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CHARACTERISTICS OF POPULUS PRUINOSA
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Characteristics of Populus Pruinosa. Austrian Journal of Technical and Natural Sciences
2025, No. 5—-6. https://doi.org/10.29013/AJT-25-5.6-3-7

Abstract

The article presents a scientific study of the botanical and morphological characteristics of

the blue poplar, a tree species growing in Karakalpakstan. A detailed description of the leaves,
flowers, bark, shoots, root system and general appearance of the tree is given. Phenological
stages such as budding, flowering and leaf fall are clearly defined. Both natural and vegetative
methods of reproduction are considered. The species’ resistance to salinity and drought, eco-
logical adaptability and importance in the tugai ecosystem are emphasized.

Keywords: vegetation period, shoot, leaves, stem, bud, swelling seeds, flower, peduncle,

root system, vegetative reproduction, stamen, flowering

Introduction

Poplars belong to the genus Populus L. of
the Salicaceae family (Korovin O. N., Bakhi-
yev A. B., Tadjitdinov M. T., Sarybayev B.Sh.,
1982. 23 p.). This genus includes 17 species
in Uzbekistan, and four species of poplars are
found in Karakalpakstan. The main and most
stable representative of woody plants in the
forests of the territory of Karakalpakstan is
the poplar tree.

In the recent works of several authors
of the ”"Central Asian Works Guide” for
Karakalpakstan, the species of poplar P. pru-
inosa and P. euphratica are indicated, main-

ly in our flora P. pruinosa and P. ariana grow
(Bakhiev A. B., 1974, p. 239-243).

Populus pruinosa has lanceolate, oval,
velvety leaves. Branch leaves are bud-
shaped, with 3—7 slightly curved teeth, uni-
formly bluish-green on both sides, smooth,
and slightly wrinkled on the petioles. The
male catkins are drooping or slanted up-
wards, bright reddish-brown in color, while
the female catkins are egg-shaped and yel-
low. Its range corresponds to P. diversifolia
in the north and P. ariana in the south. The
tree reaches a height of up to 18 meters and
a diameter of 80—90 cm.The tip of the tree is
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wide, sharp, up to 10 in diameter. The shell
is initially brown, green, then yellowish-gray,
with deep cracks. Branches are round, green
or gray. The shape of the leaf blade changes
with age, but the diversity of colors is less no-
ticeable than in other species. The leaf is 3.5
cm long and 4 cm wide, broad, bud-shaped
or round, with a wedge-shaped base and 3—-7
barely noticeable teeth. It is bluish, hard, and
dew-shaped on both sides. The stem length
of the branches is 2.1 cm, and they are very
wrinkled from the sides. Annual branch-
es are round, crooked, with green, reddish,
gray, dew-like, and drooping bark.

The vegetative buds are 7 mm long, elon-
gated, attached to the branch, and brown.
The leaves of annual branches are 6—9 cm
long and 3—-7 cm wide, ovate, with a slight-
ly wedge-shaped and pointed base. The leaf
stalks are 1 cm long and curved from the sides.
Male flower buds are 12—13 mm long. The in-
florescences are 4—5 cm long and 1-1.5 cm
thick. They are cylindrical, reddish-brown,
multi-flowered (26—50), and have a white-
haired stem. Flowers on a hairy stem are up to
1 mm long. The inside of the flower is cellular,
lanceolate, uneven, with sharp teeth. There
are 15—31 stamens, slightly longer than the
outside of the flower. The stamens are oval,
up to 2 mm long, and the stamen stem is 1.5
mm long and reddish-brown.

The flower is plate-shaped, with toothed
edges. Female flower buds are 10-12 mm
long, oval, with a convex or flat surface,
a rounded or slightly pointed tip, attached
to the branch, and brownish-yellow in col-
or. Egg-like. There are 20-35 flowers on
a yellowish-green, 1 cm long hairy stalk. The
inflorescence is cellular, lanceolate, with ir-
regular teeth or smooth. The flower surface
is plate-shaped, tuberous, and the stigma is
yellow. The tubers are 10—11 mm long and
attached to 1.5-5 mm long stalks. They are
egg-shaped, with seeds 0.8-0.9 mm long
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and 0.1-0.5 mm thick. The length of the egg-
shaped, yellow or gray, yellowish hairs is 5.5
times longer than the length of the seeds. The
tree is white, the kernel is yellow, hard. The
root is taproot, strongly branched. The root is
soft and brown. The shell is gray. Geograph-
ic distribution floodplains of the Syr Darya,
Amu Darya, Murghab, and Tedjen rivers. In
Karakalpakstan, Populus pruinosa is found in
Nurimtubek, Baday forest, Esbergen inlet, Sa-
manbay forest, Shortanbay forest, Shagal for-
est and in irrigation canals between villages.

