 | 68 | 62 | 58 | 55 | 49 | 45 | 38 | 32 | 22
0,6 68 | 62 | 58 | 55 | 48 | 45 | 40 | 30 | 22 | 6 0 0
0,8 54 | 50 | 45 | 40 | 35 | 30 | 25 | 8 0 0 0 0
1,0 43 | 38 | 32 | 28 | 20 | 5 0 0 0 0 0 0
1,2 30 |27 (|20 | 14| O 0 0 0 0 0 0 0
1,4 18 | 12 | 4 0 0 0 0 0 0 0 0 0
1,6 7 0 0 0 0 0 0 0 0 0 0 0
1,8 0 0 0 0 0 0 0 0 0 0 0
2,0 0 0 0 0 0 0 0 0 0 0 0 0

Studies to determine the influence of the contact time of the foam
suppressant and the foaming agent on the concentration of the foam
suppressant The results of the study to determine the effectiveness of the
foam suppressant GTKS-6 showed that at a concentration of 0.6 mg/l, the
foam destruction time was 55 min., with an increase in the concentration of
0.8 mgl/l, the foam destruction time was 45 min., at a concentration of 1.6
mg/l - 10 min., and at a concentration of 1.8 mg/I - 5 min.
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The above results of determining the dependence of the contact time of
the foaming agent and the foaming agent on the concentration of the foaming
agent, based on the foam generated at gas processing plants, create the
basis for choosing the necessary concentration based on the time required
for foam destruction.

Conclusion.

The use of a foam suppressant in gas purification systems is
technologically and economically justified when persistent foaming is
present. The correct selection of the reagent ensures the stable operation of
the equipment, increases cleaning efficiency, and reduces operational risks.

Foam suppressors in gas cleaning systems are used to prevent and
destroy foam that forms when gas comes into contact with liquid (scrubbers,
absorbers, biofilters, etc.). Below are the main conclusions on the use of
foam suppressant in gas cleaning:

Technological necessity:

» Foam formation reduces mass transfer efficiency.

» Foam causes liquid to be carried away into the gas flow.

* Pressure fluctuations and equipment malfunction are possible.

* In severe cases - emergency stops.
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OUBEPIEHTHbIA CUHTE3
6-AJIKUN-2-(4-r’MAPOKCUDPEHUI)-4-METWUI-1H-NMUPPOJO[3,4-
CINPUAUNH-3(2H)-OHOB U UX NMPOU3BOAHbIX

M.U.lLWatupoea, WW.K.lLlenpnaeBa, A.P.KapaeBa, M. Mamepnoga, C.LLU.lN'ynuesa
WHcTtuTyT MonumepHbix Matepranos MuHnctepctsa Haykm n O6pasoBaHus
AsepbarigxaHckon Pecnyonuku, AZ5004, Cymrant
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AHHoTaums: Pa3pabotaH OMBEPreHTHbIN CUHTETUYECKUIA NOAXOA K MOMYyYEHUo cepum
6-ankun-2-(4-rngpokcudermnn)-4-metnn-1H-nuppono(3,4-clnupmamnn-3(2H)-oHos (1, 2) n unx
npoussogHblx (3—12) ¢ wucnonmb3oBaHWem aTMNoBOro  adwmpa  4-(xnopmeTtun)-2,6-
OVMETUIHUKOTMHATa B KadecTBe KIIOYEBOro UMHTepMmegmaTa. Peakumu  BKNoYaroT
HyKneounbHoe 3amMelleHve, auunupoBaHne u obpa3oBaHue TPeTUYHbIX aMugoB C
MopdOonMHOM. NprMeHEeHne MSArknx yCrnoBui, CENEKTUBHOCTb MO CAIOXHO3MUPHONM rpynne un
MUHMMM3aLMA NOBOYHBIX NPOOYKTOB 06ECNEeYMBatoT BbICOKME BbIXOAbI LIENEBbIX COSANHEHWIA.
Pa3spaboraHHbIi nogxon COOTBETCTBYET MNPUHLUMMAM YCTOMYMBOW XMMUKU: COKpallaeTcs
KONMMYecTBO CTaauM CuHTE3a, MOBbILLAETCS aToMHas 9SKOHOMUS, CHWXKaeTCs pacxopn
peareHTOB 1 obpasoBaHue oTXoAo0B. [MonyYyeHHbIe COeaAMHEHNSA NPEACTaBNAT UHTEpPeC Ang
JanbHenwen QyHKUMoOHaNM3aumMm n co3gaHust NoTeHuuanbHO OUoMnormvyeckn akTUBHBLIX
COEVUHEHU.

KnioueBble cnoBsa: atunosbin  acup  4-(xnopmetun)-2,6-AMMETUNHUKOTUHATA,
nuppono[3,4-ClNUpuanH,  N-TMOPOKCUAHUIWH,  XnopaHrmapuabl  KapOOHOBLIX  KUCHOT,
MOPOIWH, TPETUYHBbIE amuAbl MMPPONONUPUANHOB, AUBEPTEHTHbIN CUHTES

BBEOEHUE

A3oTcogepxalwme KOHOEHCUPOBAHHbIE reTepounKibl, B 4aCTHOCTU
nupposo[3,4-clnupuanHbl, SBASIOTCS BaXXHbIM  KNACCOM  OpPraHUYeCcKmnx
coeavHeHun bnarogaps coveTaHuo ABYX apOMaTUYecKnx parMeHToB —
nuppona v NUpManHa — 1 LWMPOKOMY CNEKTPY MOTeHUManbHbIX CBOUCTB U
npumeHeHnin. OB3opHbIe paboTbl NO CUHTE3Y TAKUX CUCTEM OEMOHCTPUPYIOT
pasHoobpa3sne MeTodoB, BKMKOYAs KacCUYeckne aHHenMpoBaHUS U
MHOroCTyneH4yaTble CTpaTerMm MOCTPOEHNA reTepoumnKInYeckoro sapa
[Epwoe O.B.,, 2020]. Kpome Toro, numppono[3,4-clnmpnanHoBbie
NPOV3BOAHbIE MPOSABASIOT 3HAYUTENBbHYIO BMONMOMMYECKY0 aKTUBHOCTb: OHM
NUCcneaylnTCa Kak aHanresvpylowme M cedaTuBHbIE areHTbl, a Takke
M3y4alTCs B KOHTEKCTe  aHTUMUKPOOHOMW, MNPOTMBOBUMPYCHOW U
npoTtmBoonyxoneson aktmeHoctn [Wojcicka A.,2021]. PaspaboTka
YCTOMUMBBIX U A(PPEKTUBHBIX METOLOB UX CUHTE3a OCTAETCA aKTyarnbHOW
3apaden CUHTETUYECKOM opraHu4eckom XUMUWN. Hanpumep,
anbTepHaTUBHbIE MOAXOAbl K MOCTPOEHMIO NUPPOono[3,4-ClNnMpuUanHOBOro
Kapkaca BKMOYaT UUKIM3auMl M TpaHcdhopmaumm  (OyHKLUMOHANbHO
HaCbILWEHHbIX NPeaWweCcTBEHHNKOB, 4YTO noAvYepkmBaeT noTpebHOCTb B
HOBbIX CUHTeTMYeckux Taktukax [Kharaneko O.1., 2016]. BaxHbIM acnekTom
COBPEMEHHbIX CUHTETUYECKNX NOAXOAO0B ABNAETCS cobniogeHne NnpMHLMNOB
YCTOMYMBOWM XMMWUW, BKIOYaAs aTOMHYKD 3KOHOMMIO, COKpalleHue 4umucna
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cTagum u MuHUMM3aumoo otxogos [Trost B.M.,1991, Anastas P.T., 1998].
MHOroKOMNOHEHTHbIE peakuuu, BKMYaa peakumm Tuna Ugi, Takke
paclMpsiOT  BO3MOXHOCTM  MOMyYeHUS  (PYHKUMOHANBbHO  HACbILEHHbIX
reTepoLMKIIOB, NO3BONASA CTPOUTL BMONNOTEKN CTPYKTYPHbIX aHanoroB [Li
J.J.,2016]. B cBA3n C 3TUM MPUMEHEHNE OUBEPreHTHOro CUMHTETMYECKOro
noaxoga Ans nosnyyYeHust NPon3BoOAHbIX NMPPoIo[3,4-ClNMpUaNHOB ABNSIET-
CA NepcrneKkTUBHOWM CTpaTerven, coveTalrollen CTPyKTypHoe pa3Hoobpasue,
ONTUMWN3ALMIO YCITOBUIA U NOBbILLEHNE YCTONYMBOCTN CUHTE3A.

B pgaHHOM paboTe npeanoxeH AOMBEPreHTHbIM MyTb CMHTE3a
6-ankun-2-(4-rmgpokcudpeHnn)-4-metun-1H-nnppono[3,4-clnnpugunH-3(2H)-
OHOB W UX NPOWU3BOAHbIX, BKMOYAS CIOXHOIUPHBLIE N aMUAHbIE coefuHe-
HUSA, C aKUEHTOM Ha MSArKMe YCNoBUSI U CENEKTMBHOCTb, obecneynsarome
BbICOKYH 3(ppeKkTMBHOCTbL NpoLiecca.

SKCNEPUMEHTAJIbHAA YACTb

CuHTe3 6-ankun-2-(4-rmgpokcudenHun)-4-metun-1H-nuppono [3,4-
clnupuaunn-3(2H)-oHos (1, 2). B 20 mn 96% asTtaHona cmewmsanm 1 MMonb
cooTBeTCTBYOWEro admpa, 1 mmonb n-rmgpokcnanunmHa mn 0.07 r (0.5
Mmonb) 6e3sogHoro KoCOs. Cmechb HarpeBanu nog obpatHbIM Xornoausnb-
HMKOM B aTMocdepe aproHa npu KMneHum B TedeHne 24 yacos. 10 OKOH-
YaHuK peakumm cmecb oxnaxganu go 20-23°C n Boinmeanu B 60 mn 10%
BogHoro pactBopa NaCl. O6pasoBaBLUMNCS OCagoK OTUNLTPOBLIBANMN,
NpoMbIBann BoAOW M cyunnum Ha Bosayxe npu 30-35 °C.

AuununpoBaHue 6-ankun-2-(4-rmapokcudeHun)-4-metun-1H-
nuppono|[3,4-clnupuanH-3(2H)-oHoB (CMHTE3 CNOXHbIX 3dhmpoB 3—10).
B 50 mn 6e3B0AHONO AN3TMIOBOIO 3¢hmpa PacTBOPSANN 5 MMOSb COEANHEHNS
3 nnu 4. lpn nepemelumBaHumn gob6aenanm 6 MMOMb COOTBETCTBYIOLLETO
XnopaHrugpmaa kapooHoBow kucnotbl 1 0.7 1 (7 Mmonb) 6€3B04HOMO TPUITU-
namunHa. PeakuMOHHYIO CMeCb MepemeluvBann B TevyeHue 8 4acoB npwu
23 °C. Ob6pasoBaBLININCA 0CadoK OTUILTPOBbLIBANM U NPOMbIBANK nocne-
posartenbHo: 5—-10 mn xonogHoro (5—10°C) anatunosoro admpa, XonogHomn
Bogon, 5%-HbeiMm BoaHbIM pactBopoM NaHCOs, ténnon Bogon (45-50°C).
Mocne NpoOMbIBKM OCadoK cywunu B Bakyyme. [lonyyeHHble CRoXHble
admpbl  Oo4YMLLanNM  HU3KOTEMMEPATYPHOW KpuUCTannmsaunmen u3 cmecu
OM3TUOBOro adupa v rekcaHa.

CuHTe3 TpeTuyHbIX amupoB nuppononupuauHa (11, 12). B 50 mn
anatunosoro adgmpa pacteopsnn 20 mmonbe coeguHenna 7 vnu 11. TMpu
nepemeLLmBaHuM no kannam gobasnanu 7.2 r (40 mmonb) 25%-Horo BogHOro
anmeTtunammHa npu 15-20°C. PeakuMOHHYO CMecb MepemeluMBann B
TeyeHne 5 vacoB npu 25-30°C. [llocne 3aBeplleHMS1 peakumMm CMECb
oxnaxpganu A0 KOMHATHOM TemnepaTypbl, npombiBanu Bogon (50 mn),
oTaenanu 9aduMpHLIA Crnon, a BOAHbIA crnon akcTparvposanu 50 mn
AnaTnnoBoro agmpa. Nony4yeHHble 3KCTpaKTbl OObEAMHANN U CYLUINNN Hag
MgSO.. MNocne yaaneHusa pactBopuTensa BakyyMHOW OUCTUNNALMEN OCTATOK
neperoHsny Anga nosyyYeHnUst YACTOro nNpogykTa.
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PE3YJIbTATbI U OBCYXOEHUE

Vcnonb3oBaHve 04HOro KNio4eBoro HTepMeamMaTa — aTunoBoro sdupa
4-(xnopmeTun)-2,6-gUMEeTUNTHUKOTUHATA — MO3BONSIET MOny4vaTb cpasy
HecKomnbKko npoun3sBodHbixX (1-12) ¢ MMHMManNbHLIM YMCrIOM cTaauin. Takom
MOAXO0A COKpaLLaeT pacxon peareHToB, yMeHbLuaeT o6pasoBaHne NoBoYHbIX
nNpoayKTOB M 06ecnevmBaeT BbICOKYHO CEMNeKTUBHOCTb, YTO COOTBETCTBYET
NpUHUMNAM yCcTonumBon xummn. B peakumm ¢ N-ruapoKCUaHnNNHOM aMMHO-
rpynna BbICTYNaeT HyKNeogurioMm, aTakyeT OGeH3USbHbIA XIOPMETUIbHbIN
LEeHTp u 3ameLlaeT atom xnopa (SN2-mexannsm). Beixogsl coegmHeHmn 1,2
cocTaBnsoT 76—84%. Msarkue ycnoeus peakumm (KunsyeHve B aTaHone nog
obpaTHbIM XONoaUNbLHUKOM, aTMocdepa aproHa) CrnocoOCTBYHOT BbICOKOM
CENEKTUBHOCTM N COXPaHEHUIO (PyHKUMOHaNbHLIX rpynn. MmapokcndeHnnsb-
Hble NMPPOoNo[3,4-ClNMPUanHLI auUIANMPOBaHbl PasnNNYHbLIMU XITOpaHrapu-
JaMu B MPUCYTCTBUM TpuaTunamuHa. MexaHmam: ceHonbHas O-aToMHas
rpynna atakyeT KapOOHUMbHbIN LUEHTP xnopaHrugpuaa, obpasyetca TeTpa-
agpuyeckuin nutepmeamart, Beigensaowminca HCl HenTpanuayeTtca Tpuatuna-
MUHOM. Bbixogbl cnoxHbix agmnpoB 3—10 coctaenstoT 65-80%. CnoxHble
apvpbl C XNOPMETUMNBHOW TPYNMnov pearupyoT ¢ MOpPKONMHOM npu 25—
30°C, obpasys amugHble npousBogHble (11,12) ¢ Bbixogamu 72-89%.
MexaHnam peakumm BKOYAET HYKNEOMUNbHYI aTtaky MopdonivHa Ha
OEH3UNbHbIN XNOPMETUNBHBIA LEHTP C OOHOBPEMEHHOW HenTpanuaaunen
obpasytoLLerocs xnoposogopoaa.

R
R
~ “ HZN@OH g I~ OH
AN O Thonikco, o NN
0
CH;  OC,H; Me w2
’ o

R R [N j
Z N \O z
AEN .>:O R'=CICH, AEN
Me O R Me O 0

(3-10) 11,12)
R=Me (1), R=Et (2); R=Me, R'=Me (3), CH,=C(CH,) (4), CICH, (5), furil (6); R=Et, R’=Me (7),
CH,=C(CHj3) (8), CICH, (9), furil (10); R=Me, R=CICH, (11), R=Et, CICH, (12);
Cxema

Ona noaTBepXAeHUS CTPYKTYPbl MOMNYYEHHbIX COEAVMHEHUA Obinu
ncnonb3oaHbl AMP- cnektpockonusa (*H n *C NMR). CurHanbsl apomaTtu-
Yeckux MNPOTOHOB (EeHONbHOM U NMppono[3,4-clnUpUaMHOBON CUCTEMBI
NOATBEPXAAIT 3aMELLEHHOCTb U coxpaHeHne agpa. CurHansl MeTUNbHbIX
rpynn (CHs) u 6eH3unbHbIX NPOTOHOB COOTBETCTBYHOT MNaHUPyeMbIM

94



Towards Sustainable Chemistry and Chemical Engineering

The 7t International Scientific Conference of Students and Young Researchers

3amectutenam. [lloseneHme nonocbl B WK- cnektpockonusa C=0 okono
1650-1730 cm! nogTeepxaaeT o6pasoBaHMe CrOXXHbIX 3PUPOB 1 aMUOOB.
OH-rpynnbl doeHonoB dukcupytoTea nonocon 3200-3500 cv™.
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_ POLISTIROL TORKIBLI TULLANTILARIN
DEPOLIMERLO$SDIRILM3Si PROSESININ TaDQiQi Vo BERPA
OLUNAN STIROL MONOMERININ XASSOLSRININ ANALizi

Babayeva Ulkar, Qarayeva irade
Sumaqayit Dovlat Universiteti
Sumagayit, Azerbaycan
ulkarbabayeva02@gmail.com

Xilase - Polistirol sintetik polimerler arasinda genis tetbig sahasine malik olmagla
yanasi, atraf muhit Gglin ciddi problem yaradan tullanti materiallardan biridir. Onun bioloji
parcalanmaya davamli olmasi plastik tullantilarin tebistde uzun middst galmasina ve
cirklanmanin artmasina sabab olur. Bu baximdan polistirol tullantilarinin semarali tekrar emali
aktual elmi va texnoloji masala kimi ¢ixis edir. Teqdim olunan tezisda polistirol tarkibli
tullantilarin  kimyavi tekrar emal Usullarindan biri olan depolimerlasdiriimasi prosesi
arasdiriimisdir. Depolimerlagsma naticasinds alde olunan asas mahsul olan stirol monomerinin
fiziki-kimyavi xassslari tahlil edilmisdir. Aparilan eksperimental tedqiqatlar gosterir ki, uygun
temperatur ve texnoloji parametrlor segildikde stirol monomerinin yiiksak giximla barpasi
mumkuindir. Alinan monomerin keyfiyyat gostaricilari onun yenidan polimer istehsalinda
istifadasina imkan verir (Achilias et al., 2012).

Acar sozler: Polistirol tullantilari, depolimerlasma, kimyavi tekrar emal, stirol monomeri,
piroliz

Giris
Plastik materiallarin istehsal va istehlak hacminin slratle artmasi natice-
sinda polimer tullantilarinin idars olunmasi global miqgyasda mihim ekoloji
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problema cevrilmisdir. Polistirol agagi giymati, emal rahathgdi ve funksional
xususiyyatlarina gbéra qablasdirma materiallarinda, istilik izolyasiyasinda ve
birdaefalik istifade olunan mamulatlarin istehsalinda genis tatbiq olunur. Bu-
nunla yanasli, onun yuksek kimyavi ve istilik dayanighgdi atraf muhitde uzun-
muddatli yigilmaya sabab olur (Al-Salem et al., 2017).

Polistirol tullantilarinin mexaniki tekrar emali zamani materialin mexaniki
xassalarinin zeiflamasi musahide olundugundan, kimyavi tekrar emal Gsullari
daha perspektivli hesab edilir. Kimyavi takrar emalin asas istiqametlarindan
biri olan depolimerlagsma prosesi polimer zancirinin pargalanaraq ilkin mono-
merin alda edilmasine asaslanir. Bu yanagsma xammalin dovri istifadasini
temin etmakle yanasi, tebii resurslara olan tslebati da azaldir (Scheirs &
Kaminsky, 2006).

Eksperimental hissa

Tadqiqat isinde istifade olunan polistirol tullantilari esvvelcadan mexaniki
Usulla xirdalanmis ve xarici cirklendirici maddalerden temizlenmisdir.
Depolimerlosma prosesi laboratoriya tipli reaktorda, oksigensiz miuhitde
aparilmisdir. Reaksiya temperaturu 350-500 °C intervalinda dayisdirilmisdir
ki, bu araliqg adabiyyat malumatlarina asasen stirol monomerinin barpasi
Uglin optimal hesab olunur (Achilias et al., 2012).

Proses zamani eamala galen ugucu mahsullar kondensasiya olunaraq
toplanmisdir. Alinan maye fraksiya fraksion distille Gsulu ile tamizlenmisdir.
Stirol monomerinin tarkibi ve temizliyi gaz xromatoqrafiyasi metodu ile miay-
yan edilmisdir. Mixtelif temperatur rejimlarinin mahsul ¢iximina ve mono-
merin keyfiyyat gdstaricilarine tasiri miqayisali sakilda tahlil olunmusdur.

Naticalar va onlarin miizakirasi

Eksperimental naticalor gostermisdir ki, depolimerlosma prosesinin
somaraliliyi @sasan temperatur rejiminden asilidir. 400—450 °C intervalinda
aparilan proses zamani stirol monomerinin ¢iximi daha yuksak olmusdur.
Temperaturun bu hadden yuxari galdirilmasi yan mahsullarin emale galme-
sini artirmis ve monomerin selektivliyini azaltmisdir .

Olda olunan naticelar géstarmisdir ki, proses naticasinde asas mahsul
kimi stirol monomeri alinmisdir. Onun fiziki-kimyavi gdstaricileri, 0 cimladan
gaynama temperaturu ve sixligi, senaye standartlarina uygun olmusdur.
Osas cirklondiricilor aromatik karbohidrogenler kimi muayyen edilmis va
distille marhalasinda effektiv sakilde ayrilmisdir. Alinan naticalar depolimer-
losma yolu ils alds olunan stirolun tekrar polimerlosma tgun yararl oldugunu
gosterir (Al-Salem et al., 2017).

Takliflar

1.Depolimerlagma prosesinin enerji sarfini azaltmaq maqgsadile katalitik
sistemlarin tatbiqi tdvsiye olunur (Scheirs & Kaminsky, 2006).

