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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 
(C6H12N4), carbohydrazide (OC(N2H3)), carbon dioxide (CO2), hydrogen sulfide (H2S), carbon 
sulfide (COS), carbon disulfide (CS2), 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 (CO₂), carbonyl sulfide 

(COS), carbon disulfide (CS₂), 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 CO₂ content 
was 3.36%, and H₂S — 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(C₂H₄OH)₂ — 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) — C₆H₁₂N₄ — 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(NHNH₂)₂ — 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. 

 
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 

№ 
Name of 

absorbent 
Water content in 

the composition, % 
Concentration of components, % 

DEA Hexamine  Carbohydrazide 

1 
DEA, Sample 1              
(for comparison) 

70 30 - - 

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 

CO₂ and H₂S: 
 determination of carbon dioxide (CO₂) content; 

 determination of hydrogen sulfide (H₂S) 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 H₂S content in DEA; 
 measurement of the pH value of DEA; 
 determination of DEA turbidity; 
 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 CO₂ Content in Saturated DEA Solutions in Various Units 
of Measurement 

No. Samples mg wt.% g/L mol% molе/L  
molе/molе 

DEA 

 
CO₂ Indicator 

According to Orsat 
CO2 CO2 CO2 CO2 CO2 

1 
DEA, Sample 1 (for 

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

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 91,0 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 91,9 6,475 71,219 3,423 1,660 0,499 

The main issue lies in the degree of CO₂ absorption by the absorbent, 
while the analysis of the absorption degree with the activator was compared 
and illustrated in the graph (Figure 1).  

 
Figure 1. Degree of CO₂ Absorption by Saturated DEA Samples, CO₂ molе/molе 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 molе%  molе/L  
molе/molе 

DEA 

 
CO₂ Indicator According to 

Orsat 
CO2 CO2 CO2 CO2 CO2 

1 
DEA, Sample 1 (for 

comparison) 
5,9 0,219 2,121 0,114 0,052 0,017 

2 Sample 2 with DEA 5,8 0,214 2,161 0,117 0,051 0,016 
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3 Sample 3 with DEA 5,5 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 5,3 0,193 2,153 0,112 0,047 0,015 

6 Sample 6 with DEA 5,3 0,193 2,153 0,112 0,047 0,014 

7 Sample 7 with DEA 5,4 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). 

 
Figure 2. CO₂ Content in Regenerated DEA Composition Samples, CO₂ molе/molе 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 H₂S 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 H₂S by Saturated DEA Samples, H₂S molе/molе DEA 

Table 5. Determination of H₂S Content in Desorbed (Regenerated) DEA Composition 
Samples in Various Quantities 

No. Samples mg wt.% g/L molе%  molе/L  
molе/molе 

DEA 

 H₂S titrator indicator H2S H2S H2S H2S H2S 

1 
DEA, Sample 1 (for 

comparison) 
10,3 0,071 0,0074 0,0071 0,003 0,00062 

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 

 

 

Figure 4. Amount of Residual H₂S in Regenerated DEA Samples, H₂S mol/mol DEA 
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The titrator readings and the obtained results also showed a decrease 

in the H₂S 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 

No. 
Absorbent 
Samples 

Sample 
Density, g/cm³ 

V, Volume of 
Alkali Used for 
Titration, mL 

Content of 
Thermally Stable 

Salts in DEA 
Samples, wt.% 

1 
DEA, Sample 1 (for 

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 5,5 0,1030 

4 Sample 4 with DEA 1,073 5,4 0,1006 

5 Sample 5 with DEA 1,075 5,4 0,1004 

6 Sample 6 with DEA 1,077 5.3 0,0984 

7 Sample 7 with DEA 1,079 5,4 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 

Samples 
Foam Height, 

mm 
Foaming 
Ability 

Foam Collapse 
Time, s 

Foam 
Stability 

1 
DEA, Sample 1 (for 

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 
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1 
DEA, Sample 1 (for 

comparison) 
1,020 5,23 27,19 1,018 5,63 29,32 

2 Sample 2 with DEA 1,021 5,39 27,99 1,013 5,65 29,57 
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3 Sample 3 with DEA 1,015 5,35 27,98 1,009 5,63 29,58 

4 Sample 4 with DEA 1,014 5,91 30,90 1,023 6,17 31,98 

5 Sample 5 with DEA 1,017 5,75 29,98 1,011 6,09 31,94 

6 Sample 6 with DEA 1,019 5,98 31,12 1,025 6,55 33,88 

7 Sample 7 with DEA 1,022 6,35 32,94 1,006 6,41 33,78 

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). 

 
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 

No. 
 

Name 
Blurriness, color 

Turbidity, 
mg/L 

pH 
value 

Mechanical 
Impurities, 

mg/L 

Saturated DEA Samples 

1 
DEA, Sample 1 (for 

comparison) 
Прозрачно-зелёный 0,69 9,7 

0,84 
 

2 Sample 2 with DEA Прозрачно-зелёный 0,69 10,1 0,76 

3 Sample 3 with DEA Прозрачно-зелёный 0,67 10,2 0,72 
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4 Sample 4 with DEA Прозрачно-зелёный 0,65 10,1 0,63 

5 Sample 5 with DEA Прозрачно-зелёный 0,65 10,2 0,62 

6 Sample 6 with DEA Прозрачно-зелёный 0,64 10,1 0,62 

7 Sample 7 with DEA Прозрачно-зелёный 0,64 10,2 0,61 

Regenerated DEA Samples 

1 
DEA, Sample 1 (for 

comparison) 
Transparent green 0,56 11,0 0,70 

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). 

 

 
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 to 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 (CO₂), was up to 0.0057%. The amount of hydrogen sulfide 

(H₂S) 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 

No. Substance Name 
Concentration 
of Untreated 
Gas, mole % 

Concentration of 
Gas Purified at 

the Plant, mole %  

Concentration of 
Gas Purified with 

Sample No. 4, 
mole % 

1 Methane (CH4) 89,83 92,548140 92,483560 

2 Ethane (C2H6) 4,08 4,258207 4,297052 

3 Propane (C3H8) 0,93 1,057069 1,151073 

4 n-Butane (C4H10) 0.24 0,272238 0,257529 

5 iso-Butane (C4H10) 0.22 0,236912 0,244604 

6 n-Pentane (C5H12) 0,13 0,130925 0,010134 

7 iso-Pentane (C5H12) 0,05 0,127161 0,127495 

8 C6+ 0,31 0,512006 0,492785 

9 Carbon dioxide CO2 3,36 0,010134 0,005739 

10 Hydrogen sulfide H2S 0,093 - - 

11 Nitrogen N2 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 (H₂S) in the purified gas 
mixture, quantitative determination was challenging. Nevertheless, trace 
amounts of H₂S (in ppm) were measured according to GOST 22387.2–2021 
using a specialized “Lambda 20” spectrometer under laboratory conditions. 
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Table 11. Results of the Analysis of Very Low Levels of Sulfur Compounds in Purified Gas 

Description 
Formula 
Symbol  

Unit of 
Measurement 

Indicator 

Mass of mercaptan sulfur in the analyzed 
volume of absorbent solution, determined from 
calibration results 

m mkg 15,5 

Volume of gas measured by the gas meter for 
the test 

V dm3 6 

Correction factor for converting the volume of the 
analyzed gas to standard measurement 
conditions (temperature 20 °C, pressure 
101.325 kPa) 

K - 0,92 

Conversion factor from micrograms to grams 100 - 100 

Concentration of all sulfur-containing compounds 
in the gas (H₂S, R-SH, COS) 

X g/m3 0,0028 

The analysis results showed that the sulfur compound content in the 
purified gas, according to the spectrophotometric method, is 0.0028 g/m³ 
[119]. A comparison of this value with the gas purified using the plant’s 
standard absorbent (0.0057 g/m³ 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 VİTAMİNİ (ASKORBİN TURŞUSU) ƏSASLI TƏBİİ 
ANTİOKSİDANT SİSTEMLƏRİN QİDA TEXNOLOGİYASINDA 

TƏTBİQİ VƏ ONLARIN KİMYƏVİ STABİLLİYİNİN        
ARAŞDIRILMASI 
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Xülasə - Bu tədqiqat işində C vitamininin (askorbin turşusu) qida texnologiyasında təbii 

antioksidant kimi tətbiqi imkanları və onun müxtəlif xarici amillərin təsiri altında kimyəvi 
stabilliyi nəzəri cəhətdən araşdırılmışdır. Askorbin turşusunun sərbəst radikalları neytrallaş-
dırma mexanizmi və onun oksidləşmə prosesi zamanı baş verən struktur dəyişiklikləri təhlil 
edilmişdir. Tədqiqat nəticəsində müəyyən edilmişdir ki, polimer matrislərdən istifadə etməklə 
C vitamininin termik parçalanma sürətini azaltmaq və qidaların raf ömrünü təbii yolla uzatmaq 
mümkündür. İşin nəticələri dayanıqlı kimya prinsiplərinə uyğun olaraq ekoloji təmiz qablaş-
dırma materiallarının yaradılmasında istifadə edilə bilər. 

Açar sözlər: askorbin turşusu, antioksidant, oksidləşmə, qida təhlükəsizliyi, dayanıqlı 
kimya. 

 
Giriş  
Müasir qida sənayesində süni konservantların (məsələn, E-nömrəli 

kimyəvi qatqılar) insan sağlamlığına mənfi təsirləri və ətraf mühit üçün 
yaratdığı risklər geniş müzakirə olunur. "Dayanıqlı Gələcək" konfransının 
prioritetlərinə uyğun olaraq, təbii antioksidantların tətbiqi mühüm əhəmiyyət 
kəsb edir [Əhmədov, 2021, 1-2; Yusifova, 2023, 15]. Askorbin turşusu 
(C6H8O6) sərbəst radikalları neytrallaşdıraraq qidaların rəngini, dadını və 
qida dəyərini qoruyan ən güclü təbii agentlərdən biridir [İbrahimov, 2022, 10-
12; Əliyev, 2021, 1-3]. C vitamini təbiətdə geniş yayılmışdır və onun sənaye 
istehsalı həm ekoloji təmiz, həm də iqtisadi baxımdan səmərəlidir. Lakin bu 
maddənin istilik, işıq və oksigenə qarşı həssaslığı onun geniş tətbiqi 
qarşısında əsas maneədir. Bu məqalədə həmin maneələrin nəzəri olaraq 
necə aradan qaldırılacağı araşdırılır. 

Eksperimental hissə (Nəzəri metodologiya)  

 

Şəkil 1. 
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Tədqiqat zamanı askorbin turşusunun dehidroaskorbin turşusuna keçid 
mexanizmi və molekulyar orbitalları təhlil edilmişdir. Nəzəri modellər əsa-
sında C vitamininin müxtəlif pH mühitlərində və ultrabənövşəyi (UV) şüaların 
təsiri altında parçalanma kinetikası analiz edilmişdir. Askorbin turşusunun 
stabilliyini artırmaq üçün onun müxtəlif polimer matrislərdə (nişasta, jelatin) 
"inkapsulyasiya" olunma imkanları riyazi modellərlə qiymətləndirilmişdir 
[Məmmədov, 2021, 5]. Bu proses maddənin ətraf mühit faktorlarından 
qorunmasını və qidaya tədricən ötürülməsini təmin edir.  

Nəticələr və onların müzakirəsi  

Təhlillər göstərir ki, askorbin turşusu sulu məhlulda yüksək temperaturda 
(>60 0C) sürətlə parçalanaraq bioloji aktivliyini itirir. 

C6H8O6→ C6H6O6 + 2H+ + 2e- 
Lakin polimer örtüklər daxilində onun termik stabilliyinin 40%-dən çox 

artması müşahidə olunur [Quliyev, 2020, 22]. Bundan əlavə, askorbin 
turşusunun qida qablaşdırmasında plyonka şəklində tətbiqi oksigenin 
keçiriciliyini azaldır, bu da yağlı məhsulların acılaşmasının qarşısını alır. 
Nəzəri hesablamalar sübut edir ki, təbii polimerlərlə kombinasiyada C 
vitamini həm antioksidant, həm də plyonkanın mexaniki xüsusiyyətlərini 
yaxşılaşdıran bir plastifikator rolunu oynayır [Smith, 2023, 104]. 

Təkliflər  
1.  Qida qablaşdırmasında sintetik antioksidantlar (BHA, BHT) əvəzinə bitki 

mənşəli askorbin turşusu komplekslərindən istifadə edilməsi təklif 
olunur. 

2.  C vitamininin bioparçalanan nişasta plyonkalarına inteqrasiyası isteh-
lakçı üçün həm qida təhlükəsizliyini artırır, həm də ətraf mühitin bərpası-
na xidmət edir. 

3.  Gələcək tədqiqatlarda C vitamininin digər təbii ekstraktlarla (məsələn, 
kələm suyu antosianları) sinergik təsirinin araşdırılması tövsiyə olunur. 
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KARTOF NİŞASTA ƏSASLI BİOPOLİMER MATRİSİNƏ 
ANTOSİANLARIN İMMOBİLİZASİYASI: QİDA TƏHLÜKƏSİZLİYİ 

ÜÇÜN İNTELLEKTUAL İNDİKATOR PLYONKANIN NƏZƏRİ 
MODELİNİN QURULMASI 
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Xülasə - Tədqiqat işində bioparçalanan kartof nişastası matrisinə qırmızı kələm 

ekstraktından alınan antosian piqmentlərinin immobilizasiyası prosesinin nəzəri əsasları 
tədqiq edilmişdir. İşin elmi aktuallığı, qida məhsullarının mikrobioloji deqradasiyası zamanı 
ayrılan uçucu azotlu birləşmələrin təsirindən mühitdə baş verən pH dəyişikliklərini vizual 
siqnala çevirən intellektual indikator plyonkanın konseptual modelinin hazırlanmasıdır. 
Tədqiqatda antosian molekullarının polimer zəncirləri ilə molekulyar səviyyədə qarşılıqlı təsiri 
və bu qarşılıqlı təsirin plyonkanın rəng stabilliyinə təsiri nəzəri cəhətdən əsaslandırılmışdır. 

Açar sözlər: kartof nişastası, antosianlar, intellektual qablaşdırma, pH-həssaslıq, nəzəri 
model, immobilizasiya. 

 
Giriş 

Müasir qida qablaşdırması sənayesində "Dayanıqlı Gələcək" prinsipləri 
materialların həm ekoloji təmiz, həm də "ağıllı" funksiyalara malik olmasını 
tələb edir [Əhmədov, 2021, 45-47]. Kartof nişastası yüksək amiloza tərkibi və 
stabil plyonkaəmələgətirmə potensialı ilə nəzəri tədqiqatların əsas obyekti 
hesab olunur [Quliyev, 2020, 12-14]. Tədqiqatın nəzəri hədəfi olan 
intellektual indikatorlar, qidanın təzəlik dərəcəsini heç bir kənar cihaz tələb 
etmədən istehlakçıya çatdıran sistemlərdir.Bitki mənşəli antosianların 
(C15H11O6

+) pH-həssaslığı onların molekulyar quruluşunun transformasiyası 
ilə bağlıdır [Məmmədov, 2022, 8]. Nəzəri olaraq, turş mühitdə stabil olan 
flavium kationu, mühit qələviləşdikdə (qidanın xarab olması nəticəsində 
ammonyak ifrazı ilə) deprotonasiyaya məruz qalaraq rəngini dəyişir [Əliyev, 
2021, 112]. Bu prosesin kartof nişastası kimi şəffaf bir matris daxilində baş 
verməsi, optik indikatorların yaradılması üçün mühüm nəzəri baza təşkil edir 
[Smith, 2023, 201]. 

 
Şəkil 1. Antosian molekullarının pH mühitindən asılı olaraq molekulyar transformasiyası. 
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Eksperimental hissə 

Tədqiqat işində indikator plyonkanın sintezi üçün nəzəri metodoloji 
model hazırlanmışdır. Model iki əsas mərhələni əhatə edir: 

1.Antosianların immobilizasiya mexanizmi: Qırmızı kələm ekstraktındakı 
antosian molekullarının nişasta zəncirlərindəki hidroksil (-OH) qrupları ilə 
hidrogen rabitəsi yaratması modeli qurulmuşdur. Bu rabitələr piqmentin mat-
ris daxilində bərabər paylanmasını proqnozlaşdırır [Quliyev, 2020, 12-14]. 

2.Plyonka formalaşdırılması: Kasting (tökmə) metodunun nəzəri para-
meterləri müəyyən edilmişdir. Plyonkanın elastikliyini tənzimləmək üçün 
nişasta/su nisbətinin (5% kütlə payı) və jelatinləşmə temperaturunun (90-
95°C) plyonkanın kristallik dərəcəsinə təsiri nəzəri cəhətdən təhlil olunmuş-
dur [Əhmədov, 2021, 45-47]. Qliserin kimi əlavə plastifikatorların yoxluğu şə-
raitində plyonkanın struktur bütövlüyünün nişastanın öz amiloza molekulları 
arasındakı qarşılıqlı təsirlər hesabına təmin edilməsi nəzərdə tutulur. 

Nəticələr və onların müzakirəsi 

Modelləşdirmə nəticəsində indikator plyonkanın müxtəlif pH intervalla-
rında gözlənilən rəng keçidləri təhlil edilmişdir. Nəzəri proqnoza görə, pH 2-
4 aralığında antosianların kation formasının üstünlüyü plyonkaya parlaq 
qırmızı rəng verir [Məmmədov, 2022, 8]. Qida məhsullarının deqradasiyası 
zamanı ayrılan azotlu əsasların təsiri ilə mühitdə qələviləşmə (pH 8-10) baş 
verdikdə, antosianlar anhidrobase formasına keçərək plyonkanın rəngini 
yaşıl və ya mavi-yaşıl çalarlara dəyişir [Smith, 2023, 201].  

 
Şəkil 2. İndikator plyonkanın müxtəlif pH intervallarında gözlənilən vizual rəng keçidləri. 

Nəzəri hesablamalar göstərir ki, kartof nişastası matrisi antosianların fo-
tostabilliyini sərbəst formaya nisbətən 35-40% artırır. Plyonkanın nəzəri qa-
lınlığı (təxminən 0.14 mm) onun qida qablaşdırmasında həm indikator, həm 
də qoruyucu təbəqə kimi çıxış etməsinə imkan verir [Quliyev, 2020, 12-14]. 

Təkliflər 

Nəzəri tədqiqatın nəticələrinə əsasən, təbii antosian indikatorlarının 
yüksək proteinli qidaların (balıq, toyuq əti) monitorinqində "təzəlik etiketi" kimi 
tətbiqi təklif olunur. Sintetik kimyəvi boyaqların bioparçalanan və bərpa 
olunan təbii piqmentlərlə əvəz edilməsi ilə "yaşıl qablaşdırma" texnologiyala-
rının təşviqi tövsiyə edilir [Əhmədov, 2021, 45-47]. Gələcək tədqiqatlarda bu 
modelin real laboratoriya sınaqları ilə genişləndirilməsi nəzərdə tutulur. 
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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 (MWCNTs) 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 (ρ) was 
calculated using the following equation: 

𝜌 = 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. 

Names of 
Components 

Sample K-1 
Component 
amount, gr 

Sample K-2 
Component 
amount, gr 

Sample K-3 
Component 
amount, gr 

Sample K-4 
Component 
amount, gr 

Sample K-5 
Component 
amount, gr 

Styrene–
butadiene–

styrene rubber 
100 100 100 100 100 

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. 
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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℃ 

Loads 
Samples 

G1 G2 G3 G4 

 
K-1 

43.18 
40.12 
41.35 

10.92 
18.85 
11.24 

8.47 
7.74 
8.09 

5.29 
4.62 
4.95 

K2 
44.86 
46.12 
45.58 

13.78 
13.45 
13.22 

9.61 
10.38 
9.97 

6.67 
6.15 
6.34 

K3 
47.32 
48.05 
47.61 

16.71 
13.64 
13.41 

13.18 
13.64 
13.41 

8.76 
7.94 
8.33 

K4 
49.42 
53.18 
51.09 

17.94 
16.86 
17.85 

14.48 
14.91 
14.65 

8.18 
9.48 
8.83 

165℃ 

K1 
31.02 
29.85 
30.21 

8.62 
9.19 
8.41 

6.23 
5.48 
5.79 

2.41 
3.28 
2.89 

K2 
31.58 
31.12 
30.89 

9.15 
9.57 
9.31 

6.74 
5.48 
6.35 

3.21 
3.15 
3.18 

K3 
33.42 
33.65 
33.29 

11.08 
8.42 
9.74 

7.29 
7.48 
7.36 

3.81 
4.08 
3.96 

K4 
33.89 
31.05 
32.41 

9.62 
10.15 
9.88 

7.58 
7.76 
7.69 

4.23 
4.36 
4.29 

185℃ 

K1 
19.92 
19.15 
19.48 

6.48 
6.01 
6.24 

4.79 
4.23 
4.51 

1.74 
2.04 
1.88 

K2 
21.54 
18.72 
20.05 

6.64 
5.98 
6.29 

4.45 
4.20 
4.33 

1.72 
1.54 
1.62 

K3 
20.56 
18.74 
19.52 

4.51 
4.65 
4.58 

5.17 
6.59 
5.92 

2.27 
3.25 
2.78 

K4 
23.94 
22.45 
23.08 

6.47 
6.02 
6.25 

5.63 
6.98 
6.31 

3.24 
3.46 
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). 