Material and Methods
Phenology of Poplar observations were con-
ducted on a 10-15-year-old poplar tree in the
botanical garden. Furthermore, observations
were conducted on the poplars in the Shagal
grove and around the city of Nukus. Baday, Bek-
boy, Nazarxon, Shogay, Nurim, and other for-
ests were visited (Gladysheva A.1., 1967, 22 p).
During our research period (2023-2025),
the budding of the P. pruinosa species under
study continued from the second decade of
March and the first decade of April until the
third decade of November. The beginning of the
growing season depends on the air tempera-
ture. The earliest germination was observed in
2023, with an average air temperature of +6,
10. In the studied species P. pruinosa, germi-

nation occurs later than in P. ariana.

Results and Discussion

The autumn coloring and change in leaf
color of the studied poplar species began at
the end of September. Under the same soil
and climatic conditions, this process begins
later in P. pruinosa than in P. ariana. Defo-
liation begins in late October and early No-
vember. In this process, P. ariana begins ear-
ly, while P. pruinosa is the last. During the
research years, the defoliation period lasted
25-31 days. However, this period can change
every year (table 1).

Table 1. Phenological observation of species

Obsc:lrvatlon The results of observation

ate

March 25 Beginning of vegetation. The bud began to sprout, and the buds began
to open.

April 9 The plants have started budding. A green cone of leaves appeared.

April 14 The first flowers opened, or the branches began to sprout.
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Observation The results of observation
date

April 19 Complete plant. More than half of the flowers or the tips of the branch-
es have sprouted. Flowers have bloomed (less than half of the flowers
remained).

April 20 A green cone of leaves appeared. The leaves are small, just beginning to
emerge from the buds on the branch. The plant has bloomed.

April 29 The branches are growing, only unripe buds are visible, the buds are
green, like a hump.

May 14 The leaves have reached normal size, but they haven't fully developed yet.

May 24 The branches hardened, except for the growing tips.

May 29 The leaves have grown, but haven’t reached normal size. The buds are
green, small, and have scales.

June 8 A bud at the tip of the branch has appeared, but it doesn’t grow. Most
leaves have fully grown, and there are still young leaves at the tips of the
branches. The buds are green.

June 23 The branches have reached normal size, and the scales are green.

July 3 The branch has stopped growing lengthwise, a bud has appeared at the
tip, the branch has not yet hardened and is not fully covered with tissue.
All the leaves have reached normal size. They will last until July 28th.

August 2 The branch has hardened and is covered with fabric. The buds reach
normal size, the scales harden, and continue until September 25th.

November 30 The plant is leafless.

Flowering. The buds of P. pruinosa are
arranged alternately on the branches, adher-
ing to the branch, with a number of 5-13.
Generative budding occurs in July on the
P. pruinosa willow tree under study. The male
flower buds of P. pruinosa are fully formed
by July 25", while the female flower buds are
fully formed by July 25%.

Also, the size of the flower buds is 3 mm
long and 2 mm wide. Flower buds emerge
and develop on the branches of this year and
differentiate until the beginning of the next
year’s vegetation. Thus, the flower buds are
always biennial.

The bud consists mainly of three layers,
reddish-yellow in color, measuring 12 mm
in length and 4.5 mm in width. The first out-
er shell covers the surface of the bud. It is
pinkish-white, 4 mm long and 4 mm wide,
and has teeth. The inner surface is sticky,
reddish-black, and contains a sticky sub-
stance. The base of the bud is hairy, the tip
is split in two, and the cortex is convex. The
second shell is 10 mm long and 4.4 mm
wide, shiny, light yellow, red, with a greenish-
white base. The third shell is 10 mm long and