2.Prosesin sanaye miqyasinda tatbigi Gg¢ln fasilesiz reaktor sistemlori-
nin iglenib hazirlanmasi galacek tadqigatlar Ggun perspektivli hesab olunur.
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YUKSOK SIXLIQLI POLIETILENIN (HDPE) iISTEHSAL
- PROSESIND® HIDROGEN KONSENTRASIYASININ 9RIM®
INDEKSI VO STRUKTUR XASSOLORIN® TOSIRININ TBDQIQI

Manafl Zaur, Qarayeva irade
Sumagqayit Dovlat Universiteti
Sumaayit, Azerbaycan
manafli_2017@mail.ru

Xilaso - Yuksak sixligli polietilen (HDPE) muasir polimer senayesinds genis tatbiq
sahasine malik asas materiallardan biridir. Onun fiziki ve reoloji xassalari istehsal prosesi
zamani segilen texnoloji parametrlerden bilavasite asilidir. Bu parametrler arasinda hidrogen
konsentrasiyasi xususi shamiyyat kesb edir, ¢linki hidrogen polimerlasma prosesindsa zancir
kdgurict kimi ¢ixis edarak polimerin molekulyar qurulusuna tasir. Teqdim olunan tezisde
HDPE istehsali zamani hidrogen konsentrasiyasinin dayismasinin polimerin arima indeksi ve
struktur xassalerine tesiri arasdiriimisdir. Aparilan tadgigatlar gdstarmisdir ki, hidrogen
miqdarinin artmasi erima indeksinin yiksalmasi ve molekulyar zancirlerin orta uzunlugunun
azalmasi ile musayist olunur.

Acgar sozler: HDPE, hidrogen konsentrasiyasi, arima indeksi, polimer strukturu,
polietilen istehsali

Giris

Polimer materiallar miasir senaye sahalerinde genis tetbiq olunmagla
yanasl, texnoloji baximdan da daim tekmillesdiriimakdadir. YUksak sixhqli
polietilen mexaniki mdhkemliyi, kimyavi davamliigi ve emal rahathgi ila
secilarak boru sistemlari, gablasdirma materiallari ve texniki mamulatlarin
istehsalinda genis istifade olunur [Bicerano, 2002, 45-47].

HDPE-nin xassalari polimerlesma prosesi zamani temperatur, tazyiq,
katalizator noévi ve hidrogen konsentrasiyasi kimi amillarle formalasir.
Hidrogenin prosessa daxil edilmasi zoencirin boyumasini mahdudlasdirir ve
naticode polimerin molekulyar kitlesi azalir [McDaniel, 2010, 88—90]. Bu
dayisiklik birbasa olaraq arime indeksina tasir gostorir.

Orima indeksi polimer arintisinin axiciliq gabiliyyatini xarakterize edan
asas gostaricilardan biridir va emal texnologiyasinin segilmasinde miahiam rol
oynayir. Molekulyar kutlanin azalmasi ile erima indeksinin artmasi arasinda
birbasa slage mdvcuddur [Bhmadov, 2021, 1-2]. Bu baximdan hidrogen
konsentrasiyasinin arima indeksi ilo alagasinin dyronilmasi aktual elmi vo
praktiki shamiyyat dasiyir.
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Eksperimental hissa

Tadgigat zamani HDPE numunalari mixtslif hidrogen konsentrasiyala-
rinda istehsal olunmusdur. Prosesin diger parametrleri sabit saxlanilaraq
yalniz hidrogen miqgdari marhalali sakilde dayisdiriimisdir. Bu yanasma hidro-
genin polimerin strukturuna va arima indeksina tasirinin daha aydin sakilde
giymatlendirilmasina imkan vermisdir [McDaniel, 2010, 92—94].

Alinan nimunalerin arima indeksi gabul olunmus standartlara uygun
olaraq muayyan edilmisdir. Eyni zamanda polimerin struktur gdstaricileri, o
cumledan sixlig ve Umumi morfoloji xUsusiyyatler qiymatlandirilmigdir.
Olgmalarin etibarliligini tamin etmak magsadile analizler bir nege dafe
toekrarlanmis va orta naticelar asasinda tahlil apariimisdir.

Naticalar ve onlarin miizakirasi

Olde olunan naticalaer gdstarmisdir ki, hidrogen konsentrasiyasi HDPE-
nin arima indeksina shamiyyatli deracada tasir gdsterir. Hidrogen migdarinin
artmasi ile arima indeksinin ylksalmasi muisahide olunmusdur. Bu hal
polimer zencirlarinin orta uzunlugunun azalmasi ils izah olunur.

Bununla yanasi, struktur xassalerinde de dayisikliklor geyda alinmisdir.
Hidrogen konsentrasiyasinin artmasi polimerin daha dar molekulyar kutle
paylanmasina malik olmasina sabab olmusdur ki, bu da emal prosesinda
materialin daha sabit davranis géstarmasina serait yaradir. Asagi hidrogen
konsentrasiyasinda isa arima indeksi nisbaten asagi olmus ve daha uzun
zancirli makromolekullar formalagmisdir.

Bu naticelar hidrogen konsentrasiyasinin HDPE-nin tayinatina uygun
xassalarinin formalasdiriimasinda effektiv tanzimlayici amil oldugunu gdsterir
[©hmadov,2021,2-3].

Takliflar

1. Muxtelif tetbig sahaleri Ug¢lin hidrogen konsentrasiyasi ila erima
indeksi arasindaki slaganin daha genis arasdiriimasi magsadauygundur.

2.Golacok tadgigatlarda hidrogen konsentrasiyasinin  HDPE-nin
mexaniki va reoloji xassalerina tasirinin dyranilmasi tovsiye edilir.
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HEKSILAMMONIUM DODESIL SULFATIN SINTEZI VO ONUN
SOTHI AKTIV MADD® KIMI T9TQIQI

ibrahimova Minaver, Xamiyeva Giinay, Bagirova Sefoq,
Quliyeva Tarana, ©zizbayli Emin
Azarbaycan Respublikasi EIm va Tahsil Nazirliyi
akademik Y.H.Mammadaliyev adina Neft-Kimya Prosesleri institutu, Baki s.
gunay.aliyeva199490@gmail.com

Xilaso: Tezis dodesen-1 — in sulfat turgusu ile garsiligh tasirinden alinan dodesil
hidrogen sulfatin heksil aminla garsiligli tasirinden heksilammonium dodesil sulfatin sintezina
vo onun sathi aktiv madda kimi effektivliyinin arasdiriimasina hasr olunmusgdur. Sintez olun-
mus heksilammonium dodesil sulfatin asadi qatiliqgda sathi gerilma amsalinin 29 mN/m-s
barabar oldugu musayyan edilmigdir.

Acar sozlar: dodesen-1, sulfollasma, alkil hidrogen sulfat, ammonium aklil sulfat

Girig

Sethi aktiv maddeler (SAM) hidrofil ve hidrofob hissalerdan ibarat
olmagla, neft hasilatinda, gida senayesinda, kosmetik vasitalorde, moigatde
va s. sahslerda genis tatbiq olunur. Bu terkiblar su hava serhadinda
absorbsiya olunaraq sathi garginliyi azaldir ki, bu da 6z névbasinda emulsiya,
dispersiya, kdplik emala galma ve yuma proseslarini asanlasdirir [1,2].

SAM - lar igerisinda sulfonlagsma ve sulfolasma ile alinan maddaler
xususi ¢akiya malik olub asanligla slds edils bilan ve gindslik camasirxana
sahasinda genis istifade olunlar. Onlar serti olaraq sulfolasdirici reagentlor-
den istifade etmakle olefinlerin, aromatik maddalerin ve ya uzun zancirli yag
tursusu téremalarinin sulfonlasdiriimasi yolu ile alinir.

Bu terkibler igerisinde olefinlerin sulfatlasdiriimasi yolu ile alinan alkil
hidrogen sulfatlarin sintezi xtisusi shamiyyat kesb edir [3-5]. Alkil hidrogen
sulfatlar anion tipli SAM — in mihim sinfine aid olub, ylksak tamizlayici ve
kopuklandirici gabiliyyata malikdirler. Bu birlesmalar ylksak sath aktivliyi, cod
sularda davamliliq ve genastbaxs bioloji parcalana bilma xUsusiyyatlerina
malik olduglari Gg¢ln sulfonat ve diger anion SAM-lara alternativ ve ya
tamamlayici komponent kimi senaye miqyasinda tatbiq perspektivina
malikdirler. Buna gora de alkil hidrogen sulfatlarin ammonium duzlarinin
alinmasi ham yeni funksional tdremalarin sintezi, heam da effektiv detergent
sistemlarin yaradilmasi baximindan muahdm elmi va praktik shamiyyat
dasiyir.

Eksperimental hissa

Sintez prosesi garisdirici, termometr, damci qifi ile techiz olunmus
Ucbogazh kolbada aparilmigdir. Aparilan tadqigat zamani ilk 6nca dodesen-
1 — in sulfat tursusu ila qarsiligl tasirinden dodesil hidrogen sulfat sintez
edilmis ve alinan sulfo birlesmae amin birlosmasi kimi heksil aminlo
neyrallagdirilaraq heksilammonium dodesil sulfat alds edilmisdir.
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Ugbogazl kolbada dodesen-1 iizerine damci qifindan istifade etmakls,
1:1.3 mol nisbatinde 98% - li sulfat tursusu elave olunaraq 80°C
temperaturda 5 saat muddstinde garisdirilir. Alinan dodesil hidrogen sulfat
laylasir ve reaksiyaya daxil olmayan tursu artigi kanarlasdirilir. Sonraki
marhalads alde olunmus dodesil hidrogen sulfat neytrallasdirmaq magsadile
Uzerina 1:1 mol nisbatinda heksil amin alavas edilarak otaq temperaturunda 8
saat muddaetindsa qarigdiriimagla neytrallasdirilir.

Naticalar ve onlarin mizakirasi

Sintez olunan dodesil hidrogen sulfat ve heksilammonium dodesil
sulfatin quruluslar IQ spektroskopik analiz ile tesdiq edilmisdir (sokil).
Dodesil hidrogen sulfatin iQ spektrinde 1038 sm™ ve 1168 sm™ SO,
grupunun simmetrik ve assimetrik valent roegslerine, 893 sm” S — O
rabitesinin ve 662 sm™ C — S rabitssinin valent regslerine uygun udulma
zolaglari ile xarakteriza olunur ki, bu da mivafiq qurulusu aks etdirir. Dodesil
hidrogen sulfatin heksilaminla reaksiyasindan alinan maddenin iQ
spektrinde muigahida olunan CHs ve CH2 qgruplarinin C — H rabitelerinin
deformasiya (723, 1364, 1377, 1464 sm™") va valent (2853, 2922, 2955 sm"
"), orta intensivlikde SOZ~ ve N* — H qruplarin valent (615, 1033 2680 sm™")
regslerine uygun udulma zolaglari reaksiya naticasinde heksilammonium
dodesil sulfatin alindigini géstarir.

a)
3
g
-‘,n.@n
Sokil 1. Sintez olunmus dodesil hidrogen sulfatin ve heksilammonium dodesil sulfatin IQ

spektri.
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Sintez olunan birlasmenin 0.0001%, 0.001%, 0.01% ve 0.1% qatiliglh
suda mehlullar hazirlanmig ve sethi gerilmaleri 6lgmusdur (cadval 1).
Cadveldan goérindiyd kimi mahlulun gatihg artdigca sathi gerilma 66.79
mN/m — den 29 mN/m - & gader azalir. Sathi gariimanin kaskin azalmasi
asagi qatiliigda (03) misahida olunur ki, bu da kritik misella smale galmanin
bu qatiliglarda bas verdiyini géstarir.

Cadval 1. Sintez olunmus heksilammonium dodesil sulfatin seathi gerilme gdstericisinin
gatiligdan asilihgi.

# Qatilihg, % 01 (MN/m) g2 (MN/m)
001 0.0001 65.45 65.07
002 0.00025 63.88 62.76
003 0.0005 64.56 65.48
004 0.00075 62.09 61.28
01 0.001 60.51 59.58
02 0.0025 52.88 52.12
03 0.005 40.32 39.05
04 0.0075 39.01 38.57

1 0.01 41.63 41.37

2 0.025 31.66 31.34

3 0.05 31.37 31.20

4 0.075 31.08 30.98

5 0.1 29.90 29.75

Naticalar gdsterir ki, sintez olunmus alkil sulfat asasli ammonium duzu
yuksak sathi-aktivlik niimayis etdirir voa mahlulda sathi garilmani shamiyyatli
deracade azaldir. Mliayyan edilmis kritik misel amala galma qatiligi ve sabit
miselamalegalma gabiliyyati onun yuyucu sistemlorde effektiv faaliyyot
gOstera bilacayini gosterir. 8lde olunan gostaricilar maddanin detergent, yag-
cirk cixarict ve temizlayici kompozisiyalarda aktiv komponent kimi tatbiq
perspektivini asaslandirir.
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Xilasa. Xalkon téramalari molekulundaki aktiv ikiqat rabite ve karbonil grupuna géra
zorif Gzvi sintezde muhim shamiyyet kasb edir. Togdim olunan tadgigat isinde aromatik
aldehidlarin mivafiq metilketonlarla Klayzen-Smidt kondenslagsmasi asasinda yeni funksional
avazlanmis xalkon téramaleri sintez edilmigdir. Kondenslagsma reaksiyalari etanol muhitinde
40%-li NaOH katalizatorunun istiraki ile apariimigdir. Ainmig birlesmalerin qurulusu IQ ve "H
NMR spektral analiz Gsullari ile tasdiglenmis, spektrlarde a,f-doymamis karbonil sistemina
xas olan xarakterik signallar alinmig birlesmalerin qurulusunu tesdiq etmisdir.

Acgar soézler: Klayzen-$midt kondenslesmasi, xalkonlar, 4-metoksibenzaldehid, 3,4-
dimetoksibenzaldehid, aseton, metil-etil keton, p-hidroksifenilason va p-metilfenilasetonun

GIRIS

Xalkonlar va onlarin téramalari genis farmakoloji va bioloji aktivliya malik
olduglarina géra bdylk elmi maraq kasb edir. Bu birlesmalar iltihabaleyhina,
sisaleyhina, antibakterial, antifungal, antimalyariya, antituberkulyoz ve s.
bioloji shamiyyastli xassaleri ilo xarakterize olunur. Goéstarilon farmokoloji
xususiyyatlere goéra onlar tibb sahasinda bir sira xestaliklerin — urek xasts-
likleri, beyin-damar problemlari, made yarasi, gan laxtalanmasi, spazma,
sokar vo s. mualicasinds istifade olunan derman maddalerinin alinmasinda
asas xammal kimi genis miqyasda tatbiq olunur [Chen S., 2023, Rozmer Z.,
2014, Zhou B., 2015, Kumar R., 2012]. Xalkonlar ve onlarin téramalarinin
sisaleyhina aktivliyi bir cox tedqigatcilar terafinden tesdiglonmisdir [Becker
D.M., 2020, Singh P., 2014]. Bu sinif birlesmaler perspektivli terapevtik effek-
tivliyea malik yeni sisaleyhine preparatlarin dizayninda mihium struktur vahidi
kimi giymatlandirilir ve insanlarda onkoloji xastaliklarin mualicasinde shamiy-
yatli komponent hesab olunur. Tibb sahasinde alds olunan ugurlu nailiyyat-
loro vo coxsayll antibakterial ve antifungal preparatlarin mévcudluguna
baxmayaraq, bakterial, gdbalok va virus infeksiyalari hala de ictimai sehiyya
Ugun aktual problem olaraq qalmaqgdadir. Bu baximdan xalkonlarin va
onlarin téremalarinin genis bioloji va kimyavi xususiyyatlori esas tadgigat
obyekti kimi har zaman tedgiqatcilarin nazarindadir.

Bunlardan slava, muayyan olunmusdur ki, xalkonlar Uzvi kimya sahe-
sinin mihim siniflerinden olan azot tarkibli heterotsiklik birlegsmalerin bir sira
nimayandalerinin — pirimidinlar, pirazolinler, pirazollar, tiazinler va s. kimi
muxtalif heterotsikllarin sintezi Ggln aralig mahsul rolunu oynayir [Zhuang
C., 2017]. Hayata kegirilon tadqigatlarin easas maqgsedi 4-metoksibenzaldehid
vo 3,4-dimetoksibenzaldehidin mixtslif evezlenmis asetoketonlarla konden-
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sasiya reaksiyasini aparmagla yeni funksional avazlenmis xalkonlarin sinte-
zini hayata kegirmak va alinmis birleagsmalerdan muivafiq heterotsikllaerin sin-
tezi UGguin perspektivliyini giymatlandirmakdir.

EKSPERIMENTAL HiSS®

Xalkonlarin sintez usulu (1-4). Xalkon skeleti Klayzen—Smidt kondens-
lasmasi reaksiyasi esasinda sintez edilmisdir. 100 ml-lik yumuru dibli kolbada
30 ml etanol muhitinde 0.1 mmol 4-metoksibenzaldehid ve ya 3,4-dimetok-
sibenzaldehid va 0.1 mmol mivafiq keton alava edilarak qarisdirilir. Qarigiga
5 ml 40%-li NaOH mahlulu damci qifi vasitasi ile hisse-hissa alave edilir vo
reaksiya muhiti 2-3 saat arzinde 10-20°C temperaturda fasilasiz qarisdirili-
laraq davam etdirilir. Daha sonra reaksiya qarisigi soyuducuda gecs bo-
yunca saxlanilir. ©mala galen bark madds vakuum filtrasiyasi ile stzllir ve
su ile yuyulur. Ahinmis bark mehsul qurudulur ve etanoldan yeniden Kristal-
lagdirihir. Aparilan reaksiyalar zamani sari rangli kristal maddaler eamaela galir.

NOTICOLOR VO ONLARIN MUZAKIR®SI

Odabiyyatdan malumdur ki, asasi miuhitde keton téramalerinin
aldehidlerle qarsilgh tesiri Klayzen-Smidt kondenslesmasi adlanir ve
reaksiya mahsullari olaraq a,B-doymamis karbonil birlesmaleri (xalkonlar)
amale galir. Melumdur ki, xalkonlarin gésterilon Usul ile gelavi muhitinda
sintezi sada va ucuz sertlerle hayata kegirilir, lakin mivafiq optimal seraitin
miayyan olunmasi, yani reaksiyada istirak edan gelavinin migdari ve
temperatur secimi reaksiya mahsulunun migdarininn artirilmasi ve yan
mahsullarin (aldol polimerlari) amale galmasinin garsisinin alinmasi Ggln
vacibdir. Bu sistem hamgcinin miuxtelif funksional avezli heterotsiklik
birlesmalerin sintezi t¢ln perspektivli aralig mahsullarin alde olunmasinda
muahim shamiyyat kesb edir.

4-Metoksibenzaldehidn ve 3,4-dimetoksibenzaldehid mixtalif ketonlarla
— aseton, metil-etil keton, p-hidroksifenilason va p-metilfenilasetonun
kondensasiya reaksiyasindan miuvafiq a,f-doymamis karbonil birlesmalerin
sintezina nail olunmusdur. Qeyd olunan reaksiyanin mexanizmi, a-hidrogen
atomuna malik ketonlarin galavinin istirakinda enolyat ionuna cevrilmasi,
daha sonra aldehidin karbonil qrupunun karbonuna nukleofil hicumu ve
naticade dehidratasiya marhalalarindan ibarstdir. Reaksiya muhiti kimi etanol
secilmig, katalizator olarag iss NaOH ve ya KOH moahlulundan istifade
edilmisdir. Sintez zamani prosesin gedisina nazik tabaqgali xromatoqrafiya
(NTX) ile nazarat olunmusdur. Reaksiya basa catdigdan sonra ¢okmis
mahsullar stzularek ayrilmig, vakuum seraitinde qurudulmus, etanol va ya
etanol-su garigiginda yeniden kristallasdiriimaqla tamizlsnmisdir. Alinmig
xalkonlarin 69-79% ciximla alda edilmigdir.
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Sintez olunmus birlesmalerin terkibi ve qurulusu element analizi, IQ ve
"H NMR spektroskopiya usullari ile miieyysn edilmisdir. Birlosmalerin iQ
spektrlarinda a,3-doymamis ketonlara xas olan —CH=CH- ikigat rabitanin
udma zolaglari v=1530-1528 sm™", karbonil grupunun (C=0) intensiv udma
zolag! ise 1664—-1662 sm™' tezlik intervalinda qeyde alinmisdir. Sintez
olunmus xalkonlarin '"H NMR spektrlarinde —-CH=CH- grupuna xas olan iki
protonun dublet saklinda signallari 6=6.95-7.01 ve 6=7.65-7.71 m.h.
diapazonunda J = 15—16 Hz spin-spin tasir sabiti ile misahide edilmisdir ki,
bu da molekulda ikigat rabitenin trans-konfiqurasiyada oldugunu tesdiglayir.
Metoksi gruplarina aid signallar 3.01-3.65 m.h. oblastinda singletlar seklinda
geyda alinmisdir. Aromatik protonlarin signallari isa 6.8—8.0 m.h. intervalinda
musahide edilmisdir. ©lda olunan naticaler xalkonlarin a,-doymamis
karbonil sistemini miayyan edan asas spektral gostericilardir.
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Abstract - The presented thesis material discusses the synthesis and theoretical
calculations of 2-(2,4-dichlorophenyl)-4,5-diphenyl-1-(4-(phenyldiazenyl)phenyl)phenyl)-1 H-
imidazole in the presence of N-methylpyrrolidone perchlorate catalyst under microwave
conditions.

Keywords: Imidazole, microwave, synthesis, ionic liquid catalysts, theoretical
calculations, stability

Introduction.

The imidazole nucleus is a constituent of natural compounds such as
histidine, histamine, DNA, vitamin B12, purines, and biotin, as well as synthetic
drugs such as cimetidine, clemizole, azomycin, nocodazole, dacarbazine,
etonitazene, megazole, enviroxime, nitrosoimidazole, and metronidazole. Due
to this property, imidazole derivatives are widely used in pharmacology [1,2].
Quantum mechanical calculations, which have become an efficient and simple
approach in recent years, make it possible to theoretically investigate new
compounds and provide rapid property approximations compared to
expensive and time-limited experimental procedures. [3,4].

Experimental part and results. The reaction process is carried out in a
microwave oven with a power of 300W. 40 ml of ethanol as a solvent, benzyl
(6 mmol), ammonium acetate (6 mmol), p-aminoazobenzene (6 mmol), 2,4-
dichlorobenzaldehyde (6 mmol) and a catalyst in a ratio of 10 mol% were
added as reagents. N-methylpyrrolidone perchlorate catalyst is taken as a
catalyst [5]. The course of the reaction is monitored by TLC. After the reaction
is complete, the mixture is poured into ice water, the solid mass is separated
by filtration, and recrystallized in ethanol. The reaction time is 26 minutes,
the yield is 82.7%. The reaction scheme is as follows:
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Synthesis of 2-(2,4-dichlorophenyl)-4,5-diphenyl-1-(4-(phenyldiazenyl)phenyl)phenyl)-
1H-imidazole

The structure of the obtained compound was studied by means of 'H-
NMR and IR spectroscopy methods. '"HNMR spectrum was taken at room
temperature on a 300.18 MHz NMR-Fourier-300 spectrometer manufactured
by "BRUKER" company, and IR spectra were recorded on an ALPHA IR-
Fourier spectrometer manufactured by "BRUKER" company in the wave
number range of 600-4000 cm™™.