(2) 

P1 = 
𝐺₁

0,8321
=

11,75

0,8321
= 16,9701946 kg/sm2                     

P3 = 
𝐺₃

00,8321,
=

26,85

0,8321
= 32,267756 kg/sm2 

P2 = 
𝐺₂

0,8321
=

20,85

0,8321
= 25,0570844 kg/sm2                      

P4 = 
𝐺₄

0,8321
=

34,85

0,8321
=  41,881985 kg/sm2 

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)). 

(3) 
Here, P is the pressure generated on the sample surface as a result of 

the applied loads; τ is the shear stress; r is the radius of the capillary used; 
and l is the length of the capillary. The calculations were performed as 
follows: 

Ʈ₁ = 
𝑃₁·0,05

1,6
= 

16,9701946 .0,o5

1,6
= 0,530318

𝑘𝑞

𝑠𝑚2
· 9,806 · 104 = 5,20029833 · 10⁴ 

Pa 

Ʈ2 = 
𝑃₂·0,05

1,6
= 

25,0570844 ·0,05

1,6
= 0,783656

𝑘𝑞

𝑠𝑚2
· 9,806 · 104 = 7,68453 · 104𝑃𝑎 

Ʈ3 = 
𝑃₃·0,05

1,6
= 

32,267756  ·0,05

1,6
= 1,008365

𝑘𝑞

𝑠𝑚2
· 9,806 · 104 = 9,888027 · 104𝑃𝑎 

Ʈ4 = 
𝑃₄·0,05

1,6
= 

41,881985 ·0,05

1,6
= 2.094095

𝑘𝑞

𝑠𝑚2
· 9,806 · 104 = 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. 

(4) 
The values calculated based on the given equation and their decimal 

logarithms are presented in Table 3. 
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Table 3. Calculated volumetric flow rate (Q) values of the SBS+CNT composite (cm³/s) 

145℃ 

Samples G1 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℃ 

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℃ 

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℃ 

Samples G1 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℃ 

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℃ 

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 γ̇–log τ 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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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 

 
Main indicators 
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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 -Ц 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 

 
Names of indicators 

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 

4.TM-2 hardness, conventional 
unit 

71 79 85 87 82 

5. Tear resistance, kN/M 66 68 71 76 72 

6. Rubber-to-metal bond strength, 
MPa 

3.9 5.1 5.8 7.4 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℃, 24 hours), % mass 
isobutane-toluene (1:1) 10. 
Thermal resistance coefficients 
(100℃, 48 hours) Kσ 

 
19 

 
24.9 

 
29 

 
34 

 
18 

10. Heat resistance coefficients 
(100℃ 48 hours) Kσ 

 
0,95 

 

 
1.10 

 

 
1.35 

 

 
2.08 

 

 
1.78 

 

11.Elasticity % 10 8 9 8 8 

12. Ozone resistance 25℃, 72 
hours, deformation - 20% 
C03=0.01% wt. 

does 
not fall 
apart 

does 
not 
fall 

apart 

does 
not fall 
apart 

does 
not fall 
apart 

dağılmır 

Completely 
decomposes 
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 əsasında alınmış rezinin  benzində həllolması qrafiki 

Solubility was calculated as follows: 

α =   
4,18−4

4
· 100 = 4?5 

α =   
4,33 − 4

4
·  100 =  13,45 

α =
4,515 − 3

3
·  100 =   8,25, 

α =
4,61−4

4
· 100 = 15,25 

  

 
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 

α1 =  
4,33−3

3
·  100 = 0,19                    α1 =  

4,33−4

4
·  100 =  0,825   

α2 =  
5,44−3

3
·  100 =  0,57                  α2 =  

5,44−4

4
·  100 =  0,365  

α3 =
6,41−3

3
·  100 =  0,85                   α3 =

6,41−4

4
·  100 =  0,6025  

α4 =  
7,11−3

3
·  100 =  1,05               α4 =

7,11−4

4
·  100 =  0,7775  

α5 =
8,19−3

3
·  100 =  1,08                   α5 =  

8.19−4

4
·  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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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 (2–4 
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 – 100.0 

BNKS-18AMN 100.0 – 

Ground sulfur 1.7 1.0 

Altax (accelerator) – 0.6 

Zinc oxide 3.0 5.0 

Guanidine F – 3.0 

Sulfenamide C 1.0 – 

Industrial oil (SMZh) 40.0 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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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).   

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

the concentration of PB. 

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 experımental research  

№ 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, cm³/(L·h) 66 67 62 59 55 56 

6 Adhesion to metal, MPa: Steel 3 5,6 5,2 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 

10 
Swelling at 296 K for 24 h, 
isooctane–toluene (70:30), % 

12,6 14,7 14,2 10,6 10,3 10,2 

11 
Swelling at 296 K for 24 h, 
gasoline–benzene (3:1), % 

- - 23,2 14,3 13,6 14,3 

12 
Aging coefficient after 48 h at 
379 K: fₚ 

0,83 0,89 1,15 0,88 0,89 0,98 

13 
Aging coefficient after 48 h at 
379 K: εₚ 

0,77 0,65 0,92 0,8 0,79 0,89 

14 Jumping elasticity, % 12 13 17 13,9 15 13,9 

15 
Ozone resistance for 27 h at 298 
K (deformation 20%, ozone 
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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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[4.4.12.5.17.10.01.6]dodec-3-ene (ATCD) and its 
copolymerization with (meth)acrylic acids in the presence of BF3•OEt2. 

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. 

 
The yield of poly-8-acetoxytetracyclo[4.4.12.5.17.10.01.6]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 
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ratios. It was found that the yield of the ATCD copolymer with both AC and 
MAC was only 46.3 and 45 wt.%, respectively. 

 
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-
[4.4.12.5.17.10.01.6]-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-[4.4.12.5.17.10.01.6]-dodec-3-ene is observed at 
224 oC and is 1.5% with a reaction enthalpy value of ∆H = -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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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 m3/kg h, the reaction duration – 5 h) 

The catalyst 
amount on 
the crude,% 

Oxidate SPA OSPA SPA+OSPA 

A.n., 
mg 

KOH/g 

Yield, 
% 

A.n., 
mg 

KOH/g 

Yield, 
% 

A.n., 
mg 

KOH/g 

Yield, 
% 

Yield % 

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. 

 
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)₂ 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(II) 
acetylacetonate exhibited the highest catalytic activity, resulting in the 
formation of a 33% yield 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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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 CO₂ 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 CO₂ 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, CO₂ 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 γ-Al₂O₃-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 γ-Al₂O₃. The long-term 

inhibitory performance and kinetics of these amino esters against CO₂ 
corrosion were subsequently investigated [2,6]. 

Experimental Part 

To investigate the effect of the synthesised amino esters on the kinetics 

of CO₂ 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 
Name 

Duration, 
hours 

 

Corrosion 
current, 
mA/m² 

Corrosion 
rate, 

mm/year 

Metal 
loss, mm 

 

Corrosion 
protection 

efficiency, % 

Without 
inhibitor 

100 3353.3 3.8865 0.0466478 - 

400 3037.1 3.52 0.1697305 - 

430.37 3114.5 3.6097 0.1812434 - 

433.37 1358.6 1.5747 0.1819728 - 

Aminoester 
obtained 
based on 
SPA:MEA 

100 101.88 0.1180865 0.001315 97 

400 91.018 0.1054903 0.005288 97 

430.37 96.142 0.1114297 0.005691 97 

433.37 92.165 0.0720501 0.00572 95 

Aminoester 
obtained 
based on 
SPA:DEA 

100 150.56 0.130447 0.001076 96.65 

400 1203.5 0.11785 0.030948 96.6 

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 CO₂-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 CO₂ 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 CO₂ 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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Xülasə   
Tədqiqat 2-aminopiridin–olein turşusu kompleksinin sintezini, kimyəvi strukturunun 

müəyyən edilməsini və CO₂ mühitində polad səthlərində korroziya inhibitoru kimi fəaliyyətinin 
qiymətləndirilməsini əhatə edir. İlkin mərhələdə aparılan sintez prosesindən təqribən 95 % 
çıxımla 2-aminopiridin–olein turşusu kompleksi sintez edilmişdir. Alınmış kompleksin tərkibi və 
quruluşu infraqırmızı (İQ) və nüvə maqnit rezonansı (NMR) spektroskopiyası üsulları ilə təhlil 
edilmiş, birləşmənin bəzi fiziki-kimyəvi xassələri isə 30 % izopropil spirtində 20 %-li məhlulu 
hazırlanaraq müəyyən edilmişdir. İnhibitor məhlulunun C1018 markalı polad elektrodun 
korroziya prosesinə təsiri CO₂ ilə doydurulmuş 1 %-li NaCl məhlulunda tədqiq edilmişdir. Bu 
məqsədlə, 50 °C temperaturda CORRTEST CS Studio 6 sistemi vasitəsilə potensiodinamik 
polyarizasiya ölçmələri 1 saat müddətində aparılmış və inhibitorun 500 ppm qatılıqda 99,6 %, 
1000 ppm qatılıqda isə 99,9 %-ə qədər qoruyucu təsir göstərərək korroziya prosesini effektiv 
şəkildə zəiflətdiyi müəyyən edilmişdir. 

Açar sözlər꞉ 2-aminopiridin, olein turşusu, karbon dioksid korroziyası,inhibitor 

 
Giriş 

Bütün dünyada olduğu kimi, Azərbaycanda da korroziya problemi kimya 
sənayesində və ona bağlı sahələrdə mühüm texnoloji və iqtisadi çətinliklər 
yaradır. Xüsusilə kənd təsərrüfatı texnikası, hərbi sənaye və neft-kimya 
sektoru kimi strateji əhəmiyyətə malik sahələrdə korroziyanın təsiri daha 
qabarıq şəkildə özünü göstərir. Bu səbəbdən korroziya ilə mübarizə 
məqsədilə çoxfunksiyalı inhibitorların hazırlanması son illərdə elmi 
araşdırmaların əsas istiqamətlərindən birinə çevrilmişdir [1-5]. Belə 
inhibitorlar metal səthi üzərində qoruyucu təbəqə yaradaraq və 
elektrokimyəvi reaksiyaların kinetkasını dəyişdirərək korroziya prosesinin 
sürətini azaltmağa imkan verir [6,7]. 

Bu məqsədlə 2-aminopiridinin olein turşusu ilə kompleksi sintez olunmuş 

və onun karbon qazı (CO₂) mühitində polad səthlərdə baş verən korroziya 
proseslərinə qarşı effektivliyi öyrənilmişdir.  

Təcrübi hissə 

Təcrübə mexaniki qarışdırıcı ilə təchiz olunmuş kolbaya başlanğıc 
maddələr – 2-aminopiridin və olein turşusu 1:1 mol nisbətində olmaqla əlavə 
olunaraq 40ºC temperaturda 1 saat müddətində fasiləsiz qarışdırılmaqla 
aparılmışdır. Reaksiya nəticəsində sintez edilmiş kompleksin çıxımı 95% 
təşkil etmişdir. Alınmış kompleksin quruluşu infraqırmızı (IQ) və nüvə maqnit 
rezonansı (NMR) analiz üsulları  vasitəsilə təhlil edilmişdir. Birləşmənin 30%-
li izopropil spirtində 20%-li  məhlulu hazırlanmış və müəyyən qatılıqlarda 
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(500 və 1000 ppm) CO2 mühitində korroziyadan mühafizə inhibitoru kimi 
xassələri öyrənilmişdir. Korroziya ölçmələri həm inhibitorsuz, həm də 
inhibitorlu mühitlərdə təyin olunmuşdur. Alınmış nəticələr aşağıdakı cədvəldə 
təqdim edilmişdir. 

 
Cədvəl 1. 2-aminopiridinin olein turşusu ilə kompleksinin korroziyaya qarşı inhibitor təsirinin 
nəticələri 

Sintez olunmuş 
reagent 

Qatılıq, 
ppm 

Ecor, 

mV 
İcor, A/sm2 

Korroziya 
sürəti, 
mm/a 

Mühafizə 
effekti, % 

İnhibitorsuz - -731 
5.7594 x 10-

5 
0.67565 - 

2-aminpiridin 
oleinat kompleksi 

500 -641 
2.2928 x 10-

7 
0.00269 99.6 

1000 -640 
2.5979 x 10-

9 
0.00003 99.9 

 
Cədvəl 1-in təhlilindən aydın olur ki, 2-aminopiridinin oleinat kompleksi 

yüksək inhibitor effektivliyi göstərmişdir. Kompleksin 500 ppm qatılıqda 
istifadəsi nəticəsində korroziya sürəti 0.67565 mm/a-dan 0.00269 mm/a-ya 
qədər azalmış və mühafizə effekti 99.6% təşkil etmişdir. İnhibitorun 
miqdarının 1000 ppm-ə qədər artırılması korroziya sürətinin 0.00003 mm/a-
ya qədər azalmasına və mühafizə effektinin 99.9%-dək yüksəlməsinə səbəb 
olmuşdur.   

Potensiodinamik polyarizasiya əyriləri elektrokimyəvi üsulla CORRTEST 
CS Studio6  Version 1.0 potensiometri vasitəsilə qeydə alınmışdır. Ölçmələr 
potensialın gərginlikdən asılılığını müəyyən edir. Polyarizasiya əyriləri 
korroziya potensialına nəzərən (Ecorr.)  -10 V-dan +10 V-a qədər olan 
intervalda, sabit 0.5 mV/s sürətlə qeydə alınmışdır. İnhibitorunun müxtəlif 
qatılıqlarında potensiodinamik polarizasiya əyriləri, inhibitorun iştirakı ilə və 
iştirakı olmadan, karbon qazı ilə doydurulmuş 1%-li NaCl məhlulunda C1018 
markalı polad üçün tərtib edilmişdir. 

Potensiodinamik polyarizasiya əyrilərinin təhlili göstərir ki, inhibitorun 
500 və 1000 ppm qatılıqlarda elektrolit mühitinə əlavə edilməsi həm anod, 
həm də katod reaksiyalarının kinetikasının əhəmiyyətli dərəcədə 
ləngiməsinə səbəb olur. Bu hal polyarizasiya əyrilərinin müvafiq anod və  
katod sahələrində cərəyan sıxlığının azalması ilə müşahidə edilir. 
İnhibitorsuz sistemlə müqayisədə korroziya potensialının (Ecorr) müsbət 
istiqamətdə dəyişməsi inhibitorun təsiri nəticəsində  korroziya prosesinin 
intensivliyinin azalmasını təsdiqləyir. Beləliklə, aparılmış potensiodinamik 
polyarizasiya analizlərinin nəticələrinə əsasən müəyyən edilmişdir ki, tədqiq 
olunan inhibitor CO2 ilə doyurulmuş 1%-li NaCl məhlulunda C1018 markalı 
polad üçün qarışıq tipli korroziya inhibitoru kimi yüksək effektivliyə malikdir. 
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Şəkil 1. 2-aminopiridinin oleat kompleksinin müxtəlif qatılıqlarda poliarizasiya əyriləri 

 
Nəticə 

1. 2-aminopiridinin olein turşusu ilə kompleksi sintez edilmiş, onun kimyəvi 
quruluşu infraqırmızı (İQ) və nüvə maqnit rezonansı (NMR) 
spektroskopiyası üsulları ilə təsdiq edilmişdir. 

2. Alınmış kompleksin 30%-li izopropil spirtində 20%-li məhlulu hazırlanaraq 
müxtəlif qatılıqlarda (500 və 1000ppm) korroziyadan mühafizə effekti 
öyrənilmişdir. 

3. Müəyyən edilmişdir ki, inhibitor 500ppm qatılıqda korroziya sürətini kəskin 
azaldaraq 99.6%, 1000ppm qatılıqda isə 99.8% mühafizə effekti 
göstərərək korroziya prosesinin əhəmiyyətli dərəcədə azalmasına səbəb 
olmuşdur.  
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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 (II) 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 hCA I, hCA II, and α-glucosidase enzymes, 
providing a structural foundation for its potential application as a next-generation antidiabetic 
therapeutic agent. 

Keywords: Heterocyclic compounds, cobalt (II) 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.İbrahimova, 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(II) fluoride (CoF₂) 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.It 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 I and II) and α-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(II) 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. 

 
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. 

 
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⁻¹, the N-H amine group 
at 3358 cm⁻¹, and the absorption band at 713 cm⁻¹ 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⁻¹, 
while the C=C double bond within cyclic compounds is identified at 963 cm⁻¹. 
The C-O (carbon-oxygen) bond characteristic of ethers is recorded at 1183 
cm⁻¹. 

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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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 

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

Dn

=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 20

Dn = 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·m2.  

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 CCl4.  

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⁻1) and valence (2871, 2931, 
2956 cm⁻1) peaks of C–H bond belonging to СН2 and СН3 groups; 
deformation (741, 843 cm⁻1) peaks of C–H bond belonging to the benzene 
ring; C–O (1143 cm⁻1) and valence (1722 cm⁻1) peaks of C=O bond belonging 
to the ester group; valence (1238 cm⁻1) peak of C–H bond (Fig.1). The 
absorption bands characteristic for the vinyl group (1630-1635 cm⁻1) 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 (
20

Dn = 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:

 
 
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.It 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 ℃, while continuously stirring. During stirring, sulfur is 
added to the oil, and process is continued until the temperature reach 165℃ 

with temperature increase of 10-30 ℃ 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 ℃, 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℃ with intensive stirring for a period of 2-3 
hours [1][3]. 

During the synthesis of grease, Ca (OH)2 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 ℃. 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. 

 

 
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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Былa проведенa сополимеризация N-винилкарбазола со бутилметакрилатом. 
Изучены закономерности проведенного сополимеризации в растворе, состав и 
структура синтезированного сополимера. Методом Фейнемана – Росса вычислен 
констант сополимеризации (r1=0.05, r2=2.2). Выявлена характеристическая вязкость 
сополимера ([η] = 1,13 дл/г). Было установлено, что бутилметакрилат является более 
активным мономером, чем N-винилкарбазол, в исследуемой реакции. Полученный 
сополимер N-винилкарбазола со бутилметакрилатом имеет высокий показатель 

светопреломления (
20

Dn =1.5410). 

Ключевые слова: N-винилкарбазол, бутилметакрилат, сополимеризация, 
светопропускания. 

 

На сегодняшний день является очень актуальным синтез 
полимеров с оптическими свойствами. Органическое стекло — 
название полимерных материалов, которые готовятся на основе 
органических полимеров, таких как полиметилметакрилат (ПММА), 
полимеры аллиловых соединений, поликарбонаты (ПК), полистирол 
(ПС) и другие [1-3]. Прозрачные полимерные материалы очень широко 
используются в оптоэлектронике, оптической промышленности, 
светотехнике, в качестве прозрачных конструкционных материалов и 
других областях. 

В представленной работе мы синтезировали сополимер N-
винилкарбазола (ВК) с бутилметакрилатом (БМА). Были определены 
состав и структура нового сополимера, значения константы сополиме-
ризации, а также показатели оптической прозрачности. 

Радикальную сополимеризацию проводили в ампулах с различ-
ными молярными соотношениями ВК и БМА в присутствии инициатора 
бензоил пероксида, в термостате, при температуре 70-80ºC в течение 4 
часов. 

Сополимер ВК-со-БМА осаждали этанолом, промывали и раствор-
яли в бензоле, а затем очищали повторным осаждением в этаноле. 
Выделенный полимер сначала сушили при комнатной температуре, а 
затем в вакуумной камере при 35-40 ºС. После сушки определяли его 
массу. 

Структуру сополимера ВК-со-БМА можно представить по следую-
щей схеме: 
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ИК-спектральный анализ сополимера показал наличие следующих 
полос поглощения: деформационные (1386, 1447 см-1) и валентные 
(2949 см-1) колебания С–Н связи СН2 и СН3 групп; деформационные 
(750, 843, 879 см-1) колебания С–Н связи бензольного кольца; 
валентные (1144, 1188 см-1) колебания С–О связи сложного эфира; 
валентные (1723 см-1) колебания С=О связи сложного эфира; 
валентные (1240 см-1) колебания С–N связи. Нужно заметит, что не 

наблюдаются полосы поглощения, в области 1630-1635 см⁻¹, 
характерные для винильной группы (рис. 1).  

 
Рисунок 1. ИК-спектр сополимера N-винилкарбазола со бутилметакрилатом 

Характериктическую вязкость сополимера ВК-со- БМА определяли 
в растворе бензола при 21°C с помощью вискозиметра Оствальда (табл. 
1). Для сополимера ВК-со-БМА [η] = 1,13 дл/г. Вязкость определяли для 
сополимера ВК-со-БМА с содержанием ВК – 24.70 и БМА – 75.30 мол.%. 

