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Abstract
This study explores the antimutagenic properties of sumakh fruit extract against the muta-

gen 4‑nitroquinoline‑1‑oxide (4NQO) using human peripheral blood lymphocytes. The extract 
was tested in doses ranging from 0.001 to 10 μg/ml. Results showed that sumakh fruit extract 
significantly reduced sister chromatid exchanges, a marker of DNA damage, with optimal pro-
tection observed at 0.01 μg/ml. These findings highlight the extract’s potential as a protective 
agent against mutagenic damage.
Keywords: Sumakh fruit extract, Antimutagenic activity, Artificial mutagenesis, Natural 
antimutagenic substances

The search for correctors of mutational 
processes of synthetic and natural origin, capa-
ble of resisting the harmful effects of mutagenic 
and carcinogenic substances, has been going on 
for almost a century. In this regard, the search 
for natural substances of plant origin, as well 
as artificial substances, is of particular interest.

In our research, to determine the effective 
dose as a modifier under conditions of arti-
ficial mutation, “sumakh fruit extract” 
containing a natural substance of plant ori-
gin was tested in a wide range.

To determine the effectiveness of genome 
protection, the maximum dose of antimu-

tagenic activity of sumakh fruit extract was 
determined under the action of mutagenic 
substances that differ in nature, type, mech-
anism of interaction with hereditary sub-
strates, as well as by the initial damage they 
cause in the DNA molecule.

Part of the research was conducted on “hu-
man peripheral blood lymphocytes”. 4 NQO 
(4‑nitroquinoline‑1‑oxide) was used as a mu-
tagen. In this part of the experiments, test dos-
es of the extract were administered to the sub-
jects before the introduction of the mutagen.

As an experimental model for testing the 
sumakh fruit extract, a  primary culture of 
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peripheral blood lymphocytes from healthy 
donors was used. For this purpose, the com-
position includes (1:3) heparinized plasma 
(0.1 ml of the ready-made Richter hepa-
rin solution + 10 ml of donor blood), blood 
precipitated with gelatin (1 ml of gelatin + 
+ 10 ml of blood), a ready-made nutrient me-
dium (medium No. 199–3 parts + lactalbu-
min hydrolysate – 1 part + bovine serum – 
– 1 part + phytohemagglutinin (PHA), 
a  hemagglutination reaction agent (Wel-
come – 0.1 ml / 10 ml of the mixture). After 
maintaining the mixture prepared in this way 
at a temperature of 370 °C for 5 hours, doses 
from 0.001 to 10 μg/ml of the extract were 
added, and after 17 hours, 4NQO (2.5*10– 
–7M) was added to the solution. The medium 
of the flasks with the experimental parts was 
added for 2 hours. An hour later, the medium 
of both variants was replaced with fresh stan-
dard medium. After 24 hours of culture de-
velopment, 5‑bromodeoxyuridine was added 
to all experimental and control flasks at a fi-
nal dose of 10 μg/ml and placed in a  ther-
mostat. The frequency of sister chromatid 
exchange was analyzed in preparations pre-
pared by differential staining of chromatids 
fixed at the 72 nd hour of cultivation.

In this part of the experiments, the spec-
trum of types of primary damage that they 
cause in the DNA molecule was taken into ac-
count when selecting model mutagens. Thus, 
the main types of damage created by 4NQO 
include cyclobutane-pyrimidine dimers, mu-
tational monoadducts, and interstrand cova-
lent crosslinks of the DNA molecule.

In experiments conducted on human pe-
ripheral blood lymphocytes obtained from 
a  healthy donor, the extract obtained from 
sumakh fruits was tested in the environ-
ment of artificial mutation of 4‑nitroquino-
line‑1‑oxide (4NQO), which behaves like UV 
rays, for reparation, replication., as well as 
the ability to create artificial mutations, cell 
death. In quantitative analysis of alternative 
colored exchange in the cell, registration of 
sister chromatid exchange proves the anti-
mutagenicity of the tested extract.

In experiments on the analysis of sister 
chromatid exchange in primary cultures of 
human peripheral blood lymphocytes using 
4HQO, it was found that sumakh fruit extract 
prevented the formation of sister chromatid 
exchanges at doses from 0.001 to 1.0 μg/ml. 
The highest efficiency was demonstrated by 
a dose of 0.01 μg/ml.

Table 1. Antimutagenic activity of sumakh fruit extract in 
primary human peripheral blood lymphocyte tissue

M
u

ta
ge

n
s

Expe-
rience 

options

Extract 
dose, 

mcg/ml

Sister chromatid 
exchange

td P

AEF
By

con-
trol

By 
mutagen

By 
 control

By 
 muta-

gen
SCE / according 

to the cell
Control 0 5.17 ± 0.71 – – – – –

4N
Q

O

4NQO 0 16.58 ± 1.97 5.46 – <0.001 –

Sumakh 
extract +

4NQO

0.001 9.16 ± 0.98 3.29 3.37 =0.001 <0.001 0.45
0.01 8.23 ± 0.87 2.73 3.38 <0.01 <0.001 0.50
0.1 9.34 ± 0.99 3.42 3.28 <0.05 <0.001 0.44
1.0 11.55 ± 1.17 4.66 2.20 <0.01 <0.05 0.30
10 12.73 ± 1.25 5.25 1.65 <0.051 <0.05 –

Calculation method:

M
n

N
�

�100%
;
 
M

M M

N
�

� �� �100
;

td
М М

m m
�

�

�
2 1

1
2

2
2

�

М – the frequency of mutations; М2 – the 
frequency of mutations of the experimental 
variant; М1 – the frequency of mutations of 
the control variant; 1

2M  – error of the control 
variant; 2

2M  – error of the experimental vari-
ant; AEF – i c

i
−

−.���AEF � Antimutagen effectiveness 
factor, i – primary (previous), c – subsequent 
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(determined by dividing the difference be-
tween the primary and modified mutation 

levels by the primary indicator), n = Sister 
chromatid exchange, N = all stadied cells.
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Abstract
In this work, the process of sulfomethylation of aniline, the optimal parameters of the sul-

firovanie process are defined, the obtained products are tested and the quality of the steaming 
solution is otlogeny mineralnyx soley with the surface of the heat exchange apparatus.
Keywords: aniline, sodium bisulfite, formaldehyde, monosulfomethyleneaniline, mechanism 
reaction, cleaning of steam boilers of mineralnyx otlogeny

Introduction
The correct selection of “water-chemical 

reagent” standards for the water treat-
ment system of thermal power stations, the 
main — turbine, condensers and secondary 
-compressors, pumps ensures efficient oper-
ation of the devices — prevents the accumu-
lation of mineral salts, eliminates corrosion. 
For each type of circulating cooling systems, 
an individual approach to the selection of 
“water-chemical reagents” is required, and 
this is primarily related to the material of the 
components in the system and the type of 
reagents. Adding concentrated hydrochloric 
acid, sulfoamines, and phosphates to the en-
vironment is considered a traditional meth-

od and does not allow complete elimination 
of accumulated mineral salts and corrosion. 
Mineral salts collected on the surface of heat 
exchange devices affect vacuum weaken-
ing in technological systems, including heat 
exchange processes, which are considered 
the main economic indicator of energy de-
vices. At the same time, special attention is 
being paid to the determination of effective 
components for “water-chemical reagent” 
correction-circulation cooling systems, pro-
duction of competitive products based on or-
ganic synthesis from available raw materials, 
and determination of their properties.

In practice, periodic cleaning of steam 
boilers is carried out on average once in 
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1–2 seasons. Boilers with a service life of 20 
years (Levitin I. V., et al. 2011; Glazyrin A. I., 
Kostrikina E. Yu. 1987) are cleaned approxi-
mately 10–15 times before decommissioning.

The formation of salts is different due to 
the difference in mineral salts in the water, 
the method of its purification and the op-
erating modes of the boilers. According to 
their chemical composition, salts can be di-
vided into four main groups: 1)  salts of al-
kaline earth metals — SaSO3, CaSO4, CaSiO3, 
5CaO‑5SiO2-H2O, Mg(OH)2, etc.; 2) iron ox-
ide and iron phosphate — FeO, Fe2O3, Fe3O4, 
NaFePO4, Fe3(PO4)2; 3) brass and 4) alumi-
num (RD 34.37.403–91; RD 34.20.591–97; 
Baranov V. N. 2013).

To clean boiler heating surfaces from salt 
deposits, reagent-based and reagent-free 
cleaning methods are applied depending 
on the structure of the contaminating layer, 
the degree of contamination of the heat ex-
change surface, and the type of boiler. The 
classification of methods to combat salt for-
mation is shown in Figure 1, based on sourc-
es (Materials of OJSC 2014; Margulova T.
Kh. 1969; GOST 24005–80). The choice of 
the method depends on the duration of the 
shutdown of the boiler, the availability of 
special equipment, chemical reagents, the 
flexibility of the technological scheme, and 
the availability of specialists and trained 
personnel.

Figure 1. Classification of methods to combat salt formation

It should be noted that the methods 
used may cause some negative phenomena, 
as a result of which the further operation of 
the boiler may be associated with a high rate 
of formation of salts or increased wear. For 
example, as a  result of mechanical clean-
ing, the roughness of the surface increases 
and the oxide protective layer is destroyed, 
during chemical cleaning, partial melting 
of the oxide film and metal, hydromechan-
ical wear of the surface, etc. may occur. The 
problem of effective cleaning of heating sur-
faces and increasing the wear resistance of 
the equipment is closely related to each oth-
er (Degremont, 2007).

The main advantage of the chemical 
cleaning method is that it does not require 
complete disassembly of the equipment be-
ing cleaned, and in some cases this salt is the 
only possible way to break up the sets.