2(2,4-Dichlorophenyl)-4,5-diphenyl-1(4-(phenyldiazenyl)phenyl)-1H-
imidazole. Empirical formula of substance: Ca3H22N4Clz, Mr=544.23, Melting
point: T=168°C.

NMR spectroscopy: 'H-NMR (acetone-dsd, m.h.): *C NMR: 121.85,
122.48, 123.08, 124.35, 126.42, 126.57, 127.79, 128.32, 128.48, 128.6,
128.95, 131.0 4, 131.32, 132.03, 133.35, 135.15, 157.54 (C-Ar), 135.74,
137.45, 1563.57, 154.57, 155.76

Infrared spectroscopy: IR (cm™): v-1701 (C=N), 8-720, 768 (C-H), v-
1588 (C-C), v-1653(N=N), v-1308 (C-N) , v-639, 686 (C-ClI).

Ultraviolet spectroscopy: UV: Imidazole absorption band - 224 nm,
monoaromatic ring absorption band - 206, 240 nm, azo compounds (—N=N-
) — 380 nm. Calculated (%): C 72.66, H 4.07, N 10.27, Cl 13.00, Found (%):
C 72.40,H4.02,N 10.53, Cl 13.05 [6]

Quantum-chemical parameters were calculated using the following
formulas according to literature sources [71]:

Change in energy AE=[I-A]
Chemical hardnessn = =4

. 1
Chemical softnesso = .

Electronegativity A = [+4]
Chemical potential p = -A
Electrophilicity index w = &
lonization potentiall = -Enomo

Electron affinityA = -ELumo
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Table. The value of Enomo, ELumo, AE, chemical hardness (1), chemical softness (o),
electronegativity (A), chemical potential (u), electrophilicity index (w), ionization potential (1)
and electron affinity (A) of the synthesized imidazole

Parameters Value
EHomo(EV) -5.908
ELUMO(eV) -2.953

AE (eV) 2.955

Chemical hardness, (n), (eV) 1.477
Chemical softness (o), (eV) 0.677
Electronegativity (A), (eV) 4.431
Chemical potential (), (eV) -4.431
Electrophilicityindex (w), (eV) 6.644
ionization potential (1), (eV) 5.908
Electron affinity (A), (eV) 2.953

The value of Epomo, ELumo, chemical hardness, chemical softness,
electronegativity, chemical potential, electrophilicity index, ionization
potential and electron affinity of the synthesized imidazole are shown in table.
It can be seen from the table that the compound has high stability (AE=2.955
eV). Thus, compounds with a large energy difference between the HOMO
and LUMO orbitals are more stable. Low chemical hardness and high
chemical softness are associated with high reactivity and binding efficiency
of the substance. Since these parameters are opposite (1=1.477, 0=0.677
eV) in the studied compound, it can be said that the substance has weak
reactivity. Electronegativity is related to electron attraction and reactivity.
Chemical potential indicates the possibility of a chemical reaction, a high
value of chemical potential (less negativity) indicates easier donation of
electrons (electron donor), and a small value of chemical potential (-4.431)
indicates easier acceptance of electrons (electron acceptor). Negative
chemical potential indicates that the compound does not decompose into
elements. Below is the ranking of organic molecules according to
electrophilicity; Weak electrophiles have an electrophilicity index of less than
0.8 eV, moderate electrophiles have an electrophilicity between 0.8 and 1.5
eV, and strong electrophiles have an electrophilicity of more than 1.5 eV. It is
well known that drugs with a highly electrophilic nature have potent
antimicrobial and anticancer properties. The high value of electrophilicity in
the studied compound (w=6.644 eV) indicates its high biological activity. The
high value of ionization potential (5.908 eV) is related to chemical stability.
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Abstract - This article analyzes the isomerization process in modern automotive
gasoline production. The isomerization of light paraffin fractions (n-pentane and n-hexane)
plays a key role in improving gasoline quality, particularly in increasing the octane number.
The study utilized a Pt/WO,/ZrO, catalyst, which is effective in producing high-octane isomers
under low temperature and pressure conditions. Isomerization proceeds via a carbocation
mechanism, converting n-pentane and n-hexane into iso-paraffins, significantly increasing the
octane number. Light gasoline fractions and reformate serve as feedstock. According to the
technological scheme, the gas-feed mixture passes through heat exchangers, is heated to
130-170°C, and maintained at a pressure of 3.5 MPa. The reaction occurs in three sequential
reactors, yielding 93—-97% isomerate. By-product dry gases are utilized as fuel. The results
demonstrate that Pt/WO3/ZrO, provides high selectivity, low operational costs, and an
environmentally friendly process. Research on developing locally produced catalysts is
ongoing.

Keywords: gasoline, octane number, isomerization, PtYWO,/ZrO, catalyst, n-pentane,
n-hexane, iso-paraffins, catalytic process, petroleum refining, high-octane gasoline

Introduction

Modern automotive gasoline production involves multistage
technologies, including primary oil refining, secondary processing (reforming,
isomerization, cracking, alkylation), and blending of components. Recent
years have seen surging demand for high-quality gasoline, driven by stricter
standards like Euro-5. In Uzbekistan’s refineries, catalytic reformate remains
the primary component for octane enhancement. New environmental
requirements necessitate expanding non-aromatic, high-octane gasoline
components.

Isomerization of light gasoline fractions is one such process [1]. By
converting normal alkanes into branched isoalkanes, isomerization
significantly increases gasoline octane numbers while maintaining
environmental purity. However, locally produced catalysts (researched by
Bukhara State Technical University, the Academy of Sciences Chemistry
Institute, and others) are not yet widely adopted industrially.

Exsperimental Section.

Direct isomerization of the pentane—hexane fraction of gasoline is a
complex, multi-stage petrochemical process, influenced by numerous factors
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affecting both the procedure and its outcome. This process has become
widespread in the local oil refining industry due to increasingly stringent
guality requirements for petroleum products [2].

The implementation of reactors for isomerization units is carried out in
two directions: creating new production capacities or reconstructing gasoline
reforming units. This raises a complex problem of selecting optimal reactor
designs (number of reactors, sequential or parallel connection of open or
closed reactor designs) and catalysts for a particular refinery. The essence
of the isomerization process lies in the catalytic conversion of light normal
paraffin hydrocarbons into hydrocarbons with the desired isostructure.

The catalytic isomerization process produces high-octane gasoline
components, which can also serve as feedstock for the petrochemical
industry. As feedstock, n-butane, light fractions obtained from direct
distillation with an initial boiling point of 52 °C, and catalytic reformate
raffinates containing n-pentane and n-hexane, or mixtures separated during
gas fractionation, are used [4].

Currently, bifunctional catalysts containing platinum or palladium are
widely employed.

The characteristics of highly efficient catalysts for the isomerization
process are presented in Table 1.

Table 1: Catalyst Performance Comparison

Octane || Low-Temp Isomer
Catalyst Type Boost || Conversion || Selectivity Remarks
Zeolites . Low-cost; requires higher
(ZSM-5) Good Moderate High temperatures
| PUWO4/ZrO, || High || Low || High ||  Optimal for Cs—C, fractions |
| SO.27/Zr0, || High || Moderate || High || Acidic; lower activity without metal |
Metal- Combines
modified Highest Efficient Very High . ization/hvdroi L
zeolites isomerization/hydroisomerization

The study used Pt/WO,/ZrO, due to its efficiency under mild conditions
(180-220°C; 2-3.5 MPa).

The operating conditions of the isomerization process can vary over
different intervals depending on the catalyst used. In the process, the yield
of the isomerate reaches 93-97% by mass, with an octane number of 88—92
(according to the research method). The by-product is dry gas, which is used
as fuel [5].

The isomerization unit consists of rectification and isomerization blocks.
In the rectification block, the feedstock sent for isomerization is pre-
separated into pentane and hexane fractions, after which the resulting
product is stabilized to isolate the final isopentane and isohexane. In the
isomerization block, the isomerates are obtained.
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Figure 1 shows a simplified technological scheme of the isomerization
process.

Off-Gases

Dried Recycle Gas
(Dried VSG)

Hydrogen
containing
gas

Finished
Isomerate

_

Isomerate

Raw
Feedstock

Fired
Heater

Fractionation Column

Unstabilized
Isomerate

ISOMERIZATION UNIT PROCESS FLOW
Figure 1: Simplified Isomerization Process Flow Diagram

Result and Discussion. The gas—feedstock mixture passes through
heat exchangers and is heated up to 100-120 °C. It then enters a tubular
furnace, where it reaches a reaction temperature of 130-170°C. The
pressure must not drop below 27 kgf/cm? [8]. After that, it is directed
sequentially through three reactors. The technological regime of the
equipment is controlled as follows. The parameters in the columns are
presented in Table 2.

Table 2: Industrial Isomerization Conditions

| Parameter I Value |
| Temperature | 180-220°C |
| Pressure | 2-3.5 MPa |
| Feed WHSV* | 1.5 hr™! |
| H, recycle ratio || 1.25 |
| *Weight Hourly Space Velocity || |

Isomerization occurs in the reactors of the catalyst column. For this
purpose, a PtWO3/ZrO, -catalyst containing platinum is used for
isomerization, employing the technology shown in Figure 1. The reaction in
the reactor proceeds as follows [5].

Pt/WO, /Zr0s
H-CGHM 2 ¥ lZﬂ-CﬁHM

This converts n-pentane — iso-pentane (A octane: +92 points).
Hydrogen-to-n-pentane ratio: 3:1.
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Conclusion and recommendations.

In the modern automotive gasoline production industry, improving
gasoline quality, particularly increasing the octane number, is an important
issue. The isomerization process is an effective method for raising the octane
number of gasoline by converting light normal alkanes (n-pentane, n-hexane)
into high-octane isoalkanes. Studies have shown that the PtWO,/ZrO,
catalyst exhibits high efficiency in producing isomers with high selectivity
under low temperature (180-220 °C) and low-pressure conditions [7].

The isomerization process occurs via a carbocationic mechanism,
whereby n-pentane is converted to isopentane and n-hexane to isohexane.
The technological process consists of rectification and isomerization units,
with the feedstock pre-fractionated and then isomerized sequentially in three
reactors. In this process, the yield of the isomerate reaches 93-97%, and the
octane number rises to 88—-92. Dry gases produced as by-products are used
as fuel.
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Summary - In this study, the alkylation reactions for synthesising para-[3(4)-
methylcyclohexen-3-yl-isopropyl]phenols were examined. The reactions of phenol with 1-
methyl-3(4)-isopropenylcyclohexenes were conducted using a novel catalytic system based
on the KN-30 zeolite catalyst. The main kinetic parameters — temperature, molar ratio of the
reactants, reaction time, and catalyst amount — were systematically analysed, and the
optimal conditions were identified. The maximum yields for the alkylation of phenol with
diprene, dipentene, and their mixture were 75.7%, 68.9%, and 71.2%, respectively, while the
selectivities towards the target products were 92.5%, 85.3%, and 88.5%. The structures and
compositions of the obtained products were verified by infrared (IR) and nuclear magnetic
resonance (NMR) spectroscopy. Analysis of the experimental results indicates that the KN-30
catalyst demonstrates higher efficiency in the alkylation of phenol with isoprene cyclodimers
compared to previously known methods and catalysts.

Keywords: phenol, 1-methyl-3(4)-isopropenylcyclohexenes, alkylation, zeolite catalyst,
para-cycloalkylphenols

Introduction

Alkylation reactions are important in the petroleum and organic
chemistry industries, especially in the synthesis of alkylphenols. Alkylphenols
are commonly used in the manufacture of antioxidants, surfactants, polymer
stabilisers, and other valuable organic compounds [1-3].

In recent years, heterogeneous catalysts—particularly zeolite-based
systems—have been widely employed in alkylation and other organic
transformation processes. The high surface area of zeolites, the variety of
their acidic active sites, and their thermal stability greatly enhance their
catalytic efficiency.

The aim and novelty of this research consist in investigating, under
laboratory conditions, the alkylation reactions of phenol with isoprene
cyclodimers (diprene, dipentene, and their mixture) in the presence of the
KN-30 zeolite catalyst, determining the optimal reaction conditions, and
evaluating the catalytic activity of the system. The study is relevant from both
fundamental and applied perspectives and contributes to the development of
efficient catalytic systems in line with green chemistry principles.

Experimental Section

The following raw materials were used in the production of para-
Cycloalkylphenols:

1. Phenol: melting point 40 — 42°C; boiling point 182°C; n3® = 1.4503; p2° =
1.071 g-sm~3; weight 136; purity 98%.
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2. 1-Methyl-3-isopropenylcyclohexene (DP): boiling point 160-161°C;
n%’ = 1.4656; p2° = 0.8347 g-sm™3; weight 136; purity 98%.
3. 1-Methyl-4-isopropenylcyclohexene (DPT): boiling point 174-175 °C;
n%’ = 1.4745; p2° = 0.8476 g-sm™3; weight 136; purity 96.8%.
4. 1-Methyl-3(4)-isopropenyicyclohexene (ICD): boiling point 160-
180 °C; n2? = 1.4735; p2° = 0.8458 g-sm™3; weight 136.

The alkylation reaction equations of phenol with isoprene cyclodimers
are presented below:

OH OH
CH, CH3
CH, OH cH
¢ - ‘§
-~ CH;, CH, .
HsC - C - CH, HsC - C - CH,
i H,C=C-CHj i
CH
— 3
CH, /\CH3

The alkylation reaction is carried out in a 250 mL three-neck round-
bottom flask equipped with a mechanical stirrer, a heating device, a dropping
funnel, and a thermometer. The reactants are weighed in advance using a
laboratory balance. Phenol is first introduced into the flask, followed by the
addition of activated and partially ground KN-30 catalyst. The reaction
mixture is heated to 40—45°C, and at this temperature, the alkylating agent
is introduced into the system through the dropping funnel. The reaction is
then conducted at 80—140°C for 4-6 hours.

After the reaction is complete, the mixture is cooled to 40°C, and the
catalyst is separated by filtration. The resulting reaction mixture is subjected
to rectification; first, the unreacted components are removed at atmospheric
pressure up to 200°C. Then, the remaining crude product is distilled under
reduced pressure (10 mm Hg) to obtain the target products — para-[3(4)-
methylcyclohexen-3-yl-isopropyl]phenols.

Results and Discussion

To achieve high yield and selectivity of the target products — para-
[3(4)-methylcyclohexen-3-yl-isopropyl]phenols — the alkylation reaction in
the presence of the KN-30 catalyst was systematically investigated. The
effects of the main kinetic parameters, including temperature, the molar ratio
of the initial components, reaction time, and catalyst amount, were studied,
and the optimal conditions were determined.
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1. For the alkylation reaction of phenol with 1-methyl-3-
isopropenylcyclohexene (DP), the optimal conditions were determined to be:
temperature 135°C, phenol:cyclene molar ratio 1:1 (mol/mol), reaction time
4.5 h, and catalyst amount 10% (based on phenol taken). Under these
conditions, the yield of para-[3-methylcyclohexen-3-yl-isopropyl]phenol was
75.7% (based on phenol), and the selectivity toward the target product
reached 92.5%.

2. For the alkylation reaction of phenol with 1-methyl-4-isopropenylcy-
clohexene (DPT), the optimal conditions were: temperature 145°C, phenol:
cyclene molar ratio 1:1 (mol/mol), reaction time 6 h, and catalyst amount 13%
(based on phenol). Under these conditions, the yield of para-[4-methylcyclo-
hexen-3-yl-isopropyl]phenol was 68.9%, with a selectivity of 85.3%.

3. For the alkylation reaction of phenol with 1-methyl-3(4)-isopropenyl-
cyclohexene (ICD), the optimal conditions were: temperature 140°C,
phenol:cyclene molar ratio 1:1 (mol/mol), reaction time 5.5 h, and catalyst
amount 12% (based on phenol). Under these conditions, the yield of para-
[3(4)-methylcyclohexen-3-yl-isopropyl]phenol was 71.2%, and the selectivity
was 88.5%.

The structure and composition of the obtained target products were
determined by infrared (IR) and nuclear magnetic resonance (NMR)
spectroscopy.

Table. Comparative data of the alkylation reaction of phenol with diprene in the presence of
various catalysts

Parameters NaHSO4 KU-2 KU-23 KN-30
1. Temperature, °C 160 135 145 135
2. Reaction time, h. 4 4 5 4.5
3. Phenol: DP molar ratio, mol/mol 2:1 2.5:1 1:1 1:1
4. Catalyst amount, % 10 12 15 10
6. Process type Batch Batch Batch Batch
Yield 77.8 76.6 73.5 75.7
Selectivity 84.1 83.4 91.6 92.5

Based on the analysis of the experimental results, it was established
that, compared with previously known catalysts, the zeolite-containing KN-
30 catalyst exhibits higher efficiency in the alkylation reaction of phenol with
isoprene cyclodimers.
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ABSTRACT: The article discusses modern approaches to improving gas purification
technologies from acidic components using an absorbent composition based on
diethanolamine (DEA). The research was conducted with the aim of achieving complete
removal of acidic components from gases and improving the technical and economic
performance of the process by adding activators to alkanolamines, specifically DEA. In
particular, the composition of expander gases was investigated to enhance economic
efficiency and improve the technology. It is proposed to add expander gases to the unpurified
feed gas, as they are compatible in composition, or to use them as fuel for pyrolysis furnaces
and boiler installations. It was established that the content of expander gas is 0.044% of the
purified feed gas, resulting in an increase in the amount of purified gas.

KEYWORDS: Absorbent composition, acidic components, expander gas, fuel, pyrolysis
furnace, boiler.

INTRODUCTION.

Due to the fact that natural gas is a rather voluminous resource
compared to other raw materials, many countries use it as a fuel and for
chemical synthesis. The USA, Saudi Arabia, Iran, Qatar, Russia and a
number of other countries have the largest gas reserves, and Uzbekistan
also uses this raw material for the energy industry and for the production of
synthetic fuels. As in the case with any other raw materials, it is impossible
to directly use hydrocarbon gases, so for their utilization it is necessary to
apply technologies of purification, processing and separation into fractions.

Hydrocarbon gases contain sulfur (S), nitrogen (N), oxygen (O) in the
form of heteroatomic compounds, i.e. acidic components, water vapor,
mechanical particles, salts, and in small quantities oil and gas condensate
[3; 11-20 p.]. This means that they do not meet the requirements for gas
transportation, corrosive requirements, technical standards for commercial
products, and standards governing environmental harm.

EXPERIMENTAL SECTION.

The choice of absorbent is determined by the composition of the feed
gas and the method of utilization of the produced H,S. In most cases, sulfur
from H,S is obtained using the Claus process. In addition, the presence of
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hydrocarbons in the composition of H,S complicates the technological
process and deteriorates the quality of sulfur.

As is known, the principle technology of the absorption gas purification
process includes an absorber, desorber, saturated absorbent separator and
system, as well as devices for heating the absorbent at the regeneration
stage and cooling the regenerated solution.

If we analyze foreign technologies of absorbent purification of
hydrocarbon gases, each modern gas treatment plant uses a different
absorbent or absorbent composition.

For example, in the method of DEA purification, improved by the French
company SNPA, the mass fraction of DEA in the transition solution is
significantly increased - up to 40%, and the degree of saturation of amines
with acid gas reached 1.1 mol/mol. This improved method is now widely and
successfully used for purification of gases with sulfur content. Gas with 19%
H.,S in its composition (after purification, the H,S content in the gas is 5.7
mg/m3) has a gas purification capacity of 2.7 billion m3/year. One of the large
installations for gas purification using the DEA SNPA process is the
installation built at the Waitney-Canon field (USA).

The scheme of feeding different streams of regenerated solution into the
absorber at different stages of regeneration is widespread in the industry.
Many gas treatment plants for gas purification from acidic components in
Canada, France and the USA operate according to this scheme. The
principle scheme of gas purification using such units is shown in Figure 1.

i - \ 5 6 8 Raw materials for heating
! oil and boiler fuel
E\ \Ia‘ VJ VD | e !
| Water
vapor
3 ’—Wa]er lé
(==}

18 3

Catalytic
technology for
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I Acid water

CO, to flare
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Figure 1. Improved technological scheme of gas purification from acidic components
by DEA-based absorbent composition for SHGCC.
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1- heat exchanger; 2 - separator; 3 - absorbe; 4- expander; 5 - water tank; 6 - activator tank;
7 - inhibitor tank; 8 - New DEA; 9 - chemical reagent tank; 10 - air cooler; 11 —filter; 12- pump;
13 — heat exchanger; 14 - steam heat exchanger;; 15 — desorber; 16 — pump; 17 - air cooler;
18 — separator; 19 - sulfur production workshop; 20 - flare / waste gas incineration unit.

RESULTS AND DISCUSSION.

This diagram illustrates the gas purification process using amines and
its subsequent regeneration at various stages to ensure effective cleaning.

The partially regenerated solution is fed from the desorber to the middle
part of the absorber. For deep regeneration in order to ensure fine gas
purification, a part of the solution fed to the upper part of the absorber is
subjected to additional regeneration. Such scheme allows to reduce steam
consumption for solution regeneration by 10-15% in comparison with the
conventional scheme.

At purification of gas with high content of acidic components it is
expedient to carry out two-stage expansion (ventilation) of saturated amine
at different pressures.

At the first stage at pressure of 1.5-2 MPa the main amount of dissolved
hydrocarbons is released from the solution. This ensures their low content in
the acid gases (<2%), which guarantees high quality of the obtained sulfur.
Gas stream after this expansion, purified from hydrogen sulfide, can be used
as fuel or compressed and mixed with the main stream of purified (raw) gas.

In a second step, acid gas is released from the solution at near
atmospheric pressure without thermal recovery. After water separation and
cooling, it can be directly sent to the sulfur recovery unit. This allows to
reduce the steam consumption for saturated amines regeneration up to 10%.

A pump is additionally installed in the scheme to supply the saturated
solution from the second expander to the desorber. The disadvantage of this
technology is that the desorber can be saturated with amine with acid gases
under unfavorable conditions, and there is a relatively high temperature of
the solution. In conclusion, it should be noted that the introduction of the new
absorbent composition through a dosing pump does not require significant
changes to the existing technology, making this solution especially valuable.

In treating gas containing COS along with H,S and CO,, the absorber
provides a COS absorption and hydrolysis zone consisting of five to eight
blades. This zone is fed with regenerated amine solution at high temperature
(70-80 °C).

Cooling and condensation of the vapor-gas mixture released in the
desorber is carried out in a scheme that differs from the standard one: in the
upper part of the column there is a direct interaction with phlegm circulating
in a closed circuit. This scheme allows to reduce corrosion of process
equipment and reduce the number of installations (condenser-cooler,
separator and others).
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The production schemes of gas purification by amine method also
include solution filtration systems and installation of foam reducing agents.