Константы сополимеризации мономеров ВК (М1) и БМА (М2) были 
определены методом Фейнемана-Росса (таблица 1). Полученные 
значения констант сополимеризации r1 и r2 (r1<r2) указывают на то, что 
мономер М1 проявляет более низкую активность в радикальной 
сополимеризации, чем мономер М2, и это различие обусловлено 
химической природой и активностью молекул в мономерах М1 и М2. 
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Исходной смеси мономеров осуществлена сополимеризация при 
различных соотношениях исходных мономеров. На основании 
результатов химического определения функциональных групп, были 
вычислены соотношения мономерных единиц в макромолекуле 
сополимеров, полученных на малых глубинах превращения (до 10%) 

 
Таблица 1. Влияние условий сополимеризации на выход и состав сополимеров на 
основе мономеров ВК (M

1
) и БМА (M

2
). Растворитель – бензол, инициатор – ДАК, 

температура 70-80C) 

Состав исходной 
смеси мономеров, 

мол, % 
Конверсия, 

% 

Состав сополимеров, 
мол, % r1 r2 

[η], 
дл/г  

[M
1
] [M

2
] [m

1
] [m

2
] 

10 90 8.2 4.61 95.39 

0.05 2.2 1.13 

25 75 7.3 25.25 74.75 

50 50 9.6 24.70 75.30 

75 25 8.7 39.87 60.13 

90 10 7.2 53.82 46.18 

 
Увеличение количества ВК в исходной смеси в диапазоне 10–90 

мол. % приводит к увеличению мол. % групп карбазольного типа в 
составе сополимеров до ~4,61–53,82 мол. %. 

С помощю прибора Абемат 200 была устоновлена оптическая 

прозрачность сополимера (
20

Dn = 1.5410). 

Изменяя в исходной смеси молярное соотношение ВК и ВМА, 
можно в значительной степени изменить состав синтезированной 
макромолекулы. С увеличением фрагмента m1 в сополимере ВК-со-
ВМА возрастает его термостойкие свойства, а увеличивая фрагмент m2 
возрастает светопреломление полимера.  

Полученный сополимер ВК-со-ВМА обладает достаточно высокой 
оптической прозрачностью. Полимер может быть использован в 
производстве нужных деталей в оптике, микро- и оптоэлектронике. 
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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. 
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Xülasə - Aparılmış tətdiqat işində dizel yanacağının müasir standartlara uyğun olması 

üçün oksidləşdirici kükürdsüzləşmə prosesi mərhələli şəkildə həm adi, həm də ultrasəsli 
kavitasiya şəraitində aparılmıışdır. Belə ki, nəticəyə əsasən  1 mərhələdə alınan nəticələrdə 
kükürdün miqdarı 0,0496% olan dizel fraksiyasının  37%- li hidrogen peroksid və sirkə 
turşusundan katalizator kimi istifadə etməklə oksidləşdirici kükürdsüzləşmə prosesində 
kükürdsüzləşmə dərəcəsi 27,8%, ultrasəsli kavitasiya təsirində isə 56,8% təşkil edir. 2 
mərhələdə alınan nəticələrdə  isə kükürdün miqdarı 0,0214% olan dizel fraksiyasının 37%- li 
hidrogen peroksid və sirkə turşusundan katalizator kimi istifadə etməklə oksidləşdirici 
kükürdsüzləşmə prosesində kükürdsüzləşmə dərəcəsi 37,3%, ultrasəsli kavitasiya təsirində 
isə 94,8% təşkil edir. 

Açar sözlər: dizel fraksiyası, oksidləşdirici kükürdsüzləşrmə, hidrogen peroksid, 
ultrasəsli kavitasiya 

 

Giriş 
Son dövrdə bir çox ölkələrdə iqtisadi artım tempinin yüksəlməsi, yeni 

nəqliyyat dəhlizlərinin və marşrutlarının istismara verilməsi, avtomobil parkı-
nın genişlənməsi, eləcə də mühərrik yanacaqlarının istehsal və istehlak həc-
minin artması qlobal miqyasda müşahidə olunan əsas tendensiyalardandır. 
Lakin bu dinamika ətraf mühitə antropogen təsirin güclənməsinə və müxtəlif 
ekoloji problemlərin kəskinləşməsinə səbəb olur. Bu baxımdan, sərt ekoloji 
normalara cavab verən, aşağı emissiyalı dizel yanacaqlarının istehsalı neft 
emalı sənayesinin prioritet və aktual istiqamətlərindən biri kimi qalmaqdadır. 
Hazırda dizel yanacağının keyfiyyət göstəricilərinə dair beynəlxalq standart-
lar çərçivəsində olduqca ciddi tələblər irəli sürülür. Bu tələblərə əsasən, ilk 
növbədə yanacağın tərkibində olan kükürdlü birləşmələr, aromatik karbohid-
rogenlər, həmçinin azot və oksigen tərkibli birləşmələrin miqdarının minimu-
ma endirilməsi və ya tamamilə kənarlaşdırılması zəruridir. Ekoloji baxımdan 
təhlükəsiz dizel yanacaqlarının əldə olunmasında kükürdsüzləşdirmə pro-
sesləri xüsusi əhəmiyyət kəsb edir. Ənənəvi hidro-kükürdsüzləşdirmə pro-
sesləri, adətən, 350–500°C temperatur intervalında və 3–7 MPa hidrogen 
təzyiqində həyata keçirilir. Bu isə yüksək enerji sərfi, bahalı katalitik system-
lərin tətbiqi və iri həcmli kapital qoyuluşları tələb edir. Bununla əlaqədar 
olaraq, yüksək temperatur və yüksək hidrogen təzyiqi olmadan reallaşdırıla 
bilən oksidləşdirici kükürdsüzləşdirmə prosesi alternativ və perspektiv metod 
kimi qiymətləndirilir [Rakhmanov E.V., 2014, 49-52]. Sözügedən proses həm 
ənənəvi şəraitdə, həm də müxtəlif fiziki təsirlərin, o cümlədən ultrasəsli 
kavitasiya effektinin tətbiqi ilə həyata keçirilə bilər. Ultrasəsli kavitasiya – 
maye mühitə 20 kHz yüksək tezlikli ultrasəs dalğalarının ötürülməsi nəticə-
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sində mikroölçülü kavitasiya qabarcıqlarının yaranması və onların ani partla-
ması ilə xarakterizə olunan fiziki-kimyəvi hadisədir. Qabarcıqların dağılması 
zamanı lokal olaraq 1000 K-ə qədər temperatur və 1000 atm-a qədər təzyiq 
formalaşır ki, bu da kimyəvi reaksiya-ların intensivləşməsinə, molekulyar 
səviyyədə parçalanma proseslərinin baş verməsinə və reagentlər arasında 
kütləötürmənin sürətlənməsinə səbəb olur. Ultrasəsli kavitasiya texnologiya-
sı maye sistemlərin homogenləşdirilməsi, qarışdırılması və müxtəlif çevrilmə 
reaksiyalarının effektivliyinin artırılması məqsədilə geniş tətbiq olunur [ 
Məmmədova, T.A., 2019,72, Мамедова,Т.А., 2019, 11-14 ]. Neft emalı səna-
yesində bu metod oksidləşdirici kükürdsüzləş-dirmə prosesində reagentlərin 
daha səmərəli qarşılıqlı təsirini təmin etməklə reaksiya müddətinin 
azalmasına və prosesin məhsuldarlığının yüksəlməsinə şərait yaradır. 

Təcrübi hissə 
Aparılan tədqiqat işində dizel yanacağının oksidləşdirici kükürdsüzləş-

dirmə prosesi 37%-li hidrogen peroksid və sirkə turşusundan katalizator kimi  
istifadə etməklə 80–90°C temperatur intervalında 6 saat müddətində həm 
ənənəvi şəraitdə, həm də 20 kHz tezlikli ultrasəsli kavitasiya təsiri altında 
həyata keçirilmişdir. Proses ardıcıl iki mərhələdə təşkil olunmuş və əldə edilən 
nəticələr müqayisəli şəkildə təhlil edilərək müvafiq cədvəldə təqdim edilmişdir. 

Dizel fraksiyasının oksidləşdirici kükürdsüzləşmə prosesində mərhələli 
şəkildə adi şəraitdə və ultrasəsli kavitasiya təsirində 37%-li hidrogen peroksid 
və sirkə turşusundan katlizator kimi istifadə etməklə kükürdsüzləşdirmə 
dərəcəsi 

 Qarışıq 

İlkin dizel 
fraksiyasında 

kükürdün 
miqdarı 
%, küt 

Təcrübədən 
sonra 

kükürdün 
miqdarı 
%, küt 

Kükürdsüzləşmə 
dərəcəsi % 

I Mərhələ 

1 

10% katalizator 
CH3COOH / H2O2 
Dizel  fraksiyası 

adi şəraitdə 

 
0,0496 

 
0,0358 27,8 

 
2 

10% katalizator 
CH3COOH / H2O2 

Dizel fraksiyası 
ultrasəsli kavitasiya təsirində 

 
0,0496 

 
0,0214 56,8 

II Mərhələ 

 
1 

10% katalizator 
CH3COOH / H2O2 
Dizel  fraksiyası 

adi şəraitdə 

 
0,0214 

 
0,0134 37,3 

2 

10% katalizator 
CH3COOH / H2O2 

Dizel fraksiyası 
ultrasəsli kavitasiya təsirində 

 
0,0214 

 
0,011 94,8 

Nəticə 
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1 mərhələdə alınan nəticələrdə kükürdün miqdarı 0,0496% olan dizel 
fraksiyasının  37%- li hidrogen peroksid və sirkə turşusundan katalizator kimi 
istifadə etməklə oksidləşdirici kükürdsüzləşmə prosesində kükürdsüzləşmə 
dərəcəsi 27,8%, ultrasəsli kavitasiya təsirində isə 56,8% təşkil edir. 2 
mərhələdə alınan nəticələrdə  isə kükürdün miqdarı 0,0214% olan dizel 
fraksiyasının 37%- li hidrogen peroksid və sirkə turşusundan katalizator kimi 
istifadə etməklə oksidləşdirici kükürdsüzləşmə prosesində kükürdsüzləşmə 
dərəcəsi 37,3%, ultrasəsli kavitasiya təsirində isə 94,8% təşkil edir. Dizel 
fraksiyasının oksidləşdirici kükürdsüzləşmə prosesində ultrasəsli kavitasiya 
tətbiq edildikdə əldə olunan nəticələr göstərir ki, yanacaq Avro-5 standartının 
tələblərinə uyğundur. 
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Резюме. В условиях реакции Кондакова электрофильное присоединение 

хлорангидрида фуранкарбоновой кислоты к хлористому аллилу протекает по правилу 
Марковникова и приводит к образованию соответствующего 1-фурил-4-хлорбут-2-ен-1-
она. Последующее взаимодействие полученного хлорзамещённого непредельного 
кетона со вторичными аминами приводит к формированию производных 
кетопропенилирования соответствующих аминов. 

Ключевые слова: хлорсодержащий α,β-непредельный кетон, хлорангидрид 
фуран карбоновой кислоты, аминокетоны 
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ВВЕДЕНИЕ 

Значимость галогенсодержащих непредельных кетонов и аминоке-
тонов в органической химии трудно переоценить. Эти соединения 
рассматриваются как перспективные объекты для практического при-
менения в различных сферах деятельности человека. Обладая высо-
кой реакционноспособностью, непредельные хлоркетоны и аминокето-
ны находят широкое применение в органическом синтезе в качестве 
перспективного синтонов для получения разнообразных ациклических 
и гетероциклических структур (Поткин, В.И., 2010, Потиха, Л.М., 2020)   
На их основе разработаны препаративные методы синтеза ряда 
полезных соединений, включая биологически активные вещества 
[Hammouda, M.M., 2022, Gadzhili R.A., 2015]. 

В структуре галогенсодержащих непредельных кетонов присутству-
ют три функционально активных реакционных центра – карбонильная 
группа, сопряжённая кратная связь и атом галогена, что обуславливает 
возможность нуклеофильного взаимодействия как по отдельным цент-
рам, так и по нескольким одновременно. Одновременное влияние этих 
центров друг на друга приводит к повышенной химической активности 
данных соединений и открывает широкие возможности для их приме-
нения в тонком органическом синтезе [Guo, H. 2021, Zhang, T.S., 2019]. 
Вследствие доступности исходных реагентов и одностадийного харак-
тера процесса, метод получения галогенсодержащих непредельных ке-
тонов посредством ацилирования непредельных соединений хлоран-
гидридами карбоновых кислот сохраняет свою актуальность и в настоя-
щее время, оставаясь одним из перспективных синтетических подходов. 

ЭКСПЕРИМЕНТАЛЬНАЯ ЧАСТЬ 
Метод синтеза 1-фурил-4-хлорбут-2-ен-1-она (1). К суспензии 28 

г (0.2 моль) хлористого алюминия в 60 мл дихлорэтана при постоянном 
перемешивании по каплям добавляют 0.2 моль хлорангидрида 
фуранкарбоновой кислоты при температурах -15÷-10°С. Затем при той 
же температуре в течение 1 часа постепенно прибавляют 18 мл (0.1 
моль) аллилхлорида. После окончания прибавления хлористого аллила 
реакционную массу продолжают интенсивно перемешивать еще 1 час 
при той же температуре, после чего полученную смесь выливают на 
ледяную воду. Органической слой отделяют от водного слоя, 
промывают водой, водный слой экстрагируют эфиром. Эфирные 
экстракты объединяют, сушат над хлоридом кальция и после отгонки 
растворителя проводят вакуумную перегонку. 

Метод синтеза 1-фурил-4-диалкиламино (морфолино) бут-2-ен-
1-онов (2-4). 

К раствору 0.2 моль соответствующего вторичного амина и 30 мл 
диэтилового эфира при перемешивании и при температуре 10-15°С по 
каплям прибавляли 0.1 моля 1-фурил-4-хлорбут-2-ен-1-она (1). 



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

65 

Поддерживая температуру в пределах 20-25°С реакционную смесь 
перемешивали в течение 3 часов. После охлаждения реакционную 
смесь промывали водным раствором карбоната натрия, экстрагировали 
диэтиловым эфиром. Затем органический слой и эфирные вытяжки 
соединяли и сушили над сульфатом магния. После удаления 
растворителя остаток подвергали вакуумной перегонке. 

РЕЗУЛЬТАТЫ И ОБСУЖДЕНИЕ 

Путём ацилирования аллилхлорида хлорангидридом фуранкарбо-
новой кислоты по Кондакову – Крапивину был синтезирован 1-фурил-4-
хлорбут-2-ен-1-он. Установлено, что при повышенных температурах 
данная реакция не протекает избирательно, а при комнатной 
температуре сопровождается образованием смолистых побочных 
продуктов, идентификация которых оказалась затруднительной. 

Целью настоящего исследования являлась разработка рациональ-
ных синтетических подходов к получению хлорсодержащих непредель-
ных кетонов и соответствующих аминопроизводных. Экспериментально 
установлено, что ацилирование хлорсодержащих непредельных соеди-
нений аллильного типа в присутствии эквимолярного количества хло-
ристого алюминия в среде дихлорэтана при температурах –15–10°C 
приводит к образованию 1-фурил-4-хлорбут-2-ен-1-она (1) с выходом 
75%. Реакция кетона (1) с двукратным молярным избытком вторичных 

аминов (диметиламина, диэтиламина, морфолина) в среде диэтилового 
эфира протекает по механизму нуклеофильного замещения атома 
хлора на диалкиламиногруппу, что приводит к образованию 1-фурил-4-
диалкиламинобут-2-ен-1-онов (2–4) с выходами 69–76%. Избыток 

вторичного амина выполняет роль акцептора хлористого водорода, 
выделяющегося в протекание реакции, предотвращая подкисление 
реакционной среды. 

 

 
Схема 

Состав и строение синтезированных соединений (1-4) установлены 
по данным элементного анализа, ИК и 1Н ЯМР спектров. ИК-спектры 
синтезированных соединений были зарегистрированы на Фурье-
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спектрофотометре Protoge-460 в тонком слое в диапазоне 400–4000 

см⁻1. Спектры 1H ЯМР записывали на спектрометре Bruker Avance-300  
в растворе CDCl3, химические сдвиги определяли относительно тетра-
метилсилана (ТМС). Чистоту синтезированных соединений контролиро-
вали методом тонкослойной хроматографии (ТСХ) на пластинах Silufol 
UV-254, в качестве элюентов использовали систему гексан–эфир. 

В ИК спектрах синтезированных соединений (1-4) наличие фуриль-

ного фрагмента подтверждается полосами поглощения в области 

ν=3165–3125 см⁻1 (валентные колебания C–H гетероароматического 

кольца), 1685–1645 см⁻1 (колебания C=C фуранового цикла), 1125–1100 
см⁻1 (колебания связи C–O–C). В ИК спектре 1-фурил-4-хлорбут-2-ен-1-
она (1) кроме полосы поглощение фурильного фрагмента наблюдаются 

характерные полосы при ν=1725 и 1661см⁻¹, соответствующие валент-
ным колебаниям карбонильной группы в s-cis- и s-trans-конформациях. 

Полосы при 1635 и 971 см⁻1 отнесены к валентным и внеплоскостным 
деформационным колебаниям двухзамещённой винилной группы с 
транс-конфигурацией. Полоса поглощения при 706 см⁻1, соответствую-
щая колебаниям связи C–Cl, присутствует в ИК спектре исходного хло-
ркетона и полностью исчезает в спектрах соответствующих аминокето-
нов, что подтверждает замещение атома хлора диалкиламиногруппой. 

В 1H ЯМР спектрах непредельного кетона и аминокетонов (1–4) 
наблюдаются характерные сигналы фурильного фрагмента в области δ 
= 6.23–7.35 м.д., соответствующие протонам гетероароматического 
кольца фурана. В 1Н ЯМР спектре 1-фурил-4-хлор-2-бутен-1-она (1) 
обнаружены сигналы в областях δ, м. д.: 4.19 д (2Н, СН2), 6.20-6.75 м 
(2Н, СН=СН). А в 1Н ЯМР спектрах диалкиламинов (2-4), кроме 

характерных мультиплетных сигналов протонов СН=СН фрагмента, 
наблюдаются характерные сигналы протонов диалкиламино и 
морфолинового заместителей, что полностью согласуется с 
предполагаемой структурой соединений: 1.88 с [6Н, N(СН3)2] (2), 1.87 c 
и 3.08 м [6Н, N(СН2-СН3)2 и 4H, N(СН2-СН3)2] (3),  2.42 т и 3.64 т [4H, 
N(CH2)2 и 4H, N(CH2)2O] (4). 

Таким образом, разработанный метод позволяет эффективно 
получать функционально замещённые α,β-ненасыщенные аминокетоны 
с фурильным фрагментом, представляющие интерес для дальнейших 
исследований в области синтеза гетероциклических соединений и 
потенциального фармакологического применения. 
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НОВАЯ ТЕХНОЛОГИЯ ДЛЯ БОРЬБЫ С ОСЛОЖНЕНИЯМИ В 
ПРОЦЕССЕ ДОБЫЧИ НЕФТИ 
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Резюме - Проблемы, возникающие в результате образования отложений 

асфальтенов, смол, парафинов и солей (АСПСО) в трубопроводах при добыче и 
транспортировке высоковязкой нефти, остаются постоянной проблемой для нефтяной 
промышленности. Несмотря на разработку большого количества депрессорных 
присадок против отложения АСПСО, полностью устранить эту проблему не удалось. 
Поэтому разработка универсальных и эффективных депрессантов против отложения 
АСПСО остается актуальной задачей. Учитывая это, в данной работе был получен и 
исследован новый универсальный и эффективный депрессант против отложения 
АСПСО.  

Ключевые слова: нефть, скважина, реагент, солевые отложения, парафиновые 
отложения, эффективность, осложнения, трубопровод, присадка, добыча 

 
Введение 

В настоящее время одной из основных проблем при разработке 
нефтяных месторождений Азербайджана является отложение АСПСО 
на нефтепромысловом оборудовании и применение методов борьбы с 
этими отложениями. На основе анализа проблемы борьбы с АСПСО 
установлено, что в последнее время на промыслах нефтегазодобываю-
щих управлений увеличилось количество эксплуатируемых парафинис-
тых скважин. Под понятием парафинистых скважин понимаются сква-
жины, нормальная эксплуатация которых в течение года обеспечива-
ется проведением тех или иных мероприятий по предотвращению 
отложения парафина. АСПСО  в зависимости от характеристик скважин, 
наблюдаются на различных участках нефтепромыслового оборудова-

https://www.mathnet.ru/php/organisation.phtml?option_lang=rus&orgid=6484
https://www.mathnet.ru/php/organisation.phtml?option_lang=rus&orgid=6484
cemale.q.qenberova@socar.az
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ния при добыче и транспортировке нефти. Так, частицы АСПСО откла-
дываются в насосно-компрессорных трубах, штангах, узлах насосной 
установки, устьевом оборудовании, выкидных линиях, коллекторах, 
измерительных установках и т.д., что приводит к снижению добычи. 

Как в стране, так и за рубежом значительное количество научных 
работ посвящено физико-химическим факторам, влияющим на выде-
ление АСПСО из нефти, а также механизму процесса АСПО  в нефте-
промысловом оборудовании [1-8]. Однако решение указанных проблем 
по-прежнему остается актуальным. С учетом этой актуальности был 
разработан новый состав для борьбы с АСПСО. 

Экспериментальная часть. 

