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THE CHARACTERISTICS OF ARCHITECTURAL AND PROJECT
SOLUTIONS FOR THE PRESERVATION OF ECOLOGY AND
THE CREATION OF A COMFORTABLE URBAN ENVIRONMENT
IN HOT AND DRY CLIMATE CONDITIONS (ON THE
EXAMPLE OF THE REPUBLIC OF KARAKALPAKSTAN)

Kidirbaev Bakhram Yuldashevich !
! Karakalpak State University, Republic of Uzbekistan

Cite: Kidirbaev B.Y. (2024). The Characteristics of Architectural and Project Solutions For
The Preservation of Ecology and The Creation of a Comfortable Urban Environment in Hot
and Dry Climate Conditions (On the Example af the Republic of Karakalpakstan). Austrian
Journal of Technical and Natural Sciences 2024, No 11 —12. https://doi.org/10.29013/AJT-
24-11.12-3-6

Abstract

The article is devoted to the study of architectural design solutions aimed at preserving the
environment and creating a comfortable urban environment in hot and dry climates. Using the
example of the Republic of Karakalpakstan, the author analyzes the influence of climatic factors
on the design of residential and public buildings, as well as on the formation of urban infra-
structure. Modern approaches to the use of environmentally friendly materials, energy-efficient
technologies, and natural resources to ensure the sustainability of the urban environment are
considered. Particular attention is paid to issues of landscaping, water conservation, and the cre-
ation of shade in public spaces, which helps improve the quality of life in extreme temperatures.
Keywords: ecology, urban environment, climate, architectural design solutions, urbaniza-
tion, waste

The fact that the ecological problem is
complex and has a threateningly increasing
relevance is being perceived more and more
all over the world. Not hunger and lack of
food, as Malthus claimed at the time, and
environmental pollution represents a real
threat to the development of mankind.

One of the features of the modern stage of
social and economic development of Uzbeki-

stan is accelerated urbanization, which has led
to the fact that the number of urban residents
in the country has exceeded the number of rural
residents and continues to grow. The reason for
this is both demographic features (high popu-
lation growth and a large share of children and
adolescents in the 90s and at the beginning of
the “zero” years), and factors of intensive eco-
nomic development of the country.

3 THE CHARACTERISTICS OF ARCHITECTURAL AND PROJECT SOLUTIONS


https://ppublishing.org/edition/austrian-journal-of-technical-and-natural-sciences
https://ppublishing.org/edition/austrian-journal-of-technical-and-natural-sciences
https://ppublishing.org
https://doi.org/10.29013/AJT-24-11.12-3-6

The Austrian Journal of Technical
and Natural Sciences, No 11-12

Urbanization by itself is an objective and
natural process, reflecting the level of de-
velopment of society and the development
of scientific and technological progress has
a prevailing influence on it.

The process of urbanization has a direct
impact on the environment. Moreover, these
problems are much more acute for large cit-
ies. For example, to ensure the water supply
of a large city, it is often necessary to deliver
water through powerful pipelines over large
distances. For the removal and utilization of
household and industrial waste, large efforts
are required for their collection, transporta-
tion and processing (utilization or disposal). In
big cities, there are problems with the so-called
smog: if in small and medium-sized cities
emissions into the atmosphere can be carried
by winds of insignificant intensity, then in big
cities they have a tendency to accumulate. It is
no accident that in such a metropolis as Mos-
cow, where, according to the “wind rose”, the
western and south-western winds prevail and
emissions into the atmosphere are carried to
the eastern and northeastern parts of the city,
fashionable areas of residential construction
are spread over the western part of the city.

The high cost of land in large cities leads
to the fact that often in central areas, areas
under green spaces (parks, boulevards) are
sharply reduced, which also negatively af-
fects the living conditions of citizens.

In large cities, the number of journeys
and their duration per 1 inhabitant is several
times higher than in settlements with a small
population. Therefore, the urban transport
network in large cities is the “Achilles heel”.
The complexity of ensuring an effective or-
ganization leads to a decrease in local traffic
speed, to traffic jams, to additional pollution
of the city’s air, and most importantly, it has
a destructive effect on all aspects of the activ-
ities of citizens.

It should be noted that one of the import-
ant factors of increasing the urgency of the
urban transport problem is the mass auto-
mobileization of the population.

That is why, at present, in many countries,
there is an outflow of population from mega-
lopolises to small towns and villages. Mainly,
citizens-pensioners belong to this category.

Many studies are devoted to the reduc-
tion of negative consequences of environ-

Section 1. Architecture

mental pollution in cities and the provision
of comfortable urban conditions. Thus, Kh-
inkis L. L. (Khinkis L. L., 2023) suggests us-
ing the capabilities of IT technologies and
forming “smart cities”, which should certain-
ly give a tangible effect.

A number of measures on this problem
are envisaged and reflected in (DenisovV.V.,
2010). Aksenova L. L. (Aksenova L. L., 2014)
for the same purposes outlined the utiliza-
tion of construction waste to obtain effective
green composites.

A number of studies suggest scaling up
“ereen construction” (Is Russia ready for the
era of “green construction” 2023). There is
quite a wealth of experience in green con-
struction: (Ecological Construction: 2023).

To solve the problem under study, Cer-
tification of buildings according to LEED
(Leadership in Energy and Environ-
mental Design (LEED) is a voluntary cer-
tification system for buildings related to
green construction, developed in 1998 by the
American Green Building Council to eval-
uate the energy efficiency and environmen-
tal friendliness of sustainable development
projects) and BREEAM (The Building Envi-
ronmental Performance Assessment Method
is a voluntary green building rating system
developed in 1990 by the British organiza-
tion BRE Global to assess the environmental
performance of buildings. Wikipedia) stan-
dards is proposed (Certification of Buildings
According to LEED 2023).

It is certain that the studies presented will
have a positive impact on the preservation of
urban ecology and the creation of a favorable
urban environment. The solution to emerg-
ing environmental problems and tasks in cit-
ies located in areas with dry and hot climates,
which includes almost the entire territory of
Uzbekistan, has its own specifics.

The analysis of the above studies and
the study of the practice of architecture and
construction in Uzbekistan and, in particu-
lar, in the Republic of Karakalpakstan allow
us to substantiate and state the necessity of
a number of the following measures and rec-
ommendations. It should be noted that the
territory of the Republic of Karakalpakstan
is the epicenter of a global environmental
disaster associated with the shallowing and
drying up of the Aral Sea. It is here that it is
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necessary to treat the environment very care-
fully and carefully, since additional negative
impacts can have a detrimental effect on the
environmental situation.

The specified measures may include de-
sign and analytical measures during partic-
ipation in the development and evaluation of
investment and construction projects from the
standpoint of environmental safety, based on
the analysis of production and economic activ-
ities of enterprises and organizations engaged
in environmental protection, including waste
disposal enterprises, as well as the identifica-
tion of reserves for increasing production effi-
ciency during the development of design docu-
mentation for the organization of construction.

Of course, the expansion of the use of
production waste and local raw materials for
the production of building materials should
be considered as a positive technogenic im-
pact of the construction industry on the en-
vironment.

Preserving the environment in cities with
a sharply continental climate, especially in
arid and hot regions, requires taking into ac-
count many specific factors.

Here are some of them:

1. Water management: In arid regions,
water is scarce. It is important to use efficient
irrigation systems, install rainwater harvest-
ing devices and implement wastewater recy-
cling technologies.

2. Green spaces and landscaping: In-
creasing green areas, creating parks and
landscaping city streets can significantly
improve air quality, reduce temperatures
and increase the attractiveness of the urban
environment. Selecting local and drought-
resistant plants will contribute to the sus-
tainability of the ecosystem.

3. Energy efficiency: In cities with
a sharply continental climate, it is necessary
to develop projects that take into account
both heat and cold. Modern buildings should
be energy efficient, use insulation, solar pan-
els and other environmentally friendly tech-
nologies.

4. Waste management: An effective waste
disposal and recycling system will help re-
duce the burden on the environment. This in-
cludes sorting, recycling and reducing waste,
as well as developing programs to reduce the
use of plastic.

Section 1. Architecture

5. Climate Adaptation: Climate adapta-
tion strategies are needed to protect cities
from extreme temperatures. This may in-
clude installing shade structures, covering
roofs with white materials to reduce the heat
effect, and projects to improve the breathabil-
ity of urban spaces.

6. Education and Community Engage-
ment:

It is important to inform the population
about environmental issues and involve citi-
zens in environmental projects. This may in-
clude programs for volunteer assistance, or-
ganized greening or cleaning of the territory.

7. Transport Infrastructure: The develop-
ment of public transport and cycling infra-
structure can reduce the number of cars on
the streets, improving air quality and reduc-
ing noise levels.

8. Air Quality Monitoring and Man-
agement: It is important to implement air
pollution monitoring systems and develop
measures to improve it, including increas-
ing green spaces and monitoring industrial
emissions.

These measures can significantly contrib-
ute to the preservation of the environment
in cities with a sharply continental climate,
maintaining a balance between urban devel-
opment and environmental sustainability.

In addition, the creation of a comfortable
urban environment in dry and hot climates
with a high level of groundwater (this is the
case in the lower reaches of the Amu Darya)
requires careful planning and implemen-
tation of various infrastructure solutions.
Among them:

1. Landscape design:

— Use of drought-resistant plants and
trees that require minimal watering. This will
help conserve resources and create a pleas-
ant environment;

— Creation of green spaces and gardens on
roofs and terraces, which not only improves
the climate, but also helps to use rainwater.

2. Water management systems:

— Design of drainage systems to remove
excess moisture and prevent flooding. It is im-
portant that the drainage is hidden and does
not spoil the visual appearance of the city;

— Use of bioponds and reservoirs for
natural filtration and storage of rain and
groundwater.
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3. Pavilions and Shade:

— Creating shaded areas using canopies,
arches and pergolas for public spaces. This
can significantly reduce temperatures during
the summer months;

— Installing water features such as foun-
tains or waterfalls which will also help cool
the air.

4. Architectural Solutions:

— Designing buildings using thermally
conductive materials and technologies to cre-
ate natural air flows;

— Installing highly efficient systems for
air conditioning and ventilation.

5.Industrial and Transport Infrastructure:

— Designing a transport network to help
reduce car use and improve air quality.

Section 1. Architecture

— Implementing clean transport and
electric vehicles.

6. Social Spaces:

— Design of public spaces such as parks
and squares taking into account the comfort
and safety of residents.

Such complex measures will allow to
a certain extent to create a sustainable and
comfortable urban environment, taking into
account the peculiarities of the climate and
the level of groundwater. The difficulty lies
in the fact that these measures are combined
with each other and do not create a counter-
productive effect when added together. The
task of architects is to ensure a “friendly”
combination of the above measures in order
to achieve their synergy.
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STUDY OF THE PROCESS OF HYDROXIDE ELECTROLYSIS
POTASSIUM IN A MEMBRANE LABORATORY ELECTROLYSER

Chavlieva F.B. !, Turakulov B. B. 2, Erkaev A. U. 2,
Mansurov T. A. 2, Khamidov A.G. 2, Kucharov B.Kh. !

! Institute of General and Inorganic Chemistry of the Academy
of Sciences of the Republic of Uzbekistan,

2 Tashkent Institute of Chemical Technology

Cite: ChavlievaF.B., TurakulovB.B., ErkaevA.U., MansurovT.A., KhamidovA.G.,
Kucharov B.Kh. (2024). Study of the Process of Hydroxide Electrolysis Potassium in
a Membrane Laboratory Electrolyser. Austrian Journal of Technical and Natural Sciences
2024, No 3—4. https://doi.org/10.29013/AJT-24-11.12-7-12

Abstract

The article discusses the dependence of the product yield on temperature and current densi-
ty in the process carried out in an electrolyzer with horizontally installed electrodes in a closed
flow mode. In order to prevent side processes, oxide-ruthenium titanium anodes (ORTA) are
used in the installation. The article also provides factors affecting the formation of potassium
hydroxide. For the experiments, potassium chloride solutions prepared from purified potash
fertilizer produced at JSC “Dekhkanabad Potash Plant” natural source materials were used.
Keywords: potassium chloride, potassium hydroxide, mineral fertilizer, electrolysis unit, ion

exchange membrane, ruthenium oxide titanium anodes, free active chlorine

Introduction

During the electrolysis of aqueous solu-
tions of alkaline earth metal chlorides,
many substances are formed, of which the
most important are gaseous hydrogen and
free active chlorine, as well as hydroxides
and hypochlorites, chlorates, and perchlo-
rates of these metals. And during the elec-
trolysis of sodium and potassium melts,
metallic sodium and potassium can be ob-
tained.

By organizing all the methods of electrol-
ysis of these salts, it is possible to obtain the
following types of chemical substances: gas-
eous chlorine and hydrogen, combining them
and dissolving them in water — hydrochloric
acid, metallic sodium and potassium, sodium
and potassium hydroxides, hypochlorites,
chlorates and perchlorates of both metals,
a total of 13. This constitutes a significant
part of the output of products of the entire
chemical industry of Uzbekistan.
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Uzbekistan is one of the countries where
the subsoil is rich in minerals in the form of
sylvinite. The mineral sylvinite mainly con-
sists of sodium and potassium chlorides.

Caustic soda in Uzbekistan is obtained by
electrolysis of an aqueous solution of table salt
using a membrane method. Potassium hydrox-
ide can be obtained from a purified aqueous
solution of potassium chloride using the same
method. In industrial conditions, potassium
hydroxide is synthesized from an aqueous solu-
tion of potassium chloride using solid cathode,

Section 2. Chemistry

liquid mercury (mercury production method)
and membrane methods in electrolysis units.

In membrane electrolysis, potassium cat-
ions, under the influence of an electric field,
pass from the potassium chloride anode part
of the electrolyzer through the ion-exchange
membrane into the cathode hydroxide zone
of the electrolyzer, where they combine with
hydroxyl anions to form potassium hydrox-
ide (Fig. 1). In this method, wastewater is re-
turned back to the process, and a waste-free
technology is created.

Figure 1. Scheme of electrolysis of an aqueous solution
of sodium chloride through a membrane

H;O
NaCl
ch

] H,0

Methods and materials

The mineral fertilizer of Dekhkanabad
potash plant containing 90% potassium
chloride (45% K and 45% Cl, see Table
1) and other substances was used for the
study. The composition of the original min-
eral fertilizer was analyzed using the de-
vice “High-performance energy-dispersive
X-ray fluorescence spectrometer — Japan,
Rigaku NEX CG EDXRF Analyzer with Po-
larization in set — 9022 19000 0” (Fig. 2).
The process temperature was measured us-
ing mercury glass laboratory thermometers
manufactured according to GOST 215-73.
The GUNT Geratebau GmbH CE — 105 unit
of German manufacture was used as a DC
power source. Hydrogen indicators of the

obtained products were measured using
a Bante 210 pH meter.

The concentration of solutions before and
after the process was determined by densi-
ty at 15°C and by a chemical method (Kod-
irovK. Y., AdilovaM.Sh., RakhmatovH.B.,
ErkaevA.U.,, 2014; IbragimovG.I., Er-
kaev A. U., Yakubov R.Ya., Turobzhonov S. M.,
2010; ChavlievaF.B., KucharovB.Kh., Er-
kaev A. U., Turakulov B. B., ToirovZ. K., 2023;
Chavlieva F. B., TurakulovB.B., ErkaevA.U.,
KucharovB.Kh., KoshanovaB.T., Dzhandul-
laeva M. S., Reimov A. M., 2023).

Results and discussion
The mineralogical composition of the raw
material is given below.
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Table 1. Elemental composition of the original mineral fertilizer, %

No. 1 2 3 4 5 6 7 8
Elements Cl Br S K Ca You Fe Cu
Result 45.0 0.058 0.34 45.0 0.5 0.0023 0.0257 0,0016

No. 9 10 11 12 13 14 15 16
Elements Rb Sr Y Zr Sn Te Fr Dy
Result 0.009 0.0014 0.0005 0.175 0.003 0,0017 0.0074 0.0037

Figure 2. Mineralogical composition of the raw material
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Figure 3. Laboratory setup of the electrolyzer. 1, 2 — separatory
funnels for feeding KOH and KCl respectively; 3 — electrolyzer; 4 —ion
exchange membrane; 5, 6 — receiving flasks for KOH and KCl

EOH EC1

To conduct the research experiments, amesh ORTA anode with an area of 1 dm?was
a laboratory electrolysis flow installation used for the anode. The distance between the
with an ion-exchange membrane was assem-  electrodes was set at 0.16 dm. For the gravity
bled. A sheet of stainless steel grade AISI304  feed of the initial solutions of potassium chlo-
(08X18H10) was used as the cathode, and ride and potassium hydroxide, two separatory
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funnels with a volume of 1 liter were used and
connected to the installation using a heat-re-
sistant transparent hose and installed 50 sm
above the installation. To receive the reaction
products, the outlet of the installation was
connected using hoses to two flasks, which
were installed 50 sm below the installation.

In this paper, the influence of electrolyte
temperature and operating current density
on the yield of potassium hydroxide during
the process in a membrane electrolyzer was
studied (Fig. 3).

Section 2. Chemistry

During electrolysis, the current density
varied in the range of 1.0-5.5 A/dm?. Elec-
trolysis was carried out under the following
conditions: at a temperature of 60°C, a dura-
tion of 40 minutes and a potassium chloride
concentration of 30%. The obtained data are
presented in Table 1. The output parameter
is the concentration of hydrogen ions in the
anolyte and catholyte solutions. The initial
concentration of the KOH solution entering
the electrolyzer is 28.488%.

Table 2. Dependence of product yield on current density with a process
duration of 40 min. and a KOH concentration of 30%

Density of KOH at Concen- Increase in PH of solutions
15 °C, p, g/sm?® tration of Current concentra- after electrolysis
No. ell):(ffrl;ﬁ- after elfec- Iél(zlc{t:g;f (T:;ldsrlrtlz ’ tl:,;onKIg;;{’ KOH Anolyte
ysis trolysis sis, % catalyte catalyte KCl1
1. 1.273 29.098 1 0.61 14.48 2.35
2. 1.275 29.258 2 0.77 14.43 2.35
3. 1267 1.277 29.468 3 0.98 14.43 2.35
4, 1.278 29.588 4 1.10 14.43 2.75
5. 1.279 29.748 5 1.26 14.50 2.91
6. 1.280 29.828 5.5 1.34 14.41 3.75

To find the optimal temperature, the
experiments were carried out by changing
the temperature from 30 to 90°C. The ex-
periments were carried out for 40 minutes
and with a potassium chloride concen-

tration of 30%. The concentration of the
initial KOH solution entering the electro-
lyzer was maintained at 28.488%. The cur-
rent density during electrolysis was set at
5 A/dm?.

Table 3. Dependence of product yield on process temperature for
a process duration of 40 minutes and a KOH concentration of 30%

Density of KOH at Concen- Increasein PH of solutions
15 °C, p, g/sm?® tration of Pz:;(if_ss concentra- after electrolysis
No. ell):(ft(;' I:i_ after elfac- Iél(zlc{ts (f{;r 1 tl;)nKIE)OI;{’ KOH Anolyte
ysis trolysis sis, % ture °C catalyte catalyte  KCl
1. 1.273 29.488 30 1.10 14.48 2.35
2. 1.275 29.538 35 1.26 14.43 2.35
3. 1.277 29.628 40 1.34 14.43 2.35
4. 1967 1.279 29.688 45 1.10 14.43 2.75
5. 1.280 29.748 50 1.26 14.50 2.91
6. 1.281 29.828 55 1.34 14.41 3.75
7. 1.282 29.958 60 1.44 14.45 2.85
8. 1.286 30.008 65 1.52 14.42 2.81
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Density of KOH at Concen- P Increase in pH of solutions
15 °C, p, g/sm?® tration of igrc:_ss concentra- after electrolysis
No. before KOH after tion KOH,
electrol- after elfec- electroly- A % KOH KOH Anolyte
ysis trolysis sis, % catalyte catalyte KCl
9. 1.297 30.128 70 1.64 14.48 2.97
10. 1.308 30.218 75 1.73 14.45 2.87
11. 1.317 30.268 80 1.78 14.49 2.90
12. 1.328 30.348 90 1.86 14.48 2.88
Conclusion According to the data obtained from Ta-

According to the data obtained from Table  ble No. 2, it is evident that with an increase
No. 1, it is evident that with an increase in the  in the process temperature, the concentra-
process current density, the concentration of  tion of the obtained potassium hydroxide in
the resulting potassium hydroxide in the solu-  the solution increases. The product increase
tion increases. The product increase is accord-  is accordingly from 1.10 to 1.86% at a tem-
ingly from 0.61 to 1.34% with a working cur-  perature range from 30 to 90°C.
rent density range from 1 to 5.5 A/dm?.
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Abstract

The article presents the results of obtaining iron oxide nanoparticles with magnetic proper-
ties — maghemite and magnetite, precipitated from solutions of ferrous and trivalent iron salts
using various technological techniques. Depending on the deposition conditions, magnetic
nanopowders corresponding to the composition of solid solutions of magnetite-maghemite were
obtained. By methods of scanning electron microscopy and X-ray phase analysis, calculation of
the parameters of the elementary cells of the crystal lattices of magnetite and maghemite, it is
shown that the synthesis conditions affect the size and shape of nanoparticles and the degree of
their aggregation. It was found that monophasic magnetite and maghemite do not form during
chemical deposition, a solid solution of mixed composition precipitates.
Keywords: iron oxides, maghemite, magnetite, chemical precipitation, nanoparticles, solid

solution

Magnetic nanoparticles of iron oxides
(magnetite and maghemite) are increasing-
ly being used in various branches of science
and technology and especially in biomedical
applications (Kurlandskaya, et.al, 2021; Mar-
nautov, et.al, 2017; Wu, et.al, 2015; Corot,
et.al, 2006). This is due to the unique magnet-
ic properties of these materials, which large-
ly depend on the phase composition, struc-
ture and morphology (size and shape) of the
particles (Katz, 2019). These characteristics
are significantly influenced by the conditions
for obtaining nanoparticles (Chernova, et.al,

2022). To date, many methods for the synthe-
sis of magnetic iron oxide nanoparticles are
known, which are reflected in a number of sci-
entific publications, including recent reviews
(Tahir, et.al, 2021; Abilkosimova, et.al, 2024).
The most technologically simple method is
the joint precipitation of ferrous and trivalent
iron salts from aqueous solutions (Taketomi,
1993). However, despite the apparent sim-
plicity, the synthesis conditions by this meth-
od have a significant effect on the phase com-
position and morphology of particles, which
ultimately affects their target properties. In
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this regard, the interest in studying the factors
determining the conditions for the synthesis of
magnetic nanoparticles based on iron oxides
is only increasing. It is known that magnetite,
which has pronounced ferromagnetic proper-
ties, under oxidation passes into maghemite
y-Fe,O,, when heated to 230 °C, hematite is
formed, as well as iron (III) oxide, but does
not have magnetic properties (Nikiforov, et.al
2014). Since maghemite and magnetite are
isostructural, the determination of the phase
composition of nanoparticles is associated
with the need to calculate the parameters of
the crystal lattice, as well as with the involve-
ment of a number of other physico-chemical
research methods (Anthony, et.al 2018).

The aim of this work is to synthesize mag-
netic nanopowders of iron oxides by co-pre-
cipitation of trivalent and divalent iron salts
from aqueous solutions by various methods
and compare their structure and phase com-
position using modern analytical methods

Experimental

The salts FeSO, x 7H,0 and FeCl, x 6H,0
(pure for analysis, Sigma-Aldrich) and a 25%
aqueous solution of ammonia were used in
the work.