In our country, such modern technology is applied at the gas cleaning
plant Kandim GKIZ, where purification is carried out using an aqueous
solution of diethanolamine.

Conclusion and Recommendations.

The proposed "Improved Installation Scheme" for the Shurtan Gas
Chemical Complex ensures efficient purification of natural gas from acidic
components (H,S and CO.) through optimization of the contact process in
the absorber and the use of countercurrent flow of an alkanolamine-based
absorbent.

Control of absorbent temperature and flow rate, as well as washing of
the gas stream with condensate and boiler feed water, minimizes solution
losses and enhances purification efficiency. The installation of a demister and
a sampling system provides accurate monitoring of residual diethanolamine
and CO, content.

The presence of five safety valves and an overpressure relief system
increases operational safety and prevents emergency situations. Thus, the
proposed scheme simultaneously ensures high performance, reduced
absorbent losses, and reliable equipment operation.
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Summary: The most serious problem encountered during the storage of domestic and
drinking water is the short-term bacteriological contamination of stagnant water, the formation
of biofilm and algae. The shelf life of water in standard plastic tanks (HDPE/LLDPE) is only 3-
7 days, and pathogens such as Escherichia coli and Staphylococcus aureus grow rapidly in
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this environment. In this study, the application of CuO nanoparticles (NPs) and "Sandwich"
(triple-layer) technology is proposed to reduce the microbiological load of water and provide
thermal insulation. This tank is manufactured using rotational molding technology and consists
of three functional layers. The outer layer consists of a mixture of white polyethylene, UV
stabilizer and CuO, which slows down warming by reflecting solar radiation and prevents
microbial colonization on the surface. The middle layer creates effective thermal insulation
thanks to air bubbles created by a special foaming agent. The inner layer is enriched with
high-concentration CuO nanoparticles integrated into the polymer matrix at the raw material
stage (masterbatch method). This method, unlike coating, ensures the continuity of the
microbicidal effect even in the event of scratching the inner surface. The mechanism of CuO
nanoparticles is based on mechanical and chemical destruction of the cell morphology of
bacteria. Nanoparticles cause oxidative stress by generating reactive oxygen species (ROS),
disrupt internal order and destroy bacteria within 30-60 minutes. In addition, CuO disrupts
molecular mechanisms used by bacteria to adhere to the surface and form biofilms, which
reduces the ability of algae to colonize the wall by 90%. The results of the study show that the
application of this technology increases the shelf life of water by 30 days or more. The
presented model acts as an innovative water storage solution that ensures both internal and
external microbiological safety, is self-cleaning and has a long lifespan.

Key words: antimicrobial copper nanocomposites, biofilm inhibition on polymer
surfaces, thermal insulation foam layer, extended shelf life of stagnant water, self-disinfecting
water tanks.

Introduction:

In modern water storage technologies, ensuring microbiological safety
and preserving the organoleptic quality of water directly depends not only on
the physical endurance of the materials used, but also on the active
functionality they demonstrate at the molecular level. Although traditional
polymer tanks create a stable environment for water storage, they are
passive against biological contamination and biofilm formation in stagnant
water conditions. As a scientific solution to this problem, the research study
analyzes the application of a multilayer sandwich-structured polymer model,
the inner, middle and outer layers of which are modified with specific
chemical and biological agents. Copper oxide (CuO) nanoparticles, which
form the central axis of the study, have a broad-spectrum antimicrobial and
anti-algal mechanism of action. The choice of this material is justified by its
ability to both oxidize and mechanically destroy pathogens. Copper oxide
peroxidizes lipids in the cell membrane of microorganisms in contact with the
inner surface, disrupting the structural integrity of the cell. One of the most
important properties of the material is that it blocks the molecular
mechanisms used by bacteria to adhere to the surface and form a biofilm (a
biopolymer matrix necessary for the settlement of algae and other
pathogens). This process ensures the self-cleaning ability of the inner
surface, thereby maintaining the biological purity of the water for a long time.
For the durability of the system, UV stabilizers included in the outer layer
increase the polymer's tolerance to solar radiation. These substances
prevent the physical decomposition and embrittlement of plastic chains as a
result of photooxidation, thereby extending the service life of the product. The
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highly reflective light-colored pigments applied to the outer layer create an
optical barrier, reflecting sunlight and helping to maintain a constant internal
temperature of the water. The blowing agents used in the middle part of the
sandwich structure create closed air bubbles inside the material, forming an
effective thermal insulation layer. This layer slows down the transfer of heat
from the outside to the inside, eliminating favorable conditions for the
reproduction of thermophilic microorganisms in the aquatic environment.
From a technological point of view, the combination of these substances is
not just a coating on the inner surface of the tank, but is integrated into the
polymer at the raw material stage using a masterbatch method, so it does
not break down upon contact with water and becomes an integral part of the
material structure. As a result, this innovative material combination promises
both physical protection and active biochemical protection during water
storage.

Experimental section:

The main goal of the experimental phase of the research work is the
integration of Copper Oxide (CuO) nanoparticles into the polymer matrix and
the evaluation of the antimicrobial efficacy of this composite material. In the
first step of the process, high purity CuO nanoparticles were mixed with
polyethylene (PE) raw material at specified concentrations (0.03 wt%) under
high temperature extrusion conditions to prepare a special masterbatch.
Casting and rotational molding (rotomolding) methods were used to produce
polymer films and tank samples. The prepared 30 um thick thin polymer films
and multilayer structures were left to dry under ambient conditions for
complete evaporation of the solvent and stabilization of the structure.To test
the antimicrobial activity, Escherichia coli (E. coli), Staphylococcus aureus
(S. aureus), Klebsiella pneumonia (K. pneumonia) and Pseudomonas
aeruginosa (P. aeruginosa) bacterial strains that are pathogenic in water
systems and stationary environments were used. Bacteria were activated in
Muiller-Hinton agar medium at 37°C for 24 hours and an appropriate inoculation
environment was created for each strain under aseptic conditions. In the next
stage of the experiment, the inhibition zones (areas that stop bacterial growth)
of the polymer layers containing CuO nanoparticles were measured. For
comparative analysis, the 2.5% concentration of Ciprofloxacin antibiotic
standard was applied as a positive control group. During the experiment, the
effect of nanoparticles on cell morphology and how they inhibited biofilm
formation was monitored by microscopic analyses. The fact that reactive
oxygen species (ROS) generated by nanoparticles destroy the antioxidant
defense system of bacteria and disrupt internal mechanisms by piercing cell
walls was confirmed by laboratory tests. Finally, the microbiological purity and
temperature stability of water were recorded at different time intervals, and the
synergistic effect of CuO nanoparticles and thermal foam layer was evaluated.
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Results and their discussions:

The results of the study show that the application of a three-layer
sandwich structure significantly increases both the biological safety and
thermal stability of water tanks. While in standard single-layer tanks, stagnant
water begins to deteriorate microbiologically within 3-7 days, the inner layer
enriched with CuO nanoparticles (NPs) extends the shelf life of water to 30
days or more. During the experiments, it was observed that CuO
nanoparticles disrupt the cell morphology of bacteria, killing them within 30-
60 minutes. In particular, high inhibition zones of 38 mm were recorded on
E. coli and 40 mm on S. aureus, which proves the microbicidal power of
copper oxide. Each of the layers used in the project adds specific value to
the system. UV stabilizers used in the outer layer prevent plastic from
becoming brittle under sunlight, extending the service life of the tank to more
than 20 years. At the same time, the CuO nanoparticles in this layer do not
allow the development of microbes, mold and fungi on the outer surface of
the tank. The foam insulation applied in the middle layer creates a thermos
effect inside the tank, keeping the water temperature 15-20°C cooler than
the environment. The CuO nanoparticles located in the inner layer generate
reactive oxygen species (ROS) and cause oxidative stress, which completely
blocks biofilm formation and algae growth at the molecular level. The
discussions and comparative analyses confirm that the proposed project,
unlike normal tanks, is not just a storage container, but an active disinfection
system. While in standard tanks, water heats up to 45-50°C under the sun,
creating an ideal environment for bacterial growth, in our project both the
heat load and microbiological contamination are minimized. These polymer
structures prepared by incorporating CuO nanoparticles have demonstrated
more effective results than the gold standard antibiotic Ciprofloxacin (2.5%).
Thus, the application of this technology provides a safe and long-term water
storage solution for consumers, preserving both the taste and smell of water.
Finally, based on the results obtained, the sandwich-structured water storage
tank was compared with the normal water tank in the following table:

Table 1. Performance Analysis: Sandwich-structured vs. Single-layer water tanks

Standard Plastic Tank Sandwich-Structured Water
(Single Layer) Storage Tank

Comparison Criteria

Biological safety

Bacteria (E. coli, S. aureus)
multiply rapidly within 24
hours.

Thanks to CuO NPs, the cell
morphology of bacteria is disrupted
and destroyed.

Algal bloom

Due to light permeability
and biofilm, algae forms in
1-2 weeks.

With the opaque armor and the
algicidal effect of copper, algae
growth is reduced to zero.

Water temperature

Under the Sun, the water
heats up to 45-50°C (an
ideal environment for
bacteria).

The water stays 15-20°C cooler
thanks to the white outer layer and
medium foam insulation.
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Biofilm (Mucus)

The inner walls of the tank
are covered with slippery,
bacterial mucus.

CuO blocks biofilm formation
(adhesion of bacteria) at the
molecular level.

Duration

UV rays make plastic brittle
in 3-5 years and crack.

Thanks to UV stabilizers, the plastic
retains its elasticity for more than
20 years.

External hygiene

The outside of the tank
becomes contaminated with
mold, dust, and microbes.

The CuO in the outer layer prevents
the growth of microbes and fungi on
the surface.

The Usefulness of
water

Water starts to smell and
lose its taste after 3-5 days.

Thanks to active disinfection, the
water stays fresh for 30 days or
more.

Maintenance and
cleaning

Internal cleaning (washing)
is required at least 2-3
times a year.

Maintenance requirements are
minimal thanks to the self-cleaning
(anti-biofilm) surface.

Offers: Further work can be directed toward:

¢ Uniform dispersion of CuO nanoparticles within the polymer

¢ Analysis of the effect of waters with different pH, mineralization and
salinity on the antibacterial activity of CuO

o Deeper study of the effect of nanoparticles on the adhesion
mechanisms of different pathogens (e.g. P. aeruginosa)

e Comparative analysis of thermal conductivity coefficients of different
foaming agents
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ABSTRACT: The stability of most emulsions of the "water in oil" type increases over
time. During the aging of the emulsion in water globules, the emulsifier layer increases and,
accordingly, its mechanical strength increases. When such globules collide, they do not merge
due to the presence of a strong hydrophobic film. To combine the water globules, it is
necessary to remove this film and replace it with a hydrophilic layer of any surfactants. We
investigated the possibility of effective demulsification of highly stable water and oil and gas
emulsions. In this case, the experiments were conducted with the synthesized demulsifiers
TKM-6, TKM-7 and the used demulsifier SNPX-4410 at a consumption of 60 g/t and mixing
into the emulsion with constant stirring at 100 rpm.

INTRODUCTION.

One of the main sources of environmental pollution as a result of human
man-made activities is oil production and oil refining industry enterprises.
Due to emergency situations, as well as during the production activities of oll
extraction and oil refining enterprises, a lot of oil waste has accumulated on
the surface and in the atmosphere.

The rapid growth of oil production in the world is causing the formation
of oil residues in oil preparation facilities (OPF), oil refineries, transportation
and storage of oils.

The formation of permanent water-oil emulsions is a natural
phenomenon during the operation of oil fields, their properties change over
time and depend on many factors. With long-term storage in open
warehouses and reservoirs, the stability of such systems increases
significantly. This happens due to the "aging" of emulsions, the compression
and hardening of armored shells in water droplets over time, the evaporation
of light fractions, the decomposition of petroleum products, the increase of
mechanical impurities due to atmospheric dust, etc.

Since the water-oil emulsion is an unstable system prone to the
formation of a minimum phase interface, it is natural to expect its tendency
to stratify. However, in the actual operating conditions of oil production
equipment, emulsions with high stability are often formed. This mainly
determines the choice of their processing technology, as well as the depth of
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separation of the water phase from oil. Aggregative stability of emulsions is
measured by the time of their presence until the emulsifying liquids are
completely separated. In the case of emulsions derived from different oils,
their stability can vary from a few seconds to a year or more.

Natural stabilizers of emulsions include asphaltenes, resins, cycloalkane
and paraffins in petroleum, which are natural surfactants. In addition, these
include the smallest solid particles of suspended matter (mud, quartz, salt,
etc.) in well production.

Experimental Section. Depending on the concentration of the
dispersed phase in emulsions, they are divided into diluted or low
concentration (dispersed phase is less than 20%), concentrated (up to 74%)
and highly concentrated (above 74%). Diluted emulsions with a small
dispersed structure have a high demulsification resistance.

The size of water phase droplets dispersed in water-oil emulsions is
usually between 0.1 and 250 microns. Large droplets can only exist in flow
due to rapid sedimentation under static conditions.

“The water-in-oil” stability of many emulsions increases with time. During
the aging of the emulsion in water globules, the emulsifier layer increases
and, accordingly, its mechanical strength increases. When such globules
collide, they do not come together due to the presence of a strong hydrofob
film. To combine the water globules, it is necessary to destroy this film and
replace it with a hydrofob layer of any surfactant. Aging of emulsions
continues intensively only in the initial period after their formation, and then
slows down significantly. The aging properties of the inverse emulsion
depend on the composition and properties of the oil, the source of water, the
conditions of emulsion formation (temperature, intensity of phase mixing).

The main properties of oil emulsions include the degree of disintegration
over a certain period of time, the effective (in some cases, structural)
viscosity, the diameter of the average surface layer of the emulsified droplets
of the aqueous phase. Together, these parameters reflect the intensity of the
oil emulsion, its physical and chemical properties, and the adsorption of the
emulsifier.

According to PA Rebinder, the mechanism of crushing of the water phase
is that, first of all, the globule of water is drawn in the field of movement
deformations (it takes a cylindrical shape), which is accompanied by an
increase in the interphase surface of contact with water and oil. Upon
reaching a critical length, usually calculated as two diameters of the original
globule, the cylindrical globule “decomposed” into smaller droplets of
different diameters.

A droplet with a large diameter is more affected by the effect of flow
pulsation. A drop of water in an oil stream takes on irregular shapes, and if
the applied pulsation frequency matches the frequency of natural
oscillations, it breaks up into smaller components.
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Emulsification occurs under the influence of both viscous and dynamic
forces due to the large distribution of oil emulsion droplets (from one to
hundreds of microns), as well as differences in flow regimes.

Results and Discussion.

The thermal effect on water-oil emulsions is that the dewatering oils are
heated to a temperature of 45-80°C before deposition. When heated, the
surface tension of the emulsifier layers on the surface of the droplets
decreases, which makes it easier for them to coalesce. In addition, the
viscosity of oil decreases, the density difference between water and oil
increases, which helps the emulsion to separate quickly. This is the process
heating is carried out in tanks, heat exchangers and tube furnaces.

In-pipe decomposition is carried out by adding a chemical reagent-
demulsifier to the emulsion. This allows breaking up the emulsion in the
pipeline, reducing its viscosity and reducing hydraulic losses.

After comparing the results of formation water separation under
laboratory conditions for each oil composition, the most effective demulsifiers
are selected.

In our research work, we took several samples by mixing different
proportions of liquid soap, organic matter and used diesel engine oil - Table 1.

Table 1. Composition and classification of demulsifier compositions

. Composition of the demulsifier compositions, %
Name of demulsifier 5 -
iti . _— rganic
composition Used oil Liquid soap mgtter NaOH
TKM -1 60 30 10 -
TKM -2 60 20 20 -
TKM -3 60 25 15 -
TKM -4 50 20 30 -
TKM -5 50 25 25 -
TKM -6 50 30 20 -
TKM -7 50 25 20 5
TKM -8 50 20 25 5
TKM-9 60 15 20 5
TKM-10 60 20 15 5

A demulsifier in the form of a dark brown liquid was obtained by mixing
the components contained in the 10 demulsifier samples listed in Table 1 at
a temperature of 30 °C in a 200 rev/min mixer for 10 minutes. These
demulsifiers are mostly well soluble in water.

Decompose of highly stable water-in-oil emulsions of local heavy oils
requires the use of complex multi-component demulsifier compositions.

Practices show that choosing the optimal composition of the demulsifier
composition to decompose each type of stable water petroleum emulsions is
a major challenge. Emulsions include well compression emitter reagents to
improve performance in the preparation of oil wells obtained during oil
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drilling, if this is particularly problematic. Such additives are often chemical
substances (surfactants, soap, etc.), a large amount of mineral compounds
(salts) of oil demulsification, which make it difficult to choose the composition
of the demulsifier.

It is known that when demulsifiers are used to break down stable
emulsions, the deemulgation process takes 6 hours or more, which requires
significant economic cost and energy consumption in oil and oil refineries. To
overcome these shortcomings, new compositions of demulsifiers are being
developed in recent years, taking into account the composition of
decomposed emulsions.

We studied the ability of the obtained demulsifiers to break down stable
water-oil emulsions formed from heavy oils obtained from “Shimoliy
O’rtabuloq”, “Djarchi”, “Chegara” fields when mixing at 90 g/t at 200-300
rev/min. Table 2.

In Table 2, the synthesized demulsifier TKM-6 and TKM-7 achieved the
best results in breaking stable water emulsions. In this case, the active
composition of demulsifiers consists of TKM-6, 50% used oil, 30% liquid soap
and 20% organic matter, as well as TKM-7 sample consists of 50% used oil,
25% liquid soap, 20% organic matter and 5% sodium hydroxide and TKM-6
and TKM-7 were the best results among the samples obtained, and TKM-4
had a low result in terms of dehydration.

Table 2. Decomposition parameters of stable water-oil emulsions in the compositions of
produced demulsifiers.

Naming of Break time, Degree of regmzzln;ac::s

demulsifiers hour dehydration, % mg/dm3 ’
TKM -1 5.1 72.7 218
TKM -2 6.1 78.2 155
TKM -3 5.9 70.5 267
TKM -4 5.5 57.8 242
TKM -5 5.4 75.3 305
TKM -6 4,9 86,9 190
TKM -7 4,8 83.4 174
TKM -8 5,2 62.3 245
TKM-9 50 63,4 274
TKM-10 57 62.3 245

The amount of residual salt in the purified oil together with dehydration
is important when breaking down emulsions using the samples of the studied
emulsions. The amount of residual water and salt depends on the amount of
demulsifier and the process temperature Figure 1. The low amount of
residual salt helps to prevent corrosion of oil preparation, transportation and
processing equipment.
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Figure 1 shows the change in the residual content of mineral salts during
the decompose of water-oil emulsions of heavy oils with different samples.
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Figure 1. Changes in the composition of residual salts (m;) in oil, depending on the
consumption of demulsifiers (TKM): 1-for TKM-6; for 2-TKM-7 demulsifier.

As can be seen from picture 1 known developed (TKM-6 and TKM-7)
demulsifiers with an increase in the amount, the residual content of mineral
salts in heavy oils decreases exponentially. At the same time, after the
demulsification process, when TKM-6 is used, more mineral salts are
removed than TKM-7, which can be explained by the properties and chemical
composition of the first demulsifier. Having determined the properties of the
synthesized emulsions, we have compared them with the deemulgator
(SNPX-4410), which is currently being used .The results are presented in
Table 3.

Table 3. Indications of demulsifiers

Name of Surface tension, | Washability , | Foam formation, at
demulsifier PH din/cm % 25°C, cm3

TKM -6 8.1 38 93 22

TKM -7 8,2 36 92 26
SNPX-4410 9,2 33 78 28

Table 3 shows that the recommended demulsifier is more active
compared to the demulsifier in use, that is, it has the ability to produce high
surface tension, wash and form foam, stable water formed from heavy oils is
essential for the decomposition of the oil emulsion.
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We have studied the possibility of effective deemulgiration of high
stagnant water and oil and gas emulsions.demulsification of highly stable
water and oil-gas emulsions . In this experiment, the synthesized
demulsifiers TKM-6, TKM-7 and used SNPX-4410 deemulsifier were used at
a consumption of 60 g/t and mixing into the emulsion was carried out with
continuous mixing at 100 rev/min, the obtained results are presented in Table
4,

From the 4th table apparently that is three field's water oil emulsions
different level fragmented. For example, in the emulsion of the "Shimoliy
O’rtabuloq" oil field, if the demulsifier SNPX-4410 is used in the process of
demulsification of at the expense 60 g/t, the amount of residual water in the
emulsion is 1.5%, and in the same situations, residual water when using
TKM-6 and TKM-7 amount is 1.3%.

Table 4. Residual water content in oil after decompose emulsions with produced demulsifiers

Oil fields Type of demulsifier
SNPX-4410
(control) TKM-7 TKM-6
“Shimoliy O’rtabuloq” 1,5(6,5) 1,3(6,3) 1,3(6,2)
“Sho’rchi” 0,9 (6,3) 0,9(6,1) 0,8 (6,2)
“Jarqoq” 1,5(6,5) 1,3(6,3) 1,3(6,2)

* - Brackets indicate the stability time of the water-oil emulsion, hours.

Achieving this effect of demulsification in the considered cases can be
explained by possible changes in the structure of the emulsion, that is,
changes in the density of the electron cloud of ions direct around the
molecules and, therefore, their polarization.

The amount of residual water in oil after demulsification with different
amounts of already in use demulsifier and produced demulsifiers depends
on the amount of demulsifier Table 5.

It can be concluded from Table 5 that the amount of residual water
decreases with the increase of demulsifier consumption in the range of 60 +
100 g\t when decompose emulsions in different local oil fields, where an
increase in consumption indicates an increase in demulsification.

Table 5. Residual water content (%) in oils after demulsification of produced demulsifiers with
different costs (g\t).

Oil fields Demulsifier consumption , g\t

SNPX-4410 TKM-7 TKM-6
control )

60 80 100 | 60 80 | 100 | 60 80 | 100
“Shimoliy O’rtabuloq” 1,6 1,5 13 | 1.4 13 | 1,2 ] 1.3 1,1 10,9
“Sho’rchi” 1,5 1,0 09])10) 09 (08| 09 08 | 0,7
“Jarqoq” 1,2 1,1 1010 (| 09 [09] 11 1,0 | 0,8
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According to the demulsification ability, the investigated demulsifiers are
located in the next decreasing order:

TKM-6 > TKM-7 > SNPX-4410

The role of demulsifiers acting on emulsions of high-viscosity oils is that
they break down the emulsifiers that surrounding the water globules and
precipitate them. We also used an electron microscope to study mechanical
compounds, salts, etc. , which cause the stability of various types of stable
emulsions of local oils .