Данная работа посвящена разработке нового эффективного сос-
тава для понижения температуры застывания и улучшения вязкостных 
свойств высоковязких нефтей.С учётом вышеизложенного был разрабо-
тан новый реагент NDP-22M-2, представляющий собой синергетичес-
кую смесь неионогенных поверхностно-активных веществ с органичес-
кими растворителями, предназначенный для обработки высокопарафи-
нистых и высоковязких нефтей. 

Реагент NDP-22M-2 при транспортировке высоковязких парафинис-
тых нефтей улучшает текучесть нефти, предотвращает образование 
парафиновых отложений, снижает температуру застывания и вязкость 
нефти, тем самым облегчая её транспортировку.  

Лабораторные испытания проводились в два этапа в соответствии 
с методикой «Оценка эффективности ингибиторов парафиноотложений 
комплексного действия».  

Первый этап рассматривается как ориентировочный экспресс-ме-
тод [9-11]. В соответствии с этим методом определяется растворимость 
ингибитора в нефтепродуктах и растворителях. Для приготовления си-
нергетических композиций компоненты вводят в колбу в установленных 
массовых соотношениях и перемешивают при комнатной температуре 
в течение 0,5–1,0 часа. При необходимости перемешивание проводят 
при температуре 40–45 °C. 

Следует отметить, что компоненты, входящие в состав композиции, 
по отдельности не обладают депрессорными свойствами. Однако в 
составе композиции благодаря синергетическому эффекту они прояв-
ляют выраженные депрессорные свойства по отношению к высокопара-
финистым и высоковязким нефтям. 

В начале исследований проверялось действие NDP-22M-2 для 
снижения температуры застывания и улучшения вязкостных свойств 
высокопарафинистых нефтей в частности на кинематическую вязкость, 
плотность и температуру застывания нефтей НГДУ им. Н.Нариманова. 
Нефть Н.Наримановского НГДУ является высокопарафинистой и 
содержание парафина составляет около 20 %. Плотность и 
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кинематическая вязкость определены на приборе Штабингер SVM 300. 
Температурa застывания определяется по ГОСТУ 20287–74. 
Депрессорный эффект (∆Т) вычисляется по формуле: 

∆Т= (Тзаст.исх-Тзаст.пр) 
Здесь: 

Тзаст.исх – температура застывания исходной нефти,  
Тзаст.пр - температура застывания нефти после обработки присадкой. 

Концентрация присадки составляет 0,02 % масс. нефти. Результаты 
проведенных исследований показаны в таблице.  

 
Таблица. Физические параметры нефти до и после добавления реагента 

№ 
скв 

Кинематическая вязкость 
до добавления реагента, 

мм²/с 

Кинематическая вязкость после добавления 
реагента, мм²/с 

1 2 3 4 5 6 

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

456 Нетекучая (густая нефть) 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 

Скв 
№ 

Плотность нефти до 
добавления реагента, 

г/см³ 

Плотность нефти после добавления реагента, г/см³ 

1 2 3 4 5 6 

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

456 Нетекучая (густая нефть) 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 

Скв 
№ 

Застывания нефти до 
добавления реагента, °C 

Застывание нефти после добавления реагента, °C 

1 2 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 

Как видно из таблицы, новый состав, приготовленный для пониже-
ния температуры застывания и улучшения вязкостных свойств высоко-
парафиновых нефтей, позволяет понизить температуру застывания и 
улучшить вязкостные свойства.  
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Выводы и обсуждение. 

1. Предлагаемый реагент является универсальным по своему ха-
рактеру и дает положительные результаты для всех типов высокопара-
финовых и высоковязких нефти. 

2. При добавлении реагента к высокопарафинистым и высоко-
вязким нефтям, замерзающим при +22 °C, температура замерзания 
снижается до -20 °C. 

Предложения 

NDP-22M-2 предназначен для предотвращения образования АСПО 
в скважинах и на поверхности нефтепромыслового оборудования, а 
также для улучшения текучести высокопарафинистых и высоковязких 
нефтей. NDP-22M-2 обеспечивает эффективную защиту от SPSO в 
безводных и маловодных средах, улучшает реологические свойства 
нефтей и снижает их вязкость при низких температурах. В связи с 
вышесказанным рекомендуется использовать реагент NDP-22M-2 на 
нефтяных месторождениях. 
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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 l/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). 

 

Indicator name 
The norm for 

road petroleum 
bitumen 50/70 

Air flow rate, l/min 

0.5 0.6 

Without adding a catalyst 

Oxidation time, h - 25 15 

Softening point according to GOST, °С 46-54 46 46 

Fraass breaking point, °С ≤-15 -25 -23 

Ductility at 25 °С, mm ≥55 87 ˃100 

Penetration at 25 °С 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, °С 46-54 46.7 49.4 

Fraass breaking point, °С ≤-15 -20 -25 

Ductility at 25 °С, mm ≥55 99 ˃100 

Penetration at 25 °С 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 
№ AEF-MGS-2025-1(54) -20/16/4-M-16 
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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 [Paiа Z.P., Parmonа V.N., 
Bukhtiyarovа 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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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., Ibrahimov 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 yield 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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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–Co/γ-Al₂O₃ compared to precious-metal catalysts. 

Keywords: Upgrading biofuel, hydrodenitrogenation (HDN), Ni–Co/γ-Al₂O₃, 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 –Al2O3 catalyst bed together with 0.1 
HCl 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. 

 

 
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-Al2O3, 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)  
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Xülasə - Parafinsizləşmə prosesi neft fraksiyalarından yüksək ərimə temperaturuna 

malik normal parafinlərin ayrılması məqsədilə aparılır və əsasən yağların axıcılıq 
temperaturunun aşağı salınmasına xidmət edir. Bu prosesdə temperatur amili həlledici rol 
oynayır, çünki parafinlərin kristallaşması birbaşa istilik şəraitindən asılıdır. 

Temperaturun aşağı salınması nəticəsində məhlulda həll olmuş parafinlər doyma 
həddinə çatır və kristallaşma başlayır. Kristallaşma temperaturu nə qədər düzgün seçilərsə, 
əmələ gələn kristalların ölçüsü və forması bir o qədər filtrasiya üçün əlverişli olur. Çox sürətli 
soyutma xırda və kolloid xarakterli kristalların yaranmasına səbəb olur ki, bu da filtrasiya 
prosesini çətinləşdirir. Əksinə, mərhələli və nəzarətli soyutma iri və yaxşı formalaşmış 
kristalların alınmasını təmin edir və ayrılma səmərəliliyini artırır. 

Açar sözlər: parafinsizləşmə, neft fraksiyaları,karbohidrogen, kristallaşma, həlledici 
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Giriş 

Parafinsizləşmə prosesi neft fraksiyalarından yüksək molekullu n-
parafinlərin ayrılması yolu ilə məhsulun aşağı temperatur xüsusiyyətlərinin  
yaxşılaşdırılmasına xidmət edir. Bu prosesdə temperaturun rolu mühümdür, 
çünki parafinlərin kristallaşma qabiliyyəti birbaşa istilik rejimindən asılıdır. 
Temperaturun azaldılması nəticəsində parafin karbohidrogenləri məhluldan 
kristal şəklində ayrılır, onların ölçüsü, forması və filtrasiya qabiliyyəti isə 
soyutma sürəti və son temperaturla müəyyən olunur. 

Optimal temperatur rejimi seçilmədikdə kristalların həddən artıq xırda və 
ya yapışqan quruluşda əmələ gəlməsi filtrasiya prosesini çətinləşdirir və 
məhsul çıxımını azalda bilər. Eyni zamanda, həddindən artıq aşağı 
temperatur enerji sərfiyyatını artırır və iqtisadi səmərəliliyi azaldır. Buna görə 
də parafinsizləşmə prosesində temperaturun mərhələli və nəzarətli şəkildə 
tənzimlənməsi həm texnoloji, həm də iqtisadi baxımdan əsas amillərdən biri 
hesab olunur. 

Beləliklə, temperatur amili parafinlərin kristallaşma kinetikasını, faza 
tarazlığını və son məhsulun keyfiyyət göstəricilərini müəyyən edən əsas 
parametrlərdən biri kimi çıxış edir və prosesin effektivliyinin artırılmasında 
mühüm əhəmiyyət daşıyır. 

Ekspremental hissə 
Parafinsizləşmə prosesi neft fraksiyalarının aşağı temperaturlu istismar 

göstəricilərinin yaxşılaşdırılması məqsədilə aparılan mühüm texnoloji 
mərhələlərdən biridir. Bu prosesdə temperatur əsas tənzimləyici parametr 
kimi çıxış edir və parafin kristallarının əmələ gəlməsi, böyüməsi, 
aqreqasiyası və ayrılması mərhələlərinə birbaşa təsir göstərir. Təqdim 
olunan tezisdə temperaturun parafinsizləşmə prosesində rolu fiziki-kimyəvi 
və texnoloji baxımdan təhlil olunur, kristallaşma kinetikası və selektivlik 
məsələləri ilkin tədqiqat mərhələsi səviyyəsində ümumiləşdirilir. 

Neft fraksiyalarının tərkibində olan normal quruluşlu parafin 
karbohidrogenləri aşağı temperaturda kristallaşaraq məhsulun axıcılıq 
qabiliyyətini azaldır, donma temperaturunu yüksəldir və nəqliyyat zamanı 
texniki çətinliklər yaradır. Xüsusilə dizel fraksiyaları və yağ distillyatları üçün 
bu problem daha aktualdır. Parafinsizləşmə prosesi həmin bərk parafinlərin 
seçici şəkildə ayrılmasına əsaslanır. [Elijah Bell, 2024, 6-34] 

Prosesin effektivliyi bir neçə amildən asılı olsa da, temperatur həm 
kristallaşmanın başlanma nöqtəsini, həm də ayrılma dərəcəsini müəyyən 
edən əsas parametrlərdən biridir. Buna görə də temperaturun təsirinin 
öyrənilməsi parafinsizləşmənin optimallaşdırılmasında ilkin və vacib mərhələ 
hesab olunur. 

Parafinlərin ayrılması əsasən kristallaşma hadisəsinə əsaslanır. 
Temperatur azaldıqca sistemdə həllolma qabiliyyəti zəifləyir və müəyyən 
kritik nöqtədə parafin molekulları kristal tor formalaşdırmağa başlayır. 
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Kristallaşma iki mərhələdə baş verir: Birinci halda nüvələnmə (nucleation) 
– ilk kristal mərkəzlərinin yaranması; ikinci halda kristalların böyüməsi – 
əmələ gəlmiş nüvələrin ölçücə artması. 

Temperaturun sürətlə azaldılması çoxsaylı xırda kristalların əmələ 
gəlməsinə səbəb olur. Bu halda filtrasiya çətinləşir və ayrılma effektivliyi 
aşağı düşə bilər. Əksinə, temperaturun tədricən və nəzarətli şəkildə 
azaldılması iri və yaxşı formalaşmış kristalların yaranmasına şərait yaradır 
ki, bu da mexaniki ayrılmanı asanlaşdırır. 

Beləliklə, soyutma sürəti və son temperatur kristal ölçüsünü və prosesin 
texnoloji göstəricilərini müəyyən edir. [Seyfullayev ,2024, 71–80] 

Həlledici iştirakı ilə aparılan proseslərdə temperatur daha mürəkkəb rol 
oynayır. Həlledici–xammal sistemində soyutma zamanı parafinlərin həllolma 
qabiliyyəti kəskin azalır. Temperatur aşağı düşdükcə kristallaşma 
intensivləşir, lakin həddindən artıq aşağı temperatur viskozluğu artıraraq 
qarışdırma və filtrasiya mərhələsini çətinləşdirə bilər. 

Bundan əlavə, temperatur həlledicinin seçiciliyinə də təsir göstərir. 
Müəyyən temperatur intervalında parafinlər çöksə də, digər karbohidrogenlər 
maye fazada qalır. Buna görə temperaturun düzgün seçilməsi enerji 
sərfiyyatının azaldılması və məhsul keyfiyyətinin yüksəldilməsi baxımından 
vacibdir. [Gabriel Santos ,2024, 36-44] 

Nəticələr və onların müzakirəsi 

Parafinsizləşmə adətən aşağı temperatur şəraitində aparıldığı üçün 
soyutma sistemləri əlavə enerji tələb edir. Temperatur nə qədər aşağı 
seçilərsə, enerji sərfiyyatı bir o qədər artır. Buna görə də texnoloji baxımdan 
optimal temperatur yalnız maksimal parafin ayrılması deyil, həm də iqtisadi 
səmərəlilik meyarları nəzərə alınmaqla müəyyən edilməlidir. 

Təkliflər 
1. Gələcək tədqiqatlarımızda İlkin eksperimental yanaşmayada 

tədqiqatın başlanğıc mərhələsində müxtəlif temperatur intervallarında 
kristallaşma başlanğıc nöqtəsinin müəyyən edilməsi 

2. Soyutma sürətinin kristal ölçüsünə təsirinin qiymətləndirilməsi  
3. Filtrasiya müddətinin temperaturdan asılılığının öyrənilməsi 
4. Donma temperaturunun və axıcılıq həddinin dəyişməsinin təhlili 

məsələlərinin öyrənilməsi qarşıya qoyulan məqsədlərimizdəndir. 
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MÜXTƏLİF METİLLƏŞDİRİCİ REAGENTLƏRİN NAFTOLLARLA 
REAKSİYASİNİN İLKİN TƏDQİQİ 
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Xülasə - Naftollar aromatik hidroksilli birləşmələr sinfinə aid olub üzvi sintezdə mühüm 
aralıq məhsullar hesab olunur. Onların metilləşməsi nəticəsində həm O-metilləşmiş efirlər, 
həm də C-metilləşmiş alkil törəmələri əldə edilə bilər. Təqdim olunan tezisdə tədqiqat işində 
müxtəlif metilləşdirici reagentlərin naftollarla reaksiyasının istiqaməti, selektivliyi və proses 
parametrlərindən asılılığı araşdırılır. Məqsəd müxtəlif reagentlərin müqayisəli 
qiymətləndirilməsi və gələcək optimallaşdırma üçün ilkin eksperimental baza 
formalaşdırmaqdır. 

Açar sözlər: 1-naftol , 2-naftol, metanol, metilnaftol, C-metilləşmə, O-metilləşmə 
 

Giriş 

Naftollar (1-naftol və 2-naftol) aromatik hidroksibirləşmələr sinfinə aid 
olub, boyalar, farmasevtik maddələr, antioksidantlar və funksional polimer 
əlavələrinin sintezində mühüm aralıq məhsullar kimi istifadə olunur. Onların 
metilləşdirilməsi nəticəsində əmələ gələn O-metil və C-metil törəmələri bioloji 
aktivlik, lipofillik və stabillik baxımından əhəmiyyətli dəyişikliklər nümayiş 
etdirir. Buna görə də naftolların selektiv və effektiv metilləşdirilməsi üzvi 
sintezdə aktual istiqamətlərdən biridir. 

Metilləşmə reaksiyası həm oksigen atomu üzrə (O-metilləşmə), həm də 
aromatik nüvənin aktiv mövqeləri üzrə (C-metilləşmə) baş verə bilər. Reaksi-
yanın istiqaməti seçilmiş metilləşdirici reagentdən, həlledicidən, katalizatorun 
təbiətindən və temperatur rejimindən asılıdır. Təqdim olunan tezisdə müxtəlif 
metilləşdirici reagentlərin naftollarla reaksiyasının ilkin mərhələdə müqayisəli 
öyrənilməsi və reaksiyanın istiqamətinə təsir edən əsas amillərin müəyyən-
ləşdirilməsi məqsəd qoyulmuşdur. 

Eksperimental  hissə  

Naftol və metilnaftolların istehsalı naftalin və onun metilhomoloqlarına 
əsaslanır. Bu birləşmələrin xammal mənbəyi isə daş kömür və neftdir. Nafta-
lin əsasında metilnaftolların sintezi aromatik sistemlərin mərhələli funksional-
laşdırılmasına əsaslanan klassik və eyni zamanda praktik əhəmiyyətə malik 
istiqamətlərdən biridir.  

Naftalindən metilnaftolların alınması əsasən iki mərhələli sxem üzrə 
aparılır: 

Birinci mərhələdə naftalin metilləşməsi prosesi həyata küçirilir. Naftalinin 
aromatik elektrofil əvəzlənmə reaksiyası ilə metilləşməsi prosesidir. Metilləş-
dirici reagent kimi metanol, metilxlorid və ya dimetilsulfat istifadə oluna bilər. 
Proses adətən Lewis turşuları (AlCl₃, FeCl₃), proton turşuları və ya seolit tipli 
heterogen katalizatorlar iştirakında aparılır. [M. Selva, 2008, 457–464] 
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Metilnaftolların alınmasında 1-naftol, 2-naftolla yanaşı metanoldan istifa-
də olur. Onların təmizliyi xramotoqrafik analiz üsulları və fiziki xassələrinin 
tədqiqi nəticəsində müəyyən edir. 1-naftol və 2-naftolun təmizliyini sublime-
siya yolu ilə 99.9 %-ə qədər qaldırmaq mümkün olmuşdur. Alkilləşdirici kimi 
istifadə olunan metanol isə Y.K.Yuryev tərəfindən göstərilmiş qayda üzrə 
təmizlənir. Metil spirtinin təmizliyi 99.7 % olmuşdur. 

Birinci mərhələdə naftalin molekulunda elektrofil hücum əsasən α-
mövqedə (1-mövqe) baş verir, çünki əmələ gələn σ-kompleks rezonans baxı-
mından daha sabit olur. Nəticədə əsas məhsul kimi 1-metilnaftalin, müəyyən 
miqdarda isə 2-metilnaftalin alınır. Temperaturun və katalizatorun seçilməsi 
izomer paylanmasına birbaşa təsir göstərir. [P. Tundo, 2010, 1233–1235] 

İkinci mərhələdə alınmış metilnaftalin törəməsi selektiv hidroksilləşməyə 
məruz qalır. Bu proses müxtəlif üsullarla həyata keçirilə bilər: 

· Sulfonlaşma → ərimə (qələvi ilə əridilmə) → hidroliz yolu ilə, 

· Oksidləşdirici sistemlərin (məsələn, H₂O₂ əsaslı sistemlər) iştirakı ilə, 
Katalitik oksidləşmə və ya fotokatalitik metodlarla. 
Reaksiyalar laboratoriya şəraitində qarışdırıcı və temperatur nəzarəti 

olan şüşə reaktorda aparılmışdır. İlkin mərhələdə temperatur intervalı orta 
diapazonda saxlanılmış, reaksiya müddəti isə sabit götürülmüşdür. 

Müxtəlif metilləşdirici reagentlərin naftollarla reaksiyasının ilkin mərhələ-
də öyrənilməsi və onların selektivlik xüsusiyyətlərinin təhlili edilməsi zamanı 
seçilmiş metilləşdirici reagentlərin reaksiyaya daxilolma qabiliyyətinin qiy-
mətləndirilməsi, O- və C-metilləşmə məhsullarının paylanmasının müəyyən 
edilməsi, temperatur və reaksiya müddətinin ilkin təsirinin araşdırılması, alın-
mış nəticələrin müqayisəli təhlili öyrənilmişdir [F. Gholipour, 2019 ,984–996] 

Nəticələr və onların  müzakirəsi 

Aparılmış müşahidələr göstərmişdir ki, reagentlərin aktivliyi artdıqca 
reaksiyanın sürəti yüksəlir, lakin selektivlik dəyişə bilər. Daha yumşaq şərt-
lərdə O-metilləşmə üstünlük təşkil etmiş, daha güclü alkilleşdirici sistemlərdə 
isə aromatik nüvədə əvəzlənmə ehtimalı artmışdır. 

Temperaturun artırılması reaksiyanın sürətini yüksəltsə də, bəzi hallarda 
yan məhsulların əmələ gəlməsinə səbəb olmuşdur. Aşağı temperaturda isə 
reaksiya daha selektiv, lakin daha ləng getmişdir. 

Metanol əsaslı sistemlərdə katalizatorun rolu xüsusi əhəmiyyət kəsb 
etmişdir. Turşuluq dərəcəsi artdıqca C-metilləşmə meyli güclənmişdir. Bu fakt 
hidroksil qrupunun protonlaşması və aromatik sistemin aktivləşməsi ilə izah 
oluna bilər. 