Experimental part
Currently, chemical cleaning methods 

widely use organic acids (citric, adipic, male-
ic, oxalic, formic, acetic, and sulfamic), miner-
al acids (hydrochloric, sulfuric, sulfamic, and 
phosphoric), and chelating agents (such as 
disodium salt of ethylenediaminetetraacetic 
acid (Trilon B), hydroxyethane diphosphonic 
acid, and others) as well as compositions based 
on them. These methods are applied in open 
or closed cycles using forced circulation tech-
niques or natural circulation of the solution.

The purpose of this article is to improve the 
efficiency of water supply systems by eliminat-
ing existing scale deposits and to develop af-
fordable and effective compositions of reagents 
for removing accumulated mineral salts.

To achieve the goal, the process of sul-
fomethylation of aniline was studied to pro-
duce reagents for removing accumulated 
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mineral salts. A three-neck flask with a vol-
ume of 250 ml, equipped with a mechanical 
stirrer and a reflux condenser, was used. Into 
the flask, 10 ml of H2O and 85 g of sodium 
metabisulfite (Na2S2O5) were added. 80 mL 
of 37% formaldehyde solution was added 
with vigorous stirring. 5 ml of 50% caustic 
soda solution was poured there. After the 
formaldehyde odor dissipates, 47.5 ml of an-
iline is gradually added to the mixture while 
stirring intensively. The mixture is then heat-
ed at a temperature of 60–70 oC for 3 hours. 
After appropriate treatment and subsequent 
drying in a drying oven at a  temperature of 
100±5 oC for 5 hours, 80% of the final prod-
uct is obtained in powder form. The authen-
ticity of the substance was proven using IR 

spectroscopy and GC–MS methods and con-
firmed by elemental analysis.

Analysis of results
This section examines the sulfomethyla-

tion process of aniline, systematically studies 
the factors affecting its yield, and evaluates the 
effectiveness of the obtained products both in 
their pure form and as an inhibited acidic for-
mulation in removing accumulated mineral 
salts from boiler surfaces. The analysis of the 
resulting scientific findings is also provided.

For the sulfomethylation reaction of an-
iline, the initial raw materials aniline, form-
aldehyde, and sodium bisulfite condense in 
weakly acidic environments. The reaction 
proceeds according to the following scheme:

NH2

+ CH2O  +  NaHSO3

NH – CH2SO3Na

+  H2O

NH2

+ 2 CH2O  +  NaHSO3

N

+  2H2O

CH2SO3Na

CH2SO3Na

Studies on the dependence of the yields of 
mono- and disulfomethyl aniline on the ratio 
of initial raw materials show that the maxi-
mum yield of MSM (monosulfomethyl aniline) 
in its pure form is observed at a ratio of 1:1:0.5 
at 70oC. With an increase in the amount of 
sodium bisulfite or temperature, the amount 
of DSM (disulfomethyl aniline) in the reac-
tion mixture increases, reaching up to 57.4% 

at a 1:1:1 ratio at 90oC. The experimental re-
sults show that the condensation of aniline 
with formaldehyde in the presence of sodium 
bisulfite is independent of the amount of form-
aldehyde. This can be explained as follows: in 
the initial stage of the reaction, formaldehyde 
reacts with sodium bisulfite, which can be con-
sidered as a  reaction where the hydrosulfite 
anion interacts with the nucleophile S.

H

H
C = O 

H – O

Na – O
S = O +

δ+ δ-
..

H

H
C – O 
+

H – SO3
–Na+

–

Since the carbonyl group of formaldehyde 
is a strongly polar group, it easily undergoes 
polarization. At the same time, the hydrosul-
fite, with its delocalized electrons, attacks the 
carbon of the carbonyl group, resulting in the 
formation of a new carbon-sulfur bond.

Since the resulting intermediate com-
pound is highly unstable, the elimination of 
the hydroxyl group and the migration of the 

hydrogen from the hydrosulfite anion occur 
simultaneously. At the same time, the pres-
ence of aniline in the reaction environment 
leads to the interaction of the amino group 
with the hydroxyl groups of the ionized hy-
drogen, resulting in the formation of pro-
tonated water ions. As a result, monosulfo-
methyl aniline molecules are formed as the 
final product.
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H

H
C – O 
+

H – SO3
–Na+

–
+

NH2 N – C – SO3Na
H

H + H2O

H

As the reaction progresses in this se-
quence, the concentration of monosulfo-
methyl aniline increases, which in turn leads 

to an increase in the amount of disulfomethyl 
aniline in the reaction mixture.

+
H

H
C = O 
+

H – SO3
–Na+

–N – C – SO3Na
H

H

H
N – C – SO3Na

H

H

NaO3S – C 
H

H

The reaction was carried out with vari-
ous ratios of the initial raw materials. It was 
found that at a mole ratio of aniline: formal-
dehyde: sodium bisulfite of 1:1:0.5, the main 
product in the reaction mixture is monosul-

fomethyl aniline (MSMA). At a  1:1:1 ratio, 
disulfomethyl aniline (DSMA) is formed. The 
dependence of the yield of sulfomethyl ani-
line on the ratios of the initial reagents is pre-
sented in Table 1.

Table 1. Dependence of the yield of mono- and disulfomethyl aniline 
on the ratio of initial raw materials, reaction duration: 3 hours

С6H7N: CH2O: 
Na2S2O7 mol ratios

Temperature, 
°C

Productivity, %

МSМА МSDА

1:1:0,5
30

26.4 4.8

1:2:1 7.8 18.0

1:1:0,5
50

47.3 7.8

1:2:1 16.2 25.5

1:1:0,5
70

80.0 0.8

1:2:1 24.6 49.8

1:1:0,5
90

78.1 1.9

1:2:1 22.2 57.4

The structure and composition of the ob-
tained sulfomethyl aniline products were 
determined using elemental analysis, IR 
spectroscopy (Figure 2), and 1H NMR spec-
troscopy (Figure 3).

In the IR spectrum of the condensation 
products of aniline, formaldehyde, and sodi-
um bisulfite in weakly acidic environments, 
the following characteristic absorption bands 
for sulfomethyl aniline can be identified:

1.  A  stretching vibration at 1190– 
–1205 cm–1 corresponding to the -C–N bond,

2.  A  stretching vibration at 1048– 
–1075 cm–1 associated with the O=S=O 
group,

3.  Absorptions at 3422–3448 cm–1 corre-
sponding to the -N-H group in the aromatic 
ring,

4.  A  stretch at 1663.2 cm–1 for the C–C 
bond in the aromatic ring,

5.  Deformation vibrations in the range of 
1454–1472 cm–1, characteristic of the meth-
ylene group.

https://ppublishing.org/edition/the-european-journal-of-humanities-and-social-scie
https://ppublishing.org/edition/the-european-journal-of-humanities-and-social-scie


The European Journal of Technical 
and Natural Sciences 2024, No 5 – 6

SYNTHESIS AND PROPERTIES OF DETERGENT REAGENT FOR CLEANING10

Section 2. Chemistry

Figure 2. IR spectrum of the condensation products of aniline, 
formaldehyde, and sodium bisulfite in weakly acidic environments

The rate of removal of accumulated miner-
al salts on the internal surface of the boiler was 
calculated using the gravimetric method (An-
tikain P. A., 1969) with the following formula:

	
W

m
S t

mt

t
�

�
�

� (1.1)

Where:
•	 W is the rate of removal of mineral 

salts (g/m2·h),
•	 mmt is the mass of the dissolved accu-

mulated mineral salts (g),
•	 St is the surface area being cleaned 

(m2),
•	 t is the time for the removal of the ac-

cumulated mineral salts (hours).
The effect of the reagents on metal cor-

rosion during the washing process (Mk) was 
determined using the following formula:

	
K

m
S tM

mt

t
�

�
�

� (1.2)

where – �m m mM m� �( )0  mass of the metal 
initially and after the washing process, g; St – 
metal surface area, m2; t – washing time, hours.

Studies of the composition and structure 
of accumulated mineral salts in steam boil-
ers under the conditions of the Syrdarya TPP, 
as well as numerous conducted experiments, 
indicate that the washing process consists 
of two main stages: The initial stage occurs 
rapidly (covering about a quarter of the total 
washing duration) and dissolves 75–85% of 
the mineral salts. The second stage involves 
dissolving the strongly adhered, hard-to-dis-
solve portion of accumulated mineral salts 
on the metal surface. This stage takes longer, 
encompassing 75–80% of the reaction dura-
tion and is considered the phase that deter-
mines the qualitative efficiency of the wash-
ing process.

The upper layer of the accumulated min-
eral salts is relatively soft and mainly con-
sists of carbonate compounds, while the layer 
closer to the metal surface contains a higher 
concentration of iron oxides.
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Figure 4. Concentration dependence of the dissolution process in washing 
(solution flow rate U=1 m/s): -×-washing reagent concentration 5%; -washing 

reagent concentration 8%; a) temperature t = 24 oС; b) temperature t = 30 oC
a)

b)

From the comparative graphs of wash-
ing temperature and washing solution dos-
age, it is evident that temperature increase 
has a  greater impact on cleaning duration 
than dosage increase. For instance: At 
a  5% dosage and a  temperature of 20 oC, 
the cleaning duration for metal surfaces is 
39.6 × 10 3 seconds. Gradually increasing 

the temperature to 70 oC at the same con-
centration reduces the cleaning duration to 
16.5 × 10 3 seconds, shortening it by up to 
2.4 times. Increasing the washing solution 
dosage to 10% at 20 oC results in a cleaning 
duration of 19.8 × 10 3 seconds, reducing it 
by 2.1 times. This clearly demonstrates the 
aforementioned point.
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Figure 5. Dependence of the dissolution process in washing on the speed 
of solution movement (temperature t = 30 °C): -×-washing reagent flow 
rate 0.1 m/s; – washing reagent flow rate 1.0 m/s; a) washing reagent 

concentration 5%; b) washing reagent concentration 8%

a)

б)

Summary
Thus, the condensation products of aniline, 

formaldehyde, and sodium bisulfite in weakly 
acidic environments were studied using IR 
spectroscopy, elemental composition analy-
sis, and PMR (proton magnetic resonance) 
spectroscopy. The synthesis of sulfomethyl 
aniline products aligns with the principles of 

organic chemistry theory, where it is based on 
the observation that with increased reaction 
time, sulfomethyl aniline produced in aque-
ous solutions undergoes hydrolysis, convert-
ing back to the initial products, which leads to 
a decrease in the reaction yield. The geometry 
and electronic structure of the obtained sub-
stances were studied using the semi-empirical 
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quantum chemical method with PMZ (proba-
bilistic molecular zone) analysis.