The deposition of magnetite was carried
out by reaction

2FeCl, + FeSO, + 8NH,OH = Fe,O, +

+6NH,CI + (NH,),SO, + 4H,0

To do this, 0.278 g. FeSO, x 7H,0 (1mmol)
and 0.540 g. FeCl, x 6H,0 (2 mmol) were dis-
solved in 50 ml of bidistilled water at room
temperature. 10 ml of 10% ammonia solution
was injected into the resulting solution using
a syringe. In the first variant, for the oxida-
tion of magnetite into maghemite, precipi-

Section 2. Chemistry

tation was carried out under the influence of
ultrasound (DSA50-SK1-1.8L. 50 W, 40 kHz)
during the entire deposition process (30 min).

In the second variant, aqueous solu-
tions of iron salts FeSO, and FeCl, were
mixed, as in the first case, in the molar ratio
FeSO,: FeCl, = 1: 2, magnetite was precipi-
tated with an aqueous solution of ammonia
at an elevated temperature of 60 °C and bub-
bled with argon to remove dissolved oxygen
and prevent oxidation and transition of mag-
netite to maghemite.

In the third variant, magnetite was ob-
tained similarly to the previous variants,
but neither ultrasound nor bubbling with
an inert gas were used and the precipitate
was kept for a day for complete maturation
and partial oxidation of nanoparticles. The
resulting precipitates were separated from
the solution using a neodymium magnet,
washed with distilled water and dried at
105 °C in a drying cabinet. Research meth-
ods. The phase composition and crystal
structure of the powders were studied by
powder radiography using the XRD-7000
MAXima diffractometer (Shimadzu). The
lattice parameters were calculated using
PDW in software. The particle size and de-
gree of aggregation were evaluated using
scanning electron microscopy (SEM).

As can be seen from (Fig. 1), in all
three variants of synthesis (methods 1-3),
nanoparticles are formed, the size of which
does not exceed 20—30 nm. The resulting
nanoparticles are prone to aggregation,
which can be explained by residual magne-
tization. It can also be noted that the forma-
tion of spherical particles is observed under
ultrasonic influence.

Figure 1. SEM images of magnetic nanopowders obtained by chemical deposition using
various techniques: method 1 — ultrasound, room temperature; method 2 — bubbling with
inert gas, 60 °C; method 3 — room temperature, maturation during the day

3 method

1 method

2 method
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Figure 2. Shows X-ray images of the obtained iron oxide nanopowders

Figre 2. X-ray images of magnetic nanopowders of
iron oxides obtained by methods 1, 2and 3
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It follows from Figure 2 that all sediments
correspond to the composition of magnetite-
maghemite without significant impurities of
any other phase. It is known that maghemite
and magnetite have a common crystal lattice
structure, which means that the positions of
the diffraction peaks on their radiographs
practically coincide. Therefore, based only
on the analysis of the position of the peaks
on the diffractograms of nanopowders, it is
quite difficult to distinguish magnetite from
maghemite. They can be distinguished by
comparing the parameters of the unit cell.

Table 1 shows calculations of the param-
eters of the elementary cells of synthesized
iron oxides, made on the basis of experimen-
tal and literary data.

Table 1. Parameters of the elementary
cells of the obtained nanopowders

Title a, A
Maghemite (Katz.2019) 8.336-8.339
Magnetite
(Nagsrazadani,1993) 8.396-8.397
Nanopowder synthesized
by method 1 8.337
by method 2 8.350
by method 3 8.382

The results of the experiment and the cal-
culations performed show that the nanopow-
der synthesized by method 1 under ultra-
sonic exposure, which possibly contributes
to the oxidation of Fe(II) to Fe(III), is the
closest in phase composition to maghemite
(y-Fe,0,). Elevated temperature and argon
bubbling (method 2) contribute to the forma-
tion of trivalent iron oxide, while argon bub-
bling slowed down this process. The powder
synthesized by method 3 is closer in size of
the unit cell parameter to magnetite than the
above samples. Obviously, exposure to moth-
er liquor during the day has less effect on the
oxidation of iron to a trivalent state.

The obtained results and conclusions are
in good agreement with the results of the
study by other authors (Shilova, et.al, 2020).

Conclusion

Nanopowders with a nanoparticle size in
the range of ~10—25 nm were synthesized by
chemical precipitation from aqueous solu-
tions of iron (II, III) salts, corresponding to
the compositions of magnetite-maghemite
solid solutions, while the proximity of the re-
sulting composition to the extreme members
of a number of solid solutions depends on the
synthesis conditions (ultrasound, bubbling,
heating, duration of exposure in mother li-
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quor). It is shown that the use of heating,
bubbling with an inert gas, and especially
ultrasonic exposure during the deposition
of powders with an aqueous solution of am-
monia promotes the formation of spherical
nanoparticles and intensifies the oxidation of
Fe(IT) to Fe(III) and the formation of a sol-

Section 2. Chemistry

id solution, which is closer in composition to
maghemite. It is noted that a longer matura-
tion of the precipitate in the mother liquor
increases the tendency of nanoparticles to ag-
gregate, leading to the formation of nanopar-
ticles that correspond to the composition of
the solid solution, closer to magnetite.
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Abstract

The article presents information on the significance, hemostatic and biological activity of
fibroin-based drugs. The study examined samples of hemostatic biomaterial obtained on the basis
of carboxymethylinulin and fibroin, depending on the amount of polymer components of car-
boxymethylinulin and fibroin. It was found that the carboxymethylinulin/fibroin sample at a mass
ratio of 1:0.5 exhibits high hemostatic activity and complete resorption occurs within 21 days.
Keywords: carboxymethylinulin, fibroin, biomaterial, biological activity, hemostatic, re-

sorption

Introduction

In recent years, the attention of research-
ers has been drawn to the creation of medical
products based on silk fibroin, the determi-
nation of their physical and chemical prop-
erties and biological activity. This is due to
the convenience of developing a biomaterial
based on it and the possibility of obtaining
various forms of the drug. Research is mainly
aimed at creating wound healing and hemo-
static agents. The reason for this is that the
hemostatic stage is the first stage of wound
treatment, and rapid hemostasis prevents
major blood loss and potential death. The
manifestation of the hemostatic activity of fi-
broin occurs through two main mechanisms:

— firstly, in the bleeding zone, as a result
of its swelling, fibroins surround the surface
layer and hemostasis is observed with the for-
mation of a septum. For example, a sponge
was obtained by freeze-drying from a compo-
sition of silk fibroin and polyethylene glycol
(PEG, 1500 Da). In an experiment conducted
on a rabbit liver injury model, it was found
that in the process of interaction with blood,
the sponge turns into a gel and is mechani-
cally blocked in the areas of bleeding (Wei W.,
LiuJ., PengZ., et al., 2020).

— secondly, silk fibroin directly affects the
blood clotting process by activating clotting
factors or platelets, thereby stimulating plate-
let adhesion and aggregation, facilitating the
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interaction between platelets and fibrinogen
(Chouhan D., Mandal B. B., 2020).

Studies to determine the effect of fi-
broin on coagulation time were conducted
in comparison with platelet-free plasma
and platelet-rich plasma. Based on the re-
sults of in-depth analysis, it was noted that
fibroin activates the platelet-mediated co-
agulation cascade (Kundu B., Schlimp C. J.,
Nurnberger S., Redl H., Kundu S. C., 2014).
In addition, the ability of fibroin to quick-
ly bind to fibrinogen and platelets was re-
vealed, which stimulates the coagulation
cascade and facilitates the hemostasis
process (Dahlke H., DociuN., ThurauKk.,
1980).

Kukun shaklidagi biomaterial yopishqoq
xususiyatga ega bollsa va suyuqlik ta’siri-
da bo’kuvchanligi yuqori bo’lsa, o’ziga suv
molekulalarini singdirishi orqali hajmining
oshishiga olib keladi. Natijada qon ogayotga
sohada to’siq hosil qilib, qon ivish omillarini
to’playdi. Ushbu xususiyat aynigsa tolasimon
tuzilishli gemostatik kukunlarda yaqqol ku-
zatiladi (BabiucR. D., Purcarea M., Sadagur-
schiR., Negreanu L., 2013; Wang X. X., LiuQ.,
SuiJ. X., Ramakrishna$S., YuM., ZhouY., Ji-
angX.Y., LongY.Z. 2019; Barkun A. N., Moo-
saviS., Martel M., 2013).

If the biomaterial in the form of a powder
has viscous properties and has a high swell-
ing under the influence of liquid, it increases
its volume by absorbing water molecules. As
a result, this creates an obstacle in the area of
blood flow and accumulates factors of blood
coagulation. This feature is particularly pro-
nounced in the fibrous structure of hemostatic
powders (Babiuc R. D., Purcarea M., Sadagur-
schiR., Negreanu L., 2013; Wang X. X., Liu Q.,
SuiJ. X., Ramakrishna$S., YuM., ZhouY., Ji-
angX.Y., LongY.Z., 2019; Barkun A. N., Moo-
saviS., Martel M., 2013).

In our study, we set the task of deter-
mining the degree of swelling of biomaterial
samples in the form of powder obtained from
polymer compositions of fiproin and car-
boxymethylinulin (CMI), as well as studying
the activity in stopping blood and the depen-
dence of the absorption time in the body on
the mass ratio of the polymer components.

The object and methods of research.
In the study, biomaterial samples in the form
of a powder obtained on the basis of CMI/fi-

Section 2. Chemistry

broin compositions in mass ratios of 1:0.25;
1:0.5; 1:0.75 and 1:1 were used.

Determining the degree of swelling.
The swelling degree of the samples was de-
termined using the following formula:

A =(m-my)100/m,

Here: A — swelling degree, %;

m — the mass of the powder soaked in wa-
ter, g.

m, — the mass of the original dry powder, g.

Microscopic analysis. Microscopic
examination was performed using the LEICA
ICC50 optical microscope (Germany). For
this purpose, a small amount of test powders
(at least 5 mg) was placed on a microscope
bottle. The microscope was then mounted on
a stand, adjusted the focus of the microscope
until a clear image was obtained, and photo-
graphed using a digital camera.

Determining hemostatic activity.
The studies were conducted on non-pedigreed
white rats weighing 200—-210 grams. The rats
were anesthetized by introducing etaminal
sodium into the abdominal cavity at a dose of
50 mg/kg. The abdominal cavity was opened
using a surgical instrument (scalpel). The ab-
dominal cavity is incised longitudinally along
the white line of the abdomen and opened with
a wide incision using special instruments. The
intestines are pushed out and bounded with
a special napkin or paper. The anterior sur-
face of the liver was also removed. The liver
protrusion was resected with a knife using
a special device — a limiter (plastic material
with a round hole in the center). A segment
cut in a vertical projection looks like a circle or
ellipsis, its dimensions are constant. The for-
mation of an evenly bleeding wound with soft
edges and uniform curvature has a total area
of about 1-1.5 cm? and a depth of about 0.3
cm. The aforementioned experiment was con-
ducted simultaneously to conduct a compara-
tive assessment of the tested powder and the
control (using gauze). The time of hemostasis
was determined using a stopwatch.

Determining biosolvability. The bio-
solvability of biomaterial samples in powder
form was studied in white non-pedigreed rats
weighing 180+10 g. In the experiments, 24
rats were divided into 4 groups. In the exper-
iments, a «pocket» was formed in the lumbar
region of the rats and placed in an amount of
0.2 g (with an accuracy of 0.001 g) of the test-
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ed powder samples. After the operation was
completed, the skin was closed, 1-2 sutures
were sutured and cleaned in a 5% alcohol io-
dine solution. To determine the biosolvabili-
ty of the samples under the skin, the amount
of powder was taken from the skin and mon-
itored for 7, 14, 21, and 28 days.

Results and their discussion
When obtaining all types of hemostatic
agents, it is important to study the degree of
swelling under the influence of liquid. Espe-

Section 2. Chemistry

cially for hemostatic agents in powder form.
The high fluid retention capacity of the bio-
material not only increases its hemostatic
properties, but also ensures faster absorption
by the body. Taking this into account, in our
experiments: 1:0.25; 1:0.5; We determined
the swelling degree in water of powdered bio-
material samples obtained based on composi-
tions of CMI/fibroin in a mass ratio of 1:0.75
and 1:1 (Fig. 1). The experiments were con-
ducted in room conditions and until the sam-
ples swelled in water and became a thick gel.

Figure 1. The degree of swelling of biomaterial samples in powder form
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Figure 2. Biomaterial in a mass ratio of CMI/fibroin 1:0.5:
a) powder form; b) magnified x100 times

a)

According to the results of the study of
the swelling degree of powdered biomateri-
als based on compositions of CMI/fibroin in
different mass ratios, at mass ratios of 1:0.75
and 1:1, the swelling of biomaterials based

on compositions of CMI/fibroin was rela-
tively low (963% and 921%), and at a mass
ratio of CMI/fibroin of 1:0.25, the swelling
was 1028%. The best indicator was found in
a sample with a CMI/fibroin ratio of 1:0.5

19 STUDY OF BIOLOGICAL ACTIVITY OF BIOMATERIAL BASED


https://ppublishing.org/edition/austrian-journal-of-technical-and-natural-sciences
https://ppublishing.org/edition/austrian-journal-of-technical-and-natural-sciences

The Austrian Journal of Technical
and Natural Sciences, No 11-12

(1184%). The main reason for this is that the
powdered biomaterial in this mass ratio not
only retains the same particle size, but also
retains a fibrous structure (Fig. 2).

Section 2. Chemistry

In our subsequent experiments, the he-
mostatic activity of biomaterials based on
CMI/fibroin in various mass ratios was stud-
ied for bleeding in the liver of the parenchy-
mal organ of rats (Fig. 3).

Figure 3. Hemostatic activity of biomaterial samples
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As a result, compared to the control (con-
trol, gauze), the KIM/fibroin was 1:0.25;
Experimental samples with mass ratios of
1:0.75 and 1:1 were respectively 1.7; 1.51
and 1.39 times faster. The highest hemostat-
ic activity was observed in the experimen-
tal sample with a CMI/fibroin ratio of 1:0.5

1:0,75
Samples f

mass, which is 2.03 times faster than in the
control group.

The absorption rate of powdered bio-
material samples in the body was also de-
termined by implantation under the skin of
experimental animals. The results of the ex-
periments are presented in Table 1.

Table 1. Determining the absorption time of biomaterials
implanted under the skin into the body (M+c; n=6)

Duration of absorption, a day

Samples Initial Mass onthe Massonthe 14" Mass on the lt\ill?ass 80 tr]:
mass, g. 7" day, g (%) day, g (%) 21*day, g (%) day, g (%)
Mty 0.124+
fibroin 0.2+0.001 y o,y 0.053+0.001(26.5%) 100% absorbed -
+0.001(62%)

1:0.25
CM1/fi- 0.127+ o o 3
broin 1:0.5 0.2+0.001 £0.001(63.5%) 0.058+0.001(29%) 100% absorbed
CMI/

. 0.143+ o o,y 100% ab-
fibroin 0.2+0.001 £0.001(71.5%) 0.096+0.001(48%) 0.048+0.001(24%) sorbed
1:0.75
CM1/fi- 0.158+ o o,y 100% ab-
broin 1:1 0.2+0.001 +£0.031(79%) 0.104+0.031(52%) 0.054+0.031(27%) sorbed
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As can be seen from the results present-
ed in Table 1, all samples were completely
absorbed in the body. The total absorption
of powder samples based on CMI/fibroin in
mass ratios of 1:0.25 and 1:0.5 in the body
was 21 days. Samples based on CMI/fibroin
in a mass ratio of 1:0.75 and 1:1 absorbed 76
and 73% respectively on day 21, with a full
absorption time of 28 days in the body. Based
on the obtained results, it can be concluded
that with a low amount of fibroin, the rate of
biomaterial absorption in the body is high,
and in these samples, fibroin is relatively well
structured using CMI.

Section 2. Chemistry

Conclusion
It has been determined that biomateri-
als with a CMI/fibroin ratio of 1:0.75 and
1:1 exhibit relatively low swelling (963%
and 921%), a biomaterial with a 1:0.25 mass
ratio of 1028%, and a sample with a 1:0.5
mass ratio of 1184% exhibit high swelling.
A study of the hemostatic activity of biomate-
rials revealed that a BMI/fibroin sample with
a mass ratio of 1:0.5 stops twice as quickly
and exhibits high hemostatic activity and is
completely absorbed by the body after 21

days compared to the control.
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Abstract

Modified derivatives of polysaccharides containing aldehyde groups in their structure are
unique intermediate materials for the production of new polymeric compounds. In the present
study, periodate oxidation of inulin was carried out. The physicochemical properties of the
resulting dialdehyde inulin with varying degrees of oxidation were investigated. Due to the
presence of aldehyde groups in the structure of oxidized inulin, immobilization of hydrazine,
ethylenediamine, and propylenediamine was performed via covalent azomethine bonds. The
presence of diamines in the dialdehyde inulin structure was confirmed by elemental analysis
(by nitrogen content) and FTIR-spectroscopy.
Keywords: polymers, inulin, periodate oxidation, dialdehyde inulin, hydrazine, ethylenedi-

amine, propylenediamine

Introduction

The application area of macromolecular
compounds covers a wide range of polymer
materials intended for use in various fields
of practical activity. The results achieved to
date demonstrate the possibility of produc-
ing polymer products with specified phys-
icochemical, mechanical, operational, and
medical-biological properties (Bhatt Sh.,
Pathak A., Grover P., KauravM., 1985; An-
drews G. P., LavertyT.P., JonesD.S., 2009;
Peponi L., Lopez D., 2018). Among the differ-
ent classes of polymers, special importance

is given to macromolecular compounds that
contain specific functional groups in their
structure, which later determine a number of
key properties of the synthesized polymers.
One such class of polymer compounds is
macromolecular systems containing amine
groups in their structure (XuanM., GuX.,
LiJ., Huang D., Xue Ch., He Yu., 2023; Kuk-
saV., 2000; PeggA.E., McCann P. P., 1982;
Abdulhussein A. A., Wallace H. M., 2014). It
is well known that many polymeric amines
exhibit antimicrobial, hemostatic, wound-
healing, and antitumor properties.
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Inulin is a heteropolysaccharide that has
been increasingly used in medicine in recent
years as a hypoglycemic agent, sorbent, and
biologically active supplement. Unlike many
polysaccharides, inulin has its own biological
activity and a low molecular weight, which
eliminates the need for hydrolysis to impart
new physicochemical and pharmacologi-
cal properties to the macromolecular chain.
To date, only a limited number of chemi-
cal transformations of inulin have been ex-
plored, mainly involving the immobilization
of low-molecular fragments into the structur-
al units of inulin. Among these studies, the
synthesis of amino-containing derivatives
of inulin is a particularly interesting area of
research. The aim of our study was to inves-
tigate the chemical immobilization of amino-
containing compounds into the monomeric
units of inulin to obtain new derivatives.

Materials and method

The following reagents were used for the
synthesis of amino-containing derivatives
of inulin: inulin, extracted from Jerusalem
artichoke (variety «Mujiza») with an aver-
age molecular weight of 5600 Da; hydrazine
sulfate — CAS 10034-93-2; ethylenedi-
amine — CAS 107-15-3; propylenediamine —
CAS 109-76-2.

Synthesis of dialdehydeinulin. 1-2 g
of thoroughly dried inulin were placed in
a heat-resistant dark glass flask with a vol-
ume of 300 mL, and 100 mL of acetate buffer
(pH = 5) and 0.2 N freshly prepared sodium
periodate solution were added, maintaining
a molar ratio of inulin: NalO, =1 : 1. The re-
action mixture was left to stir in the dark for
1-5 hours at 20-25 °C. To complete the re-
action, 30 mL of ethylene glycol was added.
After the reaction, the mixture was dialyzed
against distilled water to remove any resid-
ual 10, and IO, ions (monitored using sil-
ver nitrate solution). The final products were
isolated by sublimation drying. The degree of
oxidation of inulin was determined by iodo-
metric titration (Rhee, K. C., 2001).

Modification of Hydrazine, Ethylenedi-
amine, and Propylenediamine with Dialde-
hyde Inulin Samples. 0.5-1.0 g of dialdehyde
inulin with varying degrees of oxidation was
dissolved in 50 mL of water at room tempera-
ture to form a clear solution. Then, hydrazine,

Section 2. Chemistry

ethylenediamine, or propylenediamine was
added with stirring at a molar ratio of DAI:
H,N-R = 1 : 2.5. The resulting solution was
stirred for 1 hour at 20—25 °C. After the reac-
tion, the clear solution was placed in dialysis
membranes and purified against distilled wa-
ter for 24 hours. The final reaction products
were isolated by sublimation drying.

FTIR-spectra of the synthesized com-
pounds were recorded on a Vector-22 IR spec-
trometer in the wavelength range of 400-4000
cm! using KBr pellets (3—5 mg of sample/300
mg of KBr). The nitrogen content by weight in
the synthesized compounds was determined
using the Kjeldahl method (Tunik T. V., Nem-
chenkoU.M., GanenkoT.V., YurinovaG.V.,
Dzhioev Yu.P., SukhovB. G., Zlobin V. 1., Tro-
fimovB. A., 2019). ¢-potential of the samples
was measured on a Zetasizer Nano ZS instru-
ment (Malvern, UK) in plastic cuvettes using
the immersion cell ZEN1002.

The molecular weight of the synthesized
samples was determined by size-exclusion
liquid chromatography on Yedrogel 100,
500, and 1000 columns from Waters (USA),
at a temperature of 20+1 °C, equipped with
a refractive index detector. The eluent used
was a 0.1 N NacCl solution, with a flow rate of
0.1 mL/min. The calibration curve was stan-
dardized using dextran with a narrow molec-
ular weight distribution.

Determination of pKa values of amino-
containing derivatives of inulin. 100—-150
mg of the dried sample was dissolved in wa-
ter, and then 0.1 N sodium hydroxide solu-
tion was added to the solution. Titration was
started while stirring continuously, adding
aliquots of 0.1 N hydrochloric acid solution.
The pKa values of the samples were calculat-
ed based on the pH value at which the mid-
point of the plateau appeared on the resulting
titration curve (Rawlinson L. B., RyanS. M.,
Mantovani G., SyrettJ.A., Haddleton D. M.,
Brayden D. J., 2010).

Result and discussions

It is known that oxidized polysaccha-
rides containing electrophilic aldehyde
groups in their structure exhibit high re-
activity and can interact with molecules
containing primary amine groups. These
characteristics are typical for dialdehyde
derivatives of polysaccharides, which are
widely used for the chemical immobilization

23 STUDIES OF IMMOBILIZATION OF SOME DIAMINES TO DIALDEHYDINULIN


https://ppublishing.org/edition/austrian-journal-of-technical-and-natural-sciences
https://ppublishing.org/edition/austrian-journal-of-technical-and-natural-sciences

The Austrian Journal of Technical
and Natural Sciences, No 11-12

of low-molecular-weight biologically active
substances. When aldehyde groups react
with primary amines, Schiff bases (—C = N-)
are formed, which can decompose in acidic
or alkaline environments. Based on this, we

&, o

10,

Section 2. Chemistry

have developed methods for the fixation of
amine groups into the structure of dialdehyde
inulin with varying degrees of oxidation. The
periodate oxidation of inulin was carried out
according to the following scheme:

&, o

N

L/ ~

XHO NOH

OH

s

The table 1 presents the physicochemi-
cal characteristics of dialdehyde inulin with

pH

5

lf

4

Y

E c/\OH
o

varying degrees of oxidation, which were ob-
tained by altering the reaction time.