Təkliflər:  

1. Gələcək tədqiqatlarımızda metilləşdirici reagentlərin selektivliyinin müqa-
yisəsi tövsiyyə olunur. 

2. Temperaturun selektivliyə təsirinin araşdırılması, baza və həlledici amilinin 
rolunun öyrənilməsi tövsiyyə olunur. 

3. “Yaşıl kimya” yanaşmasının tətbiqi qarşıya qoyulan məqsədlərimizdəndir. 
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Xülasə - Holmium tərkibli üçlü tellurid birləşmələr HoSbTe₃ və HoBiTe₃ dolayı bərk faza 

üsulu ilə sintez edilmiş və onların elektrik keçiriciliyi və Zeebek əmsalı 300–850 K temperatur 
intervalında tədqiq edilmişdir. Bu tədqiqatın məqsədi temperaturdan asılı daşıyıcı 
mexanizmləri qiymətləndirmək və məxsusi keçiricilik sahəsinə əsaslanaraq qadağan olunmuş 
zona dəyərlərini müəyyən etmək olmuşdur. Ölçmələr göstərmişdir ki, elektrik keçiriciliyi üç 
fərqli sahəni əhatə edir: aşqar, keçid və məxsusi keçiricilik. Məxsusi keçiricilik sahəsinin 
Arrenius analizi HoSbTe₃ üçün ∆E=0,22 eV, HoBiTe₃ üçün isə ∆E=0,17 eV olduğu müəyyən 
edilmişdir.  Zeebek əmsalının mənfi olması hər iki birləşmənin n-tip keçiriciliyini və əsas 
yükdaşıyıcıların elektron olduğunu təsdiqləyir. Zeebek əmsalının 600–650 K temperaturuna 
qədər artması və daha yüksək temperaturlarda azalması məxsusi daşıyıcıların artması ilə izah 
olunur. Nəticələr göstərir ki, HoSbTe₃ birləşməsi HoBiTe₃ birləşməsinə nisbətən daha geniş 
qadağan olunmuş zona və termal sabitliyə malikdir. Bu birləşmələr orta temperaturlu 
termoelektrik tətbiqlər və istifadə olunmayan istilik enerjisinin bərpası üçün perspektivlidir. 

Açar sözlər: termoelektrik materiallar; elektrik keçiriciliyi; qadağan olunmuş zona 

 
Giriş 

Termoelektrik materiallar istiliyi birbaşa elektrik enerjisinə çevirir və istifa-
də olunmayan istilik enerjisinin bərpası üçün geniş tədqiq olunur [Goldsmid, 
2010, Rowe, 2006, Snyder & Toberer, 2008, 1–3]. Bi₂Te₃ və Sb₂Te₃ kimi laylı 
quruluşlu telluridli birləşmələri otaq temperaturuna yaxın yüksək termoelek-
trik effektivliyə malikdirlər, çünki onlar mürəkkəb zona quruluşuna malikdirlər. 

Enerji səmərəliliyinin artırılması və istifadə olunmayan istiliyin elektrik 
enerjisinə çevrilməsi qlobal miqyasda enerji təhlükəsizliyi və iqlim dəyişmə-
ləri ilə mübarizə baxımından prioritet istiqamətlərdəndir. Bu baxımdan təqdim 
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olunan tədqiqat aşağıdakı dayanıqlı İnkişaf Məqsədləri ilə birbaşa əlaqəlidir: 
United Nations tərəfindən qəbul edilmiş DİM 7–Əlçatan və Təmiz Enerji, DİM 
9–Sənaye, İnnovasiya və İnfrastruktur, DİM 13-İqlim Dəyişikliyi ilə Mübarizə. 

İkili telluridlərin nadir torpaq elementləri ilə modifikasiyası zona disperse-
yasına, daşıyıcı konsentrasiyasına və keçiricilik mexanizmlərinə əhəmiyyətli 
təsir göstərə bilər [Pei, 2011, Bell, 2008, 4-5]. Bu dəyişikliklərin öyrənilməsi 
termoelektrik performansın optimallaşdırılması üçün vacibdir. 

Bu işdə HoSbTe₃ və HoBiTe₃ birləşmələrinin temperaturdan asılı elektrik 
keçiriciliyi və Zeebek əmsalı araşdırılmışdır. Xüsusi diqqət qadağan olunmuş 
zona qiymətinin müəyyənləşdirilməsi və keçiricilik mexanizminin mərhələli 
keçidinə verilmişdir. 

Eksperimental hissə 

HoSbTe₃ və HoBiTe₃ birləşmələri yüksək təmizlikli elementlərdən dolayı 
bərk faza reaksiyası üsulu ilə sintez edilmişdir. Sintez edilmiş nümunələr 
homogenləşdirilmiş və faz sabitliyinin təmin edilməsi üçün termiki emal 
edilmişdir. [Shelimova et al., 2002, 146–150] 

Elektrik keçiriciliyi (σ) və Zeebek əmsalı (α) 300–850 K temperatur 
intervalında kompensasiya üsulu ilə yüksək həssaslı R-307 potensiometr 
cihazının köməyi ilə ölçülmüşdür.  

Nəticələr və onların müzakirəsi 
Temperaturdan asılı olaraq elektrik keçiriciliyi üç xarakterik sahə göstərir. 

300–450 K intervalında keçiricilik temperaturdan zəif asılıdır və aşqar keçi-
ricilik sahəsinə uyğundur; burada defektlər və stexiometriya pozuntularından 
yaranan daşıyıcılar dominantdır [United Nations, 2015, 1–4]. 

450–650 K intervalında keçid sahəsi müşahidə olunur; burada həm 
aşqar, həm də məxsusi daşıyıcılar keçiriciliyə təsir göstərir. 

650 K-dən yuxarı temperaturda elektrik keçiriciliyi eksponensial olaraq 
artır ki, bu da məxsusi keçiriciliyin dominant olduğunu göstərir. 

Hesablanmış dəyərlər: ΔE(HoSbTe₃)=0,22 eV, ΔE(HoBiTe₃)=0,17 eV müqayisə 

üçün, Sb₂Te₃ və Bi₂Te₃ üçün ədəbiyyatdakı qadağan olunmuş zona dəyərləri 
müvafiq olaraq 0,19 eV və 0,15 eV-dir.  

Termo-e.h.q. əmsalının 500–550 K temperaturuna qədər artır və daha 
yüksək temperaturlarda azalır ki, bu da məxsusi daşıyıcıların artması ilə izah 
olunur. 
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Şəkil 1. HoSbTe3 (1) və HoBiTe3 (2) birləşmələrinin elektrik keçiriciliyinin temperaturdan 

asılılığı. 
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Şəkil 2. HoSbTe3 (1) və HoBiTe3 (2) birləşmələrinin termo-e.h.q. əmsalının  

 
Təkliflər 
Alınmış nəticələr göstərir ki, hər iki material n-tip keçiricilik göstərir və 

orta temperaturlu termoelektrik tətbiqlər üçün perspektivlidir. Bu nəticələr 
istifadə olunmayan istilik enerjisinin bərpası və davamlı enerji texnologiyaları 
üçün əhəmiyyətlidir. [IEA, 2023, IRENA, 2023, UNDP, 2022] 
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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.  
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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, CO2, CO, CS2), 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 cm3 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. 

 
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 II, 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 

№ 
Name of 

foam 
suppressor 

Foam suppressant composition, g 

PMS-
10 

Ethanol NaA HCl 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 0,4 

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). 



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

89 

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 

GTKS-4 foam 
suppressant, mg/l 

Foam quenching time at contact of foaming agent and foaming 
agent, min 

5 10 15 20 25 30 35 40 45 50 55 60 

0,2 
10
9 

10
4 

10
1 

97 94 89 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 15 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/l - 30 min., 
and at a concentration of 2.0 mg/l - 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 
GTKS-5 foam 
suppressant, 
mg/l 

Foam quenching time at contact of foaming agent and foaming 
agent, min 

5 10 15 20 25 30 35 40 45 50 55 60 

0,2 105 
10

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 35 32 22 17 3 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/l - 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 
of GTKS-6 foam 

suppressant, 
mg/l 

Foam quenching time at contact of foaming agent and foaming 
agent, min 

5 10 15 20 25 30 35 40 45 50 55 60 

0,2 
10
0 

93 88 85 79 75 71 67 62 55 50 42 

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 0 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 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 mg/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/l - 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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C]ПИРИДИН-3(2H)-ОНОВ И ИХ ПРОИЗВОДНЫХ 
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Аннотация: Разработан дивергентный синтетический подход к получению серии 

6-алкил-2-(4-гидроксифенил)-4-метил-1H-пирроло[3,4-c]пиридин-3(2H)-онов (1, 2) и их 
производных (3–12) с использованием этилового эфира 4-(хлорметил)-2,6-
диметилникотината в качестве ключевого интермедиата. Реакции включают 
нуклеофильное замещение, ацилирование и образование третичных амидов с 
морфолином. Применение мягких условий, селективность по сложноэфирной группе и 
минимизация побочных продуктов обеспечивают высокие выходы целевых соединений. 
Разработанный подход соответствует принципам устойчивой химии: сокращается 
количество стадий синтеза, повышается атомная экономия, снижается расход 
реагентов и образование отходов. Полученные соединения представляют интерес для 
дальнейшей функционализации и создания потенциально биологически активных 
соединений. 

Ключевые слова: этиловый эфир 4-(хлорметил)-2,6-диметилникотината, 
пирроло[3,4-c]пиридин, п-гидроксианилин, хлорангидриды карбоновых кислот, 
морфолин, третичные амиды пирролопиридинов, дивергентный синтез 

 
ВВЕДЕНИЕ 
Азотсодержащие конденсированные гетероциклы, в частности 

пирроло[3,4-c]пиридины, являются важным классом органических 
соединений благодаря сочетанию двух ароматических фрагментов — 
пиррола и пиридина — и широкому спектру потенциальных свойств и 
применений. Обзорные работы по синтезу таких систем демонстрируют 
разнообразие методов, включая классические аннелирования и 
многоступенчатые стратегии построения гетероциклического ядра 
[Ершов О.В., 2020]. Кроме того, пирроло[3,4-c]пиридиновые 
производные проявляют значительную биологическую активность: они 
исследуются как аналгезирующие и седативные агенты, а также 
изучаются в контексте антимикробной, противовирусной и 
противоопухолевой активности [Wójcicka A.,2021]. Разработка 
устойчивых и эффективных методов их синтеза остаётся актуальной 
задачей синтетической органической химии. Например, 
альтернативные подходы к построению пирроло[3,4-c]пиридинового 
каркаса включают циклизацию и трансформации функционально 
насыщенных предшественников, что подчеркивает потребность в 
новых синтетических тактиках [Kharaneko O.I., 2016]. Важным аспектом 
современных синтетических подходов является соблюдение принципов 
устойчивой химии, включая атомную экономию, сокращение числа 
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стадий и минимизацию отходов [Trost B.M.,1991, Anastas P.T., 1998]. 
Многокомпонентные реакции, включая реакции типа Ugi, также 
расширяют возможности получения функционально насыщенных 
гетероциклов, позволяя строить библиотеки структурных аналогов [Li 
J.J.,2016]. В связи с этим применение дивергентного синтетического 
подхода для получения производных пирроло[3,4-c]пиридинов являет-
ся перспективной стратегией, сочетающей структурное разнообразие, 
оптимизацию условий и повышение устойчивости синтеза. 

В данной работе предложен дивергентный путь синтеза 
6-алкил-2-(4-гидроксифенил)-4-метил-1H-пирроло[3,4-c]пиридин-3(2H)-
онов и их производных, включая сложноэфирные и амидные соедине-
ния, с акцентом на мягкие условия и селективность, обеспечивающие 
высокую эффективность процесса. 

ЭКСПЕРИМЕНТАЛЬНАЯ ЧАСТЬ 
Синтез 6-алкил-2-(4-гидроксифенил)-4-метил-1H-пирроло [3,4-

c]пиридин-3(2H)-онов (1, 2). В 20 мл 96% этанола смешивали 1 ммоль 
соответствующего эфира, 1 ммоль п-гидроксианилина и 0.07 г (0.5 
ммоль) безводного K2CO3. Смесь нагревали под обратным холодиль-
ником в атмосфере аргона при кипении в течение 24 часов. По окон-
чании реакции смесь охлаждали до 20–23°C и выливали в 60 мл 10% 
водного раствора NaCl. Образовавшийся осадок отфильтровывали, 
промывали водой и сушили на воздухе при 30–35 °C. 

Ацилирование 6-алкил-2-(4-гидроксифенил)-4-метил-1H-
пирроло[3,4-c]пиридин-3(2H)-онов (синтез сложных эфиров 3–10). 
В 50 мл безводного диэтилового эфира растворяли 5 ммоль соединения 
3 или 4. При перемешивании добавляли 6 ммоль соответствующего 
хлорангидрида карбоновой кислоты и 0.7 г (7 ммоль) безводного триэти-
ламина. Реакционную смесь перемешивали в течение 8 часов при 
23 °C. Образовавшийся осадок отфильтровывали и промывали после-
довательно: 5–10 мл холодного (5–10°C) диэтилового эфира, холодной 
водой, 5%-ным водным раствором NaHCO3, тёплой водой (45–50°C). 
После промывки осадок сушили в вакууме. Полученные сложные 
эфиры очищали низкотемпературной кристаллизацией из смеси 
диэтилового эфира и гексана. 

Синтез третичных амидов пирролопиридина (11, 12). В 50 мл 
диэтилового эфира растворяли 20 ммоль соединения 7 или 11. При 
перемешивании по каплям добавляли 7.2 г (40 ммоль) 25%-ного водного 
диметиламина при 15–20°C. Реакционную смесь перемешивали в 
течение 5 часов при 25–30°C. После завершения реакции смесь 
охлаждали до комнатной температуры, промывали водой (50 мл), 
отделяли эфирный слой, а водный слой экстрагировали 50 мл 
диэтилового эфира. Полученные экстракты объединяли и сушили над 
MgSO4. После удаления растворителя вакуумной дистилляцией остаток 
перегоняли для получения чистого продукта. 
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РЕЗУЛЬТАТЫ И ОБСУЖДЕНИЕ 

Использование одного ключевого интермедиата — этилового эфира 
4-(хлорметил)-2,6-диметилникотината — позволяет получать сразу 
несколько производных (1–12) с минимальным числом стадий. Такой 

подход сокращает расход реагентов, уменьшает образование побочных 
продуктов и обеспечивает высокую селективность, что соответствует 
принципам устойчивой химии. В реакции с п-гидроксианилином амино-
группа выступает нуклеофилом, атакует бензильный хлорметильный 
центр и замещает атом хлора (SN2-механизм). Выходы соединений 1,2 

составляют 76–84%. Мягкие условия реакции (кипячение в этаноле под 
обратным холодильником, атмосфера аргона) способствуют высокой 
селективности и сохранению функциональных групп. Гидроксифениль-
ные пирроло[3,4-c]пиридины ациллированы различными хлорангидри-
дами в присутствии триэтиламина. Механизм: фенольная O-атомная 
группа атакует карбонильный центр хлорангидрида, образуется тетра-
эдрический интермедиат, выделяющийся HCl нейтрализуется триэтила-
мином. Выходы сложных эфиров 3–10 составляют 65–80%. Сложные 
эфиры с хлорметильной группой реагируют с морфолином при 25–
30 °C, образуя амидные производные (11,12) с выходами 72–89%. 

Механизм реакции включает нуклеофильную атаку морфолина на 
бензильный хлорметильный центр с одновременной нейтрализацией 
образующегося хлороводорода. 

 

 
Схема 

Для подтверждения структуры полученных соединений были 
использованы ЯМР- спектроскопия (1H и 13C NMR). Сигналы аромати-
ческих протонов фенольной и пирроло[3,4-c]пиридиновой системы 
подтверждают замещённость и сохранение ядра. Сигналы метильных 
групп (CH3) и бензильных протонов соответствуют планируемым 
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заместителям. Появление полосы в ИК- спектроскопия C=O около 
1650–1730 см-1 подтверждает образование сложных эфиров и амидов. 
OH-группы фенолов фиксируются полосой 3200–3500 см-1. 

 
Список литературы 
1. Ершов О. В., Ершова А. И. Современные методы синтеза 

пирроло[3,4-c]пиридин-1,3-дионов. Chemistry of Heterocyclic Compounds, Т. 56, № 5, 
2020, с. 1234-1252. 

2. Anastas P.T., Warner J.C. Green Chemistry: Theory and Practice. Oxford: Oxford 
University Press, 1998, 155 p.  

3. Kharaneko O.I., Petrova N.A., Sidorov V.A. New approach to the synthesis of 
pyrrolo[3,4-c]pyridines. Russian Journal of Organic Chemistry, Vol. 52, No 8, 2016, P. 
1123-1132.  

4. Li J.J., Gribble G.W. Pyrrole and pyridine heterocycles in modern organic synthesis. Name 
Reactions for Heterocyclic Chemistry, Springer, 2016. P. 455-500. 

5. Trost B.M. The Atom Economy — A Search for synthetic efficiency. Science, Vol. 254, No 
5037, 1991, P. 1471–1477.  

6. Wójcicka A., Redzicka A. An Overview of the Biological activity of pyrrolo[3,4-c]pyridine 
derivatives. Pharmaceuticals, Vol. 14, No 4, 2021, P. 354.  

 
 
 

POLİSTİROL TƏRKİBLİ TULLANTILARIN 
DEPOLİMERLƏŞDİRİLMƏSİ PROSESİNİN TƏDQİQİ VƏ BƏRPA 

OLUNAN STİROL MONOMERİNİN XASSƏLƏRİNİN ANALİZİ 
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Xülasə - Polistirol sintetik polimerlər arasında geniş tətbiq sahəsinə malik olmaqla 

yanaşı, ətraf mühit üçün ciddi problem yaradan tullantı materiallardan biridir. Onun bioloji 
parçalanmaya davamlı olması plastik tullantıların təbiətdə uzun müddət qalmasına və 
çirklənmənin artmasına səbəb olur. Bu baxımdan polistirol tullantılarının səmərəli təkrar emalı 
aktual elmi və texnoloji məsələ kimi çıxış edir. Təqdim olunan tezisdə polistirol tərkibli 
tullantıların kimyəvi təkrar emal üsullarından biri olan depolimerləşdirilməsi prosesi 
araşdırılmışdır. Depolimerləşmə nəticəsində əldə olunan əsas məhsul olan stirol monomerinin 
fiziki-kimyəvi xassələri təhlil edilmişdir. Aparılan eksperimental tədqiqatlar göstərir ki, uyğun 
temperatur və texnoloji parametrlər seçildikdə stirol monomerinin yüksək çıxımla bərpası 
mümkündür. Alınan monomerin keyfiyyət göstəriciləri onun yenidən polimer istehsalında 
istifadəsinə imkan verir (Achilias et al., 2012). 

Açar sözlər: Polistirol tullantıları, depolimerləşmə, kimyəvi təkrar emal, stirol monomeri, 
piroliz 

 

Giriş 

Plastik materialların istehsal və istehlak həcminin sürətlə artması nəticə-
sində polimer tullantılarının idarə olunması qlobal miqyasda mühüm ekoloji 
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problemə çevrilmişdir. Polistirol aşağı qiyməti, emal rahatlığı və funksional 
xüsusiyyətlərinə görə qablaşdırma materiallarında, istilik izolyasiyasında və 
birdəfəlik istifadə olunan məmulatların istehsalında geniş tətbiq olunur. Bu-
nunla yanaşı, onun yüksək kimyəvi və istilik dayanıqlığı ətraf mühitdə uzun-
müddətli yığılmaya səbəb olur (Al-Salem et al., 2017). 

Polistirol tullantılarının mexaniki təkrar emalı zamanı materialın mexaniki 
xassələrinin zəifləməsi müşahidə olunduğundan, kimyəvi təkrar emal üsulları 
daha perspektivli hesab edilir. Kimyəvi təkrar emalın əsas istiqamətlərindən 
biri olan depolimerləşmə prosesi polimer zəncirinin parçalanaraq ilkin mono-
merin əldə edilməsinə əsaslanır. Bu yanaşma xammalın dövri istifadəsini 
təmin etməklə yanaşı, təbii resurslara olan tələbatı da azaldır (Scheirs & 
Kaminsky, 2006). 

Eksperimental hissə 
Tədqiqat işində istifadə olunan polistirol tullantıları əvvəlcədən mexaniki 

üsulla xırdalanmış və xarici çirkləndirici maddələrdən təmizlənmişdir. 
Depolimerləşmə prosesi laboratoriya tipli reaktorda, oksigensiz mühitdə 
aparılmışdır. Reaksiya temperaturu 350–500 °C intervalında dəyişdirilmişdir 
ki, bu aralıq ədəbiyyat məlumatlarına əsasən stirol monomerinin bərpası 
üçün optimal hesab olunur (Achilias et al., 2012). 

Proses zamanı əmələ gələn uçucu məhsullar kondensasiya olunaraq 
toplanmışdır. Alınan maye fraksiya fraksion distillə üsulu ilə təmizlənmişdir. 
Stirol monomerinin tərkibi və təmizliyi qaz xromatoqrafiyası metodu ilə müəy-
yən edilmişdir. Müxtəlif temperatur rejimlərinin məhsul çıxımına və mono-
merin keyfiyyət göstəricilərinə təsiri müqayisəli şəkildə təhlil olunmuşdur. 

Nəticələr və onların müzakirəsi 

Eksperimental nəticələr göstərmişdir ki, depolimerləşmə prosesinin 
səmərəliliyi əsasən temperatur rejimindən asılıdır. 400–450 °C intervalında 
aparılan proses zamanı stirol monomerinin çıxımı daha yüksək olmuşdur. 
Temperaturun bu həddən yuxarı qaldırılması yan məhsulların əmələ gəlmə-
sini artırmış və monomerin selektivliyini azaltmışdır . 

Əldə olunan nəticələr göstərmişdir ki, proses nəticəsində əsas məhsul 
kimi stirol monomeri alınmışdır. Onun fiziki-kimyəvi göstəriciləri, o cümlədən 
qaynama temperaturu və sıxlığı, sənaye standartlarına uyğun olmuşdur. 
Əsas çirkləndiricilər aromatik karbohidrogenlər kimi müəyyən edilmiş və 
distillə mərhələsində effektiv şəkildə ayrılmışdır. Alınan nəticələr depolimer-
ləşmə yolu ilə əldə olunan stirolun təkrar polimerləşmə üçün yararlı olduğunu 
göstərir (Al-Salem et al., 2017). 