The optimal standards for washing the 
mineral salts accumulated on the internal 
surfaces of steam boilers have been deter-
mined, and the effectiveness of the salt disso-
lution rate (W) was calculated using the grav-
imetric method. Studies on the composition 
and structure of the mineral salts accumu-
lated in steam boilers under the conditions 
of the Syrdarya Thermal Power Plant (TPP) 
and numerous experiments showed that the 

washing process consists of two main stages: 
The initial stage – a  rapid phase (covering 
about a  quarter of the total washing dura-
tion) in which 75–85% of the mineral salts 
dissolve. The second stage – the dissolution 
of the strongly adhered, hard-to-dissolve 
portion of the accumulated mineral salts on 
the metal surface (this stage is prolonged, 
covering 75–80% of the reaction duration, 
and is considered the stage that determines 
the qualitative effectiveness of the washing 
process).
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Abstract
In this article the regularities of the urea condensation reaction with glyoxal are consid-

ered and studied. It is shown that during the condensation of carbamide with 1,2-dicarbon-
yl compound in the presence of OEDP as a catalyst the product based on tetrahydroimid-
azo-[4,5-d]-imidazoledione-2,5 is synthesized with a yield of 80-85%. The obtained products 
in pure form and in composition with diethylamine, formaldehyde, carbamide and gossypol 
resin were tested as corrosion inhibitors. It was established that the compositions are effective 
corrosion inhibitors and protect steel from corrosion by more than 90%.
Keywords: urea, dial, OEDP, tetrahydroimidazo -[4,5-d]- imidazoledione corrosion inhib-
itor, protection level

Tetrahydroimidazo-[4,5-d]-imidazole-
dione-2,5 - multifunctional compound, V 
which urea fragment, actually, defines prop-
erties molecules, conditioned presence two 
reactionary centers V structure: four donor 
NH groups And two acceptor C=O groups.

As a rule, synthesis tetrahydroimid-
azo-[4,5-d]-imidazoledione-2,5 is carried 
out by condensation of 1, 2 - dicarbonyl 
connections With urea V presence aggres-
sive mineral And organic acid (H2 SO4, H Cl 
and CF3 COO H, HCOO H) and alkaline cat-
alysts . Besides that, the main Part processes 
receipt glycolurils is being carried out V or-

ganic solvents (Kravshenko, A.N., 2018; Li, 
J.-T., 2010).

Relatively recently V in a row works (30-
32, 108, 109) established, What 1-hydroxye-
thylidenediphosphonic acid (OEDF) showed 
myself V quality convenient catalyst V 3-x 
component reactions heterocyclization V 
water. IN reactions were used carbonyl con-
nections With active methylene group, ureas 
And aldehydes.

So OEDF - five-base acid With constants 
dissociations rKα: 1.7, 2.47, 7.28, 10.29 And 
11.13 for five steps respectively, decompos-
es at temperature about 250 °C, A V water 
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solutions decomposes at 140 °C (Pansuriua, 
A.M. 2009). In natural reservoirs OEDF sub-
ject to rapid decay under action ultraviolet, 
A products disintegration are used V quality 
fertilizers (Vilapara, K.V., 2019). OEDF With 
grounds forms salts (Savant, M.M. 2009; 
Bakibaev, A., 2020; Panshina, S., 2020). 
Unique complexing properties OEDF, con-
tributed synthesis sets new organophospho-
rus connections and creation on their basis 
practically valuable substances V quality reg-
ulators contents calcium V in the body a per-
son, bactericidal funds, inhibitors corrosion, 
auxiliary substances V oil production And 
thermal power engineering And etc.

In molecule OEDF two phosphonyl atom 
O(H) at both atoms phosphorus, A Also dep-
uties O H And With H 3 at atom WITH locat-
ed By both sides from specified higher planes. 
This circumstance minimizes repulsion be-
tween atoms H(O), H(C) And phosphonic at-
oms oxygen. Two groups PO3 in the structure 
OEDF have eclipsed conformation relative to 
axes P - P. By in the opinion of the authors 

(Belykh, S.I., 2018), obscured con formation 
molecules, conditioned by presence deputies 
HE And Me at atom carbon and responsible 
for weaker acidity V OEDF.

Taking into account the above, we car-
ried out a condensation reaction of urea with 
1,2-dicarbonyl compounds in the presence of 
OEDP as a catalyst in the synthesis of tetra-
hydroimidazo-[4,5-d]-imidazoledione-2,5.

It is known, What V industrial conditions 
tetrahydroimidazole-[4,5-d]-imidazoledi-
one-2,5 receive reaction condensation of 
glyoxal with urea in the presence of sulfuric 
acids with output 85% (Patent. 2439072).

Us for the first time carried out synthe-
sis tetrahydroimidazo-[4,5-d]-imidazoledi-
one-2,5 reaction condensation ureas With 
glyoxal in water in the presence of OEDP as 
“green” catalyst (Mysheletti, G., 2013).

In the course conducted research, by us 
established, What synthesis tetrahydroimid-
azo- [4,5-d]-imidazoledione-2,5 With using 
OEDF leaks for 50-60 minutes With practi-
cally quantitative yield of the target product: 

The relationships were established com-
ponents and time reactions. On first stage 
research We used ratio 1:0.5 (urea: OEDF), 
Where reaction it was over already on 10 
minute With exit glycoluril 44%. Dropped 
out product tetrahydroimidazole-[4,5-d]-im-

idazoledione-2,5 at 10 minutes reactions 
was separated by filtering, A filtrate con-
tinued heat V flow 2 hours. By expiration 
time reactions general exit tetrahydroimid-
azo-[4,5-d]-imidazoledione-2,5 amounted to 
87% (Table 1).

Table 1. Exit tetrahydroimidazole-[4,5-d]-imidazoledione-2,5 
at various ratio ureas and OEDF

Time
Amount of OEDP, mol (ratios urea (urea , OEDF)

0.0005 (1:0.25) 0.001 (1:0.5) 0.002 (1:1) 0.004 (1:2)
10 minutes 35% 44% 61% 66%
120 minutes 79% 87% 99% 97%

Next at working off moths ratios quantities 
OEDF (table 2.1) was established, What the 
greatest exit tetrahydroimidazole-[4,5- d]-im-

idazoledione-2,5 (99%) V reactions bicycliza-
tion achieved at use relation​ 1: 1 urea to OEDF 
respectively.
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At use 1 equivalent OEDF V synthesis 
tetrahydroimidazole-[4,5-d]-imidazoledi-
one-2,5 was established, what already on 40 
minute was highlighted product tetrahydro-
imidazole- [4,5- d]-imidazoledione-2,5 With 
exit 99%, A at hourly duration tetrahydroim-
idazole-[4,5-d]-imidazole-2,5 dione process 
was received With quantitative yield (100%).

Was established, what at long-term heat-
ing reactionary masses synthesis tetrahydro-
imidazole-[4,5-d]-imidazoledione-2,5 V pres-
ence OEDF (more 2 hours) finished product 
yield decreases. In this case, the analysis of the 
solution revealed that, together with OEDP, 

the filtrate contains products of a competitive 
reaction or rearrangement of tetrahydroimid-
azole- [4,5- d]-imidazole-2,5-dione.

Considering that the synthesis product 
and the initial reagents are corrosion inhib-
itors, the determination of the inhibitory 
properties was studied in a mixture without 
additional purification (Table 2). The effect 
of the concentration of tetrahydroimidaz-
ole-[4,5-d ]-imidazoledione-2,5 (THID) in 
pure form and as a composition on the corro-
sion rate of grade C t. 20 steel in 15% hydro-
chloric acid (t = 60 °C; τ = 42 hours).

Table 2. The influence of TGID concentration on the corrosion rate of steel grade C t. 20

Concentration inhibitor, % Corrosion rate g/ m2 . hour Degree protection, %
Without additives 13 –

0.2 6.5 95.0
0.4 4.7 96.4
0.6 4.1 96.8
0.8 2.0 99.0
1.0 1.4 99.6
1,2 2.4 97.6

The obtained inhibitor has limited sol-
ubility in gas condensate. When dissolved 
in a two-phase medium - gas condensate: 
water - an independent phase is released, 
which limits its use as an inhibitor of hydro-
gen sulfide corrosion.

TGID product was modified with the ad-
dition of diethylamine and was called TGID-
SHO. Its effect on steel corrosion in hydro-
gen sulfide (Table 3) and carbon dioxide 
(Table 4) environments was studied.