In order to determine the efficiency of demulsification, two samples were
taken from the emulsions of the above three oil fields in the “Shimoliy
O’rtabuloq” oil preparation facility, sample 1 with demulsifier TKM-6 and
sample 2 with the consumpsion of demulsifier SNPX-4410 at a rate of 60 g/t
before breaking up the above water oil emulsion and subsequent images
were captured using an electron microscope with NLCD-307B (Czech
Republic) optical viewfinders. Conducting electron microscope studies on
emulsions of high viscosity oils provides an opportunity to obtain more
information about them.

Of course, particles of evenly disturbed water globules are visible with a
small error. The obtained results are presented in Figure 2 below, where it is
possible to see the localization of high viscosity oil emulsions and water
globules.

Figure 2. Electron microscope view of high-viscosity water-oil emulsions before the
demulsification process.
A) sample 1; B) sample 2.

In Fig. 2, you can see the most complex samples of water and salts in
water-oil emulsions captured by an electron microscope: sample 1 at a
temperature of 20 °C (A) and sample 2 at a temperature of 20 °C (B). It is
observed that the additives in the oil act as an emulsifier, surround the
dispersed phase contained of the emulsion from the outside.

Taking these into account, based on the properties and stability of
emulsions, the task of separating emulsion stabilizers is set. The increase in
the concentration of the mechanical compound is due to the fact that in the
process of hydrodynamic movement and in the presence of surfactants
mechanical compounds with a hydrophilized surface are better wette by
water and transferred to the aqueous phase (washed away).
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As a result of the removal of mechanical impurities in oil (highly
dispersed mixture, asphaltene, tar, iron sulfide, etc.), the surface tension
force of water globules in emulsions can be reduced, and the process of
coalescence is observed in water droplets.

In recent years, various chemical reagents have been add to oil wells in
order to facilitate the processes of oil extraction and processing, which
affects the formation of stable emulsions.

Conducted studies show that with the electron microscope method it is
effective to characterize the external structure of water-oil emulsions of local
high-viscosity oils using. Currently, demulsifiers and non-traditional methods
are used to breakdown the outer shells of water globules in emulsions and
collect and settle the water droplets. Unfortunately, some stable emulsions
do not break down, because in composition, drops of water in the form of
small particles are preserved forming an emulsion. Also, the amount of
residual water after the demulsification process at a high consumption of
demulsifiers can be seen in Figure 3.

As can be seen from Figure 3, a certain amount of water and salt
remains after the demulsification process of water-oil emulsions. Emulsions
are not at the level of the requirements of the specified standard (GOST
2477, GOST 21354), for the purpose of breaking up the emulsions at the
required level, it is necessary to use a high amount of demulsifier or to use
other cleaning methods.

Figure 3. Electron microscope view of high-viscosity water-oil emulsions after the
demulsification process.
A) sample 1; B) sample 2.

Conclusions and Recommendations.

The relative consumption of demulsifier is one of the main technical and
economic indicators of the processes of dewatering and desalination of WOE
of especially heavy oils.

Thus, the conducted studies show that instead of imported SNPX-4410
demulsifier, it is possible to use TKM-6 demulsifier synthesized on the basis
of oil used in diesel engines. The presence of sulfur compounds, fatty acids,
alkalis and their derivatives in it allows to increase its demulsification
properties.
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ABSTRACT: Water-oil emulsions are unstable systems, which cause the formation of
small phase boundaries, and their phase separation processes also occur due to the
difference in density. However, in most cases, emulsions with high stability are formed during
the operation of oil production equipment. This complicates the choice of technological
mechanisms and modes for the preparation of water-oil emulsions, as well as the separation
of the water phase from oil. The time required for the separation of highly stable water-oil
emulsions into separate phases is characterized by a long period of time. Depending on the
type of emulsions, the stability of the emulsions can occur for a period of several seconds to
a year or more. In oil production wells, the flow velocity of the water-oil emulsion during its
movement from the wellhead to the collection and preparation points varies from 2-3 m/s to
several tens of m/s.

INTRODUCTION.

Large changes in the speed of fluid movement lead to the dispersion of
water droplets in oil and the formation of an emulsion. Similarly, in separation
devices, measuring devices, pump or compressor units, the movement of the
flow through sections of pipes with a changed diameter, bends, and twists
causes the formation of emulsions and their stabilization. In the above
technological units, the flow velocity and turbulence can significantly
increase, which, based on physicochemical laws and procedures, leads to a
decrease in the size of water droplets and an increase in their dispersion by
several tens or even hundreds of times [1; p. 87-88].

Experimental Section

This article examines the factors affecting the stability of water-oil
emulsions formed in the fields of the foreign enterprise "Sanoat Energetikal
Group". It also examines the extent to which the results of the research work
studied differ from certain standard requirements. The Methodology and
Discussion is presented in section Ill, section IV covers the experimental
results of the study, and section V discusses the future study and conclusion.

The evaluation of the activity of selected surfactant compositions with
demulsifying properties in the separation of water-oil emulsions into phases
is carried out in laboratory conditions, modeling the processes of dewatering
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water-oil emulsions in special devices equipped with a mixing device for
demulsifiers in water-oil emulsions and a thermostatic shell.

This method allows for a high degree of reliability in determining the
specific consumption of the surfactant recommended for pilot tests
conducted mainly in oil fields and determining the activity levels of the tested
demulsifying surfactants. This method is used to compare the activity of
surfactants or their compositions with demulsifying properties in order to
separate natural water-oil emulsions and artificial water-oil emulsions formed
during the operation of oil production wells.

In order for the results of laboratory studies to be reliable, the emulsion
sample must be taken and the experiments must be carried out within a short
period of time, that is, the samples must be taken or prepared within a period
of no more than 2 hours from the start of the experiment. It is necessary to
ensure that the selected sample has not undergone the “aging” process and
is compatible with natural emulsions transported from production wells. If
water and oil are separated into separate phases, they must be mixed in a
mixer at a speed of 1500 rpm for 3-5 minutes. After that, it is left to settle for
20 minutes, and if phase separation is not observed, this process is repeated,
then poured into separate sediments, taking into account the exact volume
of water [3; p. 75-77].

The composition of locally produced high-viscosity heavy oils contains a
large amount of natural stabilizers (asphaltene, tar, naphthene, paraffin, etc.)
and emulsifiers.

In addition, the smallest solid particles (clay, quartz, salts, etc.) present
in SNEs also contribute to their increased stability [4; 174-176 p.].

From the analytical data of local water-oil emulsions, it became clear that
the size of water globules in the dispersion aqueous phases varies from 0.1
to 250 um. Also, during the “living” processes of emulsions, the emulsifier
layer on the water globules increases, which leads to an increase in their
mechanical strength. In addition, the extracted mineralized layer waters lead
to the formation of oil emulsions that are relatively stable and age quickly
compared to fresh waters. When the globules of these layer waters collide
with each other, their coalescence process is not observed, since they have
strong hydrophobic protective layers. Therefore, in order to ensure the
coalescence of water globules, it is necessary to eliminate these protective
layers and replace them with hydrophilic layers of some surfactants [4; p. 54-
58].

Water-oil emulsions can be characterized by the degree of their demul-
sification or the intensity of oil emulsification over a certain period of time.

The acceleration of the process of separation of stable water-oil
emulsions into separate phases is characterized by the difference between
the densities of water and oil (Ap), the components in the composition of the
oil (a + r)/p, as well as the ratio of the amounts of asphaltenes (a) and resins
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(r) to the total amount of paraffins (p). The values of these indicators allow
us to determine the methods of separation of the processed water-oil
emulsions into separate phases [165; 57-59 p.].

In this case, the density difference Ap is determined based on the
difference in densities of water and oil in the samples under study,
corresponding to gravitational sedimentation under the influence of gravity.
After the separation of water-oil emulsions into separate water and oil
phases, their densities are measured separately and the difference between
them is determined [5; p. 57-59].

Based on the above, local oils can be divided into the following
according to the (a+r)/p indicator [5; p. 57-59]:

- mixed [(a+r)/p] = 0.951+1.400;

- resinous [(a+r)/p] = 2.759+3.888;

- highly resinous [(a+r)/p] = 4.774+7.789.

We have studied the classification of the breakdown of local water-in-oil
emulsions based on Ap [6; pp. 4-10]:

- difficult to decompose (Ap=0.2-0.25 g/cm?);

- decomposed (Ap=0.25-0.30 g/cm?®);

- easily decomposed (Ap=0.3-0.35 g/cm?).

In oil production wells, the well product is obtained in the form of an
emulsion, which simultaneously contains water, various salts, mechanical
impurities and other components. Therefore, in the initial stages of water-oil
emulsions, these substances are separated from the oil using various
methods.

As noted above, unfortunately, this process does not allow easy
separation of water and associated components in all oil emulsions. Today,
highly stable water-oil emulsions of heavy oils extracted from the
corresponding fields are being prepared at the oil preparation equipments
(OPE) of the “Northern Ortabulok”, “Shurtepa” and “Shirkent” owned by the
“Sanoat Energetikal Group” PE [7; pp. 127-131].

The separation of such stable water-oil emulsions is complicated by the
presence of highly dispersed mixtures, asphaltene-resinous substances,
etc., which act as emulsifiers [8; pp. 268-273].

Results and Discussion.

We studied the factors affecting the stability of the water-oil emulsion
formed in the fields belonging to the “Sanoat Energetikal Group” JSC. In this
case, sampling of the water-oil emulsion is carried out in the OPE
themselves, before and after treatment with a demulsifier (up to 50 + 110 g/t).

We studied the content of asphaltenes, resins, paraffins and other
emulsifiers in the oils of the Northern Ortabulaq, Shirkent, Okkul, Shu‘rtepa,
Kruk, Sarikum, New Koratepa OPE and the Kokdumalaq (under-reef)
collection point using various methods and techniques, and the results
obtained are presented in Table 1. And the extent to which the results of the
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studied research work differ from certain standard requirements was studied
[8; 268-273 p.].

Table 1. Chemical composition of prepared oils in local OPE

Oil preparation Composition (by weight), %
equipments Asphaltene Resin Paraffin Sulfur Coke
Northern Ortabulaq 0,89 4,52 6,2 1,23 6,32
Shirkent 5,36 11,798 6,34 4,553 9,58
Okkul 2,85 2,92 9,61 0,42 7,35
Shu'rtepa 0,43 7,83 6,39 1,59 2,88
Kruk 1,45 3,16 2,03 2,18 3,38
Sarikum 0,404 6,65 2,99 0,12 2,63
New Koratepa 4,504 3,26 4,608 0,1 5,28
Kokdumalaqg
(under-reef) 1,28 9,74 7,45 1,79 3,91
collection point

As can be seen from Table 1 above, the water-oil emulsions from the
local Shirkent and New Koratepa OPE contain approximately two to three
times more asphaltenes than the oils from the Okkul, Kruk OPE and the
Kokdumaloq (under-reef) collection point, and up to ten times more
asphaltenes than the oils from the Shurtepa and Sarikum OPE. The oils from
the Shirkent, Shurtepa and Kokdumaloq (under-reef) collection points
contain a higher amount of resins than the oils from the remaining OPE. The
same indicators can be said about the sulfur content, which can be seen to
be 2.5-4.0 times higher than the Kokdumaloq oils [8; pp. 268-273].

We can see the results of the analysis of the local water-oil emulsion Ap
indicator from Table 2.

Table 2. Ap indicators of water-oil emulsions

Oil preparation equipments Indicator Ap, g/sm?
Northern Ortabulaq 0,272+0,276
Shirkent 0,112+0,131
Okkul 0,230+0,236
Shu‘rtepa 0,274+0,280
Kruk 0,132+0,145
Sarikum 0,195+0,199
New Koratepa 0,204-0,216

From the data in Table 2, it is clear that the water-oil emulsion under
consideration does not contain easily decomposed emulsions. The
emulsions prepared at the OPE “Shimoliy Ortabulok” (Ap=0.272+0.276
g/lcm®) and “Shurtepa” (Ap=0.274+0.280 g/cm®) are classified as
decomposed according to the Ap indicator, while the rest are classified as
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difficult to decompose. In addition, the water-oil emulsions of the OPE
“Shirkent” (Ap=0.112+0.131 g/cm?), “Sarikum” (Ap=0.195+0.201 g/cm?®) and
“Kruk” (Ap=0.132+0.145 g/cm?®) are difficult to separate even with the
presence of highly efficient demulsifiers.

Based on previous analyses, the (a+r)/p indices of oils from local OPE
were calculated and the results obtained are presented in Table 3 [9; pp. 190-
192].

Table 3. (a+r)/p indicators for local oils

Oil preparation equipments The value of (atr)/p
Northern Ortabulaq 4,406+4,842
Shirkent 2,706+3,261
Okkul 0,347+0,770
Shu'rtepa 2,692+3,239
Kruk 2,382+2,961
Sarikum 3,479+3,771
New Koratepa 0,977+1,465

As can be seen from the data presented in Table 3, according to the
(a+r)/p indicator, the “Northern Ortabulaq” OPE [(a+r)/p=4.406+4.842]
belong to local high-resin oils, the oils from the “Shirkent”, “Shurtepa”, “Kruk”
and “Sarikum” OPE belong to the category of resinous oils, while the oils
from the “Oqqul” (0.347+0.770) and “Yangi Koratepa” (0.977+1.465) OPE
belong to the type of mixed oils.

Based on the requirements established by a specific GOST, in addition
to the above, the studied oils also differ in significant quantities based on their
physicochemical characteristics.

Today, in the process of primary preparation of raw materials, mainly oils
extracted from various fields are transferred to the preparation, which leads
to large irretrievable losses of valuable raw materials.

The presence of water in the extracted oil formations causes changes in
their physicochemical properties.

The results of the study of the kinematic viscosity of a water-oil emulsion
at 20 °C are shown in Figure 1 as an example.

As can be seen from Figure 3.1, as the water content in the oil increases,
its kinematic viscosity increases sharply. Moreover, the greatest increase in
the kinematic viscosity of the water-oil emulsion is observed in the oils of the
Northern Ortabulak and Sariqum OPE.

In particular, due to the high viscosity of such water-oil emulsions and
the presence of substances with emulsifying properties, the separation of
these emulsions into separate phases is carried out with great difficulty and
requires high capital costs and a long period of separation.

Since the viscosity of the water-oil emulsions at the Shurtepa and Kruk
OPE (Figure 3.1) is low compared to the above-mentioned oils, dehydration,
desalination, and fragmentation are easily carried out [10; pp. 559-564].
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Figure 1. Variation of the kinematic viscosity (v) of a water-oil emulsion depending on
the amount of formation water (Qs) in its composition: 1 - emulsion formed at the
Northern Ortatubalok OPE; 2 - emulsion formed at the Shirkent OPE; 3 - emulsion formed at
the Shurtepa OPE; 4 - emulsion formed at the Kruk OPE; 5 - emulsion formed at the
Sarikum OPE;

A similar situation is observed when studying the dynamic shear
stresses of local water-oil emulsions formed at the Northern Ortabulaq,
Shirkent, Aqqul, Shurtepa, Kruk, and Sariqum OPE. The results of the study
of the dynamic shear stresses of highly stable water-oil emulsions of local
heavy oils are presented in Figure 2.
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Figure 2. Variation of dynamic shear stresses (1o) of local oils as a function of temperature

(7).

Figure 2 shows that the rheological properties of the oils from the
Northern Ortabulaq (curve 1), Shirkent (curve 2), Akkul (curve 3) and Shorchi
(curve 4) fields are close to each other. On the contrary, the rheological
properties of the oils from the Sarikum (curve 6) and Kruk (curve 5) fields
differ sharply from the previous ones. This is explained by the presence of a
large amount of resinous substances and paraffins in them [10; p. 559-564].
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Conclusions and Recommendations.

In particular, as a result of the analysis of the composition and
physicochemical properties of emulsions formed during the extraction, well
exploitation, and collection and preparation of local high-viscosity heavy oils,
we conclude that it is advisable to prepare chemical reagents (demulsifiers)
close to their properties for industrial preparation and mix them with oils and
their emulsions. Also, based on the specific characteristics of the composition
of the studied emulsions, it is advisable to prepare water-oil emulsions at the
Northern Ortabulak and Sariqum OPE for processing separately, without
mixing them with others. Also, as the amount of water in the emulsions
increases, their viscosity also increases. It was found that when this indicator
reaches the maximum value of hydration (B=98%), it increases from 3.6 to
6.7 times, depending on the place and environment of the emulsion
extraction. As a result, the stability of the emulsion also increases several
times. To break such highly stable emulsions, there is a need for an increased
amount of demulsifiers or new complex demulsifiers.

As can be seen from the above data, the mechanisms of formation of
stable water-oil emulsions are very complex and their behavior has not been
fully studied to date. Therefore, it is necessary to find effective methods for
separating stable water-oil emulsions into phases and use unconventional
methods of breaking mechanisms.
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Summary - This study is devoted to the synthesis of morpholine-based Mannich bases
derived from 2-cycloalkyl-4-methylphenols obtained via the cycloalkylation of para-cresol with
cyclohexene and methyl esters of methylcyclohexenecarboxylic acids in the presence of the
KU-23 catalyst. The synthesis was performed in two stages, and the optimal kinetic and
technological parameters were determined for each stage. The synthesized Mannich bases
were evaluated for their potential use as anticoking additives in diesel fuel.

Keywords: p-Cresol, cycloalkylation, Mannich base, morpholine, sterically hindered
alkylphenols, anticoking additive, diesel fuel

Introduction

Sterically hindered alkylphenols and their amino derivatives represent
an important direction in the petrochemical industry. These compounds
exhibit high functional performance, inhibiting early-stage polymer and oil
degradation and retarding or completely suppressing chain oxidation in the
systems where they are applied [1-3].
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Experimental part

Stage | - Cycloalkylation Reactions

In the first stage, the cycloalkylation of p-cresol with cyclohexene and
the methyl esters of methylcyclohexenecarboxylic acids in the presence of
the KU-23 catalyst was investigated. The reactions were carried out in a
batch reactor, and the influence of the process kinetic parameters on the
composition and direction of the reaction products was studied to ensure
maximum yield and high selectivity of the target products.

OH
N
COOCH,
on > COOCH,
CH,
on CHs
.
COOCH;
CH; - COOCH;,
CH,

Stage Il - Aminomethylation (Mannich Reaction)
In the second stage, the aminomethylation of cycloalkylphenols
containing cyclic ether fragments with formaldehyde and morpholine was

carried out.
OH on
¢ + CH,0 + HN o — =X CH—N 0 + H,0

CH, CH, CH,
R= 5
Ocoocm OCOOCHa

The reaction was carried out at 80 °C for 2 h using benzene as the
solvent.

Results and their discussion

The effects of kinetic parameters on the yields of the main products and
the process selectivity in the cycloalkylation of p-cresol with cyclic ethers
were investigated, and the optimal conditions for each reaction were
determined. The established conditions were as follows: temperature 120-
125 °C, reaction time 5-5.5 h, molar ratio of p-cresol to ether 1:1, and catalyst
loading 10-12% based on the charged p-cresol.
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Under the determined optimal conditions, the yield of the target products
was 69.7-73.4% (based on charged p-cresol), while the process selectivity
toward the target product reached 87.9-91.6%.

At the aminomethylation stage, the yield of the obtained Mannich bases
was in the range of 63.7-67.0% based on the charged 2-cycloalkyl-4-
methylphenol.

Offers

The morpholine Mannich bases of the methyl esters of 4-(2-hydroxy-5-
methylphenyl)cyclohexane and 4-(2-hydroxy-5-methylphenyl)-4'-
methylcyclohexanecarboxylic acid were proposed for evaluation as
anticoking additives in diesel fuel. These compounds are considered
effective for preventing coke formation in fuel systems.
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ALKILFENOLLARIN AZTULLANTI USULU iL® SINTEZi

Mahmudov Emin , dliyeva Naila
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mahmudovemin125@gmail.com

Xilasa - Alkilfenollarin fasilesiz sintezi (glin fasiloesiz axar tipli reaktordan istifade
olunmusdur. Fasilesiz reaktor texnologiyasinin tatbigi va istilik yuklerinin azaldilmasi
magsadila aztullanti Gsullarinin istifadasi prosesin effektivliyini artirir [1]. Bu isdas alkilfenollarin
fasilesiz alinmasi nazeri vo praktik cehatdan tehlil olunmusdur. 2-metilfenolun metanolla
alkillesma reaksiyasinin bas verma suratinin artiriimasi Ggiin temperaturun artiriimasi, xtsusi
yuklamanin azaldilmasi ve xammaldaki spirtin parsial tezyiginin artmasi misbat tasir edir.
Lakin texnoloji rejim parametrlerinin bu clr dayisdirilmasi bazi texnoloji kriteriyalarin
pislesmasina gatirib ¢ixarir.