Təkliflər 

1.Depolimerləşmə prosesinin enerji sərfini azaltmaq məqsədilə katalitik 
sistemlərin tətbiqi tövsiyə olunur (Scheirs & Kaminsky, 2006). 

2.Prosesin sənaye miqyasında tətbiqi üçün fasiləsiz reaktor sistemləri-
nin işlənib hazırlanması gələcək tədqiqatlar üçün perspektivli hesab olunur. 
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YÜKSƏK SIXLIQLI POLİETİLENİN (HDPE) İSTEHSAL 

PROSESİNDƏ HİDROGEN KONSENTRASİYASİNİN ƏRİMƏ 
İNDEKSİ VƏ STRUKTUR XASSƏLƏRİNƏ TƏSİRİNİN TƏDQİQİ 
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Xülasə - Yüksək sıxlıqlı polietilen (HDPE) müasir polimer sənayesində geniş tətbiq 

sahəsinə malik əsas materiallardan biridir. Onun fiziki və reoloji xassələri istehsal prosesi 
zamanı seçilən texnoloji parametrlərdən bilavasitə asılıdır. Bu parametrlər arasında hidrogen 
konsentrasiyası xüsusi əhəmiyyət kəsb edir, çünki hidrogen polimerləşmə prosesində zəncir 
köçürücü kimi çıxış edərək polimerin molekulyar quruluşuna təsir. Təqdim olunan tezisdə 
HDPE istehsalı zamanı hidrogen konsentrasiyasının dəyişməsinin polimerin ərimə indeksi və 
struktur xassələrinə təsiri araşdırılmışdır. Aparılan tədqiqatlar göstərmişdir ki, hidrogen 
miqdarının artması ərimə indeksinin yüksəlməsi və molekulyar zəncirlərin orta uzunluğunun 
azalması ilə müşayiət olunur. 

Açar sözlər: HDPE, hidrogen konsentrasiyası, ərimə indeksi, polimer strukturu, 
polietilen istehsalı 

Giriş 
Polimer materiallar müasir sənaye sahələrində geniş tətbiq olunmaqla 

yanaşı, texnoloji baxımdan da daim təkmilləşdirilməkdədir. Yüksək sıxlıqlı 
polietilen mexaniki möhkəmliyi, kimyəvi davamlılığı və emal rahatlığı ilə 
seçilərək boru sistemləri, qablaşdırma materialları və texniki məmulatların 
istehsalında geniş istifadə olunur [Bicerano, 2002, 45–47]. 

HDPE-nin xassələri polimerləşmə prosesi zamanı temperatur, təzyiq, 
katalizator növü və hidrogen konsentrasiyası kimi amillərlə formalaşır. 
Hidrogenin prosesə daxil edilməsi zəncirin böyüməsini məhdudlaşdırır və 
nəticədə polimerin molekulyar kütləsi azalır [McDaniel, 2010, 88–90]. Bu 
dəyişiklik birbaşa olaraq ərimə indeksinə təsir göstərir. 

Ərimə indeksi polimer ərintisinin axıcılıq qabiliyyətini xarakterizə edən 
əsas göstəricilərdən biridir və emal texnologiyasının seçilməsində mühüm rol 
oynayır. Molekulyar kütlənin azalması ilə ərimə indeksinin artması arasında 
birbaşa əlaqə mövcuddur [Əhmədov, 2021, 1–2]. Bu baxımdan hidrogen 
konsentrasiyasının ərimə indeksi ilə əlaqəsinin öyrənilməsi aktual elmi və 
praktiki əhəmiyyət daşıyır. 
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Eksperimental hissə 

Tədqiqat zamanı HDPE nümunələri müxtəlif hidrogen konsentrasiyala-
rında istehsal olunmuşdur. Prosesin digər parametrləri sabit saxlanılaraq 
yalnız hidrogen miqdarı mərhələli şəkildə dəyişdirilmişdir. Bu yanaşma hidro-
genin polimerin strukturuna və ərimə indeksinə təsirinin daha aydın şəkildə 
qiymətləndirilməsinə imkan vermişdir [McDaniel, 2010, 92–94]. 

Alınan nümunələrin ərimə indeksi qəbul olunmuş standartlara uyğun 
olaraq müəyyən edilmişdir. Eyni zamanda polimerin struktur göstəriciləri, o 
cümlədən sıxlıq və ümumi morfoloji xüsusiyyətlər qiymətləndirilmişdir. 
Ölçmələrin etibarlılığını təmin etmək məqsədilə analizlər bir neçə dəfə 
təkrarlanmış və orta nəticələr əsasında təhlil aparılmışdır. 

Nəticələr və onların müzakirəsi 

Əldə olunan nəticələr göstərmişdir ki, hidrogen konsentrasiyası HDPE-
nin ərimə indeksinə əhəmiyyətli dərəcədə təsir göstərir. Hidrogen miqdarının 
artması ilə ərimə indeksinin yüksəlməsi müşahidə olunmuşdur. Bu hal 
polimer zəncirlərinin orta uzunluğunun azalması ilə izah olunur. 

Bununla yanaşı, struktur xassələrində də dəyişikliklər qeydə alınmışdır. 
Hidrogen konsentrasiyasının artması polimerin daha dar molekulyar kütlə 
paylanmasına malik olmasına səbəb olmuşdur ki, bu da emal prosesində 
materialın daha sabit davranış göstərməsinə şərait yaradır. Aşağı hidrogen 
konsentrasiyasında isə ərimə indeksi nisbətən aşağı olmuş və daha uzun 
zəncirli makromolekullar formalaşmışdır. 

Bu nəticələr hidrogen konsentrasiyasının HDPE-nin təyinatına uyğun 
xassələrinin formalaşdırılmasında effektiv tənzimləyici amil olduğunu göstərir 
[Əhmədov,2021,2–3]. 

Təkliflər 

1. Müxtəlif tətbiq sahələri üçün hidrogen konsentrasiyası ilə ərimə 
indeksi arasındakı əlaqənin daha geniş araşdırılması məqsədəuyğundur. 

2.Gələcək tədqiqatlarda hidrogen konsentrasiyasının HDPE-nin 
mexaniki və reoloji xassələrinə təsirinin öyrənilməsi tövsiyə edilir. 
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HEKSILAMMONIUM DODESIL SULFATIN SINTEZI VƏ ONUN 
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Xülasə: Tezis dodesen-1 – in sulfat turşusu ilə qarşılıqlı təsirindən alınan dodesil 

hidrogen sulfatın heksil aminlə qarşılıqlı təsirindən heksilammonium dodesil sulfatın sintezinə 
və onun səthi aktiv maddə kimi effektivliyinin araşdırılmasına həsr olunmuşdur. Sintez olun-
muş heksilammonium dodesil sulfatın aşağı qatılıqda səthi gərilmə əmsalının 29 mN/m-ə 
bərabər olduğu müəyyən edilmişdir. 

Açar sözlər: dodesen-1, sulfollaşma, alkil hidrogen sulfat, ammonium aklil sulfat 

 
Giriş  

Səthi aktiv maddələr (SAM) hidrofil və hidrofob hissələrdən ibarət 
olmaqla, neft hasilatında, qida sənayesində, kosmetik vasitələrdə, məişətdə 
və s. sahələrdə geniş tətbiq olunur. Bu tərkiblər su hava sərhədində 
absorbsiya olunaraq səthi gərginliyi azaldır ki, bu da öz növbəsində emulsiya, 
dispersiya, köpük əmələ gəlmə və yuma proseslərini asanlaşdırır [1,2].  

SAM – lar içərisində sulfonlaşma və sulfolaşma ilə alınan maddələr 
xüsusi çəkiyə malik olub asanlıqla əldə edilə bilən və gündəlik camaşırxana 
sahəsində geniş istifadə olunlar. Onlar şərti olaraq sulfolaşdırıcı reagentlər-
dən istifadə etməklə olefinlərin, aromatik maddələrin və ya uzun zəncirli yağ 
turşusu törəmələrinin sulfonlaşdırılması yolu ilə alınır. 

Bu tərkiblər içərisində olefinlərin sulfatlaşdırılması yolu ilə alınan alkil 
hidrogen sulfatların sintezi xüsusi əhəmiyyət kəsb edir [3-5]. Alkil hidrogen 
sulfatlar anion tipli SAM – ın mühüm sinfinə aid olub, yüksək təmizləyici və 
köpükləndirici qabiliyyətə malikdirlər. Bu birləşmələr yüksək səth aktivliyi, cod 
sularda davamlılıq və qənaətbəxş bioloji parçalana bilmə xüsusiyyətlərinə 
malik olduqları üçün sulfonat və digər anion SAM-lara alternativ və ya 
tamamlayıcı komponent kimi sənaye miqyasında tətbiq perspektivinə 
malikdirlər. Buna görə də alkil hidrogen sulfatların ammonium duzlarının 
alınması həm yeni funksional törəmələrin sintezi, həm də effektiv detergent 
sistemlərin yaradılması baxımından mühüm elmi və praktik əhəmiyyət 
daşıyır. 

Eksperimental hissə 

Sintez prosesi qarışdırıcı, termometr, damcı qıfı ilə təchiz olunmuş 
üçboğazlı kolbada aparılmışdır. Aparılan tədqiqat zamanı ilk öncə dodesen-
1 – in sulfat turşusu ilə qarşılıqlı təsirindən dodesil hidrogen sulfat sintez 
edilmiş və alınan sulfo birləşmə amin birləşməsi kimi heksil aminlə 
neyrallaşdırılaraq heksilammonium dodesil sulfat əldə edilmişdir.  
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Üçboğazlı kolbada dodesen-1  üzərinə damcı qıfından istifadə etməklə, 
1:1.3 mol nisbətində 98% - li sulfat turşusu əlavə olunaraq 80°C 
temperaturda 5 saat müddətində qarışdırılır. Alınan dodesil hidrogen sulfat 
laylaşır və reaksiyaya daxil olmayan turşu artığı kənarlaşdırılır. Sonrakı 
mərhələdə əldə olunmuş  dodesil hidrogen sulfat neytrallaşdırmaq məqsədilə 
üzərinə 1:1 mol nisbətində heksil amin əlavə edilərək otaq temperaturunda 8 
saat müddətində qarışdırılmaqla neytrallaşdırılır.  

Nəticələr və onların müzakirəsi 

Sintez olunan dodesil hidrogen sulfat və heksilammonium dodesil 
sulfatın quruluşları İQ spektroskopik analiz ilə təsdiq edilmişdir (şəkil). 
Dodesil hidrogen sulfatın İQ spektrində 1038 sm-1 və 1168 sm-1 SO2 
qrupunun simmetrik və assimetrik valent rəqslərinə, 893 sm-1  S – O 
rabitəsinin və 662 sm-1 C – S rabitəsinin valent rəqslərinə uyğun udulma 
zolaqları ilə xarakterizə olunur ki, bu da müvafiq quruluşu əks etdirir. Dodesil 
hidrogen sulfatın heksilaminlə reaksiyasından alınan maddənin İQ 
spektrində müşahidə olunan CH3 və CH2 qruplarının C – H rabitələrinin 
deformasiya (723, 1364, 1377, 1464 sm-1) və valent (2853, 2922, 2955 sm-

1), orta intensivlikdə 𝑆𝑂4
2− və N+ – H  qrupların valent (615, 1033 2680 sm-1) 

rəqslərinə uyğun udulma zolaqları reaksiya nəticəsində heksilammonium 
dodesil sulfatın alındığını göstərir. 

a)  

b)  
Şəkil 1.  Sintez olunmuş dodesil hidrogen sulfatın və heksilammonium dodesil sulfatın İQ 

spektri. 
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Sintez olunan birləşmənin 0.0001%, 0.001%, 0.01% və 0.1% qatılıqlı 
suda məhlulları hazırlanmış və səthi gərilmələri ölçmüşdür (cədvəl 1). 
Cədvəldən göründüyü kimi məhlulun qatılığı artdıqca səthi gərilmə 66.79 
mN/m – dən 29 mN/m - ə qədər azalır. Səthi gərilmənin kəskin azalması 
aşağı qatılılıqda (03) müşahidə olunur ki, bu da kritik misella əmələ gəlmənin 
bu qatılıqlarda baş verdiyini göstərir. 

 
Cədvəl 1. Sintez olunmuş heksilammonium dodesil sulfatın səthi gərilmə göstəricisinin 
qatılıqdan asılılığı. 

 
Nəticələr göstərir ki, sintez olunmuş alkil sulfat əsaslı ammonium duzu 

yüksək səthi-aktivlik nümayiş etdirir və məhlulda səthi gərilməni əhəmiyyətli 
dərəcədə azaldır. Müəyyən edilmiş kritik misel əmələ gəlmə qatılığı və sabit 
miseləmələgəlmə qabiliyyəti onun yuyucu sistemlərdə effektiv fəaliyyət 
göstərə biləcəyini göstərir. Əldə olunan göstəricilər maddənin detergent, yağ-
çirk çıxarıcı və təmizləyici kompozisiyalarda aktiv komponent kimi tətbiq 
perspektivini əsaslandırır. 
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# Qatılılıq, % σ1 (mN/m) σ2 (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 

https://doi.org/10.1016/j.coco.2020.100537
https://doi.org/10.1016/j.ces.2025.122070
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YENİ XALKON TÖRƏMƏLƏRİNİN SİNTEZİ VƏ           
QURULUŞUNUN TƏDQİQİ 

 
A.R.Qarayeva1,2, G.A.Məmmədli2,  M.İ Şatirova1,  

G.M.Məmmədova1, Ş.K.Şeydayeva1  

1 Azərbaycan Respublikası Elm və Təhsil Nazirliyinin Polimer Materialları İnstitutu 
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Xülasə. Xalkon törəmələri molekulundakı aktiv ikiqat rabitə və karbonil qrupuna görə 
zərif üzvi sintezdə mühüm əhəmiyyət kəsb edir. Təqdim olunan tədqiqat işində aromatik 
aldehidlərin müvafiq metilketonlarla Klayzen-Şmidt kondensləşməsi əsasında yeni funksional 
əvəzlənmiş xalkon törəmələri sintez edilmişdir. Kondensləşmə reaksiyaları etanol mühitində 
40%-li NaOH katalizatorunun iştirakı ilə aparılmışdır. Alınmış birləşmələrin quruluşu İQ və ¹H 
NMR spektral analiz üsulları ilə təsdiqlənmiş, spektrlərdə α,β-doymamış karbonil sisteminə 
xas olan xarakterik siqnallar alınmış birləşmələrin quruluşunu təsdiq etmişdir. 

Açar sözlər: Klayzen-Şmidt kondensləşməsi, xalkonlar, 4-metoksibenzaldehid, 3,4-
dimetoksibenzaldehid, aseton, metil-etil keton, p-hidroksifenilason və p-metilfenilasetonun 

 

GİRİŞ 

Xalkonlar və onların törəmələri geniş farmakoloji və bioloji aktivliyə malik 

olduqlarına görə böyük elmi maraq kəsb edir. Bu birləşmələr iltihabəleyhinə, 

şişəleyhinə, antibakterial, antifungal, antimalyariya, antituberkulyoz və s. 

bioloji əhəmiyyətli xassələri ilə xarakterizə olunur. Göstərilən farmokoloji 
xüsusiyyətlərə görə onlar tibb sahəsində bir sıra xəstəliklərin – urək xəstə-

likləri, beyin-damar problemləri, mədə yarası, qan laxtalanması, spazma, 

şəkər və s. müalicəsində istifadə olunan dərman maddələrinin alınmasında 

əsas xammal kimi geniş miqyasda tətbiq olunur [Chen S., 2023, Rozmer Z., 

2014, Zhou B., 2015, Kumar R., 2012]. Xalkonlar və onların törəmələrinin 
şişəleyhinə aktivliyi bir çox tədqiqatçılar tərəfindən təsdiqlənmişdir [Becker 

D.M., 2020, Singh P., 2014]. Bu sinif birləşmələr perspektivli terapevtik effek-

tivliyə malik yeni şişəleyhinə preparatların dizaynında mühüm struktur vahidi 

kimi qiymətləndirilir və insanlarda onkoloji xəstəliklərin müalicəsində əhəmiy-

yətli komponent hesab olunur. Tibb sahəsində əldə olunan uğurlu nailiyyət-
lərə və çoxsaylı antibakterial və antifungal preparatların mövcudluğuna 

baxmayaraq, bakterial, göbələk və virus infeksiyaları hələ də ictimai səhiyyə 

üçün aktual problem olaraq qalmaqdadır. Bu baxımdan xalkonların və 

onların törəmələrinin geniş bioloji və kimyəvi xüsusiyyətləri əsas tədqiqat 

obyekti kimi hər zaman tədqiqatçıların nəzərindədir. 
Bunlardan əlavə, müəyyən olunmuşdur ki, xalkonlar üzvi kimya sahə-

sinin mühüm siniflərindən olan azot tərkibli heterotsiklik birləşmələrin bir sıra 

nümayəndələrinin – pirimidinlər, pirazolinlər, pirazollar, tiazinlər və s. kimi 

müxtəlif heterotsikllərin sintezi üçün aralıq məhsul rolunu oynayır [Zhuang 

C., 2017]. Həyata keçirilən tədqiqatların əsas məqsədi 4-metoksibenzaldehid 
və 3,4-dimetoksibenzaldehidin müxtəlif əvəzlənmiş asetoketonlarla konden-
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sasiya reaksiyasını aparmaqla yeni funksional əvəzlənmiş xalkonların sinte-
zini həyata keçirmək və alınmış birləşmələrdən müvafiq heterotsikllərin sin-

tezi üçün perspektivliyini qiymətləndirməkdir. 

 
EKSPERİMENTAL HİSSƏ 
Xalkonların sintez üsulu (1-4). Xalkon skeleti Klayzen–Şmidt kondens-

ləşməsi reaksiyası əsasında sintez edilmişdir. 100 ml-lik yumuru dibli kolbada 
30 ml etanol mühitində 0.1 mmol 4-metoksibenzaldehid və ya 3,4-dimetok-
sibenzaldehid və 0.1 mmol müvafiq keton əlavə edilərək qarışdırılır. Qarışığa 
5 ml 40%-li NaOH məhlulu damcı qıfı vasitəsi ilə hissə-hissə əlavə edilir və 
reaksiya mühiti 2-3 saat ərzində 10-20°C temperaturda fasiləsiz qarışdırılı-
laraq davam etdirilir. Daha sonra reaksiya qarışığı soyuducuda gecə bo-
yunca saxlanılır. Əmələ gələn bərk maddə vakuum filtrasiyası ilə süzülür və 
su ilə yuyulur. Alınmış bərk məhsul qurudulur və etanoldan yenidən Kristal-
laşdırılır. Aparılan reaksiyalar zamanı sarı rəngli kristal maddələr əmələ gəlir. 

NƏTİCƏLƏR VƏ ONLARIN MÜZAKİRƏSİ 

Ədəbiyyatdan məlumdur ki, əsasi mühitdə keton törəmələrinin 
aldehidlərlə qarşılqlı təsiri Klayzen-Şmidt kondensləşməsi adlanır və 
reaksiya məhsulları olaraq α,β-doymamış karbonil birləşmələri (xalkonlar) 
əmələ gəlir. Məlumdur ki, xalkonların göstərilən üsul ilə qələvi mühitində 
sintezi sadə və ucuz şərtlərlə həyata keçirilir, lakin müvafiq optimal şəraitin 
müəyyən olunması, yəni reaksiyada iştirak edən qələvinin miqdarı və 
temperatur seçimi reaksiya məhsulunun miqdarınınn artırılması və yan 
məhsulların (aldol polimerləri) əmələ gəlməsinin qarşısının alınması üçün 
vacibdir. Bu sistem həmçinin müxtəlif funksional əvəzli heterotsiklik 
birləşmələrin sintezi üçün perspektivli aralıq məhsulların əldə olunmasında 
mühüm əhəmiyyət kəsb edir. 