Table 1. Physicochemical characteristics of dialdehyde
inulin with varying degrees of oxidation

tomof DAL mols [ dl/s  Mx10pa  CPURIERL - BN
1. 13 0.64 5.4 -12.0+1.5 White
2. 20 0.58 5.1 -19.0+1.6 White
3. 28 0.52 4.8 -21.5+1.0 White
4, 35 0.45 3.7 -23.7+2.1 Cream
5. 37 0.41 3.0 -25.4+1.0 Cream

Experimental data presented in Table 1
show that the periodate oxidation of inulin
proceeds with partial destruction of the orig-
inal macromolecular chain, resulting in a de-
crease in molecular weight and the yield of re-
action products. The data also reveal that the
intensity of the molecular weight decrease of
inulin occurs in two stages: the first stage is
characterized by a slight reduction in the av-
erage molecular weight of inulin (from 5600

to 4800 Da) over the first 2.5 hours, while the
second stage involves a more significant drop
in the molecular weight of dialdehyde inulin
(DAI) to 3000 Da. This indicates that as the
number of aldehyde groups increases, the sta-
bility of DAI in acidic media decreases. Fur-
thermore, with an increase in the degree of
oxidation of inulin, there is a consistent shift
in the ¢-potential of the investigated samples
into the negative region.

Figure 1. FTIR-spectra of inulin (1) and dialdehyde inulin
(2) with an oxidation degree of 37 mol%
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The reason for the decrease in the {-poten-
tial with increasing degree of oxidation of DAI
is explained by the fact that aldehyde groups
carry a partial negative charge due to the po-
larization of the m-bond, imparting polymeric
acid properties to the main macromolecular
chain of oxidized inulin.

In the FTIR-spectrum of inulin (Fig. 1),
absorption bands are observed at 3429 cm~1
(—OH), associated with the formation of hy-
drogen bonds, 2924 cm~! (-CH27), 1133 cm™!
(C-O-C bonds), and 1032 ecm™?, correspond-

R R R»

Section 2. Chemistry

ing to the vibration of primary -OH groups.
In the FTIR-spectra of DAI, a new absorption
band appears at 1730 cm™!, corresponding to
the vibration of the aldehyde group, the in-
tensity of which increases with the degree of
oxidation of inulin.

Since the oxidized derivatives of inulin
contain electrophilic aldehyde groups, we
carried out the immobilization of diamines
(hydrazine, ethylenediamine, and propylene-
diamine) based on a nucleophilic addition
reaction according to the following scheme:

i iH/N

R=-NH
,=-CH
R ,-CH,-NH,
R” = _CHZ_CHz_CHZ-NHZ

The research results illustrating the ef-
fect of the degree of oxidation of inulin on the

- | J\Og

composition and substitution degree of the
reaction products are presented in tables 2—4.

Table 2. Effect of the degree of oxidation of inulin on the composition of
the reaction products (t = 20 °C; DAI: hydrazine=1:2.5; t=1 hour)

Degree of oxidation

Nitrogen

Degree of sub-

Ne of DAI, mol% Yo DAI content, % stitution, mol% PKa value
1. 13 26 4.2 25 7.2
2. 20 40 6.5 38 7.4
3. 28 56 8.8 54 7.6
4. 35 70 10.9 70 7.8
5. 37 74 11.5 72 7.8
Note: y, DAI — The content of aldehyde groups in 100 elementary units of inulin
Table 3. Effect of the degree of oxidation of inulin on the composition of the
reaction products (t = 20 °C; DAI: ethylenediamine=1:2.5; t=1 hour)
o Demmesoloddation \ par Nuwwsen  Desesafonh piavau
1. 13 26 4.5 26 7.8
2. 20 40 6.8 36 8.0
3. 28 56 9.1 55 8.2
4. 35 70 11.6 68 8.4
5. 37 74 12.0 74 8.5
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Table 4. Effect of the degree of oxidation of inulin on the composition of the
reaction products (t = 20 °C; DAI: propylenediamine =1:2.5; =1 hour)

Degree of oxidation

Nitrogen

Degree of sub-

Ne of DAI, mol% Yox content, %  stitution, mol% pKavalue
L. 13 26 4.7 23 75
2, 20 40 7.0 36 7.9
3. 28 56 9.5 54 8.1
4. 35 70 11.8 68 8.3
°. 37 74 12.3 72 8.3

The results presented in Tables 2—4 show
that with an increase in the degree of oxida-
tion of inulin, the nitrogen content and the
degree of substitution of the reaction prod-
ucts increase. By comparing the degree of ox-
idation with the degrees of substitution of the
synthesized compounds, it can be concluded
that each aldehyde group corresponds to one
molecule of hydrazine, ethylenediamine or
propylenediamine. After the immobilization
of hydrazine, ethylenediamine, and propyl-
ene diamine onto the macromolecules of di-
aldehyde inulin, the resulting samples begin

to exhibit properties characteristic of poly-
meric bases. The data presented in Tables 2—
—4 show that the pKa value ranges from 7.2 to
8.5. As the degree of substitution of the sam-
ples increases, the pKa value also increases.
The presence of Schiff bases (—~C=N-) in
the synthesized azomethine derivatives of inu-
lin, which contain fragments of hydrazine, eth-
ylenediamine, and propylenediamine in their
structure, was confirmed by FTIR-spectrosco-
py (Fig. 2). A common absorption band in the
range of 1634-1652 cm™! indicates the pres-
ence of covalent -C=N- Schiff base linkages.

Figure 2. FTIR-spectra of the azomethine derivatives of inulin containing hydrazine
(1), ethylenediamine (2), and propylenediamine (3) fragments in their structure
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Conclusion

Thus, in the present research work, di-
aldehyde inulins with varying degrees of
oxidation were obtained. The presence of
aldehyde groups in oxidized inulin was con-
firmed by iodometric titration and IR spec-
troscopy. The molecular weight character-
istics of dialdehyde inulin were studied. In
the next stage, hydrazine, ethylenediamine,
and propylenediamine were immobilized

onto the monomeric units of oxidized inu-
lin. It was established that as the content of
aldehyde groups in oxidized inulin increas-
es, the degree of substitution of the reaction
products also increases. IR spectroscopy
confirmed that the chemical binding of hy-
drazine, ethylenediamine, and propylenedi-
amine to the aldehyde groups of dialdehyde
inulin occurs through covalent azomethine
(—C=N-) linkages.
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Abstract

In this article, the optimal conditions for the formation of nanotubes based on titanium
oxide were determined and the synthesis of nanotubes was carried out. The obtained mate-
rial was studied using scanning electron microscope (SEM) and IR-spectroscopy methods.
Naphthalene-based copolymer products were obtained, their formation mechanisms,'H and'*C
spectra were studied. Nanocomposite products based on titanium oxide were synthesized and

volt-amperometric properties of obtained nanocomposite materials were determined.
Keywords: anodization, pore formation kinetics, volt-amperometric properties

Introduction

In the last decade, electrochemical syn-
thesis and anodization process have attracted
more attention (Yu, C., et al., 2019; Sun, X.,
et al., 2019; Zhang, K, et al., 2019). Porous
anodic oxides, such as porous aluminum and
titanium nanotubes, have attracted great
scientific interest because their nanomateri-
als are used in many fields, especially anod-
ic titanium oxide nanotubes (ATO) in solar
energy conversion, supercapacitor, sensor,
photocatalytic decomposition and is also of
great importance in the fields of converting
solar energy into hydrogen fuel (Lee, W., et
al., 2014; Cheng, Y., et al., 2015; Li, Z., et al.,

2018). The formation of pores and formation
of nanotubes depends on such parameters as
concentration of the electrolyte composition,
anode voltage, current density, temperature
of the electrolyte.For example, the height of
nanotubes differs from each other in differ-
ent literature (Feng, C., et al., 2019; Wang,
K., et al., 2014; Lee, K, et al., 2014). At the
same concentration of ammonium fluoride
(0.3% NH,F) and ethylene glycol electrolytes,
it was reported that the height of the obtained
nanotubes was significantly different from
each other (Zhang, Y., et al., 2015). Zhang
et al. 4.7 ym long nanotubes were obtained
at a current density of 7.5 mA-cm-2, Sui et
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al. reported that the height of the nanotubes
obtained as a result of anodizing at a current
density of 10 mA-cm-2 for 45 minutes was
15.3 ym (Cui, H., et al., 2017). Liu et al. re-
ported that the height of the nanotubes was
8.5 um obtained by anodizing at a constant
voltage of 50 V for 60 minutes (Li, W., et al.,
2019). .Masak et al. They studied the effect
of Ti substrate on nanotube growth and size
in 0.3% NH,F electrolyte, nanotubes with
a height of 32 ~ 50 pm were obtained by an-
odizing at 60 V for 360 minutes (Sopha, H.,
et al., 2016). It can be seen that the anodiz-
ing voltage, anodizing current, Ti substrate,
and anodizing time are different in the elec-
trolyte with the same concentration of NH,F,
resulting in a large difference in the height of
the nanotubes. This means that the electro-
chemical dissolution reaction in the presence
of fluoride ions (TiO,+6F +4H*—[TiF ], +
+2H,0) is not a factor determining the nano-
tube height (Zhang, J., et al., 2018) synthe-
sized nanotubes with a height of 29.8 pm
in an ethylene glycol electrolyte containing
0.30% NH,F and 2% water at 60 V for 180
minutes. Zhao et al. height of nanotubes re-
ported that the height of nanotubes obtained
by anodizing at 60 V for 10 minutes in an eth-
ylene glycol electrolyte consisting of 0.50%
NH,F and 2% water was 9.0 um (Zhao, S., et
al., 2018). However, Liu et al. also reported
that the height of nanotubes obtained by con-
stant voltage anodization at 60V for 360 min-
utes in an ethylene glycol electrolyte consist-
ing of 0.83% NH,F and 8% water was 10 pm
(Wang, L., et al., 2024).This is due to the fact

Section 2. Chemistry

that the fluoride ion participates in the melt-
ing reaction and the water content affects the
height of the nanotubes.

Experimental part

A 0.1 mm thick titanium foil (99.8%
purity, Sigma Aldrich) was cut into strips
(10 mm x 40 mm) and polished. To clean the
surface of the foil from various roughnesses
and inclusions, it was cleaned in a solution
consisting of HF: HNO,: H,O = 1:1:2) for
15 minutes (GT Sonic-D 6, AC-220-240V).
Then it was washed in distilled water for an-
other 15 minutes and air-dried for one hour.
After that, an electrolyte containing 2% wa-
ter, 98% ethylene glycol solution with 0.1
and 0.2% NH,F was prepared. Titanium foil
was used as the anode and graphite electrode
was used as the counter electrode. A titani-
um foil immersed in an electrolyte has an
area of 4 cm?2 (2cmx1cemx2 sides). The volt-
ages were applied in different sequence from
30V to 70V (Potentiostat: (Model-SS-350M,
S/N 21121062). Anodizing time was 2, 3, 4
and 6 hours and two electrodes were kept
constant in two different electrolytes. anod-
izing voltages were applied and each process
was repeated three times.The anodizing pro-
cess was 20 °C, 50 V and The nanotubes ob-
tained at 20 °C, 60 V showed the formation of
highly ordered nanotubes with a flat surface.

Results and its discussion
Figure 1 shows the variation of electric
current and formation of TiO, nanotubes at
20°C50B,0.1% NH,F.

Figure 1. 20 °C 50 B, 0.1% NH JF, electric current change and
TiO, nanotube formation diagram (I), (I), (III)
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Figure 1 (20 °C 50 B, 0.1% NH,F) shows
the formation of pores in stage I initially at
100 mA, in stage IT at 101 mA and 10 s, and
in stage III, the nanotubes are fully formed.
It can be seen that t, the time and the current
are in the same state, i.e. at 20 mA, it contin-

Section 2. Chemistry

ued in the range of 10—800. The formation
of nanotubes at this anodic voltage resulted
in the formation of double-walled nanotubes
with a uniform flat surface and highly or-
dered (Figures 2a, b).

Figure 2. SEM-EDS (a-b) of nanotubes obtained in 0.1% NH_F
at 20 °C, 50V and the resulting formation time (c)
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The element composition is 67.55% Ti,
30.45% O and 2% C.Looking at the time
curves of the formed current at 20 °C, (30—
—70 V) in the presence of 0.1% NH,F, it can
be seen that initially at 30 V 22.5 mA 10 s
pore formation begins, but they are not uni-
form. can be seen. At 40V, 9.9 mA started to
form pores at 9s, 50V at 15mA at 8.5s, at
60V 12.5mA at 8s and continued to form
pores, and at 70V at 10.8 mA starting at 7.5,
irregular and flat it can be seen that the nano-
tubes formed without,

It can be concluded that the nanotubes
formed at 50V, 8.5 seconds and 60V, 8 sec-
onds have a flat surface and higher order
than the nanotubes formed at other voltag-
es. Formation of nanotubes As can be seen

from Figures 3a, b, double-walled nano-
tubes with uniform flat surface and high or-
der were formed. The element composition
is 65.55% Ti, 31.45% O and 3% C. Looking
at the time curves of nanotube formation
(Fig. 3¢), 30V, 20 mA showed that disor-
dered pores started to form in 10 s, 40V, 7
mA showed highly disordered pores in 9.5
s, 50V, 12 mA 9 seconds and 60V, 11mA
in 8 seconds high-order flat surface, 70V
10 mA At 7.5 seconds, you can see that nano-
tubes with irregular but smooth surface are
formed. It can be concluded that the nano-
tubes formed at 50V, 12 mA 9 seconds and
60V, 11 mA 8 seconds, while the nanotubes
formed at other voltages are known to have
a smooth surface and higher order.
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Figure 3. Of nanotubes obtained in 0.2% NH F at 20 °C, 60V.
SEM-EDS (a-b) and formation time results (c)
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2. Synthesis of polymethylene stirrer, a dropping funnel and a reflux con-
naphthalene sulfonate (PMNS) denser, heated to 140 °C and liquefied, and
The process of obtaining a copolymer 3 ml/ml of 60 g of sulfuric acid solution of
product consists of the following stages: 98% was added using a funnel. min dripped.

1. Sulfolation of the naphthalene Since the process was exothermic, the tem-
fraction. 64 g of naphthalene-based frac- perature rose to 160—165 °C. In this case, the
tion (210-250 °C) was placed in a three- process was continued for 4 hours. The reac-
necked flask equipped with a mechanical tion equation is:

SO,0H
1650
“ + H,S0, 16f)1265C “/

process mechanism:
2H2804 ‘__‘ H3 SO4+ + HSO4

H,S0, — SO,H"+ H,0

“ ) SO3H+ :
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Table 1. Conditions for the synthesis of 2-naphthalenesulfoacid

Mole ratio of
naphthalene and
H,SO, (98% li).

Substance
name

Tempera- Duration ofthe Reaction
ture, °C  reaction, hours product (%)

48
56

54

58
69

61

83
91
85
79
84
76
54
59
55
67
82
78
81
89
90
71
86
76

1:1.2 60

1:1.2 70

1-Naphthalene
sulfonic acid

1:1.2 80

1:1.2 90

1:1.08 140

1:1.08 150

2-Naphthalene
sulfonic acid

1:1.08 160

1:1.08 170

NPk, OO, OO, OO, OO, OO A OO A

Figure 4. IR spectrum of 2-sulfonaphthalene
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The optimal conditions for the synthesis
of 2-naphthalene sulfoacid were naphthalene
and sulfuric acid in the ratio of 1:1.08 mol,
at a temperature of 160 °C and a process du-
ration of 6 hours, with an efficiency of 89%.
During the synthesis of 1 and 2 naphthalene
sulfoacids, increasing the duration of the re-
action leads to a decrease in yield. Because,
as a result of additional reactions (oxidation,
1.1 and 2.2-sulfonyldinaphthalene), the yield
of naphthalene sulfoacids decreases.

The vibrational frequency is the valence
vibration of the -C-H group in the aromatic
nucleus in the 3061.54 cm™ area, the valence
vibration of the C=C bond in the aromat-
ic nucleus in the 1596.59 cm™' area, the va-
lence vibration of the aromatic nucleus in the

0,H

+

H
*HEHO 90-100°C

Mechanism of action:

+H
stO4 20 : HSO4
H
H,S0,
H3SO4+ = H,SO,

+

-+ 4

Section 2. Chemistry

742.6 cm™! area, the valence vibration of the
-SO,H group in the 1106.18 cm™ area vibra-
tion, the valence vibration of the C=0 bond
can be observed in the region of 1190.57 cm™.

2. Polycondensation of }-naphtha-
lene sulfoacid with formalin (35%).
The process was carried out in a hermetic
reactor equipped with a mechanical stirrer.
For the reaction, f-naphthalene sulfonic acid
and formaldehyde were taken in a ratio of
1:0.8 mol, and the process was carried out at
90-100 °C for 5 hours. As a result, polymeth-
ylenenaphthalene sulfonic acid was synthe-
sized with a yield of 82.4% (Cheng, Y., Peng,
Z., Wu, X., Cao, J., Skeldon, P., & Thompson,
G. E., 2015). The polycondensation reaction
scheme is as follows:

0,H

OH

-+H .

;0 L
II.

III.

CH,0 +H —» 'CH,OH n Vv
— Ar-CH," ,0

ArH + "CH,0H —— V.
L » Ar-CH,-OH+ H'

arcH, "M ArCH Ar+H VI

1 H and 13C NMR spectra of the resulting polymer

*erauwj-m
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(Polymethylenenaphthalene sulfon-
ate acid1H) YaMR (600 MHz, DMSO-D,)
6 8.19 (d, J = 11.8 Hz, 3H), 8.14 (s, 1H),

Nurmatov_D-20
13C_DMSO-d6+CCl4_21062024_151MHz

39.52 DMSO-d6

A ” 1-0.00000
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7.95-7.81 (m, 4H), 7.75 (d, J = 0.0 Hz, 2H),
7.53-7.43 (m, 1H), 2.79 (d, J = 5.0 Hz, 1H),
1.23 (s, 1H).

1-0.00010

1-0.00005

1--0.00005

160 150 ko 130 130 "1lo "1do "0 80 70 60 S50 40 30 20 1o O
f1 (ppm)

(Polymethylenenaphthalene sul-
fonate acid13C) YaMR (151 M Hz, DM-
SO-D,) & 76.74, 75.96, 75.15, 74.19, 72.00,
71.05, 68.85, 68.37, 68.08, 67.97.

SEM was used to determine the morphol-
ogy and surface structure and elemental com-
position of spatially structured polymethy-
lenenaphthalene sulfoacids (Fig. 5). The results
of the SEM analysis of polymethylenenaphtha-
lene sulfoacid are presented in pictures (c, d).
The SEM result shows that it contains macrop-
ores from 114 um to 613 um. The composition
of the element consists of 68.3% C, 18.1% O.

3. Preparation of nanocomposite
materials and their physical and hem-

do "o 30 4o S0 o o -do

ical characteristics. To carry out this ex-
periment, the following processes were car-
ried out: an electrochemical polymerization
process, using titanium oxide nanotubes as
anode and graphite as counter electrode and
polymer dissolved in DMSO (15g polymer
dissolved in 100g DMSO) as electrolyte.
The titanium oxide nanotubes immersed in
the electrolyte have an area of 4 cm? (2cm x
x lem x 2 sides). Voltages were made at
50V, 60V, respectively. Anodizing voltages
were continuously applied to two electrodes
in five different electrolytes for 4 hours.
Each step of anodization was repeated three
times.

Figure 5. SEM-EDS analysis of polymethylene sulfonate naphthalene

EHT = 15,00 KV
WD = 8.5mm

Signad A =NTS BSD
Phete Me. = 16507

Date 112 Apr 2022 —
Time 10:24:08
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Figure 6. SEM micrographs of nanocomposites formed on the
basis of nanotubes containing 2, 10 and 45% water
Polymer nanopore arrays Polymer nanowires

BY -4 SNPYE L g

Figure 6a shows that the nanotubes with  formed at 10% water are irregular but with
2% water have a flat surface and are ordered aside length of 3 microns, (c) At 45% water, we
with a side length of 1.5 microns, (b) the pores  can see that nanotubes are formed randomly.

Figure 7. IR spectrum of the obtained nanocomposite
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The vibrational frequency is the valence = 1063.58cm™ region, and the 1238.29 cm™!
vibration of the -Ti-O bond in the aromatic  region In the —1 region, the valence vibration
nucleus in the 787.3 cm™! region, the valence  of the C=0 bond can be observed.
vibration of the C=C bond in the aromatic The volt-ampere characteristics of the ob-
nucleus in the 2980.58 cm™ region, the va-  tained nanocomposites (0—1.5V) were stud-
lence vibration of the -SO,H group in the ied:

Figure 8. Volt-ampere characteristic of Figure 9. Volt-ampere characteristics
nanocomposite containing 2% H,O of forward and reverse conductivity of
nanocomposite samples
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The volt-amperometric characteristics of
nanocomposite materials in the range (0—
1.5V) were studied. In Figure 8, the sample
in 2% water in the electrolyte is initially in the
ranges from O to 1V, that is (0.2V-0.0125A,
0.4V-0.025A,0.6V-0.05A,0.8V-0.09 A, and
at 1V 0.15A) it can be seen that the electrical
conductivity of nanotubes increases. Figure 9
shows the diagram of the volt-amperometric
characteristics of the samples in forward and

Section 2. Chemistry

reverse quenching (2%, 10% and 45% water
in the electrolyte) it can be seen that the con-
ductivity is good.

This table shows the relative electrical
conductivity of nanocomposites obtained at
different voltages (from 30V to 70V). We can
see that the highest values are 14.500 at 50V
and 22.100 at 60V. It is known from the ta-
ble that these values are low in the remaining
voltages.

Activation energies and specific electrical conductivity
values of polymer composites based on TiO2 (U= 0.5 V)

Neo Voltage (V)

TiO,E, ev

Relative electrical conductivity,

Sm/sm
1. 30 0.210 13.200
2. 40 0.092 2.400
3. 50 0.090 14.500
4. 60 0.120 22.100
5. 70 0.070 0.005
Summary Technical conditions of storage, use and

The volt-ampere characteristics of the
polymer obtained on the basis of naphtha-
lene and its nanocompositions with met-
al oxides (TiO2), the activation energies
of electrical current conductivity were de-
termined. It was found that the electrical
conductivity of polymethylene naphthalene
sulfonate acid is “p” type, and its nanocom-

other indicators of composite materials based
on polymethylenenaphthalene sulfonate have
been developed. The practical importance of
polymer nanocomposites can be explained by
the fact that they can be used as components
of electrode materials for rechargeable bat-
teries and supercapacitors, as additives in the
preparation of various antistatic composites,

positions with metal oxides are “n” type as contact and current-carrying elements in
conductive materials. control and measurement equipment.
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Abstract

Chemical reagents are added to drilling fluids to improve their properties. Clay rocks are pri-

marily used in the preparation of drilling fluids. These clays, depending on their mineral com-
position, are divided into 4 types. Montmorillonite, kaolin, hydro-micaceous and palygorskite
minerals. Drilling fluids have specific functions, such as: cleaning the wellbore wall, removing
rock from the bottom of the well, cooling the drill bit, blocking (weighing) the movement of
gas and oil in the reservoir. Instead of drilling muds, water was also widely used. Drilling fluids
are prepared based on the liquid phase, clay particles, and chemical reagents. Bentonite-based
drilling fluids, currently used as the main raw material, yield high efficiency.

Keywords: Paligorskite, bentonite, clays, weighting, barite, rocks, weighting, flotation, re-

agent, solution, drilling, lightening, well, liquid, montmorillonite, oil, gas

Introduction

There is very little information about the
drilling fluids created in the early stages.
A solution in the form of liquid clay formed
during drilling in wells drilled by the first
rotor method was used. Undoubtedly, lig-
uid clay was used at that time because there
were no impressions of drilling fluids. The
control of the physical properties of drilling
fluids and changes in their properties were
not recorded, as these questions were not
controlled and practically created at that
time. It can only be assumed that in cases
where the drilling mud was very thick, it
was diluted by vomiting water. The proper-
ties of drilling fluids show that when drilling
at high speeds, work must be completed to

ensure safety and maximize well productiv-
ity. The use of drilling fluids with controlled
properties leads to significant costs, which
must be economically justified. To do this,
the drilling fluid must behave during the
drilling process and be given the qualities
required by the drilling conditions using the
available chemical reagents (Aminov A. M.,
Makhamatkhojaev D. R.).