Acar sozlar: alkilfenollar, fasilesiz reaktor, aztullanti Gsulu, proses optimallasdiriimasi,
yuksak mahsul ¢iximi, istilik ylklarinin azaldiimasi
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Girig
Alkilfenollar fenolun alkil téremaleri olub, senayeds genis istifade olunan
vacib tzvi maddelardir. Onlarin ehamiyyati hem kimyavi reaktivliyindan, hem
da fiziki-kimyavi xtususiyyatlarinden (lipofillik, sabitlik, reaktiv —OH qrupu) irali
galir. Alkilfenollarin kimya senayesinda shamiyyatli xammal hesab olunmasi
va onlarin istehsali prosesin samaraliliyi va mahsul keyfiyysti ilo birbasa
bagdhdir [2]. Alkilfenollarin sanaye tatbiglari genisdir; onlar surfaktantlarin,
gatqi maddalarinin ve farmasevtik preparatlarin istehsalinda vacib kompo-
nent kimi ¢ixis edir [3]. ©nanavi partiyall sintez Usullarn enerji sorfiyyatini
artinr va yan mahsullarin emala galma riskini ylksaldir [4].
Fasilesiz reaktor texnologiyasi bu problemlari minimuma endirir, prose-
sin idaraolunmasini asanlasdirir vo mahsulun homogenliyini temin edir [2].
Aztullanti Gsullari ise reaksiyanin istilik yikind azaldir ve yan mahsul amale
galmasini minimuma endirir [5]. Naticeda ham mahsul ¢iximi artir, hem da
atraf mihita manfi tesir azalir [1].
Eksperimental hissa
2-metilfenolun metanolla alkillesma reaksiyasi demir ferrit katalizatoru
istiraki ile tedqiq edilmisdir. istifade olunmus katalizatorlar bu reaksiyada ilk
dafe tatbiq olunmusdur.
ik névbade 2-metilfenolun metanolla alkillosme reaksiyasi ilo 2.6-
dimetilfenolu ylksak c¢ixim ve selektivlikle almaqg Uglin mixtslif ferrit
katalizatorlarinin katalitik xassaleri tadqiq edilmisdir. Reaksiya temperaturu
va axim sulrati mixtslif saviyyalarda tenzimlenmisdir ki, msahsul ¢iximi ve
torkib keyfiyyati maksimum saviyyaye catdirilsin.
Aztullanti UGsulu reaktor daxili istilik deyismasini minimuma endirerak
reaksiyanin yan mahsullarinin amalse galmasini azaltmisdir. Katalizator kimi
tursu ve ya asas tarkibli sistemlar tetbiq edilmis, naticede mahsulun tarkibi
homogen ve yuksak safliq derecasine malik olmusdur.
Naticalar va onlarin miizakirasi
Tadqgiqgat gosterir ki, fasilesiz reaktordan istifade naticesinde mahsulun
ciximi ve homogenliyi artir, prosesin enerji samaraliliyi ise yuksaldir. Az
tullantih Gsul termal yUkleri azaldaraq yan mahsullarin amale galmasini
minimuma endirmisdir.
Mahsulun keyfiyyati reaktor saraitinden, axim suratinden ve katalizator
secimindan asilidir. Naticalar gostarir ki, bu texnologiyalar senaye migyasin-
da tatbiq oluna bilar va atraf mihites manfi tasirlari minimuma endirir.
Takliflar
1. Fasilasiz reaktor texnologiyasinin farqli katalizator tiplari ile optimallag-
dinlmasi;

2. Aztullanti Gsullarinin enerji samaraliliyina tasirinin genis tadqiqi;

3. Mahsul tarkibinin muxtslif alkil gruplari ile miqayisali tehlili;

4. Pilot ve senaye reaktorlari arasinda proses parametrlorinin
uygunlasdiriimasi;

5. Prosesin avtomatlasdiriimis idareetma sistemlari ile optimallasdirilmasi.
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OPTIMIZATION OF CMC-PVA TERNARY BLEND FORMULATIONS
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Asmar Eyvazli, Aysu Rzayeva, Garanfil Ahmadova
Baku Higher QOil School
Baku, Azerbaijan
asmar.eyvazli.std@bhos.edu.az , aysu.rzayeva.std@bhos.edu.az

Keywords: sustainable agriculture, biodegradable seed coating, biopolymers,
germination efficiency, CMC-PVA films, seed vigour index, fly ash, epoxy resin composite,
reinforcing fillers, circular economy, waste valorisation

Abstract:

The conventional synthetic seed coatings used in modern agriculture present significant
environmental risks due to their inherent non-biodegradability. This research explains the
production and description of sustainable and environmentally friendly biopolymeric covers
based on carboxymethyl cellulose (CMC) and poly(vinyl alcohol) (PVA), and suggests them
as the possible alternatives to traditional materials. The biocomposite films were produced
through a solvent casting procedure, and after that, directed physicochemical cross-linking
was applied to improve structural stability and durability. The main novelty of the study is the
creation of a particular porous structure in the CMC-PVA matrix, which allows to provide the
maximum exchange of gases in the atmosphere with the respiration of the seeds and at the
same time control the moisture retention. Experimental findings indicate that the seeds coated
with such biopolymeric coatings have a germination rate of 100% with a significant increase
in seed vigor index. The results indicate that the technology used facilitates the growth of
plants without chemicals and reduces the environmental hazards of using toxic agricultural
additives. CMC-PVA blends have a high potential of large-scale application in green
agricultural systems and sustainable material engineering as a scalable and biodegradable
solution.

Introduction:

The high rate of growth of the worldwide industrial infrastructure and
construction industry has significantly increased the need of high
performance protective coatings. Chemical corrosion, moisture intrusion,
and mechanical deterioration are some of the factors that lead to significant
economic losses every year and undermine structural integrity. In the coating
sector, there is wide application of epoxy resins due to their high adhesive
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properties, chemical resistance and mechanical stability. However, neat
epoxy systems are often constrained by nature, low impact resistance, and
high thermal expansion coefficient, which may cause early coating failure in
harsh conditions.

One of the main goals of modern materials science is to address these
shortcomings and enhance the principles of the circular economy through
waste valorization. Fly ash is a fine-grained by-product of coal burning in
thermal power plants, which poses a serious environmental problem unless
it is repurposed. Fly ash, which is distinguished by a rich chemical
composition, mainly consisting of SiO, and Al,Os, is a high-potential
functional reinforcing filler of polymer matrices. In contrast to traditional
synthetic fillers, the spherical shape and characteristics of the fly ash
particles can be used to increase the packing density, thermal stability, and
surface hardness.

This paper uses fly ash as a green filler that is sustainable to create an
economical composite that fills the gap between industrial waste
management and high-performance engineering. The structural, chemical,
and morphological properties of the resulting composites were strictly
examined by Fourier-transform infrared spectroscopy (FT-IR) to determine
the effectiveness of cross-linking and the interfacial relationship between the
filler and the resin matrix. The results indicate that the incorporation of
industrial waste can be used to develop ecologically friendly coating systems
that can be used in heavy industrial and large-scale construction projects.

Experimental part:

The current research was aimed at a systematic assessment of the
synergistic impact of the addition of industrial by-products to a high-
performance polymer matrix. A commercial grade of diglycidyl ether of
bisphenol A (DGEBA) epoxy resin was used as the main binder in all
formulations, as it has better mechanical properties, chemical inertness, and
industrial reliability. A low-viscosity polyamine-based hardener was used as
the curing agent to trigger polymerization and to make sure that a strong
cross-linked network is formed. The reinforcing phase was made of fly ash,
an industrial by-product of coal combustion that was subjected to strict pre-
processing to ensure that it could be used in coating applications. Chemical
analysis confirmed that the fly ash was predominantly composed of silica
(SiO2, 45-60 wt.%) and alumina (Al203, 20-30 wt.%), both of which are
critical for enhancing the thermal stability and surface hardness of the final
composite [1].

Initially, the fly ash was carefully sieved through a 75-uym mesh to
achieve a uniform particle size distribution and subsequently dried in a
vacuum oven at 110°C for 24 hours. This was necessary to remove any
remaining hygroscopic moisture that would otherwise prevent the curing
reaction. The production of fly ash-reinforced epoxy (FARE) composites was
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a multi-step mechanical mixing procedure to achieve the highest
homogeneity. To determine the optimal filler loading for structural
enhancement, the experimental matrix included several formulations with
concentrations of 0%, 5%, 10%, and 15% by weight.

The mixture was then placed in an ultrasonic bath during another
20 minutes to further homogenize the microstructure and remove sub-
micron-sized clusters, and then, the mixture was placed in a vacuum
desiccator at 0.1 MPa to remove any air bubbles trapped in the mixture. After
this step, the polyamine-based hardener was added in an exact
stoichiometric proportion to trigger the chemical cross-linking reaction. The
resulting liquid composite was deposited onto standardized concrete and
steel substrates using a precision film applicator to ensure a consistent dry
film thickness (DFT) of approximately 250 ym. The curing protocol was
executed in two distinct phases: primary ambient curing at 25°C for 48 hours
to facilitate gelation, followed by post-curing at 60°C for 4 hours. This two-
step method was aimed at maximizing the conversion efficiency of epoxide
groups and increasing the glass transition temperature (Tg4) of the coating,
which would guarantee stability in the long-term in harsh industrial
conditions. Particular focus was directed toward the disappearance of the
epoxide ring peak at 915 cm " and the emergence of the hydroxyl stretching
vibration at 3400 cm .

In addition, thermogravimetric analysis (TGA) was applied to determine
the thermal stability of the cured specimens. The samples were heated to
800°C in an inert atmosphere to determine the heat resistance that the fly
ash fillers imparted. The interfacial bonding between the fly ash particles and
the epoxy matrix was studied under Scanning Electron Microscopy (SEM)
that gave visual evidence of the morphological homogeneity and the lack of
phase separation.

Lastly, the potential of practical application was determined by
standardized pull-off adhesion tests (ISO 4624) to determine the strength of
the bond between the composite coating and the corresponding substrates.

Results and discussion

o O O D
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A set of thorough chemical, thermal and mechanical tests were
conducted to determine the structural integrity and performance
characteristics of the synthesized FARE composite coatings systematically.
Fourier-transform infrared (FT-IR) spectroscopy was used to prove the
successful cross-linking of the DGEBA resin with the polyamine hardener.

In the 3200 cm ' 3600 cm ' range, the spectra exhibited a broad and
intense absorption band, which is attributed to the stretching vibrations of
hydroxyl (-OH) groups. This spectral characteristic shows that the epoxide
groups are successfully reacting in a ring-opening reaction, in which the
epoxide groups are transformed into secondary alcohols during the
polymerization process.

Furthermore, characteristic peaks identified at 2926 cm ' and 2855 cm
-1 correspond to the asymmetric and symmetric stretching vibrations of C-H
groups within the aliphatic chains of the epoxy matrix, confirming the stability
of the polymer backbone.

The successful incorporation of the industrial by product was evidenced
by the emergence of distinct absorption bands between 1000 cm - and 1100
cm “'. These bands represent the Si-O-Si and Al-O-Si stretching vibrations,
corresponding to the silica (SiO2) and alumina (AlO3) phases of the fly ash,
respectively. The near-complete disappearance of the epoxide ring peak at
915 cm " further validates the high degree of curing.

Mechanical and thermal tests proved that the gradual additions of fly ash
(5, 10, and 15 wt.%) provided a considerable positive effect on the functional
characteristics of the coating. The incorporation of these spherical particles
in the epoxy structure facilitates a pinning effect that reduces polymer chain
mobility and acts as a shield to micro-crack propagation.

Consequently, the integration of these micro-spheres resulted in
produced a quantifiable improvement in surface hardness and abrasion
resistance compared to unfilled epoxy resin. Thermogravimetric analysis
(TGA) also supported the contribution of the filler to the enhancement of
durability; the inorganic components of the fly ash serve as an effective
thermal barrier, thus increasing the initial temperature of thermal
degradation. It is important to note that the 15 wt.% fly ash formulation had
a significantly higher char yield, which confirms its better heat resistance in
harsh conditions [3].

These observations were also supported by scanning electron
microscopy (SEM) that showed that there was a homogenous distribution of
particles and the agglomeration was negligible- an aspect that is important
in ensuring uniform mechanical performance. The strong interfacial bond
between filler and resin matrix produced a non-porous microstructure that
was dense. This high packing density plays a critical role in the protective
properties of the coating, which prevents moisture and corrosive ion
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penetration, significantly increasing adhesive bond strength and overall
service life of the coated industrial substrates.

Offers:

According to the overall results of this research, there are a number of
strategic directions, which are suggested to improve the performance and
industrial viability of FARE composite coatings. The interfacial adhesion
between the inorganic constituents (SiO, and Al>O3) and the polymer matrix
can be greatly enhanced by the use of silane coupling agents or other forms
of functionalization. These composites should be tested in the offshore or
high-humidity industrial conditions, and the emphasis should be on
accelerated weathering, exposure to ultraviolet radiation, and constant salt-
spray testing

In order to close the gap between the laboratory scale observations and
the actual durability in the real world, it is recommended that these coatings
be subjected to intense and long term environmental stress tests. Their
structural integrity in offshore or high-humidity industrial conditions should be
tested with a priority on accelerated weathering, exposure to UV radiation,
and constant salt-spray analysis. Furthermore, the exploration of hybrid
composite systems, particularly through the incorporation of low weight
fractions of nano-clays or carbon nanotubes alongside industrial fly ash, may
lead to the development of smart thin film coatings with enhanced barrier
properties. Sustainably, a thorough Life Cycle Assessment (LCA) is
necessary to measure the environmental and economic advantages of the
reuse of coal combustion by-products. Finally, FARE composites as high-
performance rehabilitation and repair systems should be considered in a
broader variety of engineering structures.

References:

[1] Chandrika, K. S. V. Poorna, et al. ‘Porous Crosslinked CMC-PVA Biopolymer Films:
Synthesis, Standardization, and Application in Seed Coating for Improved Germination’.
Carbohydrate Polymer Technologies and Applications, vol. 11, Sept. 2025, p. 100900.
ScienceDirect.

[2] Pang, Long, et al. ‘Cellulose Based Materials for Controlled Release Formulations of
Agrochemicals: A Review of Modifications and Applications’. Journal of Controlled
Release, vol. 316, Dec. 2019, pp. 105-15. DOl.org  (Crossref),
https://doi.org/10.1016/j.jconrel.2019.11.004.

[3] Zhang, Wenxu, et al. ‘Preparation of Nutrient Hydrogels with Core-Shell Structure for Seed
Germination and Seedling Growth in High Temperature Saline Environment'. International
Journal of Biological Macromolecules, vol. 283, Dec. 2024, p. 137626. DOl.org (Crossref),
https://doi.org/10.1016/j.ijbiomac.2024.137626.

148


https://www.sciencedirect.com/science/article/pii/S2666893925002415?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0168365919306248
https://www.sciencedirect.com/science/article/abs/pii/S0022474X26000457

Towards Sustainable Chemistry and Chemical Engineering

The 7t International Scientific Conference of Students and Young Researchers

DEVELOPMENT OF ECO-FRIENDLY AND SELF-HEALING
CHITOSAN-CITRATE BIOCOMPOSITE COATINGS FOR
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Abstract - Despite decades of technological advancement, the corrosion protection of
steel in industry remains largely dependent on toxic chromate-based coatings that raise
serious environmental and health concerns, and, owing to their inherently passive
mechanism, these systems become ineffective at preventing localized corrosion when the
protective surface is damaged. In this paper, the creation of a chitosan-citrate crosslinked
coating to enhance corrosion resistance as well as to add self-healing functionality onto the
steel substrates is reported. By dissolving chitosan in acetic acid, filtration was done, then
citric acid was added and the pH adjusted and then thermal curing to facilitate crosslinking
was carried out. The presence of the linkage of the chitosan and citric acid to form ester
linkages was confirmed by FTIR analysis, which showed the presence of typical C=0
stretching and C-O-C bands which show that crosslinking has occurred within the polymer
backbone. The difference in morphology of coated and uncoated samples was demonstrated
in the SEM micrographs. Although uncoated steel was accompanied by a significant pitting
corrosion and localized surface degradation following the exposure to NaCl, the coated
surface still had a compact morphology with limited surface irregularities. When immersion
test was done in solution with NaCl (120 hours) it was observed that the mass lost by the
coated sample (2.8 mg) was significantly lower than that lost by bare steel (38 mg), which
implied that the rate of corrosion was reduced. Comparatively, pure chitosan performed in-
between. The performance of self-healing was measured using the width of the crack as time
progressed. Crack closure was also seen gradually up to about 80 percent of healing
efficiency at 48 hours at ambient temperature. In general, the findings show that the nano-
coating based on chitosan-citrate offers quantifiable corrosion inhibition along with self-healing
functionality in situ in the laboratory.

Keywords: chitosan-citrate, corrosion inhibition, self-healing coating, esterification,
chemical cross-linking.

Introduction

The corrosion of metals is a significant problem affecting many different
types of industries. When metal starts to corrode, it causes deterioration of
the metal's surface and can result in a loss of structural integrity leading to
safety issues and added costs for maintenance. Since most conventional
coatings are made from petroleum-based plastics and contain toxic
chemicals which were created using petroleum, there are growing concerns
about the health and environmental impacts of these types of coatings.
Therefore, the development of sustainable ways to create natural coatings is
an important research area within materials science [Sharif, 2026].

Chitosan is a naturally occurring polysaccharide that comes from the
shells of shrimp (chitin). It has gained significant interest from scientists as it
can easily be biodegraded, has good film forming characteristics, has an
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amino group (-NHz) and hydroxyl group (-OH) which will allow the chemical
modification or altering of chitosan and for cross-linkage to form larger
molecular networks, thereby suggesting that chitosan is a very attractive
option for using in developing new coatings that are eco-friendly. Prior
research suggests that chitosan-based coatings do provide barrier properties
on metallic substrates [Binder, 2024]. However, pure chitosan films provide
limited mechanical strength and moderate protection against moisture which
will limit the ability of pure chitosan to perform well over time.

It will be necessary to develop new eco-friendly methods of creating
crosslinkages to improve durability. There has been a considerable amount
of research performed to confirm citric acid (a multi-functional, largely-
occurring three carboxylic acid-based organic compound) is an effective way
to crosslink chitosan-based systems and is also considered to be a
renewable resource [Sharmin, 2022] The use of heat may lead to greater
intermolecular bonding and partial formation of esters which would
strengthen the films and create barriers for further damage [Priyadarshi,
2018].

The use of self-healing capability in coatings is innovative and creates
an extended life cycle for the coating. In chitosan-citric acid-based systems
have shown to have self-healing characteristics because of reversible
intermolecular interactions in their polymers [Smirnov, 2021].

Experimental part

The preparation of chitosan-citrate bio composite coatings was done
through solution casting and heat curing. In brief, chitosan (2 g) was
dissolved in 100 mL of 1 % (w/w) acetic acid and stirred under a magnetic
field of 3 hours until the homogeneous solution was achieved and filtered.
On its part, 0.4 g of the citric acid was dissolved in 5 mL of distilled water and
was added in small drops to the chitosan solution in constant stirring. The
mixture was stirred with 20 minutes of constant mixing to make it
homogenized.

To stabilize the solutions, the pH was brought to 5.0-5.5 by the dropwise
addition of 0.1 M NaOH. The plasticizer (glycerol 1-2 wt %) was added in
increasing the flexibility of the coating. The last formulation was inverted to
maintain homogeneity by stirring it further after 10 minutes.

Mechanical abrading (400-600 grit) followed by rinses in distilled water,
ethanol, and air drying of stainless-steel substrates were done before being
coated. A uniform film was obtained by a dip-coating process to the coating
solution. The coated samples were brought under a temperature of 60 °C,
30 minutes to dry them and then subjected to a temperature of 120 °C, 1.5
hours to allow crosslinking between chitosan and citric acid.

Hydrogen bonding of molecules and partial formation of ester links in the
polymer network was made possible through thermal treatment. Self-healing
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behavior was observed, a controlled scratch was made on the coated
surface, and the damaged area was observed to recover with time.

Figure 3. Preparatlon Steps: (a) Pure Chitosan; (b) Chitosan Dissolved in Acetlc Acid; (c)
Filtered Solution; (d) pH Measurement of the Final Solution

Results and Discussion

The developed coating of chitosan and citrate was tested by a couple of
characterization and performance tests. Chemical interactions were studied
by FTIR analysis, surface morphology was studied by SEM, corrosion
resistance was studied using NaCl immersion tests and self-healing behavior
studied by measuring scratch-width over time.
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Figure 4. FTIR Analysis of the Solution

Structural modification of the solution is confirmed by the FTIR spectra.
The extensive band at the 3400 cm™ is a sign of O-H and N-H bonds and a
stronger hydrogen bond in the coated film. The polymer band at the 2920
cm™' corresponds to aliphatic C-H vibrations of the polymer backbone. Above
all, the emergence of a new band at the range of approximately 1720 cm™
can be explained by the presence of the carboxyl group of esters in the
crosslinking of chitosan and citric acid, which proves the presence of
covalent crosslinking. Alteration of 1000-1200 cm™ region also supports
formation of networks.
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Figure 5. Crack Width Size / Healing vs Time

The self-sealing characteristic of the coating was tested by observing
the reduction of the crack width with time. A dramatic reduction in the width
of the crack between approximately ~75 ym and approximately ~15 ym in 48
hours was witnessed which was proportional to the increase in the efficiency
of healing between approximately 30 % and approximately 80 %. The fast
initial change in the initial values means that the mobility of the polymer
chains is high, and the active intermolecular interactions are taking place,
whereas the gradual stabilization after some time implies the gradual
reorganization of the network.This activity proves that there are dynamic
interactions in the chitosan-citrate matrix, which allows the partial recovery
of structure at ambient conditions.

g O Y

Figure 6. SEM Micrograph of (a) Coated and (b) ncoated Metal Surfae after Exposure
to NaCl Solution (scale bar: 10 ym)

SEM images demonstrate that there are morphological changes in
coated and uncoated samples. The bare surface has vivid pitting
characteristics and focal corrosion surfaces, which means that it is corroded
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in chloride. The coated sample looks tighter and slightly smoother yet the
surface irregularities and a microcrack can be seen. There are no severe
corrosion pits that may resemble those of the uncoated specimen on the
surface covered. These observations indicate that the coating has a partial
surface protection, in that, it reduces direct electrolyte contact with the metal
substrate.

There was observable difference between the samples during the 120-
hour corrosion test. Bare steel had the largest loss of mass (38 mg) and
severe rust. Reduced mass loss to 12 mg accompanied by swelling and
partial surface instability was seen with the pure chitosan coating. The coated
sample (chitosan-citrate coated) had the least mass loss (2.8 mg) and had a
relatively stable surface with slight oxidation of edges. All in all, the
crosslinked coating exhibits better corrosion resistance than the uncoated
steel and pure chitosan.

Table 2. Characteristics of the Solution

Density (g/cm?) Viscosity (cP) Color ph
Solution 1.12 245 yellowish 5

Offers

The resulting chitosan-citrate coating is a green and low-toxicity
alternative to traditional systems of protection that utilize dangerous
crosslinkers. The formulation is based on the use of bio-based citric acid as
a versatile crosslinking claiming agent, which increases structural stability
without compromising environmental friendliness. The inclusion of glycerol
enhances elasticity and decreases brittleness which causes the film to be
more lasting to low mechanical pressure.

Further, the coating exhibits inherent self-healing behavior that is based
on reversible intermolecular interaction between the polymer scaffolds.
Together with its easy preparation procedure and low-cost raw material, the
proposed system makes a favorable way to smart eco-friendly corrosion
protection of metallic surfaces.
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Summary: The development of low-cost and noble-metal-free microfluidic fuel cells
(MFCs) is essential for advancing portable energy technologies. This study presents an
analytical investigation of copper-based nanoparticles (Cu NPs) as anodic catalysts for
methanol electrooxidation in alkaline media and their integration into a membraneless mixed-
media uFC system. Three synthesis routes—stationary (ST), mechanical stirring (MS), and
ultrasonic-assisted (US)—were compared to evaluate their influence on morphology, surface
chemistry, and electrochemical performance. Structural characterization revealed similar
needle-like nanostructures; however, ultrasonic synthesis produced cleaner surfaces with
higher Cu(OH), content and reduced carbon contamination. Electrochemical and in situ FTIR
analyses demonstrated complete methanol oxidation to carbonate via formate without
detectable CO poisoning. The yFC assembled with a Cu/CP anode and metal-free cathode
achieved a maximum power density of 26 yW cm™ at 100 yL min™. The findings highlight the
potential of Cu-based catalysts for cost-effective yFC applications and provide mechanistic
insights for future optimization of methanol-fed microfluidic systems.