Table 3. The effect of TGID-SHO on the rate of steel corrosion in a hydrogen sulfide 
environment (strength grade D, T = 25-35 °C, hydrogen sulfide concentration – 

2.5–3.0 g/l, gas condensate: water – 1:2, active substance – inhibitor 50%)

Inhibitor
Concentra-
tion, mg /l

Time experi-
ence, hour

Corrosion rate, 
g/ m2 hour

Degree pro-
tection, %

Without inhibitor – 12 1.15 –
TGID-SHO 100 12 0.048 95.1
TGID-SHO 300 12 0.013 98.9
TGID-SHO 500 12 0.015 98.7
Without inhibitor – 24 0.92 –
TGID-SHO 200 24 0.042 96.6
TGID-SHO 500 24 0.018 98.1
Dodikor ( standard ) 100 24 0.055 95.0
Without inhibitor – 48 0.25 –
TGID-SHO 100 48 0.010 93.8
TGID-SHO 300 48 0.008 96.8
Dodikor ( standard ) 100 48 0.009 96.4
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Table 4. The effect of TGID-SHO on the rate of steel corrosion in a carbon dioxide 
environment (strength grade D, T – 25-40 °C, Pso 2 -1.0 MPa, stirring)

Inhibitor
Concentra-
tion , mg /l

Time experi-
ence , hour

Corrosion rate, 
g/m2.hour

Degree pro-
tection , %

Without inhibitor – 20 3.7 –
TGID-SHO 100 20 0.132 96.29
Without inhibitor – 40 3.8 –
TGID-SHO 100 40 0.17 96.46
Without inhibitor – 60 3.5 –
TGID-SHO 100 60 0.138 96.01
Without inhibitor – 80 3.4 –
TGID-SHO 100 80 0.138 95,94
I-1-A 200 80 0.3 91.17

As can be seen from the data of Table 3, 
TGID-SHO is an effective corrosion inhibitor 
for 24 hours, at a concentration of 500 mg/l, 
with the corrosion rate being 0.018 and the 
degree of protection being 98.7%, for 48 hours 
of dosing at 300 mg/l, the corrosion rate is 
0.008 and the degree of protection is 96.8%. 

Thus, the synthesized product is not inferior in 
terms of the degree of protection to the corro-
sion inhibitors imported from Russia “I-1-A” 
and from Germany “Dodicor”.

The influence of TGID-SHO concentra-
tion on the corrosion rate depending on tem-
perature was studied.

Tables 5. The effect of TGID-SHO on the corrosion rate in different 
waters depending on temperature, the experiment time is 24 hours

Solution, % mass.

Corro-
sion rate 
g/ m2 h

Degree 
protec-
tion, %

Corro-
sion rate 
g/ m2 h

Degree 
protec-
tion, %

Corro-
sion rate 
g/ m2 h

Degree 
protec-
tion, %

T=20 °C T=40 °C T=60 °C
NaCl ÷ 25.0 0.042 – 0.99 – 25.80 –
NaCl+ TGID–SHO ÷ 
÷ 25.0+0.5

0.0091 78.30 0.079 92.02 0.40 98.45

H2SO4 ÷ 20.0​​ 15.7 – 7.7 – 31.20 –
H 2 SO 4 + TGID–SHO ÷ 
÷ 20.0+0.5

2.2 85.99 3.0 61.03 16.00 48.72

NaCl + H2S ÷ 25.0 + 

saturated solution
0.23 – 0.94 – 3.10 –

NaCl + H 2 S + TGID– 
–SHO ÷25.0+ saturated 
p–p+1.0

0.02 91.30 0.072 92.34 0.099 96.81

As can be seen from the data in Table 5, 
TGID-SHO effectively protects steel from 
corrosion in aqueous solutions of NaCl and 
NaCl + H2S, showing stability with an in-
crease in temperature to 60 °C. At the same 
time, in a 20% aqueous solution of H 2 SO 4, 
the efficiency decreases with an increase in 
temperature.

THID was also modified by adding form-
aldehyde, urea, gossypol resin, copper salts 
in the ratio: THID: formaldehyde: urea: 
gossypol resin = 0.6: 0.1: 0.29: 0.01 (the 
conventional name of this composition is 
THID – extra).

TGID and TGID - extra was studied ; the 
results for determining the volatility of the 
samples are presented in Table 6.
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Table 6. Results for determination of sample volatility

Name samples Load , g
Weight loss, g, 
after 5 hours.

Weight loss, g,  
after 25 hours

TGID 1.96 0.81 (41%) 0.97 (49.5%)

TGID -extra 2.6 0.29 (11%) 0.38 (14.6%)

Table 6 shows that the analyzed reagents 
(except for TGID - extra concentrate) have 
high volatility. Removal of the solvent from 
the reagent “ TGID - extra “ allowed us to ob-
tain a homogeneous stable reagent, the vola-
tility of which did not exceed 0.2%.

The studies of the inhibitory effect of “TGID 
- extra” were carried out by express determi-
nation on metal samples of steel grade St. 20. 

The inhibitor concentration was 400 mg/l. The 
study time was 24 hours, at room temperature 
in two-phase systems gas condensate - saline 
solution, oil - saline solution and in saline solu-
tion. The analyzed systems were saturated with 
hydrogen sulfide for 15 minutes.

The results of the inhibitory effect of the 
“TGID - extra” test on metal plates St.20 are 
presented in Tables 7 and 8.

Table 7. Results of the inhibitory effect of the TGID 
sample, inhibitor concentration 1% by weight

No.
Terms and Conditions 

experience
Average loss 

mass, gr.

Average corro-
sion rate 

g/m2 ·hour

Degree pro-
tection, %

1

Without inhibitor 0.0255 0.03310

Saline solution containing 
H2S + 70 ml gas condensate

0.004 0.00519 84.3

2

Without inhibitor 0.012 0.01557 –

Saline solution containing 
H2S + 70 ml oil

0.0013 0.00143 89.2

3
Without inhibitor 0.0107 0.13889 –

Saline solution containing H2S 0.0012 0.01493 89.3

Table 8. Results of the inhibitory effect of the “TGID - extra” 
sample, inhibitor concentration 1% by weight

No.
Terms and Conditions ex-
perience

Average loss 
mass , gr .

Average corrosion 
rate g/m2 · hour

Degree pro-
tection, %

1

Without inhibitor 0.0031 0.3952

Salt solution containing gas 
condensate: water 1:2 and H2S

0.0053 0.00365 90.7

2

Without inhibitor 0.0051 0.196

Salt solution containing gas 
condensate: water 1:2 and H2S 
+ 70 ml of oil

0.0022 0.02791 85.8

3

Control 0.001 0.01298

Salt solution containing gas 
condensate: water 1:2 and H2S

0.0002 0.00128 90.1
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In order to develop a universal hydrocar-
bon-soluble inhibitor, PKI-3 was improved 
by adding urotropine, gossypol resin, acrylic 
nitrile, formaldehyde, urea and copper salt in 
the ratios urotropine: gossypol resin: acrylic 
nitrile: formaldehyde: urea: copper salts = 0.5: 
0.1: 0.09: 0.1: 0.2: 0.01 (the conventional name 
of this composition is “TGID - extra SHO”).

The inhibitor components were selected 
based on the following considerations: form-
aldehyde reacts with urea to form mono-, di-, 
tri- and tetramethylol derivatives.

Urea reacts with gossypol, which is pres-
ent in gossypol resin, according to the follow-
ing scheme: 

OH
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The inhibitor “ TGID - extra SHO” has a 
weak characteristic odor. It dissolves well in 
gas condensate and hydrocarbons. The main 

indicators of the inhibitor “ TGID - extra SHO” 
are given in Table 9.

Table 9. Physicochemical parameters of the inhibitor “ TGID - extra ШО”

No. Name indicators Meaning
1 Amine number, mg НС l per 1 g of inhibitor, not less than 45.0

2
Protective capacity in water-hydrocarbon environment con-
taining hydrogen sulfide, % not less than

90.0

3
Solubility:
in gas condensate
in the water

soluble
disperses

4 Freezing point, °C not higher minus - 35
5 Kinematic viscosity at 20 °C mm2 /s no more than 25
6 Dry residue , % not less 67
7 Density of inhibitor at 20 °C, g/cm3

 ,
 no more than 1.05

“TGID-extra SHO” was tested as a cor-
rosion inhibitor in hydrogen sulfide, carbon 

dioxide and hydrochloric acid environments 
(Tables 10–12).

Table 10. The effect of the inhibitor “ TGID - extra SHО” on the corrosion of steel 
grade D in a carbon dioxide environment (РСО 2 = 1.0 MPa), room temperature

Concentration 
inhibitor, mg /l

Time experi-
ence, hour

Corrosion rate, 
g/m2 h

Degree 
protection, %

Without inhibitor 20 3.7 –
200 20 0.137 96.29
Without inhibitor 40 3.8 –
200 40 0.172 96.46
Without inhibitor 60 3.5 –
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Concentration 
inhibitor, mg /l

Time experi-
ence, hour

Corrosion rate, 
g/m2 h

Degree 
protection, %

200 60 0.138 96.0
Without inhibitor 80 3.4 –
200 80 0.135 95.94
I-1-A standard, 200 80 0.3 91.17
400 80 0.2 94.12

Table 11. Protective action of the inhibitor “ TGID - extra SHO” 
in a hydrogen sulfide environment. Temperature - room

Concentration of H2S 
in gas condensate g/l

Concentration 
inhibitor , mg /l

Corrosion rate 
g/m2 hour

Degree protec-
tion , %

Time 1 day

2.5 – 2.7

Without inhibitor 3.9 -
100 0.2 94.87
250 0.31 92.05
400 0.036 95.2

Time 3 days

2, 9 – 3 , 1

Without inhibitor 0.489 -
100 0,013 97.3
250 0,011 97.9
400 0,014 97.0

Table 12. Effect of temperature on the corrosion rate of C. 3 in 15% 
hydrochloric acid. Concentration inhibitor 0.8% by weight

Solution salt acids Corrosion rate g/m2 hour
Degree 

protection %
Temperature room temperature , τ = 24 hours

Without inhibitor 5.2 –
With inhibitor 1.3 75.0

Temperature 40 °C, τ = 4 hours
Without inhibitor 48 –
With inhibitor 0.6 99.0

Temperature 60 °C, τ = 4 hours
Without inhibitor 13 –
With inhibitor 2.0 98.0

Temperature 80 °C, τ = 4 hours
Without inhibitor 610 –
With inhibitor 2.0 99.6

Temperature 100 °C, τ = 1 hour
Without inhibitor 1020 –
With inhibitor 4.3 99.5

As can be seen from the obtained data, 
the inhibitor “TGID - extra SHО” in all cases 
shows high protection against corrosion.