Chemical reagents are added to drill-
ing fluids to improve their properties. Clay
rocks are primarily used in the preparation
of drilling fluids. These clays, depending on
their mineral composition, are divided into
4 types. These. Montmorillonite (bentonite),
kaolin, hydro-micaceous and palygorskite
minerals.
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Montmorillonite is a bentonite clay min-
eral. Bentonite clays are more effective than
other types of clays. For example, if 16—24 m?
of a mixture is obtained from bentonite, then
4—6 m? of a mixture is obtained from hydrom-
ica. Therefore, it is advisable to use a ben-
tonite mixture. Hydro slurry is ubiquitous in
terms of quantity, it is used only where there is
no bentonite. However, when using hydromi-
ca, a sharp increase in the content of the solid
phase is observed, and chemical reagents are
often used to soften this solid phase. Kaolinite
is practically not used in drilling.

Since the minerals of palygorskite are
primarily linearly fibrous, salt-tolerant and
high-quality mixtures are prepared. Paligor-

Section 2. Chemistry

skite mixtures yield very good results in
the process of drilling salt deposits (Yulda-
shevT. R, kat, 0’q. Shonazarov E. B., 2019).

Purpose of the research: According to
the requirements for mixtures, the water re-
lease of the mixtures within 12 hours should
not exceed 2.5%. The Paligorskite mixture is
in a salty environment, it is saturated with
salt and does not excrete water at all. Clay is
primarily used as a powder in mixtures. Cur-
rently, bentonite clays are extracted from the
Navbakhor deposit (Yuldashev T. R., kat, 0’q.
Shonazarov E. B., 2019). Bentonite reserves
are also found in large quantities in Hovdak,
where the resulting samples are used to pro-
duce drilling fluids.

Table 1. Chemical characteristics of bentonite

Flow rate Mixture Mixture Water Crust
Indicators (with density, yield, retention, thick-
SPV-5),S g/cm? m3/t cm? 30min ness, mm
Navbakhor bentonite 25 1.04 15 16 2
Kasantau Bentonite 25 1.06 10 18 2
Saltwort 25 1.30 2 30 3
Constantine bentonite 25 1.06 10 12 2
Hovdak Bentonite 25 1.05 15 17 2

Main technological features. Hy-
dromica and bentonite are primarily used
to obtain drilling fluids. The density of solu-
tions prepared from hydromica is 1.15-
—1.25 g/cm?, while bentonite has a lower
density of 1.05-1.08 g/cm?. Until relatively
recent years, weighing solutions, i.e., high
density, were used, which mainly served to
accelerate the drilling process and assist
the drill bit (drilling head). Barite (BaSO,)

is primarily used as a weighting agent (p >
> 1.26 g/cm?®). Barite has a specific gravity
of 4.48 g/cm?, and its granularity is very low.
Barite is widespread in rocks, its extraction
is mainly carried out in two ways (Yulda-
shevT.R., kat, 0’q. ShonazarovE. B., 2019).
These are the methods of gravitation and flo-
tation.

Barite obtained by gravitation is of higher
quality than barite obtained by flotation.

Table 2. Indicators of different varieties of weighting barite

Ne Indicators I type II type
1. BaSO, content, % 92 87

2. Density, g/cm?® 4.25 4.15
3.  Moisture content, % 1.5 1.5
4.  The content of water-soluble salts, % 0.30 0.35
5.  No. 009K sieve residue, % 4 4

6. The number of particles measuring 5 microns, % 5 10

Drilling fluids have specific functions,
such as: cleaning the wellbore wall, remov-
ing rock from the bottom of the well, cooling
the drill bit, blocking (weighing) the move-

ment of gas and oil in the reservoir. Instead
of drilling muds, water was also widely used.
Drilling fluids are prepared based on liquid
phase, clay particles, and chemical reagents
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(YuldashevT.R., kat, o’q. KholbazarovI.R.,
KurbanovA.T., 2015).

The gas phase is also used in the clean-
ing of wells, and the role of air is also of great
importance. The gas phase is pumped into

Section 2. Chemistry

the well using a compressor. The gas or air
phase pumped into the well is supplied with
PAV (a substance that activates the elastic
surface) (YuldashevT. R., kat, 0’q. Kholbaza-
rovI.R., KurbanovA.T., 2015).

Table 3. Types and quantity of PAV

Crushed rock: water

Ne Types of PAV PAV content, % coming out of the layer
1. Sulfanol, NP-1 0.23 1:2
2. “Progress”, OP-10 0.10 1:2
3. KAUFE-14 0.12 4:1
4. “Azolyat-A” 0.10 1:2

Drilling mode: The parameters of the
drilling mode depend on the speed of the
drill bit’s rotation, its load value, the amount
of fluid supplied for pipe flushing, and its
properties. High efficiency is achieved when
all these parameters work. The cutting speed
of the cutter is adopted, which is called the
mechanical cutting speed and the cutting
speed of the cutter (YuldashevT.R., kat, 0’q.
KholbazarovI. R., Kurbanov A.T., 2015).

It is calculated using the following formula:

Vm = h/tdril (1)

V. =h/t +t . 2)

Here, Vm, Vr are the mechanical transi-

tion and flight speed of the drill bit; h is the

depth of the drill bit; tbur + talm is the time
spent on drilling and changing the drill bit.

The following important factors influence

this indicator.
1. Natural factors, including the compo-

sition of rocks, mechanical properties, and
their depth layers.

2. Technical and technological factors,
the design of the drill bit, methods of rock
crushing, strength and power of drilling rigs.

3. Experience and skills of workers, the
process of organizing work.

Research results: This research was con-
ducted at the Termez State University of En-
gineering and Agrotechnology. Drilling fluids
were obtained in laboratory conditions using
Hovdak bentonite by scientists at the Universi-
ty. These solutions were tested during drilling.

Currently, the main task is to correctly se-
lect these mitigators. Its primary function is to
facilitate the uplift of the resulting rock and clay
solution by lightening the drilling mud. This is
due to the fact that if the clay emulsion formed
during drilling remains at the bottom for a long
time, the liquid in it will separate and solidify,
which has a significant impact on the work.
This research paper attaches great importance
to this. Table 4 presents a number of types of
reagents used to improve drilling properties.
These reagents were used during the research,
and positive results were obtained.

Table 4. Reagents used to improve drilling properties

Ne Function to perform

Reagents

1. Dehydration-reducing reagents
2. Reagents that reduce fluidity and
viscosity
3. Inhibitors
Fatty substances
5.  Emulsifier

UHR (coal-alkaline reagent), KSSB

(In a sulphite-alcohol bar). CMC (carboxymeth-
ylcellulose), hypan, K-4, starch

Nitrolignin, sunide,
Hetane, FXLS, phosphates, etc.
Potassium chloride, magnesium chloride, lime,

table salt, etc.

6. Foam removers

SMAD-1, graphite, oil, suapstock, and other oils.
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Ne Function to perform

Reagents

7. Reagents that change hydrogen
parameters

OP-7, OP-10, sulfonate.

These reagents are used in an amount of
3—4% of the total volume of the drilling fluid.

This figure shows the technological
scheme for obtaining a drilling fluid.

Figure 1. Drilling fluid preparation scheme

1-reactor-mixer, 2-engine, 3-fluid feed valve,
4-pump, 5-mechanical-chemical disperser (MCD),
6-engine, 7-ready drilling fluid

According to this scheme, the study of
the developed technology for producing
heat-and salt-resistant drilling fluids based
on Hovdak clays using MCD at a speed of
2100 rpm shows high efficiency compared to
the traditional method.

Conclusion: Based on the results pre-
sented above, samples obtained from ben-
tonite clays are widely used in drilling fluids.
The main indicators of Khoddak bentonite
also correspond to the drilling fluids ob-
tained from Navbakhor bentonite and other
regions. Based on these indicators, we con-

sider the use of bentonite from the new de-
posit to be a solution to several problems in
obtaining and using drilling fluids. During
the drilling process, the tasks of drilling
muds are to prevent the destruction, break-
age, and decrease in the speed of the process
of the drill bit (drilling head). Laboratory
experiments have proven the possibility of
using this bentonite as a drilling fluid, as
it possesses the aforementioned properties
and possesses a very good adhesion process
with water and rocks.
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Abstract

In this work, quinazolin-4-one and copper (II) nitrate are used as ligands to investigate the
synthesis of coordination compounds. The complexes were created by a controlled reaction
and examined using a range of spectroscopic methods, such as XRD, UV-Vis, and infrared. The
effective coordination of copper(II) ions with quinazolin-4-one was validated by the structural
analysis. The produced compounds’ antibacterial and antioxidant properties were assessed
using biological tests. Significant biological activity was shown in the results, indicating possible
uses in the agricultural and medicinal sectors. This study advances our knowledge of metal-li-
gand interactions and how they can improve biological efficacy.
Keywords: Copper(1l) nitrate, quinazolin-4-one, coordination chemistry, antimicrobial
activity, antioxidant properties, spectroscopic characterization, pharmaceutical applications

Introduction

In order to create novel molecules with
improved chemical and biological charac-
teristics, coordination chemistry is essential.
Transition metals have been extensively in-
vestigated for the synthesis of physiologically
active complexes because of their varied ox-
idation states and coordination capabilities.
Among them, Copper (II) has garnered sig-
nificant attention due to its role in biological

systems, acting as a cofactor in enzymes and
displaying intrinsic antimicrobial and anti-
oxidant properties. Copper (II)-based coor-
dination compounds have shown potential
applications in pharmaceutical, agricultural,
and environmental fields.

Quinazolin-4-one, a heterocyclic com-
pound, is another noteworthy ligand in co-
ordination chemistry. It serves as a versatile
scaffold for synthesizing bioactive molecules,
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exhibiting a wide range of pharmacological ac-
tivities such as antimicrobial, anti-inflamma-
tory, and anticancer effects. A possible route
to creating new coordination compounds
with enhanced biological characteristics is
provided by the coupling of quinazolin-4-one
with copper (II) ions (Sapaeyv, B., Saitkulov, F.
E., Tashniyazov, A. A., & Normurodov, O. U.
2021; Sapaev, B., Sapaev, 1. B., Saitkulov, F.
E., Tashniyazov, A. A., & Nazaraliev, D. 2022;
Saitkulov, F., Ahmatov, I., Meliboyeva, F., Say-
daxmatova, D., & Turopova, S. 2022; Boymu-
ratova, G. O., Saitkulov, F. E., Nasimov, K. M.,
& Tugalov, M., 2022; Saitkulov, F., Abdusat-
torova, D., Ismoilova, U., Xasanova, D., & Xu-
sanova, M. 2022; Saitkulov, F. E., Giyasov, K.,
& Elmuradov, B. J., 2022; Sapayeyv, B., Saitku-
lov, F. E., Normurodov, O. U., Haydarov, G.,
& Ergashyev, B. 2023; Saitkulov, F., Abdu-
kadirov, S., Ashurova, N., Turapov, J., & Zox-
idjonova, A. 2022; Saitkulov, F., Begimqulov,
I., O ralova, N., Gulimmatova, R., & Rahmon-
qulova, D. 2022; Saitkulov, F., Uralova, B.,
Ermonova, O., Mamurova, M., & Karimova,
K. (2022). Saitkulov, F. E., & Elmuradov, B.J.
2022; Saitkulov, F., Eshqobilov, J., Turguno-
va, N., & Xamidov, A., 2022.

The purpose of this work is to manufac-
ture and investigate coordination compounds
made from quinazolin-4-one and copper(II)
nitrate. Because of its high reactivity and
capacity to generate stable complexes, cop-

(0)

Cu(NOg)z* H,0 +2[::]iﬂ\NH - .
>

Several spectroscopic and analytical meth-
ods were used to characterize the produced
molecules. Functional group interactions were
detected using infrared (IR) spectroscopy, and
electronic changes within the complexes were
revealed using UV—Vis spectroscopy. To ascer-
tain the crystal structure and validate the co-
ordination geometry, X-ray diffraction (XRD)
research was performed.

X-ray diffraction analysis results con-
firm that a trans coordination compound is

Section 2. Chemistry

per(II) nitrate is selected as the metal precur-
sor. It is anticipated that quinazolin-4-one
will combine with copper (II) ions to produce
new compounds with improved biological
activity, which could make them suitable for
use in medicine and agriculture.

Spectroscopic methods like IR, UV-Vis,
and XRD were used in this study to describe the
produced complexes and verify their compo-
sition and structure. Standard test organisms
were used to assess the biological activities,
which included antioxidant and antibacterial
qualities. By clarifying the connection between
the synthetic compounds’ structure and activ-
ity, these studies hope to advance knowledge
of metal-ligand interactions and how they im-
prove biological processes.

Method and results

Under carefully monitored laboratory
settings, quinazolin-4-one and copper(II)
nitrate were used to synthesize coordination
compounds. After dissolving copper (II) ni-
trate in distilled water, quinazolin-4-one
dissolved in ethanol was gradually added to
complete the reaction. To make sure the met-
al and ligand were completely interacting,
the mixture was agitated for a few hours at
room temperature. After letting the resultant
solution crystallize, the solid was filtered,
cleaned with ethanol, and vacuum-dried. The
reaction equation can be written as follows.

OH2\\\ (/Tp
Y N

o cu"
Jo

N/) \Hzo

formed when the central atom and ligands
are mixed at room temperature.

The reaction is heated to 78—-80 °C, re-
sulting in the formation of the cis isomer
along with the trans isomer. The structure is
expressed as follows.

High yield and stability were achieved
by obtaining the synthesised coordination
compounds as crystalline solids. Copper(II)
ion coordination to quinazolin-4-one was
verified by IR spectroscopy by means of dis-
tinctive shifts in ligand vibration bands. The

2NO,
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coordination environment surrounding the
metal core was indicated by d-d transitions
and charge transfer bands found in UV—Vis

(0]

Cu(NOg) - H,0 +2<)\)L Ng _ .
Nz

The produced compounds showed strong
antibacterial action against both Gram-pos-
itive and Gram-negative bacteria, as well as
several fungus strains, in biological testing.
Their potential as antimicrobial agents was
demonstrated by the zones of inhibition,
which were similar to those of conventional
antibiotics. Strong free radical scavenging
capabilities demonstrated by the antioxidant
assays point to their potential use in reducing
diseases linked to oxidative stress.

Discussion

The adaptability of these ligands and the
metal ion in creating stable complexes has
been proven by the synthesis of coordina-
tion compounds utilizing quinazolin-4-one
and copper(II) nitrate. Optimizing the yield
and purity of the products was largely de-
pendent on the reaction parameters, which
included temperature, reaction duration,
and solvent selection. The effective coordina-
tion of copper(II) ions with quinazolin-4-one
was validated by the results of spectroscopic
and structural studies, which also shed light
on the electronic environment and bonding
within the complexes.

Significant changes in the distinctive
stretching vibrations of functional groups,
especially in the carbonyl and amine regions,
were visible in the IR spectra, suggesting that
these groups were involved in coordination.

The biological active

The biological analysis of these complexes
produced encouraging findings. The antibac-
terial activity against different strains of bacte-
ria and fungi indicates that quinazolin-4-one’s
biological efficiency is increased by copper II
coordination. This could be explained by the
metal ion’s capacity to interfere with enzyme

Section 2. Chemistry

spectra. The complexes formed in a mono-
clinic system with distinct geometries, ac-
cording to XRD measurements.

@ ’ l
N ’
N ’
N ’

2NO;,

processes and damage microbial membranes.
Furthermore, the DPPH assay’s antioxidant
activity shows a potent capacity to scavenge
free radicals, most likely as a result of Cop-
per II's redox-active properties and the li-
gand’s electronic structure. The findings also
demonstrate how crucial metal-ligand synergy
is for enhancing the biological characteristics
of particular constituents. In addition to sta-
bilizing the ligand, the coordination improves
its ability to interact with biological targets.
In pharmaceutical applications, where these
complexes may function as possible therapeu-
tic candidates, this is very pertinent. Although
the results are promising, more research is
required to fully understand the molecular
mechanism of action of these coordination
molecules. A thorough grasp of their therapeu-
tic potential would be possible by looking at
their toxicity profiles, stability in physiological
settings, and interactions with biomolecules.

Conclusion

The synthesis and characterization of
coordination compounds derived from Cop-
per(Il) nitrate and quinazolin-4-one have
yielded promising results, demonstrating the
versatility and biological potential of these
complexes. Spectroscopic and structural
analyses confirmed the successful coordina-
tion of the metal ion to the ligand, highlight-
ing the stability and defined geometry of the
synthesized compounds.

The biological activity studies revealed
significant antimicrobial and antioxidant
properties, suggesting the potential of these
complexes as candidates for pharmaceutical
and agricultural applications. The coordina-
tion of Copper(II) ions not only enhanced the
bioactivity of quinazolin-4-one but also pro-
vided a framework for understanding the
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role of metal-ligand interactions in biological
systems.

These findings open avenues for further
exploration of Copper(1I)-based coordina-
tion compounds, particularly in drug devel-
opment and bioactive material design. Future

Section 2. Chemistry

of action, in vivo studies, and exploring the
potential of modifying the ligand structure
to enhance activity and specificity. The study
underscores the importance of coordination
chemistry in advancing materials with multi-
functional properties.

work should focus on detailed mechanisms
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Abstract

This study uses the voltammetric method, a very sensitive and trustworthy electrochemical
measurement technique, to determine the presence of heavy metals in dietary samples. Food
samples are prepared through digestive procedures as part of the research, and then metals like
lead (Pb) and cadmium (Cd) are measured. To accurately detect and measure the concentration
of these metals, differential pulse voltammetry (DPV) was used. The findings raise questions
regarding food safety and possible health hazards because they show that some food samples
contain heavy metals in excess of allowable limits. This study highlights how well the voltam-
metric approach works as a tool for controlling heavy metal contamination and monitoring
food safety.
Keywords: Heavy metals, food analysis, voltammetric method, electrochemical detection,

food safety, lead, cadmium

Introduction

Heavy metals’ harmful effects on human
health, even at low doses, have raised con-
cerns about their presence in food. Particularly
dangerous metals include lead (Pb), cadmium
(Cd), which build up in the body over time
and can result in long-term health problems
like cancer, kidney failure, and neurological
damage. Polluted soil, water, and air, as well
as industrial and agricultural processes, can
all introduce these toxins into the food chain.
Therefore, detecting and measuring heavy
metals in food is essential to guaranteeing

both public health safety and adherence to
food safety laws. Heavy metals are detected
using a variety of analytical techniques, but
voltammetry stands out as a potent tool be-
cause of its high sensitivity, selectivity, and
affordability. By measuring current as a func-
tion of applied potential, voltammetry makes it
possible to find traces of metal ions in complex
matrices like food. Among the several voltam-
metric methods, Differential Pulse Voltamme-
try (DPV) has shown itself to be very useful for
accurately identifying tiny quantities of heavy
metals. This study’s goal is to create a trust-
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worthy voltammetric technique for identifying
specific heavy metals in food samples, with an
emphasis on Pb, Cd. By using DPV, this tech-
nique seeks to offer a quick and effective tool
for food safety monitoring, making it possi-
ble to identify heavy metal contamination in
a variety of food items. In order to identify po-
tential health hazards, this study also aims to
measure the concentrations of these metals in
food samples and compare the findings with
set regulatory limits (Sapaeyv, B., Saitkulov, F.
E., Tashniyazov, A. A., & Normurodov, O. U.
2021; Sapaev, B., Sapaev, 1. B., Saitkulov, F.
E., Tashniyazov, A. A., & Nazaraliev, D. 2022;
Saitkulov, F., Ahmatov, I., Meliboyeva, F., Say-
daxmatova, D., & Turopova, S. 2022; Boymu-
ratova, G. O., Saitkulov, F. E., Nasimov, K. M.,
& Tugalov, M., 2022; Saitkulov, F., Abdusattor-
ova, D., Ismoilova, U., Xasanova, D., & Xusa-
nova, M. 2022; Saitkulov, F. E., Giyasov, K., &
Elmuradov, B. J., 2022; Sapayev, B., Saitkulov,
F. E., Normurodov, O. U., Haydarov, G., & Er-
gashyev, B. 2023; Saitkulov, F., Abdukadirov,
S., Ashurova, N., Turapov, J., & Zoxidjonova,
A. 2022; Saitkulov, F., Begimqulov, I., O ‘ralo-
va, N., Gulimmatova, R., & Rahmonqulova, D.
2022; Saitkulov, F., Uralova, B., Ermonova, O.,
Mamurova, M., & Karimova, K. (2022). Sait-
kulov, F. E., & Elmuradov, B. J. 2022; Saitku-
lov, F., Eshqobilov, J., Turgunova, N., & Xam-
idov, A., 2022).

Section 2. Chemistry

Method and results

The voltammetric approach was used in
multiple steps to determine the presence of
heavy metals in food samples. In order to
break down the organic matrix and release
metal ions into the solution, food samples
were first prepared through a digestion pro-
cess that involved treating them with pow-
erful acids (such as hydrochloric acid and
nitric acid). To enable the analysis, the di-
gested samples were subsequently filtered
and diluted to the proper volume. Metals
including lead (Pb), cadmium (Cd) were
electrochemically determined using Differ-
ential Pulse Voltammetry (DPV). A poten-
tial scan was applied to the sample solution
in order to perform the voltammetric mea-
surements, and the current that resulted
was noted. Standard solutions with known
concentrations were prepared in order to
create calibration curves for each metal.
The amounts of heavy metals in the food
samples were ascertained by measuring the
peak currents derived from the standards’
voltammograms. The standard deviation of
the blank readings was used to determine
the detection limits for each metal. The
voltammetric analysis of food samples for
lead (Pb) and cadmium (Cd) was con-
ducted using Differential Pulse Voltamme-
try (DPV) with the following findings.

Table 1.
Sample Type Lead (Pb) Concentration Cadmiurfl (Cd) Concen-
(ng/g) tration (ug/g)
Canned Vegetables 1.8 0.3
Seafood (Fish) 0.5 0.8
Rice 0.1 0.02
Grains (Wheat) 0.07 0.05
Leafy Vegetables 0.4 0.1

For lead (Pb), the concentrations in
canned vegetables and seafood were the
highest, with canned vegetables showing lev-
els of 1.8ug/g. These concentrations are well
above the regulatory limit of 0.2ug/g for lead
in food, suggesting potential contamination
during processing. The lowest concentration
of Pb was found in grains (0.07 pug/g), which
is within the acceptable limits.

For cadmium (Cd), the highest levels
were detected in seafood, with concentrations

up to 0.8 ug/g, which exceeds the permissible
limit of 0.05 pg/g. Other samples, including
canned vegetables and rice, showed relatively
lower concentrations, but still, canned vegeta-
bles had higher cadmium content (0.3 pg/g),
indicating a potential risk for contamination,
especially from the environmental sources
of Cd. These results emphasize the need for
continuous monitoring of heavy metal levels
in food products, especially processed foods
and seafood, to ensure they meet the safety

48 DETERMINATION OF CERTAIN HEAVY METALS IN FOOD COMPOSITION


https://ppublishing.org/edition/austrian-journal-of-technical-and-natural-sciences
https://ppublishing.org/edition/austrian-journal-of-technical-and-natural-sciences

The Austrian Journal of Technical
and Natural Sciences, No 11-12

standards and protect consumers from po-
tential health risks. The voltammetric method
proved to be an efficient and reliable tool for

Section 2. Chemistry

the determination of Pb and Cd in food, with
high sensitivity and precision.

Diagram 1. Representing the concentrations of Lead (Pb) and Cadmium (Cd)
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Here is the diagram representing the con-
centrations of Lead (Pb) and Cadmium (Cd)
in various food samples, based on the data
provided. The blue bars represent the Pb
concentrations, while the green bars repre-
sent the Cd concentrations.