4-Metoksibenzaldehidn və 3,4-dimetoksibenzaldehid müxtəlif ketonlarla 
– aseton, metil-etil keton, p-hidroksifenilason və p-metilfenilasetonun 

kondensasiya reaksiyasından müvafiq α,β-doymamış karbonil birləşmələrin 
sintezinə nail olunmuşdur. Qeyd olunan reaksiyanın mexanizmi, α-hidrogen 
atomuna malik ketonların qələvinin iştirakında enolyat ionuna çevrilməsi, 
daha sonra aldehidin karbonil qrupunun karbonuna nükleofil hücumu və 
nəticədə dehidratasiya mərhələlərindən ibarətdir. Reaksiya mühiti kimi etanol 
seçilmiş, katalizator olaraq isə NaOH və ya KOH məhlulundan istifadə 
edilmişdir. Sintez zamanı prosesin gedişinə nazik təbəqəli xromatoqrafiya 
(NTX) ilə nəzarət olunmuşdur. Reaksiya başa çatdıqdan sonra çökmüş 
məhsullar süzülərək ayrılmış, vakuum şəraitində qurudulmuş, etanol və ya 
etanol–su qarışığında yenidən kristallaşdırılmaqla təmizlənmişdir. Alınmış 
xalkonların 69-79% çıxımla əldə edilmişdir. 
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Sxem 

 
Sintez olunmuş birləşmələrin tərkibi və quruluşu element analizi, İQ və 

1H NMR spektroskopiya üsulları ilə müəyyən edilmişdir. Birləşmələrin İQ 
spektrlərində α,β-doymamış ketonlara xas olan –CH=CH– ikiqat rabitənin 

udma zolaqları ν=1530–1528 sm⁻1, karbonil qrupunun (C=O) intensiv udma 

zolağı isə 1664–1662 sm⁻1 tezlik intervalında qeydə alınmışdır. Sintez 
olunmuş xalkonların ¹H NMR spektrlərində –CH=CH– qrupuna xas olan iki 
protonun dublet şəklində siqnalları δ=6.95–7.01 və δ=7.65–7.71  m.h. 
diapazonunda J ≈ 15–16 Hz spin-spin təsir sabiti ilə müşahidə edilmişdir ki,  
bu da molekulda ikiqat rabitənin trans-konfiqurasiyada olduğunu təsdiqləyir. 
Metoksi qruplarına aid siqnallar 3.01–3.65 m.h. oblastında singletlər şəklində 
qeydə alınmışdır. Aromatik protonların siqnalları isə 6.8–8.0 m.h. intervalında 
müşahidə edilmişdir. Əldə olunan nəticələr xalkonların α,β-doymamış 
karbonil sistemini müəyyən edən əsas spektral göstəricilərdir. 
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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 1H-
NMR and IR spectroscopy methods. 1HNMR 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-1. 

2(2,4-Dichlorophenyl)-4,5-diphenyl-1(4-(phenyldiazenyl)phenyl)-1H-
imidazole. Empirical formula of substance: C33H22N4Cl2, Mr=544.23, Melting 
point: T=168°C. 

NMR spectroscopy: 1H-NMR (acetone-d6δ, m.h.): 13C 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, 153.57, 154.57, 155.76 

Infrared spectroscopy: IR (cm-1): ν-1701 (C=N), δ-720, 768 (C-H), ν-
1588 (C-C), ν-1653(N=N), ν-1308 (C-N) , ν-639, 686 (C-Cl). 

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, H 4.02, N 10.53, Cl 13.05 [6] 

Quantum-chemical parameters were calculated using the following 
formulas according to literature sources [7]: 

Change in energy ∆E=[I-A] 

Chemical hardnessⴄ = 
[𝐼−𝐴]

2
 

Chemical softnessσ = 
1

ⴄ
 

Electronegativity λ = 
[𝐼+𝐴]

2
 

Chemical potential μ = -λ 

Electrophilicity index ω = 
μ2

2𝜋
 

İonization potentialI = -EHOMO 
Electron affinityA = -ELUMO 
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Table. The value of EHOMO, ELUMO, ∆E, chemical hardness (ⴄ), chemical softness (σ), 

electronegativity (λ), chemical potential (μ), electrophilicity index (ω), ionization potential (I) 
and electron affinity (A) of the synthesized imidazole 

Parameters Value 

EHOMO(eV) -5.908 

ELUMO(eV) -2.953 

∆E (eV) 2.955 

Chemical hardness, (ⴄ), (eV) 1.477 

Chemical softness (σ), (eV) 0.677 

Electronegativity (λ), (eV) 4.431 

Chemical potential (μ), (eV) -4.431 

Electrophilicityindex (ω), (eV) 6.644 

İonization potential (I), (eV) 5.908 

Electron affinity (A), (eV) 2.953 

 
The value of EHOMO, 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 (∆E=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 (ⴄ=1.477, σ=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 (ω=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/WO₃/ZrO₂ 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/ZrO₂ provides high selectivity, low operational costs, and an 
environmentally friendly process. Research on developing locally produced catalysts is 
ongoing. 

Keywords: gasoline, octane number, isomerization, Pt/WO₃/ZrO₂ 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 

mailto:marjonaturakulova79@gmail.com


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

110 

affecting both the procedure and its outcome. This process has become 
widespread in the local oil refining industry due to increasingly stringent 
quality 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 

Catalyst Type 
Octane 
Boost 

Low-Temp 
Conversion 

Isomer 
Selectivity 

Remarks 

Zeolites 
(ZSM-5) 

Good Moderate High 
Low-cost; requires higher 

temperatures 

Pt/WO₃/ZrO₂ High Low High Optimal for C₅–C₆ fractions 

SO₄²⁻/ZrO₂ High Moderate High Acidic; lower activity without metal 

Metal-
modified 
zeolites 

Highest Efficient Very High 
Combines 

isomerization/hydroisomerization 

 

The study used Pt/WO₃/ZrO₂ 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. 



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

111 

Figure 1 shows a simplified technological scheme of the isomerization 
process. 

 

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/cm² [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 Value 

Temperature 180–220°C 

Pressure 2–3.5 MPa 

Feed WHSV* 1.5 hr⁻¹ 

H₂ recycle ratio 1.25 

*Weight Hourly Space Velocity  

Isomerization occurs in the reactors of the catalyst column. For this 

purpose, a Pt/WO₃/ZrO₂ catalyst containing platinum is used for 
isomerization, employing the technology shown in Figure 1. The reaction in 
the reactor proceeds as follows [5]. 

 

This converts n-pentane → iso-pentane (Δ 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 Pt/WO₃/ZrO₂ 
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; 𝑛𝐷
20 = 1.4503; 𝜌4

20 =
1.071 g·sm⁻³; weight 136; purity 98%. 
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2. 1-Methyl-3-isopropenylcyclohexene (DP): boiling point 160–161°C; 

𝑛𝐷
20 = 1.4656;  𝜌4

20 = 0.8347 g·sm⁻³; weight 136; purity 98%. 
3. 1-Methyl-4-isopropenylcyclohexene (DPT): boiling point 174–175 °C; 

𝑛𝐷
20 = 1.4745; 𝜌4

20 = 0.8476 g·sm⁻³; weight 136; purity 96.8%. 
4. 1-Methyl-3(4)-isopropenylcyclohexene (ICD): boiling point 160–

180 °C; 𝑛𝐷
20 = 1.4735; 𝜌4

20 = 0.8458 g·sm⁻³; weight 136. 
The alkylation reaction equations of phenol with isoprene cyclodimers 

are presented below: 

 
 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 
Selectivity 

77.8 
84.1 

76.6 
83.4 

73.5 
91.6 

75.7 
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 H₂S. In most cases, sulfur 

from H₂S is obtained using the Claus process. In addition, the presence of 
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hydrocarbons in the composition of H₂S 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% 

H₂S in its composition (after purification, the H₂S 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. 

 

 
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 - аbsorbe; 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 H₂S and CO₂, 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 (H₂S and CO₂) 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 CO₂ 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 µm 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 

Müller-Hinton agar medium at 37℃ 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 

Comparison Criteria 
Standard Plastic Tank 
(Single Layer) 

Sandwich-Structured Water 
Storage Tank 

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 

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

 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 oil 
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 

Name of demulsifier 
composition 

Composition of the demulsifier compositions, % 

Used oil Liquid soap 
Organic 
matter 

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 2 5 - 

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 0C 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 
demulsifiers 

Break time, 
hour 

Degree of 
dehydration, % 

Amount of 
residual salts, 

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 1 90 

TKM -7 4, 8 83.4 1 74 

TKM -8 5, 2 62.3 245 

TKM-9 5, 0 63,4 274 

TKM-10 5.7 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. 

 
Figure 1. Changes in the composition of residual salts (mt) 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 
demulsifier 

pH 
Surface tension, 

din/cm 
Washability , 

% 
Foam formation, at 

25 0C, 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 
( control ) 

 
 

TKM-7 TKM-6 

 
 

60 80 100 60 80 100 60 80 100 

“Shimoliy O’rtabuloq” 1,6 1,5 1,3 1,4 1,3 1,2 1,3 1,1 0,9 

“Sho’rchi” 1,5 1,0 0,9 1,0 0,9 0,8 0,9 0,8 0,7 

“Jarqoq” 1,2 1,1 1,0 1,0 0,9 0,9 1,1 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 0C (A) and sample 2 at a temperature of 20 0C (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 III, 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 μm. 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 (∆ρ), 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 ∆ρ 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 ∆ρ [6; pp. 4-10]: 
- difficult to decompose (∆ρ=0.2-0.25 g/cm3); 
- decomposed (∆ρ=0.25-0.30 g/cm3); 
- easily decomposed (∆ρ=0.3-0.35 g/cm3). 
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 
equipments 

Composition (by weight), % 

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 

Kokdumalaq 
(under-reef) 

collection point 
1,28 9,74 7,45 1,79 3,91 

 
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 ∆ρ 
indicator from Table 2. 

 
Table 2. ∆ρ indicators of water-oil emulsions 

Oil preparation equipments Indicator ∆ρ, g/sm3 

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” (∆ρ=0.272÷0.276 
g/cm3) and “Shurtepa” (∆ρ=0.274÷0.280 g/cm3) are classified as 
decomposed according to the ∆ρ indicator, while the rest are classified as 
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difficult to decompose. In addition, the water-oil emulsions of the OPE 
“Shirkent” (∆ρ=0.112÷0.131 g/cm3), “Sarikum” (∆ρ=0.195÷0.201 g/cm3) and 
“Kruk” (∆ρ=0.132÷0.145 g/cm3) 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 (a+r)/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 0C 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]. 



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

138 

 
Figure 1. Variation of the kinematic viscosity (ν) 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. 

 

 
Figure 2. Variation of dynamic shear stresses (τ0) of local oils as a function of temperature 

(τ). 

 
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 I – 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. 

 
Stage II – Aminomethylation (Mannich Reaction) 

In the second stage, the aminomethylation of cycloalkylphenols 
containing cyclic ether fragments with formaldehyde and morpholine was 
carried out. 

 
 
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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Xülasə - Alkilfenolların fasiləsiz sintezi üçün fasiləsiz axar tipli reaktordan istifadə 

olunmuşdur. Fasiləsiz reaktor texnologiyasının tətbiqi və istilik yüklərinin azaldılması 
məqsədilə aztullantı üsullarının istifadəsi prosesin effektivliyini artırır [1]. Bu işdə alkilfenolların 
fasiləsiz alınması nəzəri və praktik cəhətdən təhlil olunmuşdur. 2-metilfenolun metanolla 
alkilləşmə reaksiyasının baş vermə surətinin artırılması üçün temperaturun artırılması, xüsusi 
yükləmənin azaldılması və xammaldakı spirtin parsial təzyiqinin artması müsbət təsir edir. 
Lakin texnoloji rejim parametrlərinin bu cür dəyişdirilməsi bəzi texnoloji kriteriyaların 
pisləşməsinə gətirib çıxarır.   

Açar sözlər: alkilfenollar, fasiləsiz reaktor, aztullantı üsulu, proses optimallaşdırılması, 
yüksək məhsul çıxımı, istilik yüklərinin azaldılması 
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Giriş 
Alkilfenollar fenolun alkil törəmələri olub, sənayedə geniş istifadə olunan 

vacib üzvi maddələrdir. Onların əhəmiyyəti həm kimyəvi reaktivliyindən, həm 
də fiziki-kimyəvi xüsusiyyətlərindən (lipofillik, sabitlik, reaktiv –OH qrupu) irəli 
gəlir. Alkilfenolların kimya sənayesində əhəmiyyətli xammal hesab olunması 
və onların istehsalı prosesin səmərəliliyi və məhsul keyfiyyəti ilə birbaşa 
bağlıdır [2]. Alkilfenolların sənaye tətbiqləri genişdir; onlar surfaktantların, 
qatqı maddələrinin və farmasevtik preparatların istehsalında vacib kompo-
nent kimi çıxış edir [3]. Ənənəvi partiyalı sintez üsulları enerji sərfiyyatını 
artırır və yan məhsulların əmələ gəlmə riskini yüksəldir [4]. 

Fasiləsiz reaktor texnologiyası bu problemləri minimuma endirir, prose-
sin idarəolunmasını asanlaşdırır və məhsulun homogenliyini təmin edir [2]. 
Aztullantı üsulları isə reaksiyanın istilik yükünü azaldır və yan məhsul əmələ 
gəlməsini minimuma endirir [5]. Nəticədə həm məhsul çıxımı artır, həm də 
ətraf mühitə mənfi təsir azalır [1]. 

Eksperimental hissə 
2-metilfenolun metanolla alkilləşmə reaksiyası dəmir ferrit katalizatoru 

iştirakı ilə tədqiq edilmişdir. İstifadə olunmuş katalizatorlar bu reaksiyada ilk 
dəfə tətbiq olunmuşdur.  

İlk növbədə 2-metilfenolun metanolla alkilləşmə reaksiyası ilə 2.6- 
dimetilfenolu yüksək çıxım və selektivliklə almaq üçün müxtəlif ferrit 
katalizatorlarının katalitik xassələri tədqiq edilmişdir. Reaksiya temperaturu 
və axım sürəti müxtəlif səviyyələrdə tənzimlənmişdir ki, məhsul çıxımı və 
tərkib keyfiyyəti maksimum səviyyəyə çatdırılsın. 

Aztullantı üsulu reaktor daxili istilik dəyişməsini minimuma endirərək 
reaksiyanın yan məhsullarının əmələ gəlməsini azaltmışdır. Katalizator kimi 
turşu və ya əsas tərkibli sistemlər tətbiq edilmiş, nəticədə məhsulun tərkibi 
homogen və yüksək saflıq dərəcəsinə malik olmuşdur. 

Nəticələr və onların müzakirəsi 
Tədqiqat göstərir ki, fasiləsiz reaktordan istifadə nəticəsində məhsulun 

çıxımı və homogenliyi artır, prosesin enerji səmərəliliyi isə yüksəldir. Az 
tullantılı üsul termal yükləri azaldaraq yan məhsulların əmələ gəlməsini 
minimuma endirmişdir. 

Məhsulun keyfiyyəti reaktor şəraitindən, axım sürətindən və katalizator 
seçimindən asılıdır. Nəticələr göstərir ki, bu texnologiyalar sənaye miqyasın-
da tətbiq oluna bilər və ətraf mühitə mənfi təsirləri minimuma endirir. 

Təkliflər 
1.  Fasiləsiz reaktor texnologiyasının fərqli katalizator tipləri ilə optimallaş-

dırılması; 
2.  Aztullantı üsullarının enerji səmərəliliyinə təsirinin geniş tədqiqi; 
3. Məhsul tərkibinin müxtəlif alkil qrupları ilə müqayisəli təhlili; 
4. Pilot və sənaye reaktorları arasında proses parametrlərinin 

uyğunlaşdırılması; 
5.  Prosesin avtomatlaşdırılmış idarəetmə sistemləri ilə optimallaşdırılması. 
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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 SiO2 and Al2O3, 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 (Al2O3, 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-μm 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 µm. 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 (Tg) 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 -1 and the emergence of the hydroxyl stretching 
vibration at 3400 cm -1.  

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 
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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 -1 3600 cm -1 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 -1 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 -1 and 1100 
cm -1. These bands represent the Si-O-Si and Al-O-Si stretching vibrations, 
corresponding to the silica (SiO2) and alumina (Al2O3) phases of the fly ash, 
respectively. The near-complete disappearance of the epoxide ring peak at 
915 cm -1 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 (SiO2 and Al2O3) 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. 
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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=O 
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 (-NH2) 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. Preparation Steps: (a) Pure Chitosan; (b) Chitosan Dissolved in Acetic 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. 

 
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-1 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-1 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-1 
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-1 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 µm and approximately ~15 µm 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. 

 

 
Figure 6. SEM Micrographs of (a) Coated and (b) Uncoated Metal Surfaces after Exposure 

to NaCl Solution (scale bar: 10 µm) 
 

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 

a b 
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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/cm3) 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 

(μFCs) 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 μFC 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)₂ content and reduced carbon contamination. Electrochemical and in situ FTIR 
analyses demonstrated complete methanol oxidation to carbonate via formate without 
detectable CO poisoning. The μFC assembled with a Cu/CP anode and metal-free cathode 
achieved a maximum power density of 26 μW cm⁻² at 100 μL min⁻¹. The findings highlight the 
potential of Cu-based catalysts for cost-effective μFC 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 (μFCs). 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 μFC 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 Cu₂O, 

CuO, and Cu(OH)₂ 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⁻¹ 
methanol + 0.1 mol L⁻¹ KOH) using cyclic voltammetry, chronoamperometry, 
and in situ FTIR spectroscopy to identify reaction intermediates and oxidation 
pathways [3]. 

 
 
 

A reusable membraneless microfluidic fuel cell (μFC) was fabricated 
using additive manufacturing [4]. The device (3.6 cm × 3.6 cm) consisted of 
two 3D-printed PLA plates and a 4-mm-thick PDMS layer containing a 200 
μm-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 cm² for current and power normalization. 
Electrical connections were established using copper plates and silver epoxy. 

The μFC 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. 

Figure 7. The design of MFC [4]. 
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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)₂ 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 Cu₂O with relatively high carbon 
surface contamination. In contrast, the US sample demonstrated reduced 

carbon contamination and higher Cu(OH)₂ 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 (Cu⁰/Cu⁺/Cu²⁺/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/AgCl) compared to the ST sample (~0.85 V), indicating 
improved catalytic kinetics. The maximum current density reached 30.4 mA 

cm⁻² for 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)₂ 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 μFC 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 μL min⁻¹. The maximum current density reached 0.56 mA cm⁻², while 

peak power density achieved 26 μW cm⁻² at 100 μL min⁻¹. 
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 μFC 
performance. 

These findings confirm that Cu-based anodes, when combined with 
mixed-media μFC architecture, represent a promising pathway toward low-
cost and sustainable micro-scale energy conversion systems. 

Offers: 

To enhance μFC 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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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:  

 p-Cresol (p-Cr). The physicochemical properties: Tb=201-202°C; 

𝑛𝐷
20= 1.5395; 𝜌4

40 = 1.0347; MM=108 g/mol. 

 Diprene (DP) was obtained via cyclodimerization of isoprene in an 
autoclave. Its physicochemical properties are as follows: Tb=160–161°C; 

𝑛𝐷
20= 1.4656; 𝜌4

40 = 0.8347; MM=136 g/mol. 

 Dipentene (DPT) was synthesised by the same method and purified 

by distillation. Its physicochemical characteristics are: Tb=174–175°C; 𝑛𝐷
20 = 

1.4745; 𝜌4
40  = 0.8476; MM=136 g/mol. 
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 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: Tb=160–180°C; 𝑛𝐷
20= 

1.4735; 𝜌4
40 = 0.8458; MM=136 g/mol. 

The alkylation of p-cresol with isoprene cyclodimers results in the 
formation of the corresponding sterically hindered phenols.  

 
 
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 properties of 2-[3(4)-methylcyclohexen-3-yl-isopropyl]-4-
methylphenols 

 

Тb. 

°C/10 
mmHg 

𝑛𝐷
20 𝜌4

40 MM 

Elemental Composition, % 

Calculated Found 

C H C H 

 

202-
205 

1.5035 1.0133 244 83.6 9.8 83.3 9.5 

 

212-
215 

1.5267 1.0375 244 83.6 9.8 83.2 9.4 

 

204-
215 

1.5133 1.0284 244 83.6 9.8 83.4 9.3 
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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 compositions. 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. 

 
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⁻¹ corresponds to the amide carbonyl (C=O) 

stretching vibration, while the bands at 1550 cm⁻¹ and 3200–3300 cm⁻¹ 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 

(wt.%) 
1 day 10 days 20 days 30 days 

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 

(wt.%) 
1 day 10 days 20 days 30 days 

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 nanoparticle 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]. 

6АgNО3 + 3Nа3С6H5О7 = 6Аg↓ + 3Nа2С5H4О5 + 3СО2↑ + 3NаNО3 + 3HNО3 
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. (СAgNО3=0.00463 M, 20оС). 

№ Stabilizer Change (after 24 hours) Appearance 

1 
5 % li Dextrin 

(corn) 
Turned black 

 

2 5% Gelatin Turned reddish 

 

3 1% Gelatin Turned dark 

 

4 5% Gelatin Turned brown 
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5 
4 %li Dextrin 

(potato) 
Turned black 

 

6 
1 %li Dextrin 

(potato) 
Turned black 

 

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 AgNO₃ + 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 AgNO₃ (0.00463 M) while increasing 
gelatin concentrations to 1%, 2%, and 5%. 
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Xülasə - Anilin və 2-metilanilinin etanolla alkilləşmə reaksiyasinda daha yüksək katalitik 

xassələr nümayiş etdirən katalizatorları seçmək üçün ilkin tədqiqatlar aparılmışdır. 
Katalizatorlar kimi müxtəlif seolitlərdən istifadə edilmişdir. Tədqiqatlarda xammal kimi anilin 
metanol və etanoldan istifadə edilmişdir. Onların təmizliyi xromatoqrafik yolla və fiziki 
xassələrinin tədqiqi nəticəsində müəyyən edilmişdir.  