Keywords: microfluidic fuel cell, copper anode, methanol electrooxidation, mixed-media
system, non-noble catalyst

Introduction:

The growing demand for sustainable power sources for portable
electronic devices has driven the development of miniaturized systems
known as microfluidic fuel cells (uFCs). These devices generate electrical
energy through a spontaneous coupled redox reaction. Specifically, fuel
undergoes electrooxidation at the anode, while a corresponding oxidant is
reduced at the cathode. The continuous flow of electrons between these two
half-reactions through an external circuit produces usable electrical work [1,
2]. The colaminar flow regime replaces traditional ion-exchange membranes,
lowering cost and ohmic losses. However, most yFC systems rely on noble-
metal catalysts such as Pt, which significantly increase production cost and
limit large-scale implementation.

Copper represents an attractive alternative due to its low cost and
availability. Nevertheless, its catalytic performance and reaction pathways for
methanol electrooxidation require detailed mechanistic understanding. In
alkaline media, Cu undergoes multiple oxidation transitions, forming Cu,0O,
CuO, and Cu(OH), species that influence catalytic behavior. Furthermore,
the mixed-media concept—using alkaline anolyte and acidic catholyte—
enables broader open-circuit voltage (OCV) through independent pH
optimization of half-cells.
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This work evaluates Cu nanoparticle synthesis strategies, surface
chemistry, and electrochemical activity toward methanol electrooxidation.
The integration of optimized Cu catalysts into a 3D-printed microfluidic fuel
cell is analyzed to assess practical energy conversion performance.

Experimental section:

Copper nanoparticles were synthesized using three different
approaches: stationary (ST), mechanical stirring (MS), and ultrasonic-
assisted (US) methods. The obtained nanoparticles were dispersed onto
carbon paper (CP) to prepare Cu/CP anodes. Structural and surface
characterization was performed using SEM, TEM, XRD, and XPS to evaluate
morphology, crystallinity, and surface composition. Electrochemical behavior
toward methanol oxidation was investigated in alkaline medium (0.5 mol L™
methanol + 0.1 mol L™* KOH) using cyclic voltammetry, chronoamperometry,
and in situ FTIR spectroscopy to identify reaction intermediates and oxidation
pathways [3].

Figure 7. The design of MFC [4].

A reusable membraneless microfluidic fuel cell (WFC) was fabricated
using additive manufacturing [4]. The device (3.6 cm x 3.6 cm) consisted of
two 3D-printed PLA plates and a 4-mm-thick PDMS layer containing a 200
pMm-high colaminar microchannel. The porous Cu/CP anode and bare CP
cathode were positioned in grooves within the PDMS, forming an effective
cross-sectional area of 0.0266 cm? for current and power normalization.
Electrical connections were established using copper plates and silver epoxy.

The pFC operated under stable low-Reynolds-number colaminar flow,
where part of the electrolyte penetrated the porous electrodes, enhancing
reactant interaction with catalytic sites. The assembled system was tested in
a mixed-media configuration using alkaline methanol as the anolyte and
acidic sodium persulfate as the catholyte, and polarization curves were
recorded to evaluate performance.
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Result and discussion:

Structural and Surface Properties: Morphological analysis by SEM
and TEM revealed that all synthesis routes (ST, MS, and US) produced
needle-like copper nanostructures arranged in dendritic formations. The
average crystallite sizes were in the nanometer range, confirming the
formation of nanoscale catalytic structures. Although morphology appeared
similar across samples, crystallographic and surface chemical analyses
revealed significant differences.

XRD patterns confirmed CuO as the dominant crystalline phase in all
materials, with minor contributions from Cu(OH), particularly in the ultrasonically
synthesized (US) sample. The US material exhibited slightly larger crystallite
size and clearer diffraction features associated with hydroxide phases.

XPS analysis provided deeper insight into surface composition. The MS
sample contained a mixture of CuO and Cu,O with relatively high carbon
surface contamination. In contrast, the US sample demonstrated reduced
carbon contamination and higher Cu(OH), surface concentration. The
presence of surface hydroxyl species is particularly important in alkaline
methanol oxidation, as adsorbed OH™ facilitates the oxidation of intermediate
species. Therefore, differences in catalytic activity can be directly correlated
to variations in surface chemistry rather than morphology alone.

Electrochemical Performance: Cyclic voltammetry in alkaline
electrolyte revealed multiple redox transitions associated with copper
oxidation states (Cu®Cu*/Cu?*/Cu3"). These surface transformations occur
concurrently with methanol electrooxidation.

The onset potential for methanol oxidation was significantly influenced
by synthesis method. The US catalyst exhibited the lowest onset potential
(~0.4 V vs. Ag/AgCIl) compared to the ST sample (~0.85 V), indicating
improved catalytic kinetics. The maximum current density reached 30.4 mA
cm~2for the US sample, exceeding those obtained from stationary synthesis.

Chronoamperometric measurements at 0.6 V further confirmed the
superior catalytic stability of the US catalyst. The steady-state current density
of the ultrasonically prepared material was substantially higher than that of
the stationary sample, indicating enhanced active site availability and more
efficient dissociative adsorption of methanol.

The improved activity of the US sample can be attributed to lower carbon
surface contamination, higher Cu(OH), surface concentration, improved
external surface accessibility, and enhanced hydroxyl-assisted oxidation
pathways.

Microfluidic Fuel Cell Performance: The optimized Cu/CP anode (US
sample) was integrated into a membraneless mixed-media PFC using
alkaline methanol as anolyte and acidic sodium persulfate as catholyte. The
independent pH control of each half-cell broadened the theoretical open-
circuit voltage (OCV).
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Experimental OCV values ranged from 0.25 to 0.30 V at flow rates of
50-100 pL min~t. The maximum current density reached 0.56 mA cm™2, while
peak power density achieved 26 yW cm™2 at 100 gL min™.

Although activation losses were evident due to the non-noble catalyst,
the system demonstrated stable operation under colaminar flow conditions.
Ohmic polarization dominated the performance curve, while mass transport
limitations were minimal due to the use of a liquid oxidant.

Cost normalization analysis suggests that, despite lower intrinsic activity
compared to noble metals, copper-based systems offer favorable cost-to-
power ratios because of the significantly reduced material cost.

Overall Evaluation: The results demonstrate that synthesis conditions
strongly influence surface chemistry and catalytic activity. Ultrasonic-
assisted synthesis produces cleaner and hydroxyl-rich copper surfaces,
leading to improved methanol oxidation kinetics and enhanced pFC
performance.

These findings confirm that Cu-based anodes, when combined with
mixed-media uFC architecture, represent a promising pathway toward low-
cost and sustainable micro-scale energy conversion systems.

Offers:

To enhance PFC performance, further optimization of Cu surface
chemistry and crystallographic orientation is recommended. Strategies may
include alloying Cu with transition metals, improving nanoparticle dispersion,
and increasing external surface area.

Integration with advanced additive manufacturing techniques could
enable improved microchannel geometries for enhanced mass transport.
Additionally, long-term durability and regeneration studies are necessary to
evaluate commercial feasibility.
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CATALYTIC ALKYLATION OF P-CRESOL WITH ISOPRENE
CYCLODIMERS USING A ZEOLITE-CONTAINING CATALYST

Naghiyev A.V., Aghamaliyev Z.Z.
Institute of Petrochemical Processes Named After Academician Y.G. Mamedaliyev
Baku, Khatai district, Khojaly Ave. 30
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Summary - The study presents the results of the alkylation of p-cresol with diprene,
dipentene, and their mixture (the 160—-180°C boiling fraction) in the presence of a zeolite-
containing catalyst. The influence of key reaction parameters (including temperature, reaction
time, molar ratio of the reactants, and catalyst loading) on the yield of the target products was
investigated. Based on these experiments, optimal conditions were established for each
reaction system. Under the optimised conditions, the yield of the target products was 65.5-
73.8%, while the selectivity was 84.5-90.3%.

Keywords: p-cresol, alkylation, isoprene cyclodimers, sterically hindered phenols,
zeolite catalysis

Introduction

Over the past decade, published studies have shown that chemical
additives based on alkylphenols are successfully applied in various industrial
sectors. Alkylphenol derivatives are widely used in the production of
antioxidants and stabilisers for polymeric materials such as polyolefins and
synthetic rubbers. By inhibiting thermo-oxidative degradation, they improve
processing stability. Similar benefits are observed in lubricating oils and fuel
compositions, where such additives enhance oxidation resistance and
maintain performance under high temperatures. Beyond these established
applications, alkylphenol-based compounds are also employed as ligands in
catalytic systems, where they can influence activity and selectivity, and some
derivatives exhibit biological activity, supporting their use in agricultural
protection products [1-3].

The present work focuses on the alkylation of p-cresol with diprene,
dipentene, and their mixture in the presence of the zeolite-containing catalyst
KN-30.

Experimental part

The following reagents were used as raw materials:

e p-Cresol (p-Cr). The physicochemical properties: T,=201-202°C;
n&’=1.5395; pi° = 1.0347; MM=108 g/mol.

e Diprene (DP) was obtained via cyclodimerization of isoprene in an
autoclave. Its physicochemical properties are as follows: T,=160-161°C;
n&’=1.4656; pi° = 0.8347; MM=136 g/mol.

e Dipentene (DPT) was synthesised by the same method and purified
by distillation. Its physicochemical characteristics are: Ty=174-175°C; n3° =
1.4745; p° =0.8476; MM=136 g/mol.
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e The isoprene cyclodimer (ICD) was also prepared through autoclave
cyclodimerization of isoprene, followed by distillation to isolate the 160-
180°C fraction. This fraction consists of a mixture of diprene and dipentene
and has the following physicochemical properties: Tp=160-180°C; n2’=
1.4735; p3° = 0.8458; MM=136 g/mol.

The alkylation of p-cresol with isoprene cyclodimers results in the
formation of the corresponding sterically hindered phenols.
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It was observed that, unlike the alkylation of p-cresol with other alkylating
agents, the reaction with isoprene cyclodimers requires more rigorous
conditions. This difference is explained by the reactivity of the ICD.

The alkylation was conducted in a 250 mL three-necked round-bottom
flask equipped with a mechanical stirrer, a heating apparatus, a dropping
funnel, and a thermometer. The process was carried out in batch mode. The
reactants were accurately measured using a laboratory balance. para-Cresol
was initially added to the flask, after which the activated and partially ground
KN-30 catalyst was introduced.

The influence of key reaction parameters on the alkylation process was
systematically studied. The temperature was varied between 80 and 140°C,
the reaction time ranged from 2 to 6 hours, the molar ratio of p-cresol to
methylcycloalkenes was adjusted from 2:1 to 1:2, and the catalyst loading
was varied from 5 to 20 wt.% relative to the amount of p-cresol.

Results and their discussions

» The optimal conditions for catalytic alkylation of p-cresol with diprene
in the presence of a zeolite-containing catalyst were determined. It was found
that at a reaction temperature of 130°C, a reaction time of 5 hours, an
equimolar (1:1) ratio of the initial components, and a catalyst amount of 12
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wt.%, the yield of the target product was 73.8% (based on the p-cresol), with
a selectivity of 90.3%.

+ Similarly, the alkylation reactions of p-cresol with dipentene and the
fraction of isoprene cyclodimer (160—180°C) were studied. For each system,
optimal reaction conditions were established. Depending on the alkylating
agent used, the product yield ranged from 65.5 to 69.9%, with a selectivity of
84.5-86.7% for the target product.

» The physicochemical properties and elemental composition of 2-[3(4)
- methylcyclohexen - 3-yl- isopropyl] - 4-methylphenols were established.
The results are summarised in the table below.

Table.  Physicochemical
methylphenols

properties  of  2-[3(4)-methylcyclohexen-3-yl-isopropyl]-4-

oH Elemental Composition, %
N T, Calculated Found
°C/10 n3? P40 MM
mmHg C H C H
CHs
CHy
R-—¢
I 202-
CHs 205 1.5035 | 1.0133 | 244 83.6 9.8 83.3 9.5
CH
CHs
- 212- | 1 5267 | 1.0375 | 244 | 836 | 9.8 | 832 | 94
| 215 . . . . . .
CHy CHy
CHs
R=—é 204-
| 1.5133 | 1.0284 | 244 83.6 9.8 83.4 9.3
CHy > 215
Zch
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PEPA-BASED OLEIC ACID DERIVATIVES AS EFFICIENT
ANTISTATIC ADDITIVES FOR DIESEL FUEL
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Abstract - This study reports the synthesis of nitrogen-containing derivatives of oleic
acid and the development of compositions comprising these derivatives and natural petroleum
acids (NPA) for use as efficient antistatic additives in diesel fuel. A high-temperature fraction
of natural petroleum acids (220-240 °C) was isolated and used to formulate additive systems.
The prepared compositions were introduced into diesel fuel at concentrations of 0.05, 0.1, and
0.15 wt%, and their performance was evaluated through electrical conductivity
measurements.

The amidoamine synthesized from oleic acid and polyethylene polyamine (PEPA) at a
2:1 molar ratio demonstrated superior antistatic performance. At a concentration of 0.15 wt.%,
the electrical conductivity of diesel fuel increased to 5890 pS/m and slightly rose to 5972 pS/m
after one month of storage, indicating excellent long-term stability.

Furthermore, the composition based on the PEPA-derived amidoamine and natural
petroleum acids exhibited stable conductivity enhancement. At 0.15 wt.%, the electrical
conductivity reached 4220 pS/m and further increased to 4335 pS/m after one month. These
findings confirm that the molecular structure of PEPA-based amidoamine plays a decisive role
in ensuring both high efficiency and long-term stability of antistatic additives in diesel fuel.

Keywords: Oleic acid; polyethylene polyamine (PEPA); amidoamine; natural petroleum
acids; antistatic additive; diesel fuel; electrical conductivity; fuel stability.

Introduction

The accumulation of static electricity in petroleum fuels during storage,
pumping, and transportation represents a significant safety hazard,
potentially leading to fire and explosion [4,5]. This issue is particularly critical
for low-conductivity fuels such as diesel, where electrostatic charge
relaxation is limited. Enhancing the electrical conductivity of fuel systems
through the incorporation of antistatic additives is one of the most effective
approaches to mitigating these risks[1,5].

Commercial antistatic additives are widely used; however, many
formulations are associated with environmental concerns, limited long-term
stability, or complex compaositions. Therefore, the development of metal-free,
structurally tunable, and stable antistatic systems remains an important
research objective.

Nitrogen-containing derivatives of fatty acids, such as amidoamines, are
promising candidates due to the presence of polar functional groups capable
of facilitating charge dissipation in nonpolar hydrocarbon media [1-3].In
particular, polyethylene polyamine (PEPA)-based amidoamines may provide
enhanced adsorption characteristics and improved conductivity performance.
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In this study, an amidoamine synthesized from oleic acid and
polyethylene polyamine (PEPA) at a 2:1 molar ratio was investigated as an
antistatic additive for diesel fuel. In addition, its composition with a high-
temperature fraction (220—240 °C) of natural petroleum acids was evaluated
with respect to electrical conductivity enhancement and long-term stability.

Experimental Part

Structural confirmation of the synthesized oleic acid—PEPA amidoamine
was carried out using Fourier Transform Infrared (FTIR) spectroscopy.

The PEPA-based amidoamine was synthesized via condensation of
oleic acid with polyethylene polyamine at a 2:1 molar ratio.

The FTIR spectrum of the amidoamine obtained from oleic acid (OA)
and polyethylene polyamine (PEPA) is presented in Fig. 1 and is
characterized by the following absorption bands.
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Fig. 1. FTIR spectrum of the amidoamine synthesized from oleic acid (OA) and polyethylene
polyamine (PEPA).

The FTIR spectrum of the synthesized PEPA-based amidoamine (Fig.
1) confirms the formation of amide groups. The characteristic absorption
band at 1645-1650 cm™ corresponds to the amide carbonyl (C=0)
stretching vibration, while the bands at 1550 cm™ and 3200-3300 cm™ are
attributed to N—H vibrations. The reduction of the free carboxylic acid band
indicates successful conversion of oleic acid into its nitrogen-containing
derivative.
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Table 1. Specific electrical conductivity (pS/m) of diesel fuel containing PEPA-based

amidoamine

Additive
concentration 1 day 10 days 20 days 30 days
(Wt.%)
0.05 5710 5750 5790 5812
0.10 5823 5845 5885 5890
0.15 5890 5925 5945 5972

As shown in Table 1, the PEPA-based amidoamine significantly
increased the electrical conductivity of diesel fuel at all studied
concentrations. The highest conductivity was observed at 0.15 wt.%,
reaching 5890 pS/m after 1 day and slightly increasing to 5972 pS/m after 30
days of storage. The gradual increase in conductivity over time indicates
good stability of the additive in the diesel medium.

Table 2. Specific electrical conductivity (pS/m) of diesel fuel containing PEPA-based
amidoamine + natural petroleum acids

Additive
concentration 1 day 10 days 20 days 30 days
(Wt.%)
0.05 3710 3740 3782 3810
0.10 3825 3845 3870 3894
0.15 4220 4245 4295 4335

According to Table 2, the composition of PEPA-based amidoamine with
natural petroleum acids also enhanced the electrical conductivity of diesel
fuel. At a concentration of 0.15 wt.%, conductivity increased from 4220 pS/m
on the first day to 4335 pS/m after 30 days. Although the conductivity values
are lower than those of the pure PEPA-based system, the results
demonstrate stable long-term performance and a synergistic interaction
between nitrogen-containing functional groups and petroleum acid
components.

Conclusion

The present study demonstrated that the amidoamine synthesized from
oleic acid and polyethylene polyamine (PEPA) at a 2:1 molar ratio exhibits
high efficiency and excellent stability as an antistatic additive for diesel fuel.
The additive significantly enhanced electrical conductivity, reaching 5890
pS/m at 0.15 wt.% and maintaining stable performance over a 30-day
storage period.

Moreover, the composition of the PEPA-based amidoamine with a high-
temperature fraction (220-240 °C) of natural petroleum acids showed
improved long-term conductivity stability, indicating a synergistic interaction
between nitrogen-containing functional groups and petroleum acid
components.
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Overall, the PEPA-derived amidoamine and its composition with natural
petroleum acids represent promising metal-free antistatic systems for
improving the safety and reliability of diesel fuel handling and transportation.
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Summary. As a result of the conducted studies, it was determined that silver
nanoparticles can be effectively synthesized using the chemical reduction method, particularly
in the presence of sodium citrate. The advantage of this method lies in its simplicity, cost-
effectiveness, and the absence of the need for complex specialized equipment. Experimental
results showed that the use of gelatin and dextrin as stabilizers significantly affects
nanoparticle formation, their color change, and stability. In particular, gelatin-based systems
ensured long-term stability (up to 18 months), while dextrin maintained stability for up to 12
months. The size of the synthesized nanoparticles varied over a wide range (20—-269 nm), and
it was established that reagent concentration and stabilizer type play an important role in this
process. UV-Vis spectroscopy results confirmed the surface plasmon resonance
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characteristic of silver nanoparticles (=400 nm). In general, the chemical reduction method
using sodium citrate was shown to be an efficient, convenient, and promising approach for
obtaining silver nanoparticles.

Keywords. Silver nanoparticles, chemical reduction method, sodium citrate, gelatin,
dextrin, stabilizer, UV-Vis spectroscopy, surface plasmon resonance, nanoparticle synthesis,
colloidal systems.

Introduction.

Worldwide, scientific research is being conducted on the synthesis of
noble metal nanoparticles, the study of their properties, and their application
in the synthesis of plant protection agents in agriculture. In recent years,
growth has been observed in both fundamental and applied scientific fields
related to the synthesis of noble metal nanoparticles (NPs), the study of their
properties, and their practical application [1, 2].

The development of this field is primarily associated with the creation of
convenient, inexpensive, and environmentally safe methods for obtaining
and studying such materials, which hold great promise for applications in
microelectronics, optics, catalysis, medicine, sensor analysis, and other
areas. One of the main methods for obtaining nanoparticles is the chemical
reduction method. The advantage of chemical reduction methods is that they
do not require complex equipment and allow control over nanopatrticle size
and external structure [3].

Metal nanoparticle (NP) synthesis can be carried out using various
methods (physical, chemical, biological). In this study, stable silver
nanoparticles were synthesized using the chemical reduction method. The
advantage of chemical reduction methods is that they do not require complex
equipment and provide the possibility to control nanoparticle size and
morphology [4]. One of the chemical reduction methods is the citrate method.
The essence of the method is the reduction of silver salts in aqueous solution
using sodium citrate. The obtained silver aggregates of various shapes have
diameters ranging from 60 to 200 nm. The citrate anion performs both
reducing and stabilizing functions, which makes it difficult to select its optimal
concentration, since changes in concentration affect the reduction rate as
well as particle growth and micelle formation [5]. Despite the disadvantages
of the citrate method, it is widely used for the synthesis of silver NPs [6].
6AgN03 + 3Nas;CegHs07 = 6Agl + 3Na,CsH4Os5 + 3C02T + 3NaNOQO;s; + 3HNO;

Experimental part.

For the synthesis of silver nanoparticles (AgNPs), silver nitrate was used
as the main substance, sodium citrate as the reducing agent, and gelatin and
dextrin as stabilizers. The reactions were carried out at room temperature by
adding equal volumes of reducing solution to a mixture of stabilizer (gelatin,
dextrin) and silver nitrate solution under constant stirring.

Initially, 1%, 2%, and 5% solutions of stabilizers were prepared at 20°C.
Then, a silver nitrate solution with a concentration of 500 mg/ml was
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prepared. Sodium citrate solutions of 0.1 M and 0.05 M were prepared as
reducing agents.

The stabilizer and silver nitrate solutions were mixed, and equal volumes
of the prepared reducing solutions were added under continuous stirring to
obtain the samples.

Results and their discussion.

Use of sodium citrate as a reducing agent. (Cagno3=0.00463 M, 20°C).

Ne Stabilizer Change (after 24 hours) Appearance
on I .
1 5 % li Dextrin Turned black
(corn) . -
= :
2 5% Gelatin Turned reddish
3 1% Gelatin Turned dark
e i
4 5% Gelatin Turned brown
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orl .
5 4 %l Dextrin Turned black
(potato)

orl .
6 1 %l Dextrin Turned black
(potato)

Color changes were observed in systems where gelatin and dextrin were
used as stabilizers, and these systems were stable: the dextrin-stabilized
system maintained stability for 12 months, while the gelatin-stabilized system
preserved its stability for up to 18 months.

Figure 1. Size distribution graph of AgNPs (determined using MasterSizer 3000).

In syntheses carried out using 1% gelatin and 1% dextrin (obtained
based on potato starch) as stabilizers, the nanoparticle size ranged from
20.4-22.4 nm to 20.1-269 nm (Figure 1). These results demonstrated the
high efficiency of sodium citrate in the synthesis of AgNPs.
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Figure 2. UV spectrum of AgNPs (synthesized based on AgNO; + gelatin + sodium citrate).