Thus, the regularities of the urea conden-
sation reaction with glyoxal have been estab-
lished. It has been shown that during the con-
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densation of carbamide with 1,2-dicarbonyl 
compounds in the presence of OEDP as a cat-
alyst, a product based on tetrahydroimidazo- 
[4,5-d ]-imidazoledione-2,5 was synthesized 

with a yield of 80–85%. The products obtained 
in pure form and in combination with some 
secondary reagents of the chemical industry 
were tested as corrosion inhibitors.

References

Kravshenko, A. N. Sуnthеsis it fglusolurils and thé iranalogues / A.N. Kravsheno, V.V. Baran-
ov, G.A. Gazieva // Russia and n Shem. Reviews. 2018. – V. 87. – No. 1. – P. 89 – 108. 
URL: http://dx.doi.org/10.1070/RSR4763

Li, J.-T. Sуnthеsis it fglusolurilsataluzed bispоtаssium hudroxideunder ultrа sоund irrаdiаtiоn 
/ J.-T. Li, X.-R. Liu , M.-X. Sun // Ultrason. 2010. − V. 17, No. 1. − P. 55−57. DOI:10.1016/j.
ultsonwithh.2009.04.010

Pansuriua, A. M. One-potsun thе sisо f 5-саrbоxаnilidе-dihуdrоpуrimidin оnesusing orti-
drоniс Asid / A. M. Pаnsuriua, MMS аvаnt. WITH. V. Bhuv and J. Singh, W.T. Naliapara// 
A rkiv axis. 2009. – No. 7. − P. 79 – 85. DOI:10.3998/ark.5550190.0010.707

Vilapara, K. V. Etidronis Asid Prоmоtеd One-Pot Strategufor the Sуnthеsis of 1H-Imid-
azo [1,2- b] purazoles: A Green Satalust for Groebke-Bl askburn-Bienaumé Rеаs ti n 
/ K. V. Vilаpаrа, S. P Gаmi, Sh. A. Gadara, W. T. Nаliаpаrа // Shemistru Selest. 2019. –  
V. 4. – P. 11235–11238. DOI:10.1002/slwith t.201902997

Savant, M. M. Etidrоniс Asid: a New and Effisient Satalust for the Sуnthеsis it f Now 5-Nitro 
-3,4 - Dihudropurimidin - 2(1H)-Ones / M. M. Savant, A. M. Pаnsuriua, S. V. Bhuvа, 
NP Kаpuriua, U. T. Naliapara // Satal. Lett. 2009. - V. 132. – No. 1. − P. 281−284. DOI: 
10.1007/s10562-009-0112-u

Bakibaev, A. Sunthesis aboutf Gl usolurils and nd Hudantoinsbu Reastion about f Ed a nd 
1, 2-Disarbonul Sompounds using Etidronisasid and with a - Green with talust ‖ / A. 
Bakibaev, S. Panshina, A. Uhov, V. Malkov // Journal about f Heterosuslis Shemisteru. 
2020. – 57. – Is.12. – P. 4262−4270. DOI:10.1002/jhet.4132

Panshina, S. New Sуnthеsis of 2,4,6,8-Tetramethul-2,4,6,8-tetraazabisuslo [3.3.0] ostane - 
3,7-inоnе Using Etidrоniс Asidand sa ― Green ‖ Satalust / S. Panshina, O. V. Ponoma-
renko. A. Bakibaev, V. Malkov // Russian Jоurnаl it fOrganis Shemistru. 2020. – V. 56. – 
No. 12. – P. 2067–2073. DOI: 10.1134/S1070428020120039

Belykh, S. I. Synthesis of monoethanolamine salt with oxyethylenediphosphonic acid /SI Be-
lykh, K. B. Zhumanov, A. A. Bakibaev, S. Yu Panshina, V. S. Malkov, O. A. Kotelnikov, I. G. 
Tsoi, B.K. Masalimova , G.K. Baibazarova // Bulletin of ENU them. L. N. Gumileva. 2018. 
− Issue. 125. – No. 4. – P. 14−17. DOI: 10.32523/2616 -6771-2018-124-4-14-18

Patent. 2439072. Russia C07D487/04. Method for obtaining 2,4,6,8 – tetraazabicyclo [3.3.0] 
octane -3,7- dione / V. S. Malkov, A. S. Knyazev, A. A. Volynets, applicant and patent holder 
Glyoxal - T LLC, 10.01.2012. Claim. – No. 2010123595/04. – 6 p. URL: https://patenton.
ru/patent/RU2439072C1

Mysheletti, G. A greensunthesis of fglusolurilderiva tivesyoua queousso lutionwithresusle of 
f the waste / G. Misheletti, S Delpivo, G. Bassolini // Green With hemistry Letters and 
Revews. 2013. − V. 6. – No. 2. – P. 135 – 139. DOI:10.1080/17518253.2012.718803

submitted 14.11.2024;
accepted for publication 28.11.2024;
published 26.12.2024
© Obidov Sh. B., Kadirov X. I., Raximov X. N., Turabdjano S. M.,  Xolmatova F. I.
Contact: shoobidov@gmail.com

https://ppublishing.org/edition/the-european-journal-of-humanities-and-social-scie
https://ppublishing.org/edition/the-european-journal-of-humanities-and-social-scie


ISSN 2414-2352

THE INFLUENCE OF THE SUSPENSION SOLUTION (PULP) ENVIRONMENT22

ppublishing.org

The European Journal of Technical 
and Natural Sciences 2024, No 5 – 6

DOI:10.29013/EJTNS-24-5.6-22-27�

THE INFLUENCE OF THE SUSPENSION SOLUTION (PULP) 
ENVIRONMENT ON THE SORBENT’S SORBENT SORBENCE

Sultonov Shavkat Abdullayevich 1, Narkulov Dilshod Axmatovich 1

1 Navoiy State Universitet

Cite: Sultonov Sh. А., Narkulov D.A. (2024). The Influence of The Suspension Solution (Pulp) 
Environment on The Sorbent’s Sorbent Sorbence. European Journal of Technical and Natural 
Sciences 2024, No 5 – 6. https://doi.org/10.29013/EJTNS-24-5.6-22-27

Abstract
Today, one of the most effective methods of modifying clay powders is the effect of thermo-

chemical processes. The main purpose of the article is to increase the sorption properties of 
specific sorbents for cleaning vegetable oils.

When processed by the thermochemical method, two-sided (temperature and acid) clays can 
be artificially modified. As a result, it was found that the size of the sorbent volume increased. 
The increase in the depth of the pores along with the surface area of the sorbent was analyzed 
and studied using the adsorption-isothermal analysis method. The most effective method for 
obtaining sorbents was determined using the thermochemical process. In addition, the sorption 
properties differ depending on the type of clay powder. It was found that the pH of the clay 
powders during the washing process is important for achieving a standard pH environment.
Keywords: Palygorskite clay powder, porosity, sulfuric acid, grinding, bleaching, activation

The urgency of the issue
Today, there are more than 100 types of 

clays that exhibit sorption properties in the 
world. Sorbents obtained by thermally acti-
vating the sorption properties of clay powders 
are used only for the purification of vegetable 
oils and drinking water, especially when small 
molecules are mixed with the product to be 
purified. There are also more than 10 types of 
clays for purifying cottonseed oil, and their ac-
tivation processes have also been found to dif-
fer from each other. Depending on the method 
of processing clay powders and the type of clay 
powder, there are variations in the methods of 
carrying out activation processes, which differ 
from each other. According to the Lewis and 

Brønsted-Lowry theories, metals in sorbents 
play an auxiliary role in the sorption of or-
ganic substances that exhibit the properties of 
pollutants in dusty products.

The thermal method of processing clay 
powders produces pores of various sizes due 
to the reduction in the percentage of alkali 
and some alkaline earth metals. Therefore, 
depending on the quantitative ratio of ele-
ments with high metallicity in such clay pow-
ders, it is possible to increase the sorption 
properties. It was found that thermal acti-
vation leads to relatively similar results with 
chemical activation. A  comparative analysis 
of the activation processes can be observed 
in Figure 1 below.
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Figure 1. Changes in sorption properties through chemical and 
temperature effects during the activation process

Figure 2. As can be seen in the figure, thermochemical 
reactions achieve highly efficient results

One of the effective methods for increas-
ing the sorption properties of clay powders 
is thermochemical. When activated by this 
method, reactions occur as a  result of two 
external influences (both temperature and 
acid). As a result, it was found that the sorp-

tion surface area increased. The results of 
adsorption-isothermal analysis show that 
the diameter and depth of the pores of the 
sorbent, along with the surface area, also in-
creased, as can be seen in Figure 1 (a and b).

Figure 3.
	 a)	 b)
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In the example of the most effective 
method of obtaining sorbents, the result of 
thermochemical processes was determined 
as the most optimal. In addition, the sorp-
tion properties of clay powders also differ 
depending on the type of clay powder. For 

example, in the process of activating palygor-
skite clay powders, the concentration of the 
acid solution and the acidic environment of 
the sorbent differ from those of kaolin and 
bentonite powders, as can be seen in Figure 
2 below.

Figure 2. Effect of activation time on clay powder types

The figures and data presented in Figure 2 
show that the concentration of the acid solu-
tion is lower when activating palygorskite clay 
powder and the sorption properties are higher.

A suspension solution (pulp) environment 
is also determined during the washing pro-
cess at the final stages of obtaining sorbents. 
During the research, it was found that white 
or yellow palygorskite or clays that react vio-
lently with an acid solution have a sharp de-
crease in pH values during washing process-
es. The hardness of these clays, in particular, 
the difficulty of grinding, is explained by the 
strength of these inter-element interactions 
or bonds. The ability to react violently indi-
cates that the clay consists of elements that 
exhibit strong metallic properties. In addi-
tion, from the results of the experiments, it 
can be concluded that if their electronegativ-
ity differs sharply from each other, the grind-
ing properties of clays decrease.