Experimental part

Food samples (approximately 10 g) were
weighed and subjected to a digestion process.
A mixture of concentrated nitric acid and hy-
drochloric acid (1:3 ratio) was added to the
samples in a digestion chamber. The samples
were digested under controlled temperature
and pressure to break down the food matrix.
After digestion, the excess acid was evaporat-
ed, and the sample was filtered. The filtrate
was diluted with deionized water to a final
volume of 100 mL, depending on the concen-
tration of the heavy metals in the samples.

Voltammetric measurements were per-
formed using a potentiostat/galvanostat with
a three-electrode system. The working elec-
trode was a glassy carbon electrode (GCE),
which was polished with alumina slurry
and rinsed with deionized water before each
measurement. The reference electrode used
was silver/silver chloride (Ag/AgCl), and the

counter electrode was a platinum wire. The
sample solution (2 mL) was placed into the
electrochemical cell, and 0.1 M KCl was add-
ed as the supporting electrolyte to ensure
proper conductivity.

Differential Pulse Voltammetry (DPV)
was employed, with a potential scan range se-
lected for each metal: Pb (-0.3 to 0.1 V) and
Cd (-0.8 to —0.4 V). DPV was performed un-
der optimized experimental conditions, with
a pulse amplitude of 50 mV and a scan rate of
10 mV/s. The peak current was measured to
determine the concentration of each metal.

Standard solutions of Pb and Cd were
prepared by diluting known concentrations
of stock solutions. Calibration curves were
constructed by plotting the peak current
against the concentration of each metal. The
concentration of Pb and Cd in the food sam-
ples was determined by comparing the vol-
tammetric peak currents obtained from the
sample solutions with the calibration curves.

The detection limits (LOD) for each met-
al were calculated based on the standard
deviation of the blank and the slope of the
calibration curve. The measured concentra-
tions were compared with regulatory limits
for Pb and Cd in food, which are 0.2 pg/g for
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Pb and 0.05 pg/g for Cd. Recovery tests were
performed by spiking food samples with
known amounts of Pb and Cd to validate the
accuracy and reliability of the method.

Conclusion

The voltammetric method has proven to
be an effective and reliable technique for the
determination of heavy metals, specifically
lead (Pb) and cadmium (Cd), in food sam-
ples. The method demonstrated high sensi-
tivity, accuracy, and precision for the analy-
sis of these toxic metals in a variety of food
types, including canned vegetables, seafood,
rice, grains, and leafy vegetables.

The results of the analysis indicated that
certain food samples, particularly canned
vegetables and seafood, exhibited higher con-
centrations of lead and cadmium, surpassing
the permissible limits set by food safety regu-

Section 2. Chemistry

lations. This highlights the potential risks as-
sociated with heavy metal contamination in
food, which can pose serious health threats if
consumed over extended periods.

The use of Differential Pulse Voltammetry
(DPV) facilitated the precise quantification of
these metals, with calibration curves ensur-
ing the accurate determination of concentra-
tions. Additionally, recovery tests confirmed
the reliability of the voltammetric method in
real-world applications, with satisfactory re-
sults for the detection and quantification of
Pb and Cd.

Overall, the findings emphasize the im-
portance of continuous monitoring and regu-
lation of heavy metal levels in food products.
Voltammetric techniques offer a valuable
tool for food safety assessments, ensuring
that consumers are protected from the harm-
ful effects of heavy metal contamination.

References:

Sapaev, B., Saitkulov, F. E., Tashniyazov, A. A., & Normurodov, O. U. (2021). Study of meth-
ylation reactions of 2-phenylquinazoline-4-tion with “soft” and “hard” methylation
agents and determination of its biological activity. In E3S Web of Conferences (Vol. 258.

p- 04023). EDP Sciences.

Sapaev, B., Sapaev, 1. B., Saitkulov, F. E., Tashniyazov, A. A., & Nazaraliev, D. (2022, June).
Synthesis of 2-methylquinazoline-4-thione with the purpose of alkylation of 3-propyl
2-methylquinazoline-4-thione with alkylating agents. In AIP Conference Proceedings

(Vol. 2432, No. 1). AIP Publishing.

Saitkulov, F., Ahmatov, 1., Meliboyeva, F., Saydaxmatova, D., & Turopova, S. (2022). Titri-
metric analysis of calcium cation in” obi navvot” variety of melon. Academic research in

modern science, — 1(19). — P. 302-304.

Boymuratova, G. O., Saitkulov, F. E., Nasimov, K. M., & Tugalov, M. (2022). To Examine the
Processes of Biochemical Action Of 6-Benzylaminopurine with Cobalt-II Nitrate Dihy-
drate on the “Morus Alba” Variety of Moraceae Plant. Eurasian Journal of Physics, Chem-

istry and Mathematics, — 3. — P. 39-42.

Saitkulov, F., Abdusattorova, D., Ismoilova, U., Xasanova, D., & Xusanova, M. (2022). Study of
the effect of fertilizing on grain productivity. Development and innovations in science, —

1(17).-P. 32-35.

Saitkulov, F. E., Giyasov, K., & Elmuradov, B. J. (2022). Methylation of 2-methylchiazoline-4-one
by "soft" and "hard" methylating agents. Universum: Chemistry and Biology, (11-2 (101)), —

49 c.

Sapayev, B., Saitkulov, F. E., Normurodov, O. U., Haydarov, G., & Ergashyev, B. (2023). Study-
ing Complex Compounds of Cobalt (II)-Chlooride Gecsacrystolohydrate with Acetamide

and Making Refractory Fabrics from Them.

Saitkulov, F., Abdukadirov, S., Ashurova, N., Turapov, J., & Zoxidjonova, A. (2022). Recom-
mendations for the use of fats. Theoretical aspects in the formation of pedagogical sci-

ences,— 1(7).—P. 175-177.

Saitkulov, F., Begimqulov, 1., O ‘ralova, N., Gulimmatova, R., & Rahmonqulova, D. (2022).
Biochemical effects of the coordination compound of cobalt-ii nitrate quinazolin-4-one

50 DETERMINATION OF CERTAIN HEAVY METALS IN FOOD COMPOSITION


https://ppublishing.org/edition/austrian-journal-of-technical-and-natural-sciences
https://ppublishing.org/edition/austrian-journal-of-technical-and-natural-sciences

The Austrian Journal of Technical Section 2. Chemistry
and Natural Sciences, No 11-12

with 3-indolyl acetic acid in the “amber” plants grades phaseolus aureus. Academic re-
search in modern science, — 1(17). — P. 263-267.

Saitkulov, F., Uralova, B., Ermonova, O., Mamurova, M., & Karimova, K. (2022). Biochem-
ical nutrition family plant rute-lemon leaved. Academic research in modern science, —
1(17). - P. 268-273.

Saitkulov, F. E., & Elmuradov, B. J. (2022). UV spectral characteristics of quinazoline-4-one and
thions. In Innovative developments and research in education international scientific-
online conference. — P. 10—12.

Saitkulov, F., Eshqobilov, J., Turgunova, N., & Xamidov, A. (2022). Plant nutrition, the pro-
cess of absorption. Current approaches and new research in modern sciences, — 1(7). —
P. 25-29.

submitted 15.11.2024;

accepted for publication 29.11.2024;

published 30.01.2025;

© Ashurova Z.B., Khaydarov G. Sh., Saitkulov F. E., Giyasov K.
Contact: saitkulovfoziljon@gmail.com

51 DETERMINATION OF CERTAIN HEAVY METALS IN FOOD COMPOSITION


https://ppublishing.org/edition/austrian-journal-of-technical-and-natural-sciences
https://ppublishing.org/edition/austrian-journal-of-technical-and-natural-sciences

A PREMIER

Publishing

ppublishing.org

The Austrian Journal of Technical
3 and Natural Sciences, No 11-12

@ ISSN 2310-5607

DOI:10.29013/AJT-24-11.12-52-56

(oMo,

STUDY OF BENZYLATION REACTIONS OF QUINAZOLIN-
4-ONE IN THE PRESENCE OF VARIOUS SOLVENTS

Zulpanov Fazliddin Abduxakimovich ', Saitkulov Foziljon Ergashevich 2,
Elmuradov Burxon Jurayevich ?, Arzanov Ravshan Xurramovich *

! Institute of Chemistry of Plant Substances, Uzbekistan
2 Tashkent State Agrarian University, Uzbekistan
3 Institute of Chemistry of Plant Substances, Uzbekistan
4School N2 3, Samarkand District, Uzbekistan

Cite: Zulpanov F.A., Saitkulov F.E., Elmuradov B.J., Arzanov R.X. (2024). Study of
Benzylation Reactions of Quinazolin-4-One in the Presence of Various Solvents. Austrian
Journal of Technical and Natural Sciences 2024, No 3 —4. https://doi.org/10.29013/AJT-
24-11.12-52-56

Abstract

In order to improve reaction conditions and product yields, this study examines
quinazolin-4-one’s benzylation reactions using different solvents. An essential scaffold for
the production of bioactive compounds is quinazolin-4-one, a substance with notable phar-
macological activity such as anti-inflammatory, anticancer, and antibacterial qualities.
Quinazolin-4-one’s biological potential can be enhanced and structural variety introduced via
benzylation. The effects of several solvents on reaction kinetics, selectivity, and overall effi-
ciency were investigated. The results show how different solvents affect the reaction’s process,
providing important information for choosing the best solvents to increase yields and regulate
product production. This work advances the creation of more effective synthesis processes for
quinazolin-4-one derivatives with specific characteristics.
Keywords: benzylation, quinazolin-4-one, solvent effects, organic synthesis, pharmacolog-
ical properties, structural diversity, reaction optimization, bioactive compounds

Introduction

The study of benzylation reactions of
quinazolin-4-one is of considerable im-
portance in the field of organic chemistry
due to its potential to synthesize biologi-
cally active compounds with a wide range
of pharmacological activities. Heterocyclic
quinazolin-4-one has been identified as hav-

ing important biological qualities, such as
antioxidant, antibacterial, anti-inflammato-
ry, and anticancer activities. These attributes
make quinazolin-4-one derivatives valu-
able in the design and development of novel
therapeutic agents. The ability to modify the
quinazolin-4-one structure through various
functionalization reactions allows for the en-
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hancement of its biological activity and phys-
icochemical properties, which are crucial for
drug development.

Benzylation, a process in which a ben-
zyl group is added to the chemical, is one of
the best ways to change quinazolin-4-one.
The structural complexity and variety of
quinazolin-4-one derivatives can be easily
increased by this functionalization. Because
they can increase a compound’s solubility, sta-
bility, and reactivity — all of which are critical
for the end product’s biological activity — ben-
zylation reactions have drawn a lot of interest.
Quinazolin-4-one’s medicinal potential can be
increased by adding a benzyl group, which can
also affect how it interacts with biological tar-
gets (Sapaev, B., Saitkulov, F. E., Tashniyazov,
A. A., & Normurodov, O. U., 2021; Sapaev, B.,
Sapaev, 1. B., Saitkulov, F. E., Tashniyazov, A.
A., & Nazaraliev, D., 2022; Saitkulov, F., Ah-
matov, I., Meliboyeva, F., Saydaxmatova, D.,
& Turopova, S., 2022; Boymuratova, G.O.,
Saitkulov, F. E., Nasimov, K. M., & Tugalov,
M., 2022; Saitkulov, F., Abdusattorova, D.,
Ismoilova, U., Xasanova, D., & Xusanova, M.,
2022; Saitkulov, F. E., Giyasov, K., & Elmura-
dov, B. J., 2022; Sapayev, B., Saitkulov, F. E.,
Normurodov, O. U., Haydarov, G., & Ergash-
yev, B., 2023; Saitkulov, F., Abdukadirov, S.,
Ashurova, N., Turapov, J., & Zoxidjonova, A.,
2022; Saitkulov, F., Begimqulov, I., O ‘ralova,
N., Gulimmatova, R., & Rahmonqulova, D.
2022; Saitkulov, F., Uralova, B., Ermonova, O.,
Mamurova, M., & Karimova, K., 2022; Saitku-
lov, F. E., & Elmuradov, B. J., 2022; Saitkulov,
F., Eshqobilov, J., Turgunova, N., & Xamidov,
A., 2022).

The choice of solvent, however, is very
important for the performance of benzyla-
tion reactions since it affects the reaction’s
efficiency, pace, and selectivity. By stabilizing
or destabilizing intermediates, regulating the
reactants’ nucleophilicity, and modifying the
reaction temperature, the solvent not only
modifies the solubility of the reactants but
also has an impact on the reaction process.
Therefore, regulating product formation and
attaining high yields depend on optimizing
solvent conditions.

Materials and Methods
Spectroscopic Analysis: The infrared
(IR) spectra of the compounds were recorded

Section 2. Chemistry

using a Perkin-Elmer IR-Furye System 200
spectrometer in KBr pellets. The “1H NMR
spectra were obtained on a UNITY-400+
spectrometer with a working frequency of
400 MHz, using deuterated solvents (CD3Cl,
DMSO-d6 + CCl4, Pyridine-d5) and an inter-
nal standard (GMDS, 6 scale).

Thin Layer Chromatography (TLC):
Thin-layer chromatography was performed
using “Sorbfil” (Russia) and “Whatman®
UV-254” (Germany) plates. The eluents used
for separation were benzene: acetone (3:1)
and chloroform: methanol (8:1).

Melting Point Determination: The
melting points of the synthesized compounds
were determined using a “Boetius” (Germa-
ny) and “MEL-TEMP” (USA) apparatus.

Results

The benzylation reaction in the pres-
ence of different solvents exhibited signifi-
cant variations in reaction rates and product
yields. In polar protic solvents, such as etha-
nol and water, the reactions proceeded rela-
tively smoothly but required longer reaction
times compared to non-polar solvents. Eth-
anol provided moderate yields, while water
yielded a lower product yield, likely due to
the solubility issues and possible hydrolysis
of the reactants.

In polar aprotic solvents like acetone and
dimethyl sulfoxide (DMSO), the reactions
showed faster rates and higher yields, sug-
gesting that these solvents effectively solvate
both quinazolin-4-one and benzyl bromide,
enhancing their reactivity. DMSO, being
a highly polar aprotic solvent, facilitated the
reaction more efficiently, leading to higher
yields of the benzylated product compared to
acetone.

The non-polar solvents, such as toluene
and dichloromethane, provided the highest
selectivity for the benzylation reaction, al-
though the overall reaction rate was slower
compared to polar solvents. The benzyla-
tion reaction in toluene gave a high yield
with minimal side reactions, suggesting that
the non-polar environment might promote
a cleaner reaction with fewer competing side
reactions. Dichloromethane, although less
efficient than toluene, also resulted in high
selectivity but required longer reaction times
to achieve comparable yields.
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The base played a crucial role in enhanc-
ing the reaction rate and yield. Potassium
carbonate and sodium hydroxide were both
effective in promoting the nucleophilic sub-
stitution, though potassium carbonate gave
slightly better results in polar solvents. The
mechanism appears to involve the deproton-
ation of quinazolin-4-one to generate a nu-
cleophilic intermediate, which then attacks
the electrophilic benzyl bromide.

Overall, the study showed that sol-
vent choice significantly impacted both the
rate and yield of the benzylation reaction
of quinazolin-4-one. The best results were
achieved in polar aprotic solvents, with DMSO
offering the highest efficiency, followed by ac-
etone. Non-polar solvents like toluene pro-
vided high selectivity but required longer
reaction times. These findings indicate that
solvent optimization is crucial for achieving
high yields and selectivity in the benzylation
of quinazolin-4-one.

Discussions

.
‘—>
O O

Quinazolin-4-one is an ambident com-
pound, meaning it possesses two or more re-
active sites that can undergo substitution or
addition reactions, leading to different types

(0
DD

In quinazolin-4-one, the most notable am-
bident behavior is seen at the position of the
nitrogen atom in the 1- and 3-positions of the
quinazoline ring. The nitrogen atom in the
1-position is nucleophilic and can react with
electrophilic reagents, while the nitrogen atom
in the 3-position, with its lone pair of electrons,
can also participate in nucleophilic reactions.
These two reactive sites create a situation

Section 2. Chemistry

The benzylation reactions of
quinazolin-4-one were carried out under dif-
ferent solvent conditions to examine the in-
fluence of solvent polarity, protic or aprotic
nature, and solubility on reaction efficiency
and product formation. Quinazolin-4-one
(1 mmol) was reacted with benzyl bromide
(1.2 mmol) in the presence of a base (such as
potassium carbonate or sodium hydroxide)
to promote the nucleophilic substitution of
the benzyl group onto the quinazolin-4-one
scaffold. The reactions were conducted in
a variety of solvents, including polar protic
solvents (e.g., ethanol, water), polar aprotic
solvents (e.g., acetone, dimethyl sulfoxide),
and non-polar solvents (e.g., toluene, di-
chloromethane). The reaction mixtures were
stirred at room temperature or heated, de-
pending on the solvent’s boiling point, and
monitored via thin-layer chromatography
(TLC) to track the progress of the reaction.
After completion, the products were isolated
by filtration or extraction, followed by purifi-
cation using column chromatography.

D

of products. This ambident nature is due
to the presence of functional groups on the
quinazolin-4-one structure that allow it to par-
ticipate in various types of chemical reactions.

HBr O '

where the molecule can react in different ways,
depending on the conditions of the reaction,
such as the choice of reagents or solvents.

Experimental part
In a 100 mL round-bottom flask, 1.37 g
(0.01 mol) of quinazolin-4-one, 30 mL of eth-
anol (C2H50H), and 0.672 g (0.012 mol) of
KOH are added. The mixture is slightly heat-
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ed and stirred to dissolve the components.
After cooling the reaction mixture, 2.16 mL
(2.74 g, density = 1.27 g/mL) (0.02 mol)
of benzyl bromide is added. The reaction is
then heated at 102 °C for 4 hours in DMFA
(Dimethylformamide). Once the reaction is
complete and the mixture has cooled, 30 ml
of a 5% aqueous NaOH solution is added, fol-
lowed by 60 mL of chloroform. The mixture
is stirred to extract the product. The chloro-
form layer is separated, and the chloroform
is evaporated. The crude product obtained is
then recrystallized to purify the synthesized
compound.'H NMR spectrum (400 MHz,
CD,OD, 8, ppm, J/Hz): 8.35 (1H, s, H-2),
8.17 (1H, dd, J=8.0, 1.6, H-5), 7.76 (1H,
ddd, J=8.3, 7.2, 1.6, H-7), 7.62 (1H, ddd,
J=8.2, 1.1, H-8), 7.49 (1H, ddd, J=8.2, 7.1,
1.2, H-6), 7.32 (2H, m, H-2",6"), 7.28 (2H,
m, H-3",5%), 7.22 (1H, m, H-4"), 5.19 (2H,
br. s, H-7").13C NMR spectrum (100 MHz,
CD,OD, 8, ppm): 148.99 (C-2), 162.58 (C-4),
123.02 (C-4a), 129.17 (C-5), 127.98 (C-6),
135.87 (C-7), 128.74 (C-8), 148.99 (C-8a),

Section 2. Chemistry

137.63 (C-17),129.93 (C-27), 128.94 (C-37),
127.53 (C-47), 128.94 (C-57), 129.93 (C-6"),
50.68 (C-7").

Consulsion

In conclusion, quinazolin-4-one’s ambi-
dent nature — which includes two reactive
sites that may take part in a variety of chem-
ical reactions — makes it a very reactive and
versatile molecule. The quinazoline ring’s
1- and 3-position nitrogen atoms provide
unique nucleophilic sites that allow the mol-
ecule to react with electrophilic or nucleo-
philic reagents in addition or replacement,
respectively. The synthesis of several deriv-
atives with specific characteristics is made
possible by this ambident reactivity.

Quinazolin-4-one is a useful intermediate
in organic synthesis because it may selective-
ly target one reactive site over the other, de-
pending on the reaction circumstances. The
biological activity and molecular variety of
quinazolin-4-one derivatives can be improved
by regulating the reaction environment.
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Abstract

The antibacterial and antioxidant activities of six novel 1,3,4-thiadiazole derivatives were

evaluated. The compounds exhibited significant antibacterial effects against Listeria monocyto-
genes, Proteus mirabilis, and Pseudomonas aeruginosa and moderate antifungal activity against
Candida albicans. Antiradical activity was determined using a DPPH assay, with compound
3 demonstrating the highest effectiveness (59.9%). The lipid peroxidation inhibition assay revealed
compound 3 as the most potent antioxidant, reducing malondialdehyde (MDA) levels by 49.9%.
These results highlight the potential of 1,3,4-thiadiazole derivatives for therapeutic applications.

Keywords: 1,3,4-thiadiazole derivatives, Antibacterial activity, Antioxidant activity

Introduction

The exploration of heterocyclic com-
pounds as potential therapeutic agents has
gained significant momentum in medicinal
chemistry. Among these, 1,3,4-thiadiazole
derivatives have emerged as promising
candidates due to their unique structural
properties and broad spectrum of biological
activities, including antibacterial, antifungal,
antiviral, anticancer, and antioxidant effects.
The presence of a thiadiazole moiety in their
structure facilitates interactions with biomo-
lecular targets, contributing to their pharma-
cological relevance.

The increasing prevalence of antibiotic-
resistant bacteria and the global threat
posed by free radical-induced oxidative

stress underscore the urgent need for novel
compounds with dual antibacterial and an-
tioxidant activities. Antibiotic resistance has
rendered many conventional drugs ineffective,
necessitating the development of innovative
molecules to combat resistant strains. Con-
currently, oxidative stress is implicated in the
pathogenesis of numerous chronic diseases,
including cancer, diabetes, and cardiovascular
disorders. Compounds capable of mitigating
these effects are of significant interest for both
therapeutic and preventive applications.

This study focuses on the synthesis and
biological evaluation of six novel 1,3,4-thia-
diazole derivatives, aiming to investigate
their antibacterial properties against
both Gram-positive and Gram-negative

57 SYNTHESIS, ANTIBACTERIAL, AND ANTIOXIDANT ACTIVITY OF NOVEL


https://ppublishing.org/edition/austrian-journal-of-technical-and-natural-sciences
https://ppublishing.org/edition/austrian-journal-of-technical-and-natural-sciences
https://ppublishing.org
https://ppublishing.org/edition/austrian-journal-of-technical-and-natural-sciences
https://ppublishing.org/edition/austrian-journal-of-technical-and-natural-sciences
https://doi.org/10.29013/AJT-24-11.12-57-62

The Austrian Journal of Technical
and Natural Sciences, No 11-12

bacterial strains, as well as their antifun-
gal activity against Candida albicans. Ad-
ditionally, the antioxidant potential of
these compounds was assessed using the
DPPH radical scavenging assay and lipid
peroxidation inhibition in mitochondrial
systems. Previous research has demonstrat-
ed effective termite management strategies
using bait formulations (Togaev U., Tu-
raevA.S., Mathur V., Tilyabaev Z., Zhalo-
liddinov F., Turageldiyev S., Shakirzyanova
G., Khashimova M., Rustamov K., Matcha-
novA., 2024; TilyabaevZ., Khaitbaev Kh.,
Shakirzyanova G.S., TogaevU.R., Prokof-
yevaO.B., AbdullaevaL.K., BabaevB.N.,
AbdukakharovV.S., Abduvakhabov A. A.,
2024; Togaev U., Khaitbaev K., Tilyabaev Z.,
ToshovK., Khaitbaev A., 2021; Tilyabaev Z.,
Babaev B.N., Khaytbaev H., Togaev U.R.).

The results reveal a structure-activity
relationship that highlights the potential
of these derivatives as candidates for fur-
ther development in the treatment of bac-
terial infections and oxidative stress-related
conditions. The study provides valuable in-
sights into their mechanisms of action and
sets the stage for future research into their
therapeutic applications.

The problem of free radicals has revolu-
tionized the understanding of many process-
es occurring in the human body in the last
decade. Today, free radicals are considered
as a source of numerous disorders leading to
the development of a number of diseases.