3.5 mm wide, elongated, pinkish, and covered
with a light yellow thin film on the outside.
Flower pollen. In 2020-23, the flower
pollen length was 11 mm, cylindrical, sharp,
reddish-black, with light red hairs on the out-
side, two petals, reddish-green, with a light-
colored, hairy stem. Two types of willow buds
differ from each other. The male flower struc-
ture consists of stamens, numbering 31-53
on each flower. The number of flowers in the
pollen is 31-48 (BakiyevA., QaniyazovS.K.,
2003). The female flower has only a pistil, simi-
lar in shape to thepistil of the P. ariana species.
Under favorable weather conditions, P. pru-
inosa’s flower buds begin to fully open within
a week. From the very first day of blooming, it
can be seen that all the flowers in the pollen are
female flowers. 5—6 unevenly developed flow-
ers appear, located at the base of the branch
and larger than those at the tip. They bloom
2-3 days after the flower buds open. The ear-
liest flowering was observed in 2023 (April 3).
The air temperature here was +11.70C, and
the last flowering occurred on April 19, 2024
(+14.80). Seed ripening in P. pruinosa is ob-
served 105—-120 days after bearing fruit.
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The ripening of poplar seeds in moist soil
is prolonged, and the seeds are larger, while
in dry areas, the seeds ripen faster. P. pruino-
sa seeds are shown. The P. pruinosa poplar
begins to bud in late March and early April.
In 2023, P. pruinosa poplar began budding
on March 20th at an average air temperature
of 8.10, with a maximum of 23.80, and a min-
imum of 5.20. The mass sprouting of the pop-
lar occurred on April 10-15. The average air
temperature was 10.20, maximum — 17.80,
minimum — 5.50. Data on the growth of the
studied species P. pruinosa are presented in
Table 6. It is evident that the growth period
and branch length of P. pruinosa are shorter
than those of P. ariana. The strongest growth
of 10-12 year old poplars occurs in May.
During this period, 50% of the annual growth
of all branches is ensured. The annual growth
and growth of different branches on the same
tree are different. They thrive on warm days —
in spring and summer. With a decrease in air
temperature, the growth rate also decreases.

The proliferation of poplars. P. pru-
inosa poplar, like P. ariana, reproduces from

Section 1. Biology

seeds and vegetatively through branches and
root cuttings.

Seed Reproduction of Poplar. Seed
propagation of P. pruinosa occurs natural-
ly and through artificial cultivation. Poplar
seeds ripen in mid-August. The seeds are
very small. Seeds ripen and scatter in 105—
—120 days. The process of seed propagation
in nature coincides with the period when
floods decrease and new shallows appear,
where ripe seeds fall, and seedlings germinate
from floating seeds Vegetative reproduction
of P. pruinosa poplar. We studied the vege-
tative reproduction biology of P. pruinosa
poplar in the natural conditions of the Sha-
gal woodland. The object of observation was
P. ariana. In 2024, we conducted an exper-
iment by planting branch cuttings. For this
purpose, 100 branches with a length of 35—
—50 cm were cut and planted along the irri-
gation ditches (Table 2).

Therefore, the germination rate from the
branch is very low. The most common type
of reproduction is propagation through root
branches.

Table 2. Data on poplar reproduction from root cuttings

The num- Sprou- Year 2024 Total of
Planted ber of ted in sprou-
Year, Date  planted 15t 15" 15" Au- 15"Sep- ted cut-
cuttings June July gust tember tings
3t of March, o
2024. 100 14 13 10 8 9 14%

Propagation through root branches main-
ly occurs in water-applied valleys. In the Ba-
day Forest Reserve, 63 roots of the species P.
pruinosa, ranging in length from 193 cm to
213 cm, were found on an area of 10 square
metre.

Dense poplar forests grown from root
branches can be found in the Amu Darya’s
water-applied valleys and along its banks.
The root branches of P. pruinosa are also
abundant in irrigated areas. As a result of
propagation through root branches, the area
of poplar forests expands.

Conclusions
In conclusion, poplars are distinguished
by their resistance to salinity, low humidi-

ty, and cold. It is considered the most valu-
able material for green spaces in the spring
months. Poplars can be propagated both by
seed and vegetatively: through root buds and
root cuttings.

In Karakalpakstan, due to the extensive
development of land for rice and other ag-
ricultural crops, as well as the emergence of
fires, the area of poplar forests has decreased.
This situation occurred in the Bekboy, Sha-
gal, and Nurim tubek forests. The forest is
the wealth of the people, the golden treasure
of every region. Therefore, preserving and
protecting forest areas is our primary re-
sponsibility.
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Abstract

Downhole cutting tools are used to repair oil and gas wells as well as to eliminate compli-
cated accidents. However, their acute shortage at oilfield facilities is obvious. The conducted
researches have shown that the restoration technology of downhole cutting tools are currently
being introduced into production. Besides, there is no information about the layer applied to
the damaged area of the cutting element, the optimal mode of operation, as well as the efficiency

of the restored tool.