If the pulp activated at high temperatures 
(from 100 ˚C to 300 ˚C) is dried until the pH 
value is equal to 3 during washing, the result-
ing sorbent is again observed to approach 5. 
This sharp decrease in the pH value is ex-
plained by the fact that the activation process 
also occurs during the drying process. It was 
also found that when activated twice without 
boiling (when the amount of water is small), 

but only as a  result of drying, the pH value 
changes to 0.2.

Clay powders, which require a  large 
amount of water during the reprocessing 
process, on the contrary, when dried in an 
acidic environment, the pH value increases 
to 1.5. It was observed that when activating 
such clays, if the quantitative ratio of acid 
is used less, the phenomenon of suffocation 
occurs. To determine the sorption properties 
of the resulting sorbent, a test was conducted 
by cleaning cottonseed oil. During the clean-
ing process, it was found that the sorbent 
darkened. This darkening is accompanied 
by sorption and partial saturation, as can be 
seen in Table 1 below.

From Table 1, it can be concluded that the 
higher the water content during activation, 
the greater the reduction in the occurrence 
of clogging. The optimal water content is 4 
times higher than that of clay. At the same 
time, even if the water content is low, the op-
timal acid content is 1 time lower.

In both of the above activation meth-
ods, drying in an air dryer is required. It was 
found that the sorption properties of ben-
tonite clays decreased sharply when dried by 
boiling in a reactor. In Figure 2 below, it can 
be seen that the pH of palygorskite clays de-
creased to the maximum as a result of drying.
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Table 1. Effect of different clay: water ratios on sorption properties 
during activation. At 150 0C, clay: acid ratio 1:0.5

T/r
lay: 

water 
ratios

Volume of the 
sorbent relative 
to the sorbent

Sorption 
property

lay: 
water 
ratios

Volume of the 
sorbent relative 
to the sorbent

Sorption 
property

1 1:3 1.4 40 1:1 2 48

2 1:4 1.1 48 1:1.5 1.8 48

3 1:5 0.9 34 1:1.3 2 47

4 1:6 0.7 30 1:1.2 2.3 40

If the pH value is determined during the 
first washing (for the first time) and after 
filtering and drying, there is a sharp differ-
ence. It was found that the activation pro-
cess does not change the pH value signifi-
cantly when the drying process is carried out 
2 or 3 times in a row. It was observed that 
the pH value decreases sharply when clay 
powders that require a  lot of water during 
the activation process are dried. If the acid 
concentration is reduced in such clay pow-
ders, the activated powder exhibits a  foul-
ing property, and the fouling phenomenon 

is also observed in the purification of oils, 
and the filtration process is also sharply re-
duced or stopped. If the acidic environment 
is even higher, it turns the oil red. In the 
drying process without boiling, if all stag-
es are carried out in air dryers, the sorption 
property is high. The effect of acid concen-
tration and suspension solution medium on 
the sorption properties of clay powders is 
presented in Table 2 below.

Changes in sorption properties of differ-
ent clays under the influence of temperature, 
acid concentration, and solution medium

Table 2.

T/r
Activated 

clays
Temperature

(at ˚C)
Acid con-

centration

Suspended 
solution pH 

indicator

Sorption prop-
erty (in %)

1 Palygorskite

200

10
2.5 80

3.5 82

20
2.5 90

3.5 92

300

10
2.5 86

3.5 88

20
2.5 96

3.5 94

2 Bentonite

200

10
2.5 50

3.5 76

20
2.5 80

3.5 78

300

10
2.5 80

3.5 80

20
2.5 86

3.5 84
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T/r
Activated 

clays
Temperature

(at ˚C)
Acid con-

centration

Suspended 
solution pH 

indicator

Sorption prop-
erty (in %)

3 Kaolin 200

10
2.5 60

3.5 62

20
2.5 78

3.5 82

4 300

10
2.5 82

3.5 80

20
2.5 86

3.5 90

When sorbents are used for food purifi-
cation and other purposes, it is necessary to 
compare their compliance with standard re-
quirements and conduct various important 
analyzes. Even after activation, it is advisable 
for the researcher to check the effects of sor-
bents on the environment, the human body, 
the possibility of repeated use and in which 
other areas the used sorbent can be used, 
in particular, other properties. Analysis and 
comparison indicators, that is, combining 
theoretical, practical, laboratory work expe-
riences, are written as experimental results.

To find out what the initial pH of the 
sorbent obtained by processing natural clay 
powder is, add 1 g of sorbent to 15 ml of 
water and mix for 1–2 minutes. If it is not 
mixed, an error is made in determining the 
acidity of the medium. It is also advisable to 
mix slowly during the determination. The ac-
tive metals in the clay powder react and come 
out in the form of soluble salts. The metals 
are replaced by hydrogen cations, and since 
these cations are somewhat difficult to deter-

mine, they must be mixed. According to the 
Lewis theory, the hydrogen cation exhibits 
an electrophilic nature that accepts electrons 
from other metals in the clay. As the clay 
powder settles to the bottom of the solution, 
the acidity decreases in the upper part of the 
solution, which interferes with the analysis 
of the sorbent. The pH should be between 
3.8–5, taking into account the areas of appli-
cation of sorbents and the type of clays to be 
activated.

The density of sorbents also varies. After 
activation of clay powders, their density de-
creases. If the density of the processed sor-
bent is reduced by two or more compared to 
the initial clay powder, the expected result is 
achieved.

When using sorbents, it is also necessary 
to pay attention to the composition of the 
product. The properties of the product being 
cleaned are determined by the presence of 
similar properties in the sorbent, since these 
properties are explained by the ability of the 
sorbent to react.
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Abstract
The process for obtaining naphthalene, indene, and phthalic anhydride through the dis-

tillation of liquid and solid fractions of heavy pyrolysis products has been implemented. The 
quantitative and qualitative composition of resin samples and the products derived from their 
fractions have been determined. Additionally, superplasticizer additives for cement were de-
veloped, and their strength, average particle density of the cement, the impact of the amount 
of superplasticizers, and their duration of action on the material properties were studied.
Keywords: pyrolytic heavy distillate, naphthalene, indene, phthalic anhydride, 
superplasticizer

Introduction:
The goal of pyrolysis processes, which are 

widely used in modern petrochemistry, is to 
produce lower olefins, primarily ethylene, 
a valuable raw material for synthesizing key 
petrochemical products (Pavlovich, L.B., An-
dreikov, E.I., 2013; Romanova, N.A., Leont-
yeva, V.S., Khrekina, A.S., 2018; Sahu, B.M., 
Bera, V.V., Kumar, R., Banik, B.K., Bora, P., 
2020).

During pyrolysis, ethylene, propylene, 
butylene, and butadiene are generated, along 
with significant amounts of benzene and aro-
matic hydrocarbons such as toluene, xylene, 
indene, naphthalene, and anthracene. Eth-

ylene obtained from pyrolysis is used to pro-
duce ethylene oxide, ethyl alcohol, polymers, 
styrene, plastics, and other products. The 
main applications of liquid pyrolysis prod-
ucts include the production of benzene and 
other aromatic hydrocarbons, oils from poly-
mer resins, diesel fuel, coal, and high-qual-
ity coke (Sha, S., Wang, M., Cai, C., Shi, C., 
Xiao, Y., 2020; Ziyadullaeva, K.Kh., Nurman-
ov, S.E., Mukhidinov, B.F., Kodirov, O.Sh., 
Vapoев, Kh.M., 2020).

To improve the quality of cement composi-
tions, it is essential to use highly effective plas-
ticizing additives. In the construction industry, 
superplasticizers — chemical additives — are 
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employed to regulate the structural formation 
processes and rheological properties of con-
centrated suspensions, allowing for modifi-
cations in the flowability of raw materials and 
the properties of finished products. One of the 
pressing tasks today is to find new effective 
additives that can alter interfacial properties 
and rheological characteristics of dispersions 
(Batrakov, V.G., 1998; Gamaliy, E.A., 2009; 
Ibragimov, R.A., 2011; Ramachandran, V.S., 
1988; Ramachandran, V.S., 1977).

Research Methods:
For the first time, catalysts of types 

VBS‑33, VBS‑44, VBS‑55, and VBS‑66 were 
created for the separation of naphthalene and 
indene fractions from secondary gas chem-
ical products at various temperatures and 
for the production of plasticizers. The study 
employed methods such as UV spectroscopy, 
Raman spectroscopy, gas chromatography, 
mass spectrometry, and differential thermal 
analysis (DTA). Heavy pyrolysis oils from gas 
processing plants, naphthalene, indene and 
their homologues, plasticizers for concrete 
and cement, phthalic anhydride, and naph-
thalene were investigated.

Analysis of Results:
The primary direction of economic devel-

opment in the Republic focuses on the devel-
opment and utilization of natural resources, 
large-scale modernization of industrial pro-
duction, technical and technological updates, 
the introduction of modern scientific achieve-
ments, and progressive innovative technolo-
gies in manufacturing. The creation of compet-
itive import-substituting products with stable 
demand in the global market is essential.

The Ustyurt Gas Chemical Complex is 
one of the largest enterprises for the pro-
duction of polymer products in Central Asia, 
based on the processing of natural gas in the 
Ustyurt region. The complex has an annual 
production capacity of 387,000 tons of poly-
ethylene and 83,000 tons of polypropylene. 
More than 102,000 tons of pyrolysis distil-
lates, 8,000 tons of pyrolysis oil, and 10,000 
tons of resin are produced here. The pyroly-
sis distillates, pyrolysis oils, and resin prod-
ucts formed in this process are not currently 
processed. Pyrolysis distillates and oils, such 
as naphthalene and aromatic hydrocarbons, 

are now primary secondary raw materials for 
producing valuable chemical products essen-
tial for the industry.