Materials and Methods

Chemicals and Reagents

All reagents and solvents used in the syn-
thesis and biological evaluation of the com-
pounds were of analytical grade. The syn-
thesized 1,3,4-thiadiazole derivatives
(1-6) 1. 5-ethyl-1,3,4-thiadiazol-2-amine; 2.
N- (5-ethyl-1,3,4-thiadiazol-2-yl)benzamide;
3.  N-(5-ethyl-[1,3,4]thiadiazol-2-yl)-tolue-
nesulfonamide; 4. N-(5-ethyl-1,3,4-thia-
diazol-2-yl) monochloroacetamide; 5.
N-(5-ethyl-1,3,4-thiadiazol-2-yl)acetamide6.
N-(5-ethyl-1,3,4-thiadiazol-2-yl)propio-
namide were prepared using standard syn-
thetic procedures, and their purity was con-
firmed by chromatographic and spectroscopic
methods. DPPH (2,2-diphenyl-1-picrylhy-
drazyl) was purchased from Sigma-Aldrich,
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and other reagents, including Mueller-Hinton
agar (MHA), thiobarbituric acid (TBA), and
trichloroacetic acid (TCA), were obtained
from reliable suppliers.

Synthesis of 5-ethyl-1,3,4-thiadiazole De-
rivatives.

The six compounds were synthesized
through [insert synthetic procedure, e.g., cy-
clization or condensation reactions]. Detailed
protocols, reaction conditions, and yields are
provided in the supplementary section. The
structural confirmation was achieved using
mass spectrometry.

Antibacterial Activity

The antibacterial activity of the com-
pounds was evaluated in vitro using the agar
diffusion method (glass cylinder tech-
nique) as per the guidelines outlined in
“MUK 4.2.1890-04.”

¢ Microorganisms Tested:

* Gram-positive bacteria: Listeria
monocytogenes 2, Staphylococcus
aureus ATCC, Staphylococcus aureus
D-8, Staphylococcus aureus D-5, En-
terococcus faecalis, Bacillus subtilis;

 Gram-negative bacteria: Klebsi-
ella pneumoniae, Escherichia coli,
Pseudomonas aeruginosa UM 477,
Proteus mirabilis;

e Fungi: Candida albicans;

e Preparation of Microbial Sus-
pensions: The inoculum was pre-
pared by suspending colonies from
18—-24-hour cultures in sterile iso-
tonic solution and adjusting turbidity
to 0.5 McFarland standard (approxi-
mately 1-2 x 108 CFU/mL);

e Agar Plate Preparation: Mueller-
Hinton agar was poured into Petri
dishes and inoculated with microbial
suspensions;

e Test Procedure: Glass cylinders
(10 mm outer diameter, 8.5 mm in-
ner diameter) were placed on the agar
surface, and 0.1 mL of test solutions
(concentrations: 0.5%, 1.0%, 2.0%,
and 5.0%) were added. Ethyl alcohol
(96%) served as the solvent control,
and antibiotic discs were included as
areference.

¢ Incubation: Plates were incubat-
ed at 37 £ 1 °C for 18—24 hours. The
diameter of growth inhibition zones
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was measured using a micro ruler to
the nearest millimeter.

Antiradical Activity

The antiradical activity of the substanc-
es was measured using a modified method
by Zhang et al., based on their interaction
with the stable free radical DPPH (diphen-
ylpicrylhydrazyl, Sigma-Aldrich). The DPPH
molecule is a stable radical characterized by
stability in various media and over a wide
temperature range. This is due to the max-
imum delocalization of the free electron
throughout the molecule, spatial screening
of atoms with the highest spin density, and
the absence of hydrogen atoms in positions
where isomerization or disproportionation
can occur. It is delocalization that is the
cause of the intense violet color of this radical
in aqueous-alcoholic media (Amax = 520 nm,
€520 = 6.5 x 103 cm2/mol). When interact-
ing with an antioxidant capable of donating
a proton, the radical is reduced, which leads
to decolorization of the DPPH solution.

Preparation of DPPH Solution:
A 0.2 mM DPPH solution was prepared in
96% ethanol.

Reaction Setup: The reaction mixture
contained 1 mL of DPPH solution and test com-
pounds at a final concentration of 0.5 mg/mL.

Incubation: Samples were incubated
in the dark at room temperature for 60 min-
utes, followed by centrifugation at 3000 rpm
for 10 minutes.

Spectrophotometric Analysis: Ab-
sorbance was measured at 517 nm. The anti-
radical activity (ARA) was calculated.

Lipid Peroxidation Inhibition Assay

Induction of non-enzymatic Fe2+/
ascorbate-dependent lipid peroxidation was
performed by adding a mitochondrial suspen-
sion at a rate of 0.5 mg protein per 1 ml of M1,
10-5 M FeSO4 and 2 x 104 M ascorbate to
an incubation medium (IM) containing 125
mM KCI, 10 mM Tris-HCI (pH 7.4) (Zhang L.,
LiuC.,, LiD., ZhaoY., ZhangX., ZengX.,,
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YangZ., LiS., 2013). The substances were
dissolved in 50% ethyl alcohol and stored in
a dark place. Samples were added after adding
the mitochondrial suspension to the reaction
mixture. Incubation was performed at 37 °C
in a water bath with constant stirring for 30
minutes. The reaction was stopped by adding
200 pl of 70% trichloroacetic acid (TCA). The
precipitated protein was removed by centrifu-
gation at 3000 rpm for 15 minutes.

For analysis, 2 ml of supernatant were
collected, 1 ml of warm thiobarbituric acid
(TBA) solution was added and the tubes were
boiled for 15 minutes. After cooling, the vol-
ume was brought to 3 ml and the color inten-
sity was measured on a spectrophotometer
(Cary-60) at a wavelength of 535 nm.

The amount of formed MDA was deter-
mined using the molar extinction coefficient
equal to 1.56 x 105 M1 cm™1. The con-
centration of MDA was expressed as nmol
MDA/mg protein.

The ability of the compounds to inhibit
lipid peroxidation (LPO) was evaluated in
a mitochondrial suspension model.

Isolation of Mitochondria: Mito-
chondria were isolated from the liver of rats
(150-200 g) using differential centrifugation.
The liver was homogenized in isolation medi-
um (125 mM KCl, 10 mM Tris-HCL, pH 7.4),
and centrifugation steps were performed at
600 g (7 minutes) and 6000 g (15 minutes).

Induction of LPO: Lipid peroxidation
was induced using Fe2*/ascorbate-dependent
systems. The reaction mixture contained mi-
tochondrial suspension (0.5 mg protein/mL),
10-5 M FeSO4, and 2 x 10-4 M ascorbate.

Measurement of Malondialdehyde
(MDA): After 30 minutes of incubation at
37 °C, the reaction was stopped with 70%
TCA, and the supernatant was reacted with
TBA at 535 nm. MDA levels were calculated
using the molar extinction coefficient of 1.56 x
x 105 M1 cm™1.

Results and Discussions:

Table 1. Antimicrobial activity of the compounds

Microorganisms 1 2

3 4 5 6

Gram-positive bacteria

Listeria monocytogenes

5 + +

+ + - -
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Microorganisms 1 2

Staphylococcus aureus
ATCC

Staphylacoccus aureus
D-8

Staphylacoccus aureus
D-5

Enterococcus faecalis — —
Bacillus subtilis - -
Gram-negative bacteria

Klebsiella pneumoniae - -
Eshericha coli 477

Pseudomonas aerugino-
sa UM

Proteus mirabilis + +
Fungi’s
Candida albicans + -

+ j— ju— p—

As can be seen from Table 1, the synthe-
sized thiadiazole derivatives have a bacteri-
cidal effect on both bacteria (gram-positive
and gram-negative) and fungi. For example,
all synthesized thiadiazole derivatives have
a negative effect on the growth of the bac-
terium Pseudomonas aeruginosa UM. Sub-
stances 1, 2, and 3 effectively suppressed the
growth of the food pathogen Listeria mono-
cytogenes 2 and the bacterial strain Prote-
us mirabilis. However, none of the studied
substances affected the growth of the mi-
croorganism strains Klebsiella pneumoni-
ae, Bacillus subtilis, Enterococcus faecalis,
Staphylococcus aureus D-5, Staphylococcus
aureus D-8, and their isolates. Antiradical ac-
tivity results obtained indicate the presence

of antiradical properties in all of the stud-
ied compounds, which is confirmed by a de-
crease in the absorption level of the reaction
solutions in the following order: DPPH: 1: 2:
3:4:5:6:1.1. In percentage terms, this looks
like:100: 64.7: 70.0: 59.9: 67.9: 66.9: 92.4:
68.5: 70.8, respectively.

o Thus, it was shown that all of the stud-
ied substances have antiradical activity
(ARA) with varying degrees of effectiveness.
The highest ARA was found in substance 3,
whose antiradical effect was 40.5% of the
control level. Compounds 1, 5, 4, 1.1 and 2
also showed antiradical activity, and their ef-
ficiency was distributed in the following de-
scending order: 35.29%; 33.05%; 32.07%;
31.5% and 29.97%, respectively.

Table 2.

Ne drazyl), %

Control 100%

1. 64.7

2. 70.0

3. 59.9

4. 67.9

5. 66.9

6. 92.4

APA (DPPH (diphenylpicrylhy-

LPO (malondialdehyde -MDA)
nmol/mg protein

77.09
59.79
59.52
38.48
36.81
47.23
16.59
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MDA accumulation under Fe/ascorbate-
induced LPO in the control sample was 77.09
nmol/mg mitochondrial protein and was
taken as 100% of the conventional units of
the maximum level of MDA production un-
der our experimental conditions.

Analysis of the obtained data showed that
substances 3 and 4 possessed the highest an-
tioxidant activity. In percentage terms, the
decrease in the level of MDA accumulation in
the presence of these substances was 49.9%
and 47.7%, respectively. Substances 5 and
1.1 had a less pronounced antioxidant activi-
ty, the antioxidant effect of which was 61.2%

Section 2. Chemistry

and 55.3%, respectively. Substances 1 and 2
also showed an antioxidant effect, but among
the studied compounds, their activity was the
least pronounced and was about 77% relative
to the control level.

Thus, all the studied substances demon-
strated antioxidant activity. The obtained
data correlate with the results previously ob-
tained in the study of their antiradical effects.
It should be noted that the most promising
compound for further detailed study of its ef-
fect on oxidative processes in living systems
is substance 3.

Figure 1. Antiradical and Lipid Peroxidation Inhibition Activity of Compounds

Antiradical and Lipid Peroxidation Inhibition Activity of Compounds

1001

80

60

Activity (%)

40 +

201

o

Antiradical Activity (%)
B Lipid Peroxidation Inhibition (%)

Control

Compound 1 Compound 2 Compound 3 Compound 4 Compound 5 Compound 6

Compounds

Conclusion
In this study, six novel 1,3,4-thiadi-
azole derivatives were synthesized and
evaluated for their antibacterial and anti-
oxidant activities. The results demonstrate
that these compounds exhibit promising bio-
logical activities, with potential applications
in combating bacterial infections and oxida-

tive stress-related disorders.

Key findings include:

1. Antibacterial Activity:

« Compounds 1, 2, 3, and 4 effectively
inhibited Listeria monocytogenes 2,
while all six compounds showed no-
table activity against Pseudomonas
aeruginosa.

« The compounds displayed selective
antibacterial properties, particular-
ly against Gram-negative strains like
Proteus mirabilis, indicating their
potential as targeted antimicrobial
agents.

2. Antioxidant Activity:

« The antiradical activity, assessed
through the DPPH assay, revealed
that all compounds exhibited free
radical scavenging potential, with
compound 3 showing the highest ef-
ficacy.

e The lipid peroxidation inhibition as-
say further confirmed the antioxidant
capabilities, with compounds 3 and 4
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significantly reducing malondialde-
hyde (MDA) levels.

These findings underscore the importance
of 1,3,4-thiadiazole derivatives as a versatile
scaffold for developing multifunctional thera-
peutic agents. Among the tested compounds,
compound 3 emerged as the most promis-
ing candidate, demonstrating both potent an-
tibacterial and antioxidant activities.

Future research should focus on:

Section 2. Chemistry

« Exploring structural modifications to
enhance efficacy and selectivity;

« Investigating in vivo effects and po-
tential applications in clinical set-
tings.

The promising results reported here pro-
vide a solid foundation for further studies
aimed at the development of 1,3,4-thiadi-
azole derivatives as effective agents for ad-
dressing global challenges in infectious dis-

+ Elucidating the mechanisms of action = eases and oxidative stress management.
underlying the observed biological

activities;
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Abstract

The article considers the feasibility of using the germ product as an alternative substitute
for wheat grain in the production of grain bread for special purposes. A comparative analysis
of the fractional and chemical composition, biological value of the studied raw materials was
carried out. The main quality indicators and therapeutic-prophylactic properties of wheat
germ product are described. The expediency of using this product in the production of grain
types of bread is substantiated.
Keywords: wheat, grain, germ product, quality, medicinal properties, nutritional value,

biological value

In recent years, the problem of provid-
ing the population with high-quality and
nutritious food products has become par-
ticularly acute, in the range of which grain
types of wheat bread are of no small impor-
tance. However, as is well known, neither
wheat grain, nor wheat flour of the highest
and first grades, in terms of the content and
balance of the most important macro- and
micronutrients and structural components,
is able to provide the necessary, according
to the requirements of modern dietetics and

nutritionology, a complete composition of
the finished product.

One of the most promising ways to solve
this problem is to include multifunctional
natural raw materials in the formulation,
in particular wheat germ product as an al-
ternative to grain in the production of grain
bread with a predicted health-improving ef-
fect, especially for dietary nutrition in senile
asthenia and its main geriatric syndromes
(malnourishment, sarcopenia).
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The wheat germ product is obtained both
in the grain cleaning and grinding department.
The principle of embryo selection in the grain
cleaning department is based on the separation
of some part of the embryo during dry peeling
of grain on paper or brush machines, followed
by pneumatic separation of feed products (Ju-
raevaN.R. 2017. P. 81-84; BabaevS.D., 2012.
p. 16; AlekseevaT. V., P. 30-33).

Section 3. Food processing industry

The research used samples of wheat germ
product (hereinafter referred to as WGP) ob-
tained at JSC Dunyo-M (Uzbekistan). The
comparison sample was wheat grain (here-
inafter referred to as WG), which, according
to GOST 9353-2016, belonged to type III
wheat — soft spring white grain, subtype 4,
class 3 (Fig. 1).

Figure 1. Appearance of grain (a) and wheat germ product (b)

In terms of organoleptic (sensory) and
physico—chemical quality parameters, the
studied WGP met the requirements of TU
9295-010-00932732-08 “Wheat germ
flakes, edible” for this raw material (Ta-
ble.1), which determines the possibility of
using this product as an alternative to wheat

grain (wheat grits) in the production of grain
bread, which will also improve the taste and
aromatic properties of this product, which
are particularly important for consumers
(Table 1).

Next, the fractional composition of WP
and WGP was studied (Fig. 2).

Table 1. Organoleptic and physico— chemical quality indicators of wheat germ product

Indicator

Characteristic

Appearance

Colour

Smell

Heterogeneous, loose mass

Heterogeneous, from light brown
to brown

Characteristic, slightly pronounced,

without musty, malty and moldy odors

Taste

Characteristic, with a nutty taste,

without extraneous flavors

The presence of mineral impurities Not detected
Humidity, % 12.50 £ 0.20
Volume weight, g/dm * 645 +15
Weight of 1000 pieces, g 0.45 + 0.50
Peroxide number, mM/kg 0.90 +£0.10
Acid number, mg KOH/g 5.30+0.20

The fractional composition of WG and WGP was studied (fig. 2)
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Section 3. Food processing industry

Figure 2. The average fractional composition of wheat grain
(WG) and germ product (WGP): Ger. — germ, End. — endosperm,
Flour. — flour-like feed, bran. —bran, shells, aleurone layer

|
——’
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As follows from the data obtained (Fig. 2),
WGP contains on average 24...30 times more
germ (~ 60.0...65.0% of the total weight of
the product) and almost 2.4 times less than
other parts of the grain (endosperm, flour,
bran, amounting to about 35.0...40.0% of the
total weight of the product), than the WG.

‘&

B Germt  End wmFlour mBran
WGP

Particularly valuable components of this
potential grain substitute are the high content
of germs, which are the most nutritious part
of it, which determines the prospects of its use
for fortification of the functional properties of
bread intended for the prevention and treat-
ment of alimentary-dependent diseases (Fig. 3).

Figure 3. Characteristics of the therapeutic and prophylactic properties of the wheat
germ product as a raw material for the production of grain bread for special purposes

Pronounced antioxidant properties,
slowing down the aging process of
cells

Stimulation of metabolism,
stabilization of the nervous system
and blood sugar levels

— TR ey

Wheat germ

———
Improving memory and Regeneration of body cells after
attention damage

WGP is characterized by an increased con-
tent of proteins, minerals, vitamins, and one of
the most deficient and significant fatty acids,
omega — 3, is found in its oil (SergeevV.N.,
P. 143-152).

The uniqueness of this raw material also
lies in the presence of polycosanol (germ oil,
saturated with vitamin E), which has a benefi-
cial effect on physical fitness, energy, and the
cardiovascular system. Especially important
for solving the main goal of the work, name-

ly the development of a grain bread recipe
for the prevention and treatment of the main
symptoms of senile asthenia, is the proven ef-
fectiveness of germ oil in pain caused by mus-
cular dystrophy and other neuromuscular dis-
eases (AlekseevaT. V., P. 30—33; SergeevV. N.,
P. 143-152).

However, there are certain risks and
limitations when using this product, as, in
other respects, for almost all cereals. Thus,
wheat germ contains gluten, which makes
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it unsuitable for people with celiac disease
or gluten intolerance. This product is sub-
ject to rapid oxidation due to its high fat
content, which leads to its rapid rancidity
and loss of useful properties, and phytic
acid is found in it. The latter circumstance
is not significant, since this problem is suc-
cessfully solved by soaking or heat treat-
ment of the product. In the case of bread
production, in particular grain, these two
stages of the technological process are
envisaged (soaking and heat treatment —
baking), therefore, the negative impact of
phytic acid is practically canceled, that is,
minimized. For food purposes, it is recom-
mended to use a large and medium undis-
turbed germ, and a small destroyed one for
forage purposes.

Section 3. Food processing industry

The results of a comparative analysis of
the chemical composition that determines
the nutritional value of raw materials, WGP,
positioned as an alternative (substitute) for
WG in the formulation of grain bread for spe-
cial purposes, are shown in Figure 4 and in
Table 2. For greater clarity and an objective
assessment of the comparison of the studied
raw materials with different humidity, the
mass fraction of the main macronutrients
was recalculated for dry substances (Fig. 4).

It was found that the content of proteins
and fats in the WGP is quantitatively higher
than similar indicators in the WG by an aver-
age of 2.1 and 4.7 times, respectively. At the
same time, carbohydrates and dietary fiber
in the study object are 1.6 and 2.0 times less
than in the comparison sample, respectively.

Figure 4. Composition of the main macronutrients in wheat
grain and germ product, in % of dry matter (DM)
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It should be noted that the ratio of pro-
teins and fats in the WGP has been slight-
ly improved — 1.0:0.4, with this ratio in the
WG - 1.0:0.2; the ratio of proteins: carbo-
hydrates — 1.0:3.3 with optimal — 1.0;4.0.

It has been established that in terms
of the content of certain, in this case im-
portant, minerals, namely calcium, mag-
nesium, phosphorus and iron, WGP is in-

Fibers

wG

Others

ferior, and in terms of vitamins it surpasses
WG, especially in terms of the mass frac-
tion of tocopherols (vitamin E) (Table 2).
At the same time, the mineral composition
of these nutrients as in the control, and the
experimental samples are not balanced in
accordance with the requirements of mod-
ern nutritionology.
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Section 3. Food processing industry

Table 2. Mineral and vitamin composition of the studied raw materials

The amount of nutrients in mg per 100 g of

Nutrients product/ grade

WG WGP
Calcium (Ca) 51.00/1 26.80/ 2
Magnesium (Mg) 107.10 /1 32.05/2
Phosphorus (P) 347.16 / 1 132.00/2
Iron (Fe) 528/1 9.12/1
Thiamine (B1) 0.39/2 220/1
Riboflavin (B2) 0.16 /2 1.48/1
Niacin (PP) 6.82/2 7.32/1
Tocopherols (E) 220/2 34.05/1
Total points (rank) 12 /2 11/1

The biological value of wheat germ is es-
timated very highly, especially in compari-
son with ordinary wheat flour. This makes
them a useful addition to the diet, especially
for those who seek to improve the quality of
their protein intake and increase the intake of
micronutrients. The biological value of WGP
proteins was investigated (Amanov, B. N., &
Nurmatov, J. J., 2023; Amanov, B. N., & Baqo-
yeva, S. S., 2023). The comparison sample was
the WG and the reference protein according to

FAO/WHO. The results of the study are shown
in Figure 5 and in Table 3. It has been estab-
lished that the protein in the PSA is almost
2.0 times more than in the WG. Accordingly,
the content of essential amino acids (EAA)
in the study object increased by an average
of 3.0 times, since the mass fraction of the
main sources of protein in the germ is almost
5.0 times higher than in the grain, in which up
to 82.0% of the grain weight is accounted for
by the endosperm (Fig. 5).

Figure 5. Mass fraction of essential amino acids (EAA) in
100 g of grain and wheat germ product (in mg)

Mass fraction of EAA, mg/100 g of product

Types of EAA
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Section 3. Food processing industry

Table 3. The matrix of ranking of the studied raw materials
according to indicators of biological value

Indicators of biological value

The value of indicators / Rank,

score
WG WGP

Mass fraction of protein, % 12.53/2 26.20/1
The total amount of EAA in the product, g/100
g of the product 3.330/2 9.814/1
EAA content in protein, g/100 g of protein 28.06/2 37.97/1
BCAA content, g/100 g of product 1.64/2 3.71/1
The minimum score for the 1st limiting amino 50 73
acid (amino acid) (Lysine) (met. + cys.)
Total AKS (at NSR’ = 0.93), % 67/2 95/1
Coefficient of imbalance of amino acid composi-
tion (CIA), % 325 29.0
Biological value of protein, % 67.5/2 71.0/1
Total rank, score / place 12/2 6/1

Of particular importance in this con-
text, namely for the production of bread
intended for preventive and curative nutri-
tion in sarcopenia, is the increased content
of lysine and BCAA amino acids (English
branched-chain amino acids, BCAA), these
include valine (maintains nitrogen balance,
participates in regenerative processes), leu-
cine (stimulates synthesis protein, regulates
blood sugar levels) and isoleucine (partici-
pates in energy metabolism, provides mus-
cle recovery), recommended for a number of
diseases associated with depletion of muscle
mass and their corresponding weakness (sar-
copenia) (BCAA/ The material is from Wiki-
pedia 2024; BCAA - its role in the body and
effectiveness in sports. 2024).

It was found that the biological value of
the WGP is almost 3.5% (abs.) higher than
that of the WG (Table.3), and the value of the
total Amino acods score (at SSD = 0.93) is
approaching the “ideal” value (100%) and is
95% with a control value in the comparison
sample of 67%.

Thus, the technological effectiveness of
the use of WGP in the composition of grain
bread for special purposes as a full-fledged
substitute (substitute) for wheat grain (wheat
grits) is substantiated. This replacement is
also advisable in the sense that no pretreat-
ment is required to use the WGP, the raw
materials from the mill come ready for use,
while the whole grain must be ground to me-
dium size.
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Abstract

The paper studies the influence of the main process parameters (pressing pressure and
particle size of oilseed material) during cold hydraulic pressing on the residual oil content of
the cake and the acid number of oil from local varieties of sunflower seeds. Using the nonlinear
programming optimization method, it was found that, at a pressing pressure of 50 MPa and
a petal thickness of oilseed material of 0.3 mm, the residual oil content of the cake will be within
6.5%; and the acid number of the resulting oil will be within 1.4 mg KOH/g.
Keywords: sunflower seeds, oil, pressing, hydraulics, pressure, thickness of the petal sun-

flower seeds, residual oil content of the cake, acid number

Introduction

Cold pressing of oilseeds in a hydrau-
lic press is a process in which oil is extract-
ed from the seeds of various oilseed crops
(such as sunflower, flax, sesame, and others)
without the use of heat. This method allows
preserving the maximum amount of nutri-
ents and vitamins in the oil, since in the ab-
sence of high temperatures, the beneficial
substances are not destroyed (Kopylov, M.V,,
2013; Proctor, A., 2013).