Alkilləşdirici kimi istifadə olunan etanol Y.K.Yuryev [1] tərəfindən göstərilmiş qayda üzrə 
təmizlənmişdir. Etil spirtinin təmizliyi 99.5 % olmuşdur. 

Açar sözlər: anilin, metanol, N-metilanilin, N-alkilləşmə, seolit katalizator, kinetik 
qanunauyğunluq, selektivlik 

 
Giriş 
Sənayedə istehsal olunan anilinin 70-80%-i poliuretan və penoplast 

istehsalında əvəzsiz xammal sayılan p,p-metilendifenilizosianatın sintezinə 
sərf olunur.  Anilinin qalan hissəsi isə aşağı molekul kütləli anilinlərindən (C1-
C2) rezinin emalında, antioksidantların alınmasında, stabilizator, pestisid, 
boyalar, vitaminlər istehsalında istifadə edilir. Anilinin dünyada istehsalı 
2010-cu ildə 3,6 mln/ton təşkil etmişdir. Onu əsasən ABŞ, Qərbi Avropa, 
Rusiya və Asiyada alırlar. Onun istehsalı üzrə aparıcı şirkətlərə Amaco və 
Пигмент (Россия) və digərlərini misal göstərmək olar [2].  

Anilin və N-metilanilini almaq üçün Rusiya alimləri qaz fazada [2,3] 
nitrobenzolun metanol və ya formaldehidin sulu məhlulu ilə reduksiyasını 
təklif etmişlər. Anilinin alkilləşmə reaksiyası ilə onun alkil törəmələrinin 
alınması alimlərin diqqetini daha çox cəlb etmiş və bu zaman yeni 
alkilləşdiricilərdən də istifadə edilmişdir.  

Eksperimental hissə 

Anilinin etanolla qarşılıqlı təsiri axar tipli katalitik reaktorla təchiz olunmuş 
laboratoriya qurğusunda aparılmışdır. Ədəbiyyat məlumatlarının təhlili 
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əsasında anilinin etanolla maye fazada alkiləşməsi müxtəlif heterogen 
katalitik sistemlər üzərində müqayisə edilmişdir. Seolit tipli katalizatorlar 
məsamə strukturu və turşuluq mərkəzlərinin paylanmasına görə yüksək 
aktivlik göstərmişdir [4]. Reaktordakı katalizator tərpənməz laylı rejimdə 
olmuş və ora verilən xammalın həcmi sürəti mikronasosla tənzim edilmişdir. 
Reaktora balonlardan verilən qazın (H2, N2, O2, hava) sürətinə qaz sərfinin 
tənzimləyicisi ilə nəzarət olunmuşdur. Reaksiya sürəti və məhsul çıxımı 
temperatur və reagentlərin mol nisbətindən asılıdır. Reaktorun 
temperaturunu tənzimləmək və qeyd etmək üçün maqnitli qapayıcı və 
potensiometrdən istifadə edilmiş, reaksiya aparatına daxil olan xammal isə 
əvvəlcə buxarlandırıcıda lazım olan temperatura qədər qızdırılmışdır. 
Selektiv N-alkilləşmənin təmin olunması üçün katalizatorun aktiv 
mərkəzlərinin optimallaşdırılması vacib hesab olunur [5]. Bizim apardığımız 
tədqiqat zaçmanı anilinin və etanolla alkilləşmə reaksiyasında mordenit və 
SVM seolitlərinin H formalarının, həmçinin onların palladiumla modifikasiya 
olunmuş nümunələrinin katalitik aktivlikləri öyrənilmişdir. 

Nəticələr və onların müzakirəsi 
Anilinin etanolla alkilləşmə reaksiyasında H-mordenit, HSVM və onların 

palladiumla modifikasiya olunmuş nümunələrinin katalitik aktivliyi və 
selektivliyinin tədqiqi nəticəsində mürəkkəb tərkibli katalizatların alındığı 
müəyyən edilmişdir. Modifikasiya olunmuş seolitlər iştirakı ilə aromatik 
aminin karbona görə alkilləşmə məhsullarının azota görə alkilləşmə 
məhsullarına nəzərən daha selektiv olduğu və bu zaman anilin alınan 
toluidinin çıxımının tarazlıq çıxımlarına yaxın olduğu göstərilmişdir.   

Təkliflər 

1. Seolit katalizatorların turşuluq xüsusiyyətlərinin  optimallaşdırılması 
2. Temperatur və reagentlərin mol nisbətinin kinetik modelləşdirmə əsasında 

seçilməsi 
3.  Selektiv N-alkilləşmənin artırılması üçün aktiv mərkəzlərin tənzimlənməsi 
4.  Enerji sərfiyyatının azaldılması üçün istilik balansının optimallaşdırılması 
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ZN-CR LAYLI İKİLİ HİDROKSİDLƏRİ VƏ ONUN KARBON ƏSASLI 
NANOKOMPOZİTLƏRİNİN SİNTEZİ VƏ OPTİKİ XASSƏLƏRİNİN 
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Xülasə: Müasir materialşünaslığın aktual problemlərindən olan optik xüsusiyyətlərin 
tənzimlənməsi üçün sink-xrom əsaslı laylı ikili hidroksidlərin (Zn-Cr LİH) karbon 
nanoquruluşları ilə kompozitlərinin tətbiq imkanları araşdırılmışdır. LİH strukturlarının 
yarımkeçirici xüsusiyyətləri və laylı quruluşu ilə qrafenin yüksək elektron keçiriciliyi və 
mexaniki davamlılığı ilə birləşdirilərək hibrid sistem yaradılmışdır. İşdə sink (Zn2+) və xrom 
(Cr3+) ionlarının kristal qəfəsin nizamlılığına təsiri, həmçinin nanokompozitin laylararası 
boşluqlarında qrafen, qrafen oksid və fülleren (G, GO və C60) kimi karbon mənşəli fazaların 
elektron quruluşuna təsir mexanizmləri təhlil olunmuşdur. Müəyyən edilmişdir ki, karbon 
əlavəsi LİH laylarının struktur sabitliyini artırmaqla yanaşı, qadağan olunmuş zonanın eninin 
(Eg) daralmasına və yük daşıyıcılarının (elektron-deşik cütləri) daha effektiv hərəkətinə şərait 
yaradır. 

Açar sözlər: Laylı ikili hidroksidlər, karbon nanoquruluşları, Zn-Cr/LİH, optiki xassələr, 
qadağan olunmuş zonanın eni 

Giriş: 

Laylı ikili hidroksidlərin ümumi kimyəvi formulu [M2+
1-xM3+

x(OH)2]x+ [Am-

x/m• n H2O]x- kimi ifadə olunur. Burada M3+ və M2+ müvafiq olaraq təbəqələrdə 
yerləşən üçvalentli və ikivalentli kationlar; x=M3+/[M2++M3+], Am- isə 
təbəqələrarası aniondur. Bu materiallar yüksək anion mübadiləsi qabiliyyəti, 
tənzimlənən məsaməlilik və "yaddaş effekti" kimi unikal xüsusiyyətlərinə görə 
geniş elmi maraq doğurur. Quruluş çevikliyi bu materialların kataliz, 
adsorbsiya və ion mübadiləsi kimi sahələrdə effektiv tətbiqinə imkan yaradır 
[Seftel və b., 2015, 208-215]. 

Karbon əsaslı materiallar arasında qrafen özünəməxsus fiziki-kimyəvi 
xüsusiyyətlərinə görə xüsusi yer tutur. Atom qalınlığında, pətəkvari kristal 
quruluşa malik olan bu material kompozitlərə daxil edildikdə onların mexaniki 
möhkəmliyini, elektrik və istilik keçiriciliyini, həmçinin istilik sabitliyini və 
elektrokimyəvi xüsusiyyətlərini əhəmiyyətli dərəcədə yaxşılaşdırır. Buna 
görə də qrafen və ona bənzər strukturlar polimer nanokompozitlərin 
funksional göstəricilərinin artırılması üçün perspektivli doldurucular kimi 
qiymətləndirilir [Lee və b., 2022, 4733]. 

Fotokatalitik komponent kimi sink (Zn2+) və xromun (Cr3+) 
kombinasiyasına üstünlük verilməsi həm struktur xüsusiyyətləri, həm də 
materialın optik həssaslığı baxımından bir sıra strateji üstünlüklərə əsaslanır. 
Sink və xrom (III) ionlarının ion radiuslarının yaxınlığı (Zn2+: 0.74 Å, Cr3+: 0.62 
Å) laylı ikiqat hidroksid (LİH) strukturunun formalaşması zamanı kationların 
oktaedrik boşluqlarda yüksək dərəcədə nizamlı və homogen paylanmasını 
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təmin edir. Bu struktur uyğunluğu sintez prosesində kənar fazaların yaranma 
ehtimalını minimuma endirməklə yanaşı, materialın hər bir layında katalitik 
aktiv mərkəzlərin bərabər sıxlığını təmin edir. Zn-Cr/LİH sisteminin ən 
mühüm üstünlüklərindən biri onun elektomaqnit spektrinin görünən işıq 
(visible light) zonasına qarşı yüksək həssaslıq nümayiş etdirməsidir. Zn-
Cr/LİH strukturunda Cr3+ ionlarının mövcudluğu spesifik elektron keçidləri 
yaradaraq qadağan olunmuş zona enerjisinin (Eg) daralmasına səbəb olur. 
Bu xüsusiyyət katalizatorun yalnız süni ultrabənövşəyi şüalar altında deyil, 
həm də günəş enerjisindən istifadə etməklə effektiv fəaliyyət göstərməsinə 
imkan yaradır [Bencherif və b., 2021, 3051]. 

LİH-lər elektron quruluşu kationların molyar nisbətindən, kristal səthinin 
sahəsindən və ən əsası, laylararası boşluqlarda yerləşən ionların/molekul-
ların təbiətindən birbaşa asılıdır. Bu tip struktur modifikasiyaları, əlavə 
rekombinasiya mərkəzləri yaratmadan materialın optik udma qabiliyyətini 
əhəmiyyətli dərəcədə yüksəltməyə imkan verir. Məlumdur ki, LİH-lərin 
qadağan olunmuş zona eni kation və anionların təbiətindən və hidratlaşma 
dərəcəsindən (laylararası suyun miqdarı) asılı olaraq 2–5 eV diapazonunda 
dəyişir. Geniş enerji diapazonu LİH-ləri fotokatalitik proseslər üçün əlverişli 
yarımkeçiricilər sinfinə aid edir. Tədqiqatlar göstərir ki, struktura müxtəlif 
aşqarların daxil edilməsi və ya layların modifikasiya olunması yarımkeçirici 
xüsusiyyətlərini qorumaqla yanaşı, Eg zolağnın daralmasına və elektron 
keçidlərinin optimallaşdırılmasına gətirib çıxarır. Bu baxımdan, təqdim 
olunan işdə Zn-Cr LDH matrisinin karbon əsaslı nanostrukturlarla (G, GO və 
C60) zənginləşdirilməsi, materialın idarəolunan keçiricilik və spektral 
həssaslıq qazanmasına xidmət edir [Santos və b., 2026, 108061]. 

Təcrübi hissə: 

ZnCr-LİH otaq temperaturunda birgə çökmə üsulu ilə sintez edilmişdir. 
Molar nisbəti Zn2+/Cr3+ = 3 olan iki prekursor duzu, ZnSO4·7H2O (0.375 M) 
və Cr(NO3)3·9H2O (0.125 M) 40 ml distillə suya əlavə edilmişdir. Hazırlanan 
qarışıq duz məhluluna karbamid [CO(NH2)2]  və 1% karbon nanoquruluşları 
əlavə edilərək maqnit qarışdırıcıda qarışdırılmışdır. Daha sonra qarışdırma 
davam etdirilməklə 1 M NaOH məhlulu damcı-damcı əlavə edilmişdir. Proses 
pH 9-10-a çatdıqda dayandırılmışdır. Məhlul otaq temperaturunda 1 həftə 
saxlanıldıqdan sonra 60-90 °C-də 10 saat qızdırılmış, soyuduqdan sonra 
supernatant ayrılmış, çöküntü distilə suyu ilə neytral pH-a qədər yuyulmuş 
və havada qurudulmuşdur.  

Sintez edilmiş ZnCr-LİH və onun karbon əsaslı nanokompozitlərinin 
optik xüsusiyyətlərini öyrənmək və qadağan olunmuş zonanın enini (Eg) 
müəyyən etmək məqsədilə nümunələrin UB spektroskopiya ilə udulma və 
əksetmə spektrləri çəkilmişdir. Spektroskopik ölçmələr otaq temperaturunda, 
elektromaqnit spektrinin 200–900 nm dalğa uzunluğu diapazonunda 
aparılmışdır. 
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Nəticələr və onların müzakirəsi: 

Sintez olunmuş ZnCr-LİH və onun karbon əsaslı nanokompozitlərinin 
birbaşa elektron keçid (direct electronic transition) Eg qiymətləri Kubelka-
Munk tənliyi vasitəsilə hesablanmışdır [Balayeva və b., 2019, e02725]: 

[F(R∞)hν]1/n = k(hν-Eg) 
Hesablamalar zamanı n=1/2 qəbul edilməsi, ZnCr-LİH sistemində 

elektron keçidlərinin oksigenin 2p səviyyəsindən metalın ns/nd orbitallarına 
doğru birbaşa icazə verilən (direct allowed) xarakter daşıdığını göstərir 
(Cədvəl 1). 

Cədvəl 1.  Sintez olunmuş nümunələrin qadağan olunmuş zona enerjisi (Eg) qiymətləri. 

Nümunə Eg1 Eg2 Eg3 

Zn-Cr LİH 1.85 2.5 3.85 

Zn-Cr LİH/G 1.75 2.3 3.8 

Zn-Cr LİH/GO 1.7 2.4 3.8 

Zn-Cr LİH/PVS 1.7 2.55 3.8 

Zn-Cr LİH/PVS/C60 1.83 2.6 3.82 

 Cədvəl 1-dən göründüyü kimi, təmiz LİH üçün Eg 2.50 eV müəyyən 
edilmişdir. Qrafen (G) və qrafen-oksid (GO) əlavəsi bu qiyməti müvafiq 
olaraq 2.30 eV və 2.40 eV-a qədər azaltmışdır. Bu azalma (red-shift), karbon 
nanostrukturlarının LİH layları arasına daxil olaraq laylararası fiziki qüvvələri 
zəiflətməsi və elektron keçidini asanlaşdırması ilə izah olunur. PVA və 
Fulleren (C60) tərkibli kompozitlərdə isə Eg qiymətlərinin (2.55–2.60 eV) LDH 
matrisinə yaxın qalması, sistemdə həm üzvi polimer zəncirlərinin, həm də 
qeyri-üzvi anionların yaratdığı struktur stabilizasiyası ilə əlaqədardır. Üç fərqli 
enerji zonasının (Eg1, Eg2, Eg3) müşahidə olunması materialın mürəkkəb 
elektron strukturuna malik olduğunu və müxtəlif dalğa uzunluqlu şüalar 
altında aktivlik göstərə biləcəyini sübut edir. 
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Təqdim etdiyimiz işdə piroliz prosesində yan məhsul kimi alınan yüngül C5 fraksiyalarının 

tərkibində mövcud olan doymamış tsiklik quruluşlu dienlərin , xüsusilə tsiklopentadienin 
aminləşməsi prosesi və alınan diaminlərin bir sıra çevrilmə reaksiyaları tədqiq edilmişdir . 
Proses oks-redoks sistemində TiCl4 katalizatorunun iştirakı ilə amin radikalının alınmasına və 
tsiklopentadienin aminləşdirilməsinə əsaslanır.Aminləşmə prosesinin optimal şəraiti: 
temperatur- 250 C, alınan hidroksilamin üçün TiCl4-in miqdarı 15 mol,reaksiya müddəti 3 saat, 
HCl/HA-nın mol nisbətləri 2,5:1-dir. Alınan diaminlər ED-20 və ED-16 qatranlarının 
bərkidilməsində bərkidici agent kimi istifadə edilmişdir.Həmin diaminlərin malein anhidridi ilə 
qarşılıqlı təsir reaksiyasından N,N-(bistsiklopenten-2,7) bismaleinimidin alınmışdır. Epoksid 
qatranlarından alınan kompozisiyaların fiziki-mexaniki və odadavamlılıq xassələrini artırmaq 
məqsədilə dien kondensləşməsi reaksiyası ilə N,N-(bistsiklopenten-2,7) bismaleinimidin 
heksabrom tsiklopentadienlə qarşılıqlı təsirindən polibrom tərkibli bitsiklik bisimidlər sintez 
olunur. 

Açar sözlər: EP-300, tsiklopentadien, aminləşmə, bərkidici, epoksid qatranı, bismaleini-
midlər, antipren 
 

Müasir sənayenin tərəqqi etməsində yeni texnologiyaların tətbiqi və 
sürətli inkişafı, sənayedə baş verən ekoloji problemlərin səbəblərini araşdırır 
və aradan qaldırılmasının həlli yollarını ön plana çəkir. Məhz bu səbəbdən 
qlobal dünyada irəli sürülən mühüm ideyalardan biri yaşıl kimya anlayışının 
meydana gəlməsidir. Qeyd edək ki,karbohidrogen xammalının pirolizi neft 
kimyasının əsas proseslərindən biridir və etilen,propilen kimi böyük tonnajlı 
məhsulların alınmasının əsas mənbələrindən biridir. Lakin prosesdə alınan 
yan məhsulların səmərəli istifadəsi hələ də yaşıl kimyanın tələblərinə cavab 
vermir. Bu məsələnin aktuallığını nəzərə alaraq tərəfimizdən bəzi 
araşdırmalar yerinə yetirilmişdir. 

1,9-diaminbitsiklopenten-2,7-nin sintezi. İlk olaraq,yan məhsul kimi 

əldə olunan pentan-penten fraksiyasının (PPF) tərkibi araşdırılır və müəyyən 
edilir,sonra isə doymamış diaminlərin sintezi aparılır.C5 fraksiyalarının 
tərkibindəki doymamış tsiklik dienlərin, xüsusilə tsiklopentadienin 
aminləşməsi prosesi həyata keçirilir. Proses TiCl4 katalizatorunun iştirakı ilə 
oksidləşmə-reduksiya sistemində amin radikallarının əmələ gəlməsi və 
tsiklopentadienin aminləşdirilməsi prinsipi əsasında aparılır. Birinci 
mərhələdə TiCl4 iştirakı ilə xlorid turşulu hidroksilaminlə tsiklopentadienin 
qarşılıqlı təsiri amin (NH2

•) radikalının əmələ gəlməsinə səbəb olur, sonrakı 
mərhələdə isə amin radikalının tsiklopntadienlə birləşməsi amintsiklopentenil 
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radikalını əmələ gətirir.Amin (I) radikalının az aktivliyə və böyük stabilliyə 
malik olması 1,9-diaminbitsiklopenten-2,7 (II) radikalının alınmasına şərait 
yaradır. Proses üçün optimal şəraiti müəyyən etmək məqsədilə diaminlərin 
çıxımına TiCl4 miqdarının,tsiklopentadienin,xlorid turşulu hidroksilaminin 
molyar nisbətlərinin, temperaturun və reaksiya vaxtı kimi reagentlərin təsiri 
araşdırılmışdır. Aparılan eksperimental təcrübələr əsasında oksidləşmə-re-
duksiya sistemdə diaminobisiklopentenil əldə etmək üçün optimal şəraitlərin 
aşağıdakı kimi olduğu müəyyən edilmişdir:temperatur  250 C,reaksiya vaxtı 
3 saat, alınan hidroksilamin üçün TiCl4-in miqdarı 15 mol, HCl/HA-nın molyar 
nisbəti 2,5:1-dir.Verilən şəraitdə tsiklopentadienin aminləşməsi prosesinin 
sxemini aşağıdakı kimi yazmaq olar: 

 
TiCl3 + NH2OH·HCl → H2N+ + H2O + TiCl4 

H2N˙ + R → H2N˙– R → H2N· – R – R – NH2 

R=
2

;
2

;
2

;

2  
Burada R- penten- pentan fraksiyasının (PPF) radikalıdır. 
N,N-(bitsiklopenten-2,7) bismaleinimidin sintezi. Əldə olunan 

diaminlər əsasında dien kondensləşmə reaksiyası vasitəsilə yeni doymamış 
polibromtərkibli bitsiklik bisimid, yəni N,N-(bistsiklopenten-2,7) bismaleinimid 
sintez edilmişdir.Aparılmış təcrübələrin nəticəsində sintez olunan 
birləşmənin polimer materialların yanma intensivliyini azltmaqla yanaşı, 
onların odadavamlılıq xüsusiyyətlərini və fiziki-mexaniki xassələrini 
əhəmiyyətli dərəcədə artırıdığı müəyyən olunmuşdur.Sintezin birinci 
mərhələsində 1,9-diaminbistsiklopenten-2,7-nin malein anhidridi ilə qarşılıqlı 
təsiri nəticəsində N,N-(bistsiklopenten-2,7) bismalein amin turşusu əldə 
edilmişdir.Həmin sintez olunmuş N,N-(bistsiklopenten-2,7) bismalein amin 
turşusundan ikinci mərhələdə dehidratasiyası yolu ilə N,N-(bistsiklopenten-
2,7) bismaleinimidin sintezi həyata keçirilmişdir. 
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