The processing of heavy fractions from 
liquid pyrolysis products and the intro-
duction of these products into practice are 
deemed relevant, allowing the production of 
costly and necessary products using modern 
technologies. Due to the lack of acceptable 
technologies for recycling pyrolysis waste to 
produce indene, naphthalene, and its homo-
logues, phthalic anhydride is not produced in 
the country. Thus, research aimed at devel-
oping recycling technologies for gas chemical 
complex waste is a  pressing issue that re-
quires resolution.

Pyrolysis distillates, pyrolysis oil, and 
heavy fractions of liquid pyrolysis products 
are secondary raw materials with significant 
potential for producing naphthalene, aro-
matic hydrocarbons, indene, phthalic anhy-
dride, and other valuable chemical products.

Currently, modern technologies en-
able the production of costly and necessary 
products. However, due to the absence of 
acceptable technologies for recycling pyrol-
ysis waste to produce indene, naphthalene, 
and its homologues, phthalic anhydride is 
not manufactured in our country. Therefore, 
research aimed at developing an integrat-
ed technology for recycling waste from gas 
chemical complexes operating in the republic 
is a relevant task that needs addressing.

The process of thermal pyrolysis of hydro-
carbon raw materials is the primary method 
for obtaining low-molecular unsaturated 
hydrocarbons — olefins (alkenes)—such as 
ethylene and propylene. The main applica-
tions of liquid pyrolysis products include 
the production of benzene and other aro-
matic hydrocarbons, naphthalene, oil poly-
mers, gasoline, raw materials for producing 
high-quality coke, and more.

Currently, due to reduced oil production 
volumes in the petrochemical industry, the 
issue of expanding the raw material base for 
producing aromatic hydrocarbons and their 
various derivatives is becoming increasing-
ly relevant. Heavy pyrolysis products, such 
as indene and naphthalene, along with their 
homologues, are of great interest as potential 
raw materials for producing petrochemical 
products.
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Secondary gas chemical products were sep-
arated into naphthalene and indene fractions 
at various temperatures. Based on the obtained 
products, catalysts of various compositions 
(VBS‑33, VBS‑44, VBS‑55, VBS‑66) were de-
veloped (Ziyadullaeva, K.Kh., Nurmanov, S.E., 
Kurbanova, A.Dz., Akhmedova, N., 2021).

In Uzbekistan, ethane, propane-butane 
fractions, and gas condensates are prioritized 
as raw materials for the thermal pyrolysis of 
hydrocarbons. The study examined heavy 
fractions of liquid and solid pyrolysis prod-
ucts, secondary gas chemical products, and 

the chemical composition of pyrolysis distil-
late. The analysis showed that the secondary 
products isolated from heavy pyrolysis are 
liquids with a strong odor, appearing as dark 
brown, grease-like fluids, while the compo-
sition of the obtained pyrolysis feedstock is 
unstable.

To utilize liquid pyrolysis products as 
secondary raw materials and develop tech-
nology for their processing, work was con-
ducted to study the chemical composition of 
pyrocondensate produced at the Ustyurt Gas 
Chemical Complex.

Table 1. Chemical Composition of Pyrolysis Distillate

Number of 
Carbon Atoms

Alkanes Dienes Olefins Cycloalkanes Arenes Total

5 0.8 0.89 4.91 0.19 0 6.79
6 0.22 0.41 3.87 0.41 32.94 37.85
7 0.25 0.14 0.84 0.45 11.23 12.91
8 0.12 0.08 0.18 0.48 9.75 10.61
9 0.04 0.1 0.04 0.15 7.56 7.89

10 0.03 0.11 9.07 0.4 5.23 14.84
11 0.18 0.69 2.95 0 0.47 4.29
12 0 0.15 1.84 0 0 1.99

Total 1.64 2.57 23.7 2.08 67.18 97.17

The fractions of naphthalene and its ho-
mologues were isolated from heavy pyrolysis 
resins using dealkylation and rectification 
methods. The production of naphthalene is 
based on local raw materials, which positive-
ly impacts the overall efficiency of the heavy 
pyrolysis resin processing. However, the 
main challenge in effectively utilizing heavy 
pyrolysis products is related to the presence 

of asphaltenes and mechanical impurities in 
their composition.

The isolated products from heavy pyrolysis 
oils are odorless and depend on the compo-
sition of the original raw materials. Pyrocon-
densates from heavy pyrolysis products, con-
taining indene and naphthalene, enable the 
synthesis of phthalic anhydride based on them 
(Kodirov, O. Sh., Ziyadullaeva, K. Kh., 2020).

Table 2. Qualitative and Quantitative Composition of Heavy Pyrolysis Resin Samples

No. Substance Amount (%)
Degree of Cor-
respondence

Retention Time 
(minutes)

1 Indene 9.33 93 12.30

2 1-Methylindene 8.96 96 14.72

3 Naphthalene 41.51 90 15.47

4 1-Methylnaphthalene 8.61 97 17.59

5 2-Methylnaphthalene 16.25 96 17.34

6 1-Ethylnaphthalene 1.77 90 18.78

7 1,6-Dimethylnaphthalene 1.71 95 19.18
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The qualitative and quantitative compo-
sition of heavy pyrolysis resin samples was 
studied. The research was conducted using an 
Agilent 5977-A gas chromatograph equipped 
with a 30 m × 0.25 mm column, and the com-
position of the prepared sample was analyzed 
using gas chromatography-mass spectrom-
etry (GC–MS). The results are presented in 
Table 2.

In the construction industry, superplas-
ticizers are used to control the process and 
formation of structures, as well as the rheo-

logical properties of organic chemical addi-
tives — concentrated suspensions. This al-
lows for targeted modifications of the flow 
properties of raw material mixtures and the 
properties of finished products.

Based on this, a  superplasticizer was 
synthesized from naphthalene derived from 
secondary raw materials. The resulting hy-
drolyzed polyacrylonitrile, the synthesized 
superplasticizer, and the diluted superplas-
ticizer were analyzed using UV spectroscopy 
(see Figure 1).

Figure 1.

A) Hydrolyzed Polyacrylonitrile

B) Synthesized Superplasticizer

C) Melted Superplasticizer
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For the testing of superplasticizers, dry 
construction materials were selected: Portland 
cement grade PS400 D‑20, gypsum, and ce-

ment with a high aluminum content. The in-
fluence of superplasticizers on the properties 
of these products was studied (see Table 3).

Table 3. Test results for cement with synthesized superplasticizer

No. 
Mass of 

cement, g

Amount of addi-
tives by mass of 

cement, %

W/C (wa-
ter-to-cement 

ratio)

Average den-
sity, g/cm³

Density after 
28 days, MPa

1 100 – 0.31 2.065 25

2 100 0.05 0.30 2.05 25

3 100 0.2 0.29 2.142 27

4 100 0.5 0.28 2.12 28

5 100 0.8 0.27 2.15 30

6 100 1 0.27 2.192 31

Superplasticizers were added in an 
amount of up to 1% by weight of the binder. 
Adding superplasticizers in amounts greater 

than 1% generally led to a  decrease in ce-
ment strength.

Table 4. Results of Testing Cement Pastes with Synthesized 
Superplasticizer and High Aluminum Content

No. 
Mass of 
cement, 

g

Amount of addi-
tives by mass of 

cement, %

W/C (wa-
ter-to-cement 

ratio)

Average 
density, 
g/cm³

Density after 
28 days, MPa 

QMQ310–2003

1 100 – 0.43 6 37

2 100 0.02 0.43 6 38

3 100 0.2 0.43 7 42

4 100 0.5 0.43 8 45

5 100 0.8 0.43 11 50

6 100 1 0.43 13 54

7 100 1 0.39 6 66

The analysis of the obtained results shows 
that the addition of superplasticizer to the mix, 
while maintaining a constant water-to-cement 
ratio, increases the strength of the product, 
and the average density of cement particles 
rises with the increased amount of superplas-
ticizer. This indicates the strength of the ce-
ment mixture and improvements in its perfor-
mance characteristics.

As seen in Table 4, the flowability of the 
cement with high aluminum content is 13 cm 
when a superplasticizer is added. Comparing 
these results with those of ordinary cement 
compositions showed an increase in plastici-
ty. According to the literature, this is related 

to the high content of tricalcium aluminate. 
A study on the production of superplasticiz-
ers based on pyrocondensate-pyrolysis prod-
ucts was conducted, and cement mixtures 
with superplasticizers were investigated. 
Their results are presented in Table 5.

The analysis of the results revealed that 
a  distinctive feature of the superplasticizer 
is that its use leads to normal setting of the 
cement mixture, resulting in the formation 
of a  fine crystalline structure. Additional-
ly, according to X-ray analysis of the binder 
samples, superplasticizers do not affect the 
composition of the hydrated phases on the 
surface of the cement.
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Table 5. Results of Testing Synthesized Superplasticizer and Gypsum Pastes

No.
Mass of 

cement, g

Amount of addi-
tives by mass of 

cement, %

W/C (wa-
ter-to-cement 

ratio)

Average 
density, 
g/cm³

Density after 
28 days, MPa

1 100 – 0.5 8 11.6
2 100 0.03 0.5 8 16.1
3 100 0.2 0.5 9 15
4 100 0.5 0.5 10 13.3
5 100 0.8 0.5 11 12
6 100 1 0.5 13 11

Figure 1. X-ray Spectrometer for Superplasticizers

At the same time, the superplasticizer 
also exerts a  moderate plasticizing effect. 
As the amount of superplasticizer increas-
es, the density rises from 11.6 MPa to 16.1 
MPa. Conversely, when the amount of addi-
tives relative to the mass of gypsum increases 
from 0.2% to 1%, the density of the mixture 
decreases from 15 MPa to 11 MPa.