The UV spectrum of AgNPs synthesized using gelatin as a stabilizer is
shown. Starting from a wavelength of 320 nm, the absorbance value is
relatively low (around 0.50), but it increases sharply near 400 nm, reaching
approximately 2.10. This corresponds to the plasmonic resonance peak of
silver nanoparticles, indicating that they exhibit maximum absorption around
400 nm.

Offers

AgNPs were synthesized based on chemical reduction. In this
experiment, the biopolymer gelatin functions as a stabilizing agent at various
concentrations. G-AgNPs were confirmed by UV-Vis absorption at 420 nm.
The stabilizing ability of gelatin around AgNPs can be investigated by
maintaining a constant concentration of AQNO; (0.00463 M) while increasing
gelatin concentrations to 1%, 2%, and 5%.
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ANILININ SEOLIT KATALIZATORLARI iSTIRAKINDA
METANOLLA ALKILLO$M® PROSESININ TaDQiQi

ismayilov Sabuhi, dliyeva Naila
Sumagqayit Dovlat Universiteti
Sumaqayit , Azarbaycan
ismailovsbuhi@gmail.com

Xilase - Anilin ve 2-metilanilinin etanolla alkilleasma reaksiyasinda daha yuksak katalitik
xassolor numayis etdiron katalizatorlari segmak Ugun ilkin tadqiqatlar apariimigdir.
Katalizatorlar kimi mixtalif seolitlordan istifade edilmigdir. Tedqigatlarda xammal kimi anilin
metanol va etanoldan istifade edilmisdir. Onlarin temizliyi xromatografik yolla va fiziki
xassalerinin tadqiqi naticasinde muayyan edilmisdir.

Alkillagdirici kimi istifade olunan etanol Y.K.Yuryev [1] terafinden gosterilmis qayda tzra
temizlenmisdir. Etil spirtinin tamizliyi 99.5 % olmusdur.

Acar sozlar: anilin, metanol, N-metilanilin, N-alkillosma, seolit katalizator, kinetik
ganunauygunlug, selektivlik

Giris

Sanayeds istehsal olunan anilinin 70-80%-i poliuretan ve penoplast
istehsalinda evazsiz xammal sayilan p,p-metilendifenilizosianatin sintezine
sorf olunur. Anilinin galan hissesi ise asagi molekul kitlali anilinlarindan (Cs-
C,) rezinin emalinda, antioksidantlarin alinmasinda, stabilizator, pestisid,
boyalar, vitaminler istehsalinda istifade edilir. Anilinin dinyada istehsall
2010-cu ilde 3,6 min/ton teskil etmisdir. Onu asasan ABS, Qarbi Avropa,
Rusiya ve Asiyada alirlar. Onun istehsali Gizre aparici sirkatlore Amaco va
MurmeHT (Poccms) va digarlarini misal géstarmak olar [2].

Anilin va N-metilanilini almaq Ucln Rusiya alimleri qaz fazada [2,3]
nitrobenzolun metanol ve ya formaldehidin sulu mahlulu ilo reduksiyasini
toklif etmislor. Anilinin alkillesma reaksiyasi ile onun alkil téramsalerinin
alinmasi alimlerin diqqetini daha ¢ox calb etmis ve bu zaman yeni
alkillesdiricilarden ds istifade edilmisdir.

Eksperimental hissa

Anilinin etanolla garsiligli tasiri axar tipli katalitik reaktorla tachiz olunmus
laboratoriya qurgusunda apariimigdir. ©dabiyyat maelumatlarinin tahlili
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asasinda anilinin etanolla maye fazada alkilesmasi muxtelif heterogen
katalitik sistemler Uzarinde muqayise edilmisdir. Seolit tipli katalizatorlar
masama strukturu ve tursulug markazlarinin paylanmasina goéra ylksak
aktivlik gostarmisdir [4]. Reaktordaki katalizator tarpenmeaz layli rejimde
olmus ve ora verilan xammalin hacmi sursti mikronasosla tanzim edilmisdir.
Reaktora balonlardan verilen gazin (H2, N2, O2, hava) suratine qaz sarfinin
tenzimlayicisi ile nazarat olunmusdur. Reaksiya sirati vo mahsul ¢iximi
temperatur ve reagentlarin  mol nisbatinden asilidir.  Reaktorun
temperaturunu tenzimlemek ve qeyd etmak dg¢lin magqnitli qapayici ve
potensiometrden istifade edilmis, reaksiya aparatina daxil olan xammal isa
avvalce buxarlandiricida lazim olan temperatura qadar qizdirilmisdir.
Selektiv  N-alkillesmanin temin olunmasi Ug¢ln katalizatorun aktiv
markazlarinin optimallasdiriimasi vacib hesab olunur [5]. Bizim apardigimiz
tedgigat zagmani anilinin ve etanolla alkillesma reaksiyasinda mordenit vo
SVM seolitlerinin H formalarinin, hamginin onlarin palladiumla modifikasiya
olunmus nimunalarinin katalitik aktivliklari dyrenilmisdir.

Naticalar ve onlarin mizakirasi

Anilinin etanolla alkillesma reaksiyasinda H-mordenit, HSVM va onlarin
palladiumla modifikasiya olunmus ndmunalerinin katalitik aktivliyi ve
selektivliyinin tedqiqi neticesinde mirakkab tarkibli katalizatlarin alindigi
muiayyan edilmisdir. Modifikasiya olunmus seolitlor istiraki ile aromatik
aminin karbona goére alkilesme mahsullarinin azota gdére alkillosma
mahsullarina nazaran daha selektiv oldugu ve bu zaman anilin alinan
toluidinin ¢iximinin tarazliq ¢iximlarina yaxin oldugu gdstarilmisdir.

Takliflar
1. Seolit katalizatorlarin tursulug xtsusiyyatlerinin optimallasdiriimasi
2. Temperatur ve reagentlarin mol nisbatinin kinetik modellasdirma asasinda

secilmasi

3. Selektiv N-alkillosmanin artiriimasi tglin aktiv markazlerin tenzimlenmasi
4. Eneriji sorfiyyatinin azaldilmasi tgun istilik balansinin optimallasdiriimasi

istinadlar
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ZN-CR LAYLI iKiLi HIDROKSIDL®Ri V& ONUN KARBON 8SASLI
NANOKOMPOZITLORININ SINTEZi VO OPTIKi XASSOLABRININ
ToDAQiqQi

Hiisna Abuzerova, Ofeliya Balayeva,irade Buniatzade
Baki Dovlet Universiteti
Baki, Azarbaycan
abuzerovahusna@gmail.com

Xllasa: Muasir materialgtinasligin aktual problemlsrinden olan optik xUsusiyyatlarin
tonzimlenmaesi (ciin sink-xrom esash layl ikili hidroksidlerin (Zn-Cr LIH) karbon
nanoquruluslar ile kompozitlerinin tetbiq imkanlari arasdirilmisdir. LIH strukturlarinin
yarimkegirici xUsusiyyatlori va layli qurulusu ile qrafenin ylksek elektron kegiriciliyi vo
mexaniki davamliligi ile birlesdirilerak hibrid sistem yaradiimisdir. isde sink (Zn%*) ve xrom
(Cr®) ionlarinin kristal gefesin nizamligina tesiri, hamginin nanokompozitin laylararasi
bosluglarinda grafen, grafen oksid va filleren (G, GO va Cep) kimi karbon mangali fazalarin
elektron qurulusuna tesir mexanizmlari tahlil olunmusdur. Misayyan edilmisdir ki, karbon
olavesi LIH laylarinin struktur sabitliyini artirmagla yanasi, gadagan olunmus zonanin eninin
(Eq) daralmasina va yuk dagltyicilarinin (elektron-desik cutlari) daha effektiv harokatine serait
yaradir.

Acar sozlar: Layh ikili hidroksidler, karbon nanoquruluslari, Zn-Cr/LiH, optiki xassaler,
gadagan olunmus zonanin eni

Giris:

Layh ikili hidroksidlarin Gmumi kimyavi formulu [M?*1.\M3*(OH)]*" [A™
wme N H207* kimi ifads olunur. Burada M**va M?* muvafiq olaraq tabaqgalarde
yerlagan Ugvalentli ve ikivalentli kationlar; x=M3*/[M?*+M3], A™ isa
tebaqelararasi aniondur. Bu materiallar yiksak anion mubadilesi gabiliyyati,
tenzimleanan masamealilik ve "yaddas effekti" kimi unikal xtisusiyyatlerine goére
genis elmi maraq dogurur. Qurulus cevikliyi bu materiallarin kataliz,
adsorbsiya va ion mubadilasi kimi sahslarde effektiv tatbigine imkan yaradir
[Seftel va b., 2015, 208-215].

Karbon asasli materiallar arasinda grafen 6ziinemexsus fiziki-kimyavi
xUsusiyyetlerine gora xususi yer tutur. Atom galinhdinda, patekvari kristal
gurulusa malik olan bu material kompozitlera daxil edildikda onlarin mexaniki
mohkamliyini, elektrik ve istilik kegiriciliyini, hamcinin istilik sabitliyini va
elektrokimyeavi xususiyyetlarini ahamiyyatli darecedse yaxsilasdirr. Buna
gore da qrafen ve ona beanzer strukturlar polimer nanokompozitlerin
funksional gostericilerinin artirnimasi Ggun perspektivli doldurucular kimi
giymatlondirilir [Lee vo b., 2022, 4733].

Fotokatalitik komponent kimi sink (Zn?*) ve xromun (Cr®*)
kombinasiyasina Ustunluk verilmasi hem struktur xususiyyatleri, hem da
materialin optik hassasligi baximindan bir sira strateji istlnltkloers asaslanir.
Sink va xrom (lll) ionlarinin ion radiuslarinin yaxinh@i (Zn?*: 0.74 A, Cr®*: 0.62
A) layli ikigat hidroksid (LiH) strukturunun formalagmasi zamani kationlarin
oktaedrik bosluqglarda ylksak daracada nizamli va homogen paylanmasini

171


mailto:abuzerovahusna@gmail.com

Towards Sustainable Chemistry and Chemical Engineering

The 7t International Scientific Conference of Students and Young Researchers

temin edir. Bu struktur uygunlugu sintez prosesinda kanar fazalarin yaranma
ehtimalini minimuma endirmakle yanagi, materialin har bir layinda katalitik
aktiv merkezlerin barabar sixhgini temin edir. Zn-Cr/LiH sisteminin an
mdhdm Ustanliklerinden biri onun elektomaqnit spektrinin goriinen isiq
(visible light) zonasina qarsi yuksek hassasliq numayis etdirmasidir. Zn-
Cr/LiH strukturunda Cr® ionlarinin mévecudlugu spesifik elektron kegidlori
yaradaraq qadagan olunmus zona enerjisinin (E4) daralmasina sabab olur.
Bu xususiyyet katalizatorun yalniz sni ultrabsnévsayi stalar altinda deyil,
ham da glinas enerjisindan istifade etmakls effektiv foaliyyat gdstarmasina
imkan yaradir [Bencherif va b., 2021, 3051].

LiH-ler elektron qurulusu kationlarin molyar nisbatinden, kristal sathinin
sahasinden ve an asasl, laylararasi bosluglarda yerlasen ionlarin/molekul-
larin tebistinden birbasa asilidir. Bu tip struktur modifikasiyalari, slave
rekombinasiya markazleri yaratmadan materialin optik udma gabiliyyatini
ohamiyystli derecede yilkssltmeys imkan verir. Malumdur ki, LiH-lerin
gadagan olunmus zona eni kation ve anionlarin tabistindan ve hidratlasma
deracasindan (laylararasi suyun migdari) asil olaraq 2-5 eV diapazonunda
deyisir. Genis eneriji diapazonu LiH-leri fotokatalitik prosesler {iciin slverisli
yarimkegciriciler sinfina aid edir. Tadgiqatlar gdsterir ki, struktura muxtalif
asqarlarin daxil edilmasi va ya laylarin modifikasiya olunmasi yarimkegirici
xususiyyatlarini qorumagqla yanasi, Eg zolagnin daralmasina ve elektron
kecidlerinin optimallasdiriimasina getirib cixarir. Bu baximdan, tagdim
olunan isde Zn-Cr LDH matrisinin karbon asasli nanostrukturlarla (G, GO ve
Ceo) zanginloesdiriimasi, materialin idarsolunan kegciricilik va spektral
hassasliq gazanmasina xidmat edir [Santos va b., 2026, 108061].

Tacriibi hissa:

ZnCr-LiH otaq temperaturunda birge ¢okma Usulu ile sintez edilmisdir.
Molar nisbati Zn?*/Cr®* = 3 olan iki prekursor duzu, ZnSQO4-7H,0 (0.375 M)
va Cr(NO3)3-9H-0 (0.125 M) 40 ml distille suya slave edilmisdir. Hazirlanan
garisiq duz mahluluna karbamid [CO(NH.)2] ve 1% karbon nanoquruluslari
alave edilerak maqgnit qarisdiricida qarisdiriimisdir. Daha sonra qarisdirma
davam etdiriimakle 1 M NaOH mahlulu damci-damci alave edilmisdir. Proses
pH 9-10-a catdigda dayandiriimisdir. Mahlul otaq temperaturunda 1 hafte
saxlanildigdan sonra 60-90 °C-de 10 saat qizdinimis, soyudugdan sonra
supernatant ayrilmig, ¢okuntu distile suyu ile neytral pH-a gader yuyulmus
va havada qurudulmusdur.

Sintez edilmis ZnCr-LiH ve onun karbon esasli nanokompozitlerinin
optik xuUsusiyyatlerini dyreanmak ve qadadan olunmus zonanin enini (Eg)
muayyan etmak maqgsadile numunalerin UB spektroskopiya ila udulma ve
oksetma spektrlari gakilmisdir. Spektroskopik dlgmalar otaq temperaturunda,
elektromaqgnit spektrinin  200-900 nm dalga uzunlugu diapazonunda
apariimisdir.
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Naticalar vo onlarin miizakirasi:

Sintez olunmus ZnCr-LiH ve onun karbon ssasli nanokompozitlarinin
birbasa elektron kegid (direct electronic transition) Eg giymatleri Kubelka-
Munk tenliyi vasitasile hesablanmisdir [Balayeva va b., 2019, e02725]:

[F(R-)hv]Y" = k(hv-Eg)

Hesablamalar zamani n=1/2 qebul edilmasi, ZnCr-LiH sisteminde
elektron kecidlarinin oksigenin 2p saviyyasinden metalin ns/nd orbitallarina
dogru birbasa icaze verilon (direct allowed) xarakter dasidigini gdstarir
(Cadval 1).

Cadval 1. Sintez olunmug nimunalearin gadagan olunmusg zona enerjisi (Eg) giymatlori.

Nimuna Eg1 Eg2 Eg3
Zn-Cr LiH 1.85 2.5 3.85
Zn-Cr LIH/G 1.75 2.3 3.8
Zn-Cr LIHIGO 1.7 2.4 3.8
Zn-Cr LIH/PVS 1.7 2.55 3.8
Zn-Cr LIH/PVS/Ceo 1.83 2.6 3.82

Cadval 1-den goriindiyd kimi, temiz LiH (giin Eq 2.50 eV miioyysn
edilmisdir. Qrafen (G) ve grafen-oksid (GO) slavesi bu giymati muvafiq
olarag 2.30 eV ve 2.40 eV-a gadar azaltmisdir. Bu azalma (red-shift), karbon
nanostrukturlarinin LiH laylari arasina daxil olaraq laylararasi fiziki qiivveleri
zoiflotmasi va elektron kegidini asanlasdirmasi ile izah olunur. PVA va
Fulleren (Ceo) tarkibli kompozitlards ise E4 giymatlerinin (2.55-2.60 eV) LDH
matrisine yaxin galmasi, sistemda ham Uzvi polimer zancirlerinin, ham doa
geyri-Uzvi anionlarin yaratdidi struktur stabilizasiyasi ile slagedardir. Ug forgli
enerji zonasinin (Eq1, Eg2, Eg3) misahide olunmasi materialin mirakkab
elektron strukturuna malik oldugunu ve muxtelif dalga uzunluglu stalar
altinda aktivlik géstera bilacayini stibut edir.
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EP-300 QURGUSUNDA YAN MOHSUL KiMi ALINAN
TSIKLOPENTADIENIN AMINLOSM3SI Vo BazZi
GEVRILMOLORNIN OYRONILMSSI

Elmi rahbar: b/m $ahgaldiyev F.X.
Babazada Manzar Zavur
Sumagaayit Dovlat Universiteti
Sumagayit, Azerbaycan
Email: menzerbabazade2006@gmail.com

Taqdim etdiyimiz isda piroliz prosesinde yan mahsul kimi alinan yingul Cs fraksiyalarinin
torkibinde mdévcud olan doymamis tsiklik quruluglu dienlerin , xususile tsiklopentadienin
aminlasmasi prosesi ve alinan diaminlarin bir sira ¢evriima reaksiyalar tadqgiq edilmigdir .
Proses oks-redoks sisteminda TiCls katalizatorunun istiraki ile amin radikalinin alinmasina ve
tsiklopentadienin aminlagdiriimasine asaslanir. Aminlesma prosesinin optimal geraiti:
temperatur- 25° C, alinan hidroksilamin Gglin TiCls-in migdari 15 mol,reaksiya miiddsti 3 saat,
HCI/HA-nin mol nisbaetleri 2,5:1-dir. Alinan diaminler ED-20 ve ED-16 gatranlarinin
barkidilmasinds barkidici agent kimi istifade edilmisdir.Hamin diaminlarin malein anhidridi ile
garsiligh tesir reaksiyasindan N,N-(bistsiklopenten-2,7) bismaleinimidin alinmisdir. Epoksid
gatranlarindan alinan kompozisiyalarin fiziki-mexaniki ve odadavamliliq xassalerini artirmaq
magsadile dien kondenslesmasi reaksiyasi ile N,N-(bistsiklopenten-2,7) bismaleinimidin
heksabrom tsiklopentadienla qarsiligh tesirinden polibrom terkibli bitsiklik bisimidler sintez
olunur.

Acar sozlar: EP-300, tsiklopentadien, aminlagsma, barkidici, epoksid gatrani, bismaleini-
midler, antipren

Muasir senayenin taroqqi etmasinde yeni texnologiyalarin tetbigi ve
suratli inkisafl, senayeda bas veran ekoloji problemlerin sabablarini arasdirir
va aradan qgaldiriimasinin halli yollarini én plana g¢akir. Mahz bu sababdan
global diinyada irali strtlen mihim ideyalardan biri yasil kimya anlayisinin
meydana galmasidir. Qeyd edoak ki,karbohidrogen xammalinin pirolizi neft
kimyasinin asas prosesloerindan biridir va etilen,propilen kimi boyik tonnaijli
mahsullarin alinmasinin asas manbalarinden biridir. Lakin prosesda alinan
yan mahsullarin semarali istifadasi heale da yasil kimyanin taleblarina cavab
vermir. Bu masalonin aktualligini nazers alaraq tarsfimizden bazi
arasdirmalar yerina yetiriimisdir.

1,9-diaminbitsiklopenten-2,7-nin sintezi. ilk olaraq,yan moahsul kimi
alda olunan pentan-penten fraksiyasinin (PPF) tarkibi arasdirilir ve miayyan
edilirsonra iss doymamis diaminlerin sintezi aparilir.Cs fraksiyalarinin
torkibindeki doymamis tsiklik dienlerin, xuUsusile tsiklopentadienin
aminlagsmesi prosesi hayata kecirilir. Proses TiCls katalizatorunun istiraki ile
oksidlagma-reduksiya sisteminde amin radikallarinin amale galmasi ve
tsiklopentadienin aminlasdirilmasi prinsipi osasinda aparilir.  Birinci
marhalada TiCls istiraki ile xlorid tursulu hidroksilaminle tsiklopentadienin
garsiligh tasiri amin (NH2") radikalinin amala galmasina sabab olur, sonraki
marhalada ise amin radikalinin tsiklopntadienle birloesmasi amintsiklopentenil
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radikalini emale gatirirAmin (l) radikalinin az aktivliya ve boyuk stabilliye
malik olmasi 1,9-diaminbitsiklopenten-2,7 (ll) radikalinin alinmasina serait
yaradir. Proses Uc¢ln optimal seraiti misayyan etmak maqgsadila diaminlarin
¢iximina TiCls migdarinin,tsiklopentadienin,xlorid tursulu hidroksilaminin
molyar nisbatlarinin, temperaturun ve reaksiya vaxti kimi reagentlorin tasiri
arasdiriimisdir. Aparilan eksperimental tecriibaler asasinda oksidlasme-re-
duksiya sistemda diaminobisiklopentenil alds etmak Ugln optimal saraitlerin
asagidaki kimi oldugu musyyean edilmisdir:temperatur 25° C,reaksiya vaxt
3 saat, alinan hidroksilamin t¢tn TiCls-in migdari 15 mol, HCI/HA-nin molyar
nisbati 2,5:1-dir.Verilon gseraitde tsiklopentadienin aminlesmasi prosesinin
sxemini asagidaki kimi yazmagq olar:

Ti*— Ti¥

Ti3+NH,0H — NH,"+OH~ +Ti*" |

C\\ )
NH2+ . R H2N ! \
2H2NO HZNOO_Nﬂz ()

TiCls + NH20H-HCI — HaN* + H20 + TiCly
Ho:N"+ R — Ho2N'-R — HoN =R -R-=NH2

mem

Burada R- penten- pentan fraksiyasinin (PPF) radikalidr.

N,N-(bitsiklopenten-2,7) bismaleinimidin sintezi. Olde olunan
diaminlar asasinda dien kondenslasmae reaksiyasi vasitasile yeni doymamis
polibromtarkibli bitsiklik bisimid, yani N,N-(bistsiklopenten-2,7) bismaleinimid
sintez edilmisdir.Aparilmis tacrlUbalerin neaticesinde sintez olunan
birlesmanin polimer materiallarin yanma intensivliyini azltmagla yanasi,
onlarin odadavamliliq xususiyystlerini ve fiziki-mexaniki xassalorini
ahamiyyatli dereceda artirdigi muiayyan olunmusdur.Sintezin birinci
marhalasinda 1,9-diaminbistsiklopenten-2,7-nin malein anhidridi ile garsiligli
tasiri naticesinde N,N-(bistsiklopenten-2,7) bismalein amin turgusu alda
edilmisdir.Hamin sintez olunmus N,N-(bistsiklopenten-2,7) bismalein amin
tursusundan ikinci merhalada dehidratasiyasi yolu ile N,N-(bistsiklopenten-
2,7) bismaleinimidin sintezi hayata kegirilmisdir.
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