The main stages of the cold pressing
process: seed cleaning; seed preparation for
pressing; pressing; oil purification.

Advantages of cold pressing: preserva-
tion of natural antioxidants, vitamins (espe-
cially E) and fatty acids (e.g. omega-3, ome-
ga-6). The oil has a more pronounced taste
and aroma, characteristic of the original raw
material. No chemical additives or solvents
(Cakaloglu, B., Ozyurt, V. & Otles, S., 2018).

Disadvantages: lower oil yield compared
to hot pressing or solvent extraction. The
process may be slower and less cost-effective
(Cakaloglu, B., Ozyurt, V. & Otles, S., 2018).

The main factors affecting the oil yield
during hydraulic pressing include (Gafurov,
K.Kh., Safarova, D.N., 2022; Mustafaeyv,
S.K., Kalienko, E.A., Sonina, D.V., & Efi-
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menko, S.G., 2014; Cakaloglu, B., Ozyurt, V.
& Otles, S., 2018):

1. Raw material moisture: the moisture
content and maturity of the raw material
also play a role. Raw materials with the right
moisture content will maximize oil yield,
while those that are too dry or too wet may
reduce efficiency.

2. Size and shape of raw material parti-
cles: finer grinding of raw material is easier
to press, as oil is released more easily from
small particles. However, excessive grinding
can lead to the formation of too dense a mass,
which complicates the extraction of oil.

3. Temperature and pre-treatment of
raw materials: heating the raw material be-
fore pressing reduces the viscosity of the oil
and increases its flowability, which helps in-
crease the yield. Too high a temperature can
lead to oxidation of the oil, deterioration of
quality and losses. Methods such as heating,
wet-heat treatment or fermentation can in-
crease the yield of oil by breaking down the
cell walls and facilitating pressing.

4. Pressing pressure: The higher the
pressure, the more oil can be extracted. How-
ever, excessive pressure can lead to the de-
struction of the cellular structure of the raw
material and a decrease in oil yield.

5. Duration of pressing: The longer the
pressing, the more oil can be extracted, but
at a certain point, additional effort does not
significantly increase the yield, since most of
the oil has already been extracted.

The correct combination of these factors
allows for the most efficient extraction of oil
during hydraulic pressing.

The purpose of this stage of the
work is to study the influence of the main
factors during hydraulic pressing on the re-
sidual oil content of the cake and the acid
number of sunflower oil, with the subsequent
determination of the optimal values of the in-
fluencing factors.

Object and methods of research. The
object of the study was the seeds of the sun-
flower hybrid Dushko, included in the State
Register of Agricultural Crops Recommend-
ed for Sowing in the Republic of Uzbekistan.
Before pressing, the sunflower seed meal was
treated with IR rays with a heat flux density
of 7.2 kW/m? andan irradiation duration of
60 s in the mode:

Section 3. Food processing industry

+60-120+35-120+35-120+35-120+30
(the “+” sign indicates the duration of IR ir-
radiation; the “-” sign indicates the duration
of exposure without irradiation) (Gafurov,
K.Kh., Safarova, D.N., 2022; Gafurov, K. Kh.,
2020).

The temperature of the raw material
under this heat treatment regime does not
reach 60 °C, and the humidity of the raw
material is 6%, which is optimal for cold
pressing (Cai, Z., et al., 2021).

6YZ —230 hydraulic press was used to ex-
tract the oil by pressing. Hydraulic presses
for cold pressing are distinguished by the fact
that they create high pressure using hydrau-
lics, which allows for the oil to be extracted
carefully without a significant increase in
temperature.

The residual oil content of the cake was
determined according to the state standard
O’z DSt 2438:2012 Oil seeds. Methods for
determination of oil content.

The acid number of the oil was deter-
mined according to the state standard O’z
DSt 1203:2015 Vegetable oils. Methods for
determination of acid number.

The study used the compositional design
of experiments method (Murray P. M., et al.
2016; Georgakis C., 2013).

Analysis of results. For the study, we
select the pressing pressure and the par-
ticle size of the raw material as influencing
factors. The pressure of the hydraulic press
plays an important role in obtaining vegeta-
ble oil, since it helps to extract oil from seeds
or fruits. The pressure required for pressing
oil varies depending on the type of process
and the purpose of production, but it is usu-
ally from 20 to 70 MPa. We select the limiting
pressure values z,~ = 40 MPa; z,* = 60 MPa.

The particle size of the raw material
during hydraulic pressing plays a key role in
the efficiency of the oil extraction process. The
correct particle size during hydraulic press-
ing must be carefully selected for each type of
seed. The optimal size ensures both efficient
oil extraction and minimal oil loss in the cake.
To achieve maximum oil yield, it is important
that the seed particles are small enough to
break down the cellular structures, but not too
small to form a dense, poorly permeable mass.
Typically, for sunflower pressing, the particle
size after grinding is about 0.2—0.5 mm.
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We select the boundary dimensions
of sunflower seed meal (petal seeds):

z, =0.2mm z; =0.4 mm.

The output parameters are the residual
oil content of the cake, y,, %, and the acid
number of the oil, y,, mg KOH/g.

The results of the experiments were pro-
cessed using mathematical and statistical
methods. To assess the homogeneity of vari-
ances with an equal number of repetitions of
each experiment, the Cochran criterion was
used, the significance of the coefficients of
the empirical model was determined using
the Student criterion, and the adequacy of
the equations was proven using the Fisher
criterion (Murray P. M. et al., 2016; Georga-
kisC., 2013).

Empirical models in coded values of in-
fluencing factors were obtained in the follow-
ing form.

For residual oil content of oil cake:

y, =3.91-3.40x, —0.26x, —

—0.18x,x, +2.03x; —0.29x.

For acid number of oil:

(1)

¥, =1.96+0.15x, +0.4x, —0.3x; +0.191x; (2)

We write out mathematical models in
natural values of variables, substituting their
expressions through z, instead of x. After
performing arithmetic operations, we obtain
an equation in natural values of influencing
factors:

For residual oil content of oilcake:

Y =67.13-2.316z,+23.8z, +

3
+0.020327 —29.022 —0.18 2,2, 3)
For acid number of oil:
Y, =-5.771+0.315z, -
(4)

~7.46z, —0.003z +19.1z;

We designate the optimality criteria.

Optimality criterion for residual oil con-
tent of oilcake: Y, = f(z,, z,) >V, .

Optimality criterion for the acid number
oftheoil: Y, = f(z,, z,)—>Y, . .

Corresponding problem is to study the
possibilities of using different optimization
methods (Pen, R.Z., PenV.R., 2022; Kash-
taeva, S.V., 2020).

Nonlinear programming methods are
used to solve optimal problems with nonlin-
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ear objective functions. The nonlinear pro-
gramming method combines a large group
of numerical methods, many of which are
adapted to solve optimal problems of the
corresponding class. A number of nonlinear
programming methods are almost always
used in combination with other optimization
methods (for example, with the scanning
method in dynamic programming).

The scanning method consists of se-
quentially viewing the optimality criterion in
a number of points belonging to the range of
variation of independent variables, and finding
among these points the one in which the opti-
mality criterion has a maximum (minimum)
value. The accuracy of the method is natural-
ly determined by how “densely” the selected
points are located in the permissible range of
variation of independent variables (PenR.Z.,
PenV.R., 2022; Kashtaeva S. V., 2020).

The quality of the final oil is inextrica-
bly linked to the condition of the sunflower
seeds used. Proper preparation is paramount
to maximizing oil yield and minimizing the
presence of undesirable compounds in the
finished product. Key aspects of raw material
preparation include:

¢ Seed Cleaning: Removal of foreign

materials (e.g., dust, stones, weeds) is
crucial. This prevents damage to the
press, contamination of the oil, and
uneven pressing. Effective cleaning
methods might involve sieving, aspi-
ration, and magnetic separation;

¢ Seed Dehusking (Optional):

While not always necessary, dehusk-
ing (removing the seed hull) can im-
prove oil yield. The hull absorbs some
oil, and its removal reduces the over-
all pressure required during pressing,
potentially increasing the efficien-
cy of the process. Dehusking can be
achieved mechanically, using dehull-
ing machines;

¢ Seed Crushing/Flaking: This step

significantly increases the surface
area of the seeds, allowing for better
oil extraction. Crushing or flaking
should be done to a degree that max-
imizes surface area without creating
excessive fines (small particles) which
can clog the press. The desired size
and consistency of the flakes will de-
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pend on the specific press and seed
characteristics. Roller mills and ham-
mer mills are commonly used for this
purpose;

e Seed Moisture Content: Optimal
moisture content is vital. Too much
moisture can lead to lower oil yield
and potential microbial growth, while
excessively dry seeds can be difficult
to press and may result in higher en-
ergy consumption. The ideal moisture
content typically ranges from 6—8%,
though this can vary slightly depend-
ing on seed variety and press charac-
teristics.

Cold pressing of sunflower seeds is a pop-
ular method for producing high-quality sun-
flower oil, prized for its retention of beneficial
nutrients and its characteristic flavor profile.
This process, unlike hot pressing or solvent
extraction, avoids high temperatures that can
degrade the oil’s quality. However, achieving

Section 3. Food processing industry

optimal oil yield and quality in cold pressing
requires careful selection and optimization of
several key parameters within the hydraulic
pressing process.

To determine the optimal values of fac-
tors influencing the yield and acid number
of sunflower oil, a calculation program was
compiled in the Delphi algorithmic language.

Conclusion

Thus, under appropriate conditions, the
minimum values of residual oil content of
the cake after cold hydraulic pressing and
the acid number of the oil will be obtained at
a pressing pressure of z, = 50 MPa and a seed
meal (petal seeds) thickness of z, = 0.3 mm.
In this case, the residual oil content of the
cake is 6.5%, the acid number of the oil is 1.4
mg KOH/g. The obtained data on the optimal
operating parameters of the pressing process
are necessary for the implementation of this
process under production conditions.
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Abstract

Phospholipids and metals ions such as iron (III) often produce deleterious effect when pres-

ent in vegetable oils. The trace quantities of iron (IIT) and phospholipids reduce the oxidative
stability of vegetable oils. The present study reports show the influence of refining processes on
the oxidative stability of cottonseed oils. The process of water degumming effectively reduces
phosphorus and iron (III) content in cottonseed oil. The oxidative stability of water degummed
oil is reduced by nearly half compared to crude oil. Consequently, neutralized and bleached oils
exhibit compromised oxidative stability, with an induction period of 3.18 h for extracted oil
and 2.97 h for pressed oil. Tocopherol losses of approximately 30% occur during deodorization
process, significantly impacting oxidative stability. Deodorized cottonseed oils demonstrate the

lowest oxidative stability, with induction periods of 2.47-2.55 h.
Keywords: cottonseed oil; refining; gossypol; oxidative stability; iron

Introduction

Edible oils assume a central role in hu-
man dietary practices, constituting a primary
reservoir of essential fatty acids and vital nu-
trients. Within this spectrum of oils, cotton-
seed oil has ascended to eminence, attribut-
able to its versatility, nutritional significance
and prospective applications in various in-
dustrial sectors.

The susceptibility of edible oils to oxi-
dative instability presents a notable chal-
lenge, resulting in the onset of rancidity

and a consequent decline in their nutrition-
al quality. Cottonseed oil, derived from the
seeds of the Gossypium plant, has garnered
broad utility across culinary, food process-
ing, and industrial domains owing to its
substantial presence of saturated fatty ac-
ids and advantageous bioactive constituents
(Manoj, K.-Bbaohong, Z.-Jayashree, P.-Kani-
ka, S.Radha, C. H.-Vijay, S. Deepak, C.-San-
gram, D., Abhijit, D.-Nadeem, R.-Marisen-
nayya, S. Suman, N. Sabareeshwari, V. Pran,
M. José. M.L., 2023). The oxidative stability
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of cottonseed oil is inherently influenced by
its fatty acid composition. Cottonseed oil is
characterized by the predominance of C16
and C18 fatty acids, resulting in the presence
of no more than two double bonds. Approx-
imately 50% of the fatty acid composition of
cottonseed oil comprises polyunsaturated
fatty acids, with linoleic acid being the pri-
mary constituent. Consequently, the crude
cottonseed oil exhibits comparatively lower
oxidative stability comparing with oils such
as olive oil, palm oil, peanut oil. The pres-
ence of tocopherols in cottonseed oil acts as
an effective inhibitor of rancidity develop-
ment, thereby enhancing the stability of the
resulting product and extending its shelf life.
Cottonseed oil is inherently hydrogenated
and possesses a favorable fatty acid com-
position, including significant quantities of
palmitic, stearic, oleic, linoleic, and linolenic
acids, rendering it suitable for cardiovascu-
lar health. Cottonseed oil has gained promi-
nence in culinary applications due to its high
smoke point, which reaches 232 °C. This
characteristic sets it apart from other cook-
ing oils, making it well-suited for the process
of frying various food items. The distinctive
strong yellow coloration of cottonseed oil is
attributed to the presence of gossypol (Ziaa,
M. A. Shahe, S.H.Shoukata, S., Hussaind,
Z., Khane, S. U., Shafqatf N. 2022; O’Brien,
R.D., 2002; O’Brien, R.D. et al. 2005). Ox-
idative stability, denoting an oil’s capacity
to withstand oxidation, stands as a funda-
mental factor influencing its storage longev-
ity, flavor preservation, and overall quality.
The oxidative stability of cottonseed oil is
subject to the influence of multiple factors,
encompassing its fatty acid composition, the
presence of gossypol and tocopherols, the
constituents acting as antioxidants, and the
employed processing techniques. Gossypol,
akin to numerous other aromatic pheno-
lic compounds, exerts a robust and effica-
cious role as a natural antioxidant (Laugh-
ton, M.J.Halliwell, B.Evans, P.J.Hoult,
J.R. 1989). As an illustration, gossypol has
demonstrated its capacity to safeguard car-
otene from pre-existing lipid peroxides in
vitro and exhibits carotene-preserving an-
tioxidant properties in vivo. Furthermore,
natural antioxidants like tocopherols and
gossypol have exhibited their effectiveness

Section 3. Food processing industry

in enhancing the oxidative stability of bio-
diesel (Hove E. L., 1944; Moser, B., 2012).
The process of oil refining plays a pivot-
al role in the oil processing industry, with its
primary objectives being the removal of im-
purities and the enhancement of oil stability.
These refining procedures typically encom-
pass degumming, neutralization, bleaching,
and deodorization, each exerting distinct
influences on the composition and stability
of the oil (Gharby, S., 2022). Throughout the
refining process, impurities such as phospho-
lipids, free fatty acids, and trace metals func-
tion as prooxidants and are eliminated from
the crude oil. However, it’s noteworthy that
natural antioxidant constituents present in
crude oils, including tocopherols, squalene,
and phytosterols, are also removed during the
refining process (Ghazani, S. M. Marangoni,
G.A. 2013; Kreps, F. Vrbikova, L. Schmidt, S.,
2014). In the refining process, compounds
like gossypol and related molecules are elim-
inated. However, crude cottonseed oil still
retains phospholipids and tocopherols. No-
tably, the levels of tocopherols are dimin-
ished through the high-temperature physi-
cal refining process (Gunstone, F.D., 2007).
Phospholipids and trace metals are eliminat-
ed from the oil through processes involving
water treatment, “Totaal Ontslijmings Pro-
cess,” total degumming process, acid treat-
ment, and other related techniques. Howev-
er, it’s noteworthy that water-degummed oil
may still retain elevated levels of iron (III).
Consequently, addressing the challenge of
iron removal can be addressed by developing
a method that effectively breaks down these
iron/phosphatide complexes, ultimately
converting the resulting iron into a form that
can be readily removed from the oil (Albert,
J. D., Martin, V. O., 1989). The pro-oxidative
properties of phospholipids stem from their
anionic structural characteristics, which
enable them to attract pro-oxidative metal
ions. Conversely, their antioxidative effect
against lipid oxidation arises from their ca-
pacity to enhance the binding affinity of an-
tioxidants to the interfacial region, facilitate
the breakdown of hydroperoxides, and form
complexes with metal ions. (Chen, B. McCle-
ments, D.J. Decker, E.A., 2013). The oxida-
tive stability of vegetable oils, as assessed by
the Rancimat method, exhibited a notable
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decline during the neutralization stage (Zac-
chi, P. Eggers, R. 2008; Suliman, T.E.M.A.
Jiang, J., Liu, Y.F., 2013). This phenome-
non arises from the elimination of bioactive
compounds, including phenolic compounds,
tocopherols, and phytosterols, through their
absorption by the soapstock during the neu-
tralization stage. The most sensitive stage
within the refining process is the bleaching
phase. During this step, undesirable com-
ponents, including pigments, trace metals,
phospholipids, and specific degradation
products, are eliminated. However, it’s im-
portant to note that certain valuable com-
pounds like tocopherols and sterols may also
be unintentionally removed. This can lead to
a substantial reduction in oxidative stability
of the oil (Dubravka, K. Tomislav, D. Klara,
K.Jasenka, G.Sandra, N.Marko, O. 2012).
The most substantial reduction in oxidative
indices was observed during the deodoriza-
tion phase (Ardakani, M.S., Mohajeri, F.A.,
Askari, E.Javdan, G., Pourramezani, F., Fal-
lahzadeh, H., Sadrabad, E.K., 2023). Elevat-
ed temperatures during the deodorization
process are accountable for the degradation
of tocopherols, which hold significance for
maintaining the oxidative stability of edible
oils (Jawad, I. M., Kochhar, S.P.Hudson,
B.J.F. 1983). Among these variables, the
employed refining techniques exert a sub-
stantial influence on the degree of oxidative
stability alteration. To comprehensively as-
sess the impact of refining approaches on
oxidative stability, it is crucial to possess
a profound comprehension of the underlying
mechanisms involved. Cottonseed oil, char-
acterized by its valuable nutritional charac-
teristics and multifarious applications, ne-
cessitates careful consideration to safeguard
its oxidative stability and extend its shelf life.
The refining methodologies applied during
processing substantially modify the oxida-
tive stability of the oil by impacting its chem-
ical constitution and antioxidant content.
The aim of this article is the study influence
of refining methods on oxidative stability of
cottonseed oil.

Materials and methods
Materials
Cottonseed o0il samples were collected
from local oil factory situated at the “Kattak-
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urgan Oil Plant” (Kattakurgan, Uzbekistan).
Subsequently, the collected samples were
carefully transported to the laboratory, en-
suring light protection and an inert nitrogen
atmosphere, and were then stored at the low
temperature (8 °C) until further analytical
procedures were conducted.

Refining process

Apparatus

Magnetic stirrer (IKA Werk, Staufen im
Breisgau, Germany), centrifuge (MPW-340,
CHEMARGO, Blachownia, Poland) at 1,3
m.s?, spectrophotometer (UV/VIS-1601,
Shimadzu, Tokyo, Japan), inductively cou-
pled plasma optical emission spectrosco-
py (V Liberty 200, Victoria, Australia) and
Rancimat (743, Metrohnm, Herisau, Swit-
zerland) were used during the experiments.

Water degumming. Crude cottonseed
oils were degummed by heating the oils to
70 °C, adding water (5% by volume) and stir-
ring for 20 min by magnetic stirrer. Then, the
mixture was centrifuged for 20 min.

Neutralization. Water-degummed cot-
tonseed oils were heated to 80 °C, and a wa-
ter solution including NaOH (20% weight) in
a portion of 5% by volume of the oil was add-
ed and the mixture was stirred for 30 min.
The mixture was kept at 80 °C up to 30 min.
and transferred to a holding vessel. After set-
tling for 60 min the mixture was centrifuged
for 20 min.

Bleaching. Neutralized oils were heated
to 80 °C and were initially mixed intensively
with bleaching clay in a portion of 0.5% by
weight of the oil. The total reaction times are
only 30 min. The mixture was filtered to ob-
tain bleached oil.

Deodorization. The deodorization pro-
cess was conducted in laboratory equipment
at a temperature of 230 °C and under a vacu-
um of 0.2 kPa for 30 min, utilizing 0.2% steam.

Determination of phosphorus, iron,
gossypol, tocopherols and fatty
acid composition of vegetable oils

The content of phospholipids was deter-
mined as the total phosphorus on a vegetable
oil according to AOCS Official Method Ca
12-55 (AOCS. Official Method Ca 12-55.
1994). Iron was also determined following
AOAC Official Method 990.08 (AOAC. Of-
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ficial method 990.08. 2003). The gossypol
content in cottonseed oil was determined
by AOCS Official Method Ca 13-56 (AOCS.
Official Method Ca 13-56. 1993). The to-
tal tocopherol content in cottonseed oil was
determined be AOCS Official Method Ce
8—-891993). The fatty acid composition of
cottonseed oil was determined by a capillary
gas chromatography (Niklova, I., Schmidt,
S., Habalova, K., Sekretar, S., 2001; Christo-
pherson, S. W., Glass, R., 1969).

Determination of oxidative stability

To monitor the oxidation of cottonseed
oils, Rancimat (743, Metrohnm, Herisau,
Switzerland) apparatus was used. Oxidation
progression was tracked by measuring the
increase in conductivity within a constant
volume under isothermal conditions set
at 110 °C. The oxidative environment was
maintained with air at a flow rate of 20 L.h!.
Each sample weighed 3 grams, and we con-
ducted three parallel measurements for ev-
ery sample.

Section 3. Food processing industry

Results and discusion

The oxidative stability of vegetable oil is
significantly influenced by its fatty acid com-
position. The impact of the fatty acid compo-
sition of cottonseed oil, characterized by the
presence of fatty acids containing no more
than 2 double bonds, cottonseed oil contain
54.9% linoleic acid and 17.2% oleic acid
(Tab.1), has a substantial effect on the oil’s
ability to resist oxidative decomposition. For
cottonseed oil, characterized by a low con-
tent of 3 double bonds, specifically no more
than 0.5% in its fatty acids, higher oxidative
stability can be expected compared to oils
containing a greater amount of polyunsatu-
rated fatty acids, such as sunflower oil. This
is because the double bonds in fatty acids are
vulnerable points where oxidative reactions
begin. Therefore, cottonseed oil with a low
content of double bonds in its fatty acid com-
position has the potential to provide high oxi-
dative stability. Crude cottonseed oil exhibits
an induction period of 7.6—8.7 h, indicating
a higher oxidative stability of the oil (Tab.4).

Tab1. Fatty acid composition (% of area) of cottonseed oil

Fatty acids %
Myristonic acid (14:0) 0.8
Palmitic acid (16:0) 23.1
Stearic acid (18:0) 2.3
Oleic acid (18:1) 17.2
Linoleic acid (18:2) 54.9
a-linolenic acid (18:3-9,12,15) 0.3
y-linolenic acid (18:3-6,9,12) 0.2
Arachic acid (20:0) 0.1
Behenic acid (22:0) -
Other fatty acids 1.1

Water degumming reduces the phospho-
rus content to 15.5-22.9% in cottonseed oil
(Tab. 2 and Tab. 3), mainly removing easi-
ly hydratable phospholipids during water
degumming. Phospholipids can be a cause
of oxidative processes in the oil, leading to
a loss of its stability. Additionally, water de-
gumming also has a positive effect on re-
ducing the iron content in the oil. The water
degumming process promotes the formation
of complexes between iron and phospholip-
ids, increasing the efficiency of their remov-

al from the oil during refining. As a result,
the iron content is reduced to 42.1% in ex-
tracted and 30.1% in pressed oil (Tab. 2 and
Tab. 3), which contributes to improving the
quality of the oil and its long-term stability.
During water degumming, some tocopher-
ols can transfer to the aqueous phase and
be removed along with phospholipids and
other impurities. A reduction in tocopherol
content by 3-4% can weaken the oil’s antiox-
idant capacity and make it more vulnerable
to oxidative processes. Also, during water de-
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gumming, the content of gossypol decreases
by 15-18%, which has a positive effect on its
quality but also reduces its oxidative stability.
The oxidative stability of water degummed

Section 3. Food processing industry

oil decreased by almost 2 times comparing
with crude oil, with induction periods of
4.06 h for extracted oil and 4.24 h for pressed
oil (Tab. 4).