Conclusions
The main content of the pyrolysis dis-

tillate consists of 67.18% arenes with car-
bon atom counts ranging from 6 to 12, and 
23.7% olefins, allowing for the extraction of 
naphthalene and indene from the distillate. 
Naphthalene, indene, and their homologues 
were isolated from the heavy pyrolysis oils of 
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gas processing plants, leading to the develop-
ment of plasticizers for concrete and cement.

Additionally, the influence of various 
catalyst compositions on superplasticizers 
during the extraction of indene and naph-
thalene from heavy pyrolysis products was 
investigated and analyzed. The chemical 
composition of the heavy pyrolysis distillate, 

as well as the qualitative and quantitative 
composition of the samples of heavy pyrol-
ysis oils and the test results of cement with 
synthesized superplasticizer, were studied. 
The structure of the obtained substances and 
their physicochemical properties were con-
firmed using various methods.
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Abstract
This paper examines the issue related to recharging the battery of an unmanned aerial vehi-

cle (UAV) in flight mode. By attaching a neodymium magnet with a propeller, a magnetic flux F 
is generated, which, crossing the coils of the coil wound on the beams of the unmanned aerial 
vehicle, generates an induction current. The work shows that it is with this induction current 
that it is possible to recharge the battery of an unmanned aerial vehicle.
Keywords: Charging, magnet, propeller, magnetic flux, battery, induction current

Introduction
UAV – is an abbreviation for “unmanned 

aerial vehicles”. These devices have been wide-
ly used by civilians relatively recently. They 
are used in many fields, including military, ci-
vilian and scientific. As is known, unmanned 
aerial vehicles are used to solve a wide range 
of civil and military tasks (monitoring, sur-
veying and mapping the area for scientific or 
other purposes, delivery of mail and other 
goods, assistance in emergency situations) in 
various sectors of the economy (agriculture, 
construction, energy). The main advantage of 
an unmanned aerial vehicle is the significantly 
lower cost of their creation and operation.

The principle of operation of the drone is 
based on a combination of sensor systems, au-
topilot and software. Sensors such as cameras, 
radars, lidars and a navigation system collect 
information about the environment and the 
position of the device. This data is transmit-
ted to the autopilot, which processes the in-
formation and makes decisions about the 
further movement and behavior of the drone, 
controlling the rotation of the engines and the 
deviation of the device from a given trajectory.

Today, the most vulnerable part of an un-
manned aerial vehicle is recharging the bat-
tery in flight mode. The solution to this prob-
lem is relevant.

https://ppublishing.org/edition/the-european-journal-of-humanities-and-social-scie
https://ppublishing.org/edition/the-european-journal-of-humanities-and-social-scie
https://ppublishing.org
https://doi.org/10.29013/EJTNS-24-5.6-35-40


The European Journal of Technical 
and Natural Sciences 2024, No 5 – 6

ON THE ISSUE OF RECHARGING THE BATTERY OF AN UNMANNED AERIAL VEHICLE36

Section 3. Electrical engineering

The aim of the work is to develop a sys-
tem for recharging an unmanned aerial vehi-
cle in flight mode.

The solution method. Today, there are 
many methods of charging the battery of an un-
manned aerial vehicle (Zhukov D. R., Mikhai-
lov V. A., 2024; Drone History Timeline From 
1849, To 2019). Today, an unmanned aerial 
vehicle is a  very practical and necessary de-
vice, but they have several main disadvantag-
es: 1) fast battery discharge, 2) long charging, 
3) constant human involvement when work-
ing with units. In the 21st century, humanity 
solved two out of three problems by creating 
a charging station for drones, and software for 
an unmanned aerial vehicle was written along 
with this. The high energy consumption of the 
engines of an unmanned aerial vehicle forces 
the use of batteries of rather large capacity, 
which most often have a lot of weight and do 
not allow you to spend a  long time in flight. 
Thus, with an increase in the duration of flight 
missions, the use of a reliable and sufficient-
ly distributed system of charging stations 

represents one of the main roles in ensuring 
autonomous operation of an unmanned aeri-
al vehicle, the widespread use of unmanned 
aircraft is significantly limited by the need to 
charge batteries directly at the research facil-
ity, for which serial mobile power plants are 
used. In practice, there is an urgent problem 
of developing a reliable battery charging sys-
tem for an unmanned aerial vehicle. Below is 
one of the possible solutions to this problem. 
The idea of the proposed method is as follows. 
A neodymium magnet is attached to the pro-
pellers of an unmanned aerial vehicle, prefer-
ably, under this magnet, an inductance coil is 
wrapped around the beams. When the propel-
ler starts to rotate, a downward magnetic flux 
is generated. This flow, crossing the windings 
of the induction coil, creates an induction cur-
rent I. This current is directed to the battery of 
the unmanned aerial vehicle (Rustamov N. T., 
Meirbekov A. T., Kibishev A. T.). In Fig. 1. 
A mock-up of the proposed battery charging 
system for an unmanned aerial vehicle is 
shown.

Figure 1. A mock-up of an unmanned aerial vehicle that is being 
recharged.the charge from electromagnetic induction in coils

https://ppublishing.org/edition/the-european-journal-of-humanities-and-social-scie
https://ppublishing.org/edition/the-european-journal-of-humanities-and-social-scie


ON THE ISSUE OF RECHARGING THE BATTERY OF AN UNMANNED AERIAL VEHICLE37

The European Journal of Technical 
and Natural Sciences 2024, No 5 – 6

Section 3. Electrical engineering

Figure 2. Block diagram: additional power supply for recharging the drone’s battery: 
1–4 – motor generator; 5–8 – LED lamps; 9 – rechargeable battery; 10–13 – DC motors

Figure 3. Schematic diagram of the electrical circuit: The scheme of recharging 
the battery of an unmanned aerial vehicle; G1\G4 – engine generators (coil 

and neodymium magnet); VD1\VD4 – LED lamps; PU (CU) – engine control 
panel (key); SF – circuit breaker; AB – battery; M1\M4 – drone engines

Initially, when the PU is turned on, after 
receiving a  battery charge, high-speed M1\
M4 DC drones begin to rotate. Due to the 
thrust, the air rises into space. Drone direction 
through the friction of air in the horizontal 
direction, the screws of the generators of the 
G1\G4 engine (coil and neodymium magnet) 
begin to rotate. They produce DC power and 
transfer it to the battery pack (AB). The bat-
tery begins to charge and constantly (continu-
ously) transfers energy to the M1\M4 traction 
motors. Thus, receiving an additional charge 
from the generators of the G1\G4 unmanned 
battery in flight prolongs its operation. And 
the drone can fly longer and longer.

The transfer function of induction coils.

First, let’s build a transfer function for one 
coil, since an unmanned aerial vehicle has 
four such coils, the transfer function of each 
coil is limited.

The procedure for constructing the trans-
fer function of one induction coil will be 
shown by an example for the replacement 
shown in Fig. 4, for data:

r Оhm r Оhm r Ohm L H1 2 31 1 2 3= = = =� � � � �, ; ; .

1. Here, the output valuey � � �U р2  
corresponds to the electrical energy of the 
generated coil, the input effect – U р1 � �  
corresponds to the energy of the wind flow 
(Babakhan Shokhrukh, Kokanbay Yernar, 
Pernebaev Kuanysh. 2023).
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Figure 4. The replacement electrical circuit of the induction coil

2. In this case, the equivalent resistance 
is: Z р r1 1� � � ,  Z p r3 3� � � ,  Z p pLZ pL � � � � �2 �  
when the elements are connected in parallel:
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The current before branching according 
to Ohm’s law is equal to:

	

I p
U p

Z p

U p
r pL

r r r pL r pL r r r pL

� � � � �
� �

�

� � � � �
� � � �

1

1
2

1 2 1 2 2 3 3

� (3)

Then the voltage in the circuit will be 
equal to:
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3. Write down the final transfer function 
as the ratio of input to output and open the 
brackets in the denominator:
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We have found the ratio of the output 
voltage to the input voltage. We have fulfilled 
all the specified conditions. But we have one 
more point that needs to be taken into ac-
count, and it is necessary to switch to a con-
stant time chain.
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4. Substituting numerical values, we get:
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The image shown in Fig. 5 is a single mod-
ule charging system for an unmanned aerial 
vehicle created in Matlab Simulink.
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Figure 5. The model of the induction coil in the Simulink 
application of the Matlab program

Figure 6 shows the production of an induction current of one coil

Figure 6. Simulation results of the voltage at the output of the induction coil

The transfer function of the accumulator battery charging system of an unmanned aerial 
vehicle is shown in Fig. 7:

Figure 7. Transfer function of the 
battery charging system of an unmanned 

aerial vehicle

From this scheme, you can write the 
transfer function of a magnetic coil mounted 
in an unmanned aerial vehicle.
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Thus, the mathematical model of the bat-
tery charging system of an unmanned aeri-
al vehicle in the Simulink application of the 
Matlab program is shown in Fig. 8.

Figure 8. Model of the battery 
charging system of an unmanned aerial 
vehicle in the Simulink application of the 

Matlab program

Figure 9 shows the output from the bat-
tery charging system of an unmanned aerial 
vehicle
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Figure 9. View of the output induction current from the battery charging system of 
an unmanned aerial vehicle in the Simulink application of the Matlab program

Conclusions
The unmanned aerial vehicle is undergo-

ing a  period of active development, and its 
application is becoming more widespread 
and diverse. At the same time, there is a need 
to extend the flight mode of an unmanned ae-
rial vehicle. On the other hand, this problem 
has become in demand today. The proposed 

method of recharging the battery of an un-
manned aerial vehicle is one of the possible 
solutions to this problem, the advantage of 
the proposed method of recharging the accu-
mulator battery is its prostate in design and 
efficiency in operation. The proposed meth-
od is patented (Patent of the Republic of Ka-
zakhstan for invention No. 36987)
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