In the considered article, the problems which have found a scientifically grounded decision
and possibility of direct introduction of the restored tool in manufacture are solved.
Keywords: cutting tool, downhole milling machine, modeling, well, experimental unit

Introduction

Acceleration of emergency and recovery
operations in production and drilling wells at
minimum costs is a significant reserve of oil
and gas production growth (Miiller, 2004).

The most complicated works in wells are
performed with the use of downhole cutting
tools. Experiments conducted during the op-
eration of cutting tools show that, mainly, the
cutting part of the tool is subjected to wear
and destruction, the housing and other ele-
ments remain suitable for further operation.
Restoration of working parts of, used down-
hole cutting tools, is a scientific and technical
task in the oil and gas production industry.

At restoration of worn out or destroyed
section of a working part of cutting tools are
mainly applied in mine electric furnaces or
HFC (high frequency current) in conditions
of a manufacturing plant and by application
of cutting and binding elements made in the
form of special surfacing bars under the in-
fluence of a gas burner flame.

To solve the set task it is required to an-
alyze modern methods of restoration of the
worn cutting part of the used downhole cut-
ting tools, study the efficiency of downhole
cutting tools with the restored working part,
to develop the technology of manufacturing
of surbacing rods and technological methods

8 RESTORATION OF CUTTING PART OF USED DOWNHOLE MILLING TOOLS
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of applying them to the worn parts areas of
cutting tools, as well as conduct stand tests
with restored cutting tools.

The conducted analyses on the issues of
restoration technology of reinforced layer of
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used cutting tools showed that mainly “sur-
facing of restoration method” is applied in
Azerbaijan and abroad.

The main brands of hard alloy surfacing
rods are given in Table 1.

Table 1. Brands of Hard-alloy rods

Solid alloy Matrix material
.. Hard- .
Composition, % Grain size, ness, Composition,% M(.eltu:g
mm point,°C
HRS
Carbides (Mo, Cg, V, 1) Cu;
Zn, Ti, Nb) + cobalt or 2) Cu + Zn;
a mixture of carbides 0.5-5.5 85 3) Cu—Ni; 871-1343
and cobalt 4) Cu—-Zn — Ni;
5) Cu-Si
S¥ntered tungsten car- 0.355-0.255 Cf)pper 46... 48
bide 0.255-0 180 Zinc 39... 41
’ ’ 85  Nickel 10...12 873-1312
0.180-0.120 o
0.120-0.065 Silicon 0.15
’ ’ Phosphorus 0.02
Sintered tungsten car- Copper-nickel-iron;
. i oo v
bide + co-balt 4-12% + 0.5-55 35 Copper-nickel-tin; 843-1317

+ nickel 5 + 35%

Copper-nickel-iron-tin;
Copper-nickel-manganese

Bars are mainly made of refractory car-
bides such as cobalt, tungsten, niobium, ti-
tanium, as well as matrix material based on
alloys of copper with zinc, tin, nickel, iron,
manganese.

For the manufacture of carbide bars, mass-
es of crushed solid particles in the required
sizes are first selected, then they are chemi-
cally treated to purify them from foreign ma-
terial (Table 1). Solid particles together with
pieces of solder along the specified length are
placed in special molds and put into thermo-
static furnaces. Under the influence of heat,
the solder melts, coating the carbide particles.
After cooling it forms a composite carbide rod
of a given diameter and length.

Carbide surfacing rods used for resto-
ration of working parts of downhole milling

tools, are produced abroad. Mainly these
rods are produced by the German company
“Woka” (Miiller, 2004). It produces industri-
al brand of surfacing rods “DURIT” (Table 2).
The size of tungsten carbide particles ranges
from 1 to 12 mm. Six fractions of tungsten
carbide particles are used for manufactur-
ing of rods: 1.0-2.0 mm; 1.5-3.5 mm; 3.5—
—5.0 mm; 5.0-6.5 mm; 6.5-8.5 mm; 8.0—
—12.0 mm. Rod dimensions — 9.5 x 450 mm.

These rods provide good adhesion of the
surfacing with the base of the cutting tool,
and also provides reliable protection of wear
surfaces of drilling equipment parts.

Data on sintered fluxes of different gran-
ulometric composition produced by “Woka”
for autogenous and electric surfacing are giv-
en in Table 3.

Table 2. Surfacing with Woka rods

Type desig- .
No. nation Analysis results Type of product property
DURITS1 