Table 2. Influence of water degumming, neutralization, bleaching
and deodorization processes on phosphorus, iron, tocopherols
and gossypol removal from cottonseed extracted oil

Cottonseed extracted oil

Vegetable

oils Phosphorus Iron Tocopherols Gossypol

[mg.kg'] [%] [mgkg'l [%] [mg.kg'l [%] [mgkg']l [%]

Crude oil 713.4 100 7.6 100 776.7 100 2364.1 100

Water de-

gummed 110.4 15.5 3.2 42.1 752.1 96.8 1938.5  82.1

Neutralized 19.5 2.7 0.9 11.8 691.3 89.0 312.1 13.2

Bleached 12.1 1.7 0.4 5.3 663.2 85.3 120.6 5.1

Deodorazed 11.1 1.5 0.3 3.9 432.1 55.6 119.1 5.0

Table 3. Influence of water degumming, neutralization, bleaching
and deodorization processes on phosphorus, iron, tocopherols
and gossypol removal from cottonseed pressed oil

Cottonseed pressed oil

Vegetable oils  Phosphorus Iron Tocopherols Gossypol
[mg.kg'] [%] [mgkg'l [%] [mgkg'l [%] [mgkg'] [%]
Crude oil 3124 100 53 100 530.7 100 1891.2 100
Water de-
71.5 22.9 1.6 30.1 514.3 96.9 1607.5  85.1
gummed
Neutralized 14.1 4.5 0.6 11.3 4771 89.9 270.4 14.3
Bleached 9.1 29 0.3 5.6 453.4 85.4 115.4 6.1
Deodorized 8.6 2.7 0.2 3.7 294.7 55.5 114.1 6.0

Neutralization. The process of neutral-
ization in cottonseed oil plays a pivotal role in
reducing the content of various components,
such as phospholipids, iron, tocopherols, and
gossypol. Typically carried out using NaOH,
the neutralization process aids in the remov-
al of phospholipids from the oil. Caustic soda
breaks down phospholipids into insoluble
precipitates that can be easily separated from
the oil. During the neutralization of extract-
ed cottonseed oil, the phosphorus content
decreases to 19.5 mg.kg™!, while in pressed
oil, it reduces to 14.1 mg.kg!. Additionally,
the neutralization process contributes to the
removal of iron. Caustic soda used in neutral-
ization can form insoluble complexes with

79

iron, making it more suitable for removal
from the oil. The iron content in extracted oil
decreases to 0.9 mg.kg™!, and in pressed oil,
it drops to 0.6 mg.kg-!. However, the neutral-
ization process also reduces the content of
tocopherols by 10-11% compared to crude
oil since they are removed along with other
impurities such as phospholipids.

During neutralization process of cotton-
seed oils, gossypol is removed by 86—87%
(Tab. 2 and Tab. 3). The reduction in tocoph-
erol content, along with the presence of gos-
sypol and high temperatures during oil neu-
tralization, decreases the induction period
of extracted oil to 3.61 h and pressed oil to
3.37 h (Tab. 4).
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Table 4. Influence of refining processes on oxidative stability of cottonseed oils

Oxidative stability of cottonseed oils

Cottonseed oils Extracted oil Pressed oil
IP (h) IP (h)
Crude oil 8.27 7.67
Water degummed 4.24 4.06
Neutralized 3.61 3.37
Bleached 3.18 2.97
Deodorized 2.55 2.47

Bleaching. Bleaching of cottonseed oil in-
volves the use of adsorbents, such as bleach-
ing clay. These materials are capable of ad-
sorbing and removing phospholipids from
the oil. After the bleaching process, the phos-
phorus content in the oils decreased by less
than 12.1 mg.kg!. The bleaching process us-
ing adsorbents also contributes to the remov-
al of iron and reduces the iron content to less
than 0.4 mg.kg™'. However, the bleaching
process reduces the content of tocopherols in
the oil by 4-5%. This is because bleaching in-
volves the extraction of oil using adsorbents,
and during this extraction, some bioactive
components, including tocopherols, may be
removed. The bleaching process partially re-
moves gossypol from the oil, which can affect
its color and oxidative stability. Bleached oils
contain no more than 5-6% gossypol based
on crude oil (Tab. 2 and Tab. 3). The remov-
al of gossypol and tocopherols during the
bleaching process reduces the oxidative sta-
bility of cottonseed oil. The induction period
of extracted cottonseed oil was 3.18 h, while
that of pressed oil was 2.97 h (Tab. 4).

Deodorization. The deodorization pro-
cess typically results in the slight removal of
iron from the oil, around 0.1 mg.kg!, which
contributes to improved oxidative stability.
However, during the deodorization process,
which involves heating the oil at high tem-
peratures and steam treatment, tocopherols
can undergo decomposition. High tempera-
tures and steam exposure can lead to the
thermal degradation of tocopherols, result-
ing in their loss in the oil. Tocopherol losses
are significant, accounting for approximately

30% of the total tocopherol content in crude
oil. The substantial loss of tocopherols leads
to a reduction in the oxidative stability of
the oils. Deodorized cottonseed oils have the
lowest oxidative stability, with an induction
period of 2.47-2.55 h (Tab. 4).

Conclusion

The goal of this paper is analyse the ef-
fects of refining processes on the cottonseed
oil oxidative stability with the Rancimat de-
vice. At each stage of refining process, un-
desirable components such as iron, phos-
pholipids and gossypol are removed, but
natural antioxidants like tocopherol are also
eliminated. According to the results, we have
found that crude cottonseed oil exhibits three
times greater oxidative stability compared to
deodorized cottonseed oils. The degumming
process reduces the oxidative stability of oils
by nearly half. Neutralization and subse-
quent oil bleaching have a minor impact on
the oxidative stability of oils. During the de-
odorization process, the most significant loss
occurs in tocopherols, resulting in the lowest
oxidative stability of the oils. The oxidative
stability of cottonseed oil is profoundly af-
fected by its fatty acid composition and vari-
ous refining stages. Understanding these fac-
tors is crucial for optimizing the quality and
shelf life of cottonseed oil-based products.
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Abstract

The method of calculating a thin plate using the LIRA CAD software package is an important

aspect of modern engineering analysis. In this study, a thin rectangular plate is considered, and
finite element analysis is used, which allows us to study in detail the behavior of materials under
the influence of various loads. The LIRA CAD software package allows not only to model such
structures, but also to conduct a comparative analysis using analytical methods, which makes
it possible to evaluate the accuracy and effectiveness of various approaches. The analytical cal-
culation method based on finite integral transformations provides a closed solution for plates
of various sizes and shapes. This solution has been found to be the most accurate and versatile,

which allows it to be used in various software packages.
Keywords: thin rectangular plate, CAD LIRA, differential equation

The use of analytical methods is espe-
cially relevant in cases where high accuracy
is required, for example, in the aerospace or
shipbuilding industries, where structures are
subjected to significant loads and impacts.
Structures made of flexible shells and plates
are widely used in various fields such as me-
chanical engineering, aviation and construc-
tion. In construction, thin slabs are used for
floors, coverings and canopies, which makes
them an integral part of modern buildings and
structures. However, despite its widespread
use, the calculation of such structures can be

a complex and time-consuming process. Ap-
proximate methods such as the grid method
are also used to solve problems related to the
analysis of thin plates. These methods can
only provide point information and require
special conditions for approximating func-
tions. Unlike analytical methods, approxi-
mate approaches, such as the finite element
method (FEM) (Reddy, J., 2006; Senitsky
Yu.E., 2011), allow you to split complex areas
into simpler elements, which greatly simpli-
fies the modeling process. There are also new
directions in the development of methods
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for solving differential equations, which are
aimed at reducing the time it takes to find
a solution. These methods make it possible
to process large amounts of data more effi-
ciently and get results faster, which is criti-
cally important in the context of modern de-
sign and calculation requirements. Modern
technologies, including machine learning
algorithms, are also beginning to find ap-
plications in the field of engineering analy-
sis (Ratmanova O.V., Kalmova M. A., 2022).
These algorithms, with proper selection and
training, can significantly improve tradi-
tional calculation methods, allowing you to
quickly find optimal solutions for complex
problems. The LIRA CAD software package
actively uses such technologies, which makes
it one of the most advanced tools in the field

Section 4. Mechanical engineering

of design and analysis of structures. Thus, the
method of calculating a thin plate using the
LIRA CAD software package in combination
with analytical and approximate methods, as
well as new approaches based on machine
learning, opens up new horizons in the field
of engineering analysis. This allows not only
to increase the accuracy of calculations, but
also to reduce the time required for the de-
velopment and design of complex structures,
which is an important aspect in today’s com-
petitive environment.

Let’s analyze the calculation scheme
shown in Figure 1, the dimensions of the
plate are 1 x1, the fixation along the ordinate
axis is rigid on both sides, hinged and free
along the abscissa axis, the load is applied to
1/3 of the plate in the center.

Figure 1. Design scheme of the plate
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The advantage of the CAD LIRA is the rap-
id variability in the characteristics of the plate,
including stiffness and fastening, as well as the

type and distribution of the load. Calculating
the design in the LIRA CAD software package,
the following deformation pattern is obtained:

Figure 2. Plate movements under load
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Considering the problem by an analytical
calculation method, the differential equation
and boundary conditions are presented in
a dimensionless form:
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The solution of the problem is carried out
using the sine Fourier transform with finite
limits on the variable, using the following
transform

- 1 SO N e
W,(n,7)= .[0 W (%,7)sin(j,X)dx,
and the conversion formula

W (5.5) =25 W, (n.5)sin j, 5 (J,=nr).

n=l1

Section 4. Mechanical engineering

A structural calculation algorithm has
been developed, according to which a solu-
tion is subsequently carried out, namely
equations (1) and (3), (4) are multiplied by
sin ( jn)?) and integrated in parts in the inter-
val [0,1]. Thus, we get a new boundary value
problem:

a‘w, _ ,dw,
—2j?

.4
S+ W: ) (5)
= J 7 JaWs =4
da*w. 5
=0, S —ujiw, =0,
y=0,p s Iy
W, aw,

=0, (6)

d_)~/3 .]n( —‘U) dj;

1
where ¢, (n,7) = Jq* sin (j,%)dx .
0

The general integral of the differential
equation (5) has the form:

I/Vs (n’j;): Cln NCh(.]nj;)_'_CZn Sh(.]nj;)-i_C3nj;Ch(.]nj;)+C4nj;Sh(.]nj})+

1
+_
2jn%

As a result of substituting (7) into (5),
a system of algebraic inhomogeneous equa-

tions is formed, which makes it possible to de-

Ja. ()[4, (5-)eh(j, (7-7))-sh (4, (5-7)) .

(7)

termine the integration constants C,,,...C,,, >.
Having calculated this problem using Math-
cad, we get:

Figure 3. Graphs of plate movement
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the LIRA-CAD software package (Fig. 2) and
the analytical method (Fig. 3) demonstrates
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the advantage of the analytical approach
in achieving high accuracy. The analytical
method based on the solution of differential
equations of the theory of elasticity allows us
to obtain an accurate solution for the linear
elastic problem of plate bending under given
boundary conditions and load distribution.
Graphs (presumably showing deflections or
stresses) clearly illustrate this difference. The
deviations observed when comparing the re-
sults may be due to a number of factors inher-
ent in finite element modeling (CAM) used in
LIRA-CAD. LIRA-CAD, as a typical represen-
tative of CAM programs, discretizes a plate
into a set of finite elements, approximating its
geometry and physico-mechanical properties.
The accuracy of the result directly depends on
the size and type of elements used, as well as
on the approximation scheme used. A finer
finite element grid increases accuracy, but at
the same time increases computational costs.
In addition, the accuracy is influenced by the
accepted simplifying assumptions in mod-
eling, such as the idealization of the materi-
al (linear elastic behavior, lack of plasticity,
creep, etc.), the idealization of boundary con-
ditions (rigid pinches, hinge supports, etc.)
and the method of accounting for distribut-

Section 4. Mechanical engineering

ed load. In real designs, these assumptions
can lead to significant discrepancies with the
results of the analytical method. While LI-
RA-CAD provides a convenient tool for quick-
ly analyzing various design options by chang-
ing geometric parameters, material, types of
supports and loads, the analytical method
remains the standard of accuracy, especially
in cases where a high degree of reliability of
the results is required. For example, when de-
signing critical structures such as aerospace
engineering elements or high-precision in-
struments, the use of an analytical solution is
critical to ensure safety and reliability. How-
ever, the analytical method is often limited to
solving only relatively simple bending prob-
lems, whereas LIRA-CAD allows modeling
complex structures with nonlinear material
properties and geometric nonlinearity. The
optimal approach is to combine these meth-
ods: using an analytical method to verify and
calibrate the model in LIRA-CAD, as well as
to evaluate the accuracy of the obtained CAM
results. Depending on the complexity of the
task and the required accuracy, the choice be-
tween the analytical method and the use of
a software package such as LIRA-CAD should
be reasonable and balanced.
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Abstract

The article is based on the preparation of a three-component composite mixture based on
phosphogypsum, an interpolymer complex and humus and its study. It is known that phospho-
gypsum is a waste product of the chemical industry. The results of scientific research and practical
experience have convincingly proved the technical feasibility and expediency of using phospho-
gypsum in the national economy instead of traditional types of natural raw materials. A brief
description of phosphogypsum, promising areas of its processing and some statistical data are
presented. The article deals with the use of a chemical meliorant based on phosphogypsum for
effective fertilization in various soil and climatic zones for cereals, vegetables, industrial and other
agricultural crops, to improve the soil structure. That the use of phosphogypsum as a chemical
meliorant improves the chemical, physical and water-physical properties of saline soils.
Keywords: interpolymer complex, phosphogypsum, humus, soil structure, chemical recla-
mation, salinization, gypsum, calcium dihydrate, calcium semi-hydrate, composite complex

Introduction of waste is waste from the chemical industry

The rapid pace of development of indus-
try, energy, metallurgy, metalworking, chem-
ical, petrochemical and other industries, as
well as areas of engineering, construction and
household activities entail the inevitable for-
mation and accumulation of industrial waste
on a global scale. And one of the mass types

(Ivanitsky V. V., Klassen P. V., Novikov A. A. et
al., 1990).

The Decree of the President of the Repub-
lic of Uzbekistan dated February 13,2021 No.
PP-4992 “On measures for further reform
and financial recovery of chemical industry
enterprises, development of production of
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chemical products with high added value”
also mentioned the use of chemical industry
waste as secondary raw materials (Decree of
the President of the Republic of Uzbekistan
02/13/2021).

Analysis of literature on the topic. During
the production of mineral fertilizers, various
types of waste are generated, among which
phosphogypsum is a waste product from the
production of phosphate fertilizers (Kami-
lovK. U, 2005).

It should be noted that at present, in gen-
eral, there is a significant layer of problems
of a geo-ecological nature, associated, first
of all, with extensive forms of environmental
management, deterioration of the environ-
mental situation for various reasons (Mesh-
cheryakov Yu.G., FedorovS.V. 2007; Best
Available Techniques for Pollution Preven-
tion), including the irrational management
of many sectors of environmental manage-
ment (Tayibi H., Choura M., LopezF. A., Al-
guacil J. A., Lopez-Delgado A., 2009).

Currently, the dumps of “Samarkand-
kimyo” OJSC contain more than 80 million
tons of phosphogypsum and its amount
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continues to increase annually (in terms of
calcium dihydrate) (TayibiH., Choura M.,
Lopez F. A., AlguacilJ. A., Lopez-Delgado A.,
2009; Hilton, Julian, Phosphogypsum (PG):
2010). Monitoring studies of a phosphogyp-
sum dump located on the territory of the
Almalyk chemical mineral fertilizer plant of
“Samarkand-kimyo” OJSC showed that old
phosphogypsum has an identical chemical
and phase composition (Fuleihan, NadimF.,
2011; GennariR.F., Garcial., MedinaN. H.,
Silveira M. A.G., 2011).

Phosphogypsum in its chemical composi-
tion contains mainly oxides of calcium, sul-
fur and silicon with an admixture of oxides
of iron, aluminum, magnesium, phosphorus,
sodium and others. As can be seen from the
table, the mass fraction of the main substance
(CaSO, - 2H,0) in terms of dry dihydrate is
97%, the mass fraction of hygroscopic mois-
ture is 16.4%, the content of water-soluble
fluoride compounds in terms of fluorine is
0.12%. No toxic compounds of cadmium, ar-
senic, mercury, or lead were found in phos-
phogypsum (Larionov M. V., 2015; Kurbano-
vaA.J. 2021; Kendivan O. D.-S., 2021).

Table 1. Results of chemical analysis of phosphogypsum
samples from Ammophos-Maxam OJSC

Name of indicators

Phosphogypsum (stale). waste of OJSC

density g/cm? density g/cm?

1. PO, general 2.00 1.39
2. 80, 44.33 44.95
3. Ca0 29.81 31.33

4.Fe O, 0.29 0.64

5. F general 0.42 0.39
6. SiO, 13.75 12.44
7.ALO,. 0.31 0.58

8. Fe 0, 0.29 0.64

9. MgO traces 0.5
Insoluble residue 9.09 7.78

For samples of old phosphogypsum (waste
from “Samarkand-kimyo” OJSC), the specific
effective activity of natural radionuclides was
determined, on the basis of which a sanitary
and epidemiological conclusion was given that
the phosphogypsum samples comply with SP
No. 202 dated 02/03/2012. “Sanitary and ep-
idemiological requirements for ensuring radi-

ation safety” and phosphogypsum can be used
in economic activities without restrictions.
Toxicological indicators were determined for
phosphogypsum samples, which showed that
the toxicity value of phosphogypsum aqueous
filtrate in an experiment on laboratory animals
(white mice) corresponds to the 4% hazard
class. The total toxicity index of a phospho-

88 OBTAINING AND STUDYING THE PROPERTIES OF MODIFIED


https://ppublishing.org/edition/austrian-journal-of-technical-and-natural-sciences
https://ppublishing.org/edition/austrian-journal-of-technical-and-natural-sciences

The Austrian Journal of Technical
and Natural Sciences, No 11-12

gypsum sample is 7.53 units, which, accord-
ing to GOST 30774-2001, classifies this waste
as hazard class 5 (not hazardous).

Research methodology. The total area of
solonetzic soils in the Republic of Uzbekistan
is more than 2 million hectares, of which
about 50% of the irrigated lands of Khorezm
and the Republic of Karakalpakstan have
been subject to salinization and loss of nu-
trient reserves. For this reason, agricultural
yields on these lands have decreased by al-
most 2 times.

To increase the yield of agricultural crops
on alkaline and saline soils, it is necessary to
increase calcium reserves in them by adding
calcium-containing chemical mixtures (gyp-
sum, phosphogypsum). Under the conditions
in the above areas, the most effective chem-
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ical mixture is phosphogypsum, obtained as
an industrial waste from phosphorus produc-
tion. Today, the “Samarkand-kimyo” OJSC
plant (Samarkand, Uzbekistan) has accumu-
lated a huge amount (more than 60 million
tons) of phosphogypsum, which consists
mainly of calcium sulfate dihydrate (CaSO, -
- 2H,0), phosphogypsum also includes phos-
phates (1.3-2.9%) (Kurbanova A.Dj., 2021;
Allaev Zh., 2021).

It should be noted that our country tra-
ditionally occupies one of the leading plac-
es in the Central Asian market of phosphate
raw materials (TemirovG.B., AlimovU.K.,
Seitnazarov A.R., Namazov Sh. S., Kaimak-
ovaD.A., 2021). In Uzbekistan, the largest
enterprise in the mineral fertilizer industry is
“Samarkand-kimyo” OJSC.

Figure 1. Preparation of modified three-component
phosphogypsum-interpolymer complexes and composites

Interpolymer complex emulsion (suspension) chain

structure + high molecular weight

Carvamido-formaldeiyde
oligomer+
Carvoxymetnyicellulose sodium
salcpowder

Phosphogypsum

Adhesion
Interpolymer property
complex
modificaton

The problem of using phosphogypsum
as a secondary raw material for the produc-
tion of liquid products has been relevant
since the 60s. XX century. The results of
numerous studies and practice have con-
vincingly proven the technical feasibility
and feasibility of using phosphogypsum in
the national economy instead of tradition-
al types of natural raw materials (Eshma-
tovA. M., 2021). This is due to the content
of phosphogypsum from 80 to 98% gyp-
sum, which allows it to be classified as gyp-

Interpolymer complex (0.1 M

solution) + phosphogypsum (50g)

iy g
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sum raw material. Here we should note the
most promising areas for using phospho-
gypsum as a valuable large-scale secondary
resource:

« in agriculture for chemical reclama-
tion of acidic and saline soils and
composting with organic fertilizers;

« in the cement industry as a mineral-
izer — an additive to the raw material
mixture and as a setting rate regula-
tor — instead of natural gypsum;
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 for the production of gypsum binders
and products, filler in the production
of plastics and glass;

+ in the construction of highways, con-

struction of buildings and structures;

« in the development of marine and

coastal zones;

« forthe production of sulfuric acid, etc.

Analysis and results. Thermal analysis.
Phosphogypsum, one of the components of
the three-component mixture, was heated
to 300 degrees Celsius and subjected to heat
treatment.

Quantitative analysis. A 0.1 m/L solution
of the interpolymer complex (derived from
(1.1;1.2;1.3;1.4;1.5):1 oligomeric urea-form-
aldehyde and carboxylmethylcellulose) was
prepared and mixed with spraying to obtain
phosphogypsum masses.

Humus (phosphogypsum-humus 5:1) was
added to the resulting phosphogypsum mass
and a three-component composite mixture
was formed.

To improve the structure of the soil, it is
desirable to include various structural formers
in its composition. For this purpose, we devel-
oped and carried out laboratory processing of
a three-component composite mixture that
positively changes the structure of the soil.

Phosphogypsum is used for alkalization,
desalinization of soil and reclamation of solo-
netzes. Phosphogypsum is effectively used on
soils with a high sodium content as fertilizing
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ameliorants (1 ton of Phosphogypsum con-
tains about 10 kg of phosphorite), for com-
posting with biological products and organic
fertilizers.

We have obtained a three-component
composite mixture taking into account some
of the above-mentioned features.

The effectiveness of using phosphogyp-
sum in heat treatment will be relatively high-
er compared to using it only by itself as a soil
stricture improver, which we have concluded
based on our research.

Results and discussion. In connection
with the above, laboratory and field studies
were carried out using a three-component
composite mixture (TCMC) as soil structure-
formers. TCCC is introduced into the soil
along with plowing, during which microele-
ments, Ca, S, are introduced into the soil,
a water-saving process with an interpolymer
complex occurs, and the supply of humus
leads to an increase in soil fertility.

Conclusions and suggestions. According
to forecasts, by 2040 the amount of waste
could double. The issue of bringing phospho-
gypsum to a state in which it would be possi-
ble to use it entirely or assimilate waste into
the natural environment without damaging
its natural state is more relevant than ever.
Thus, modern problems of environmental
management and waste generation are inter-
connected, which requires a phased and at
the same time comprehensive solution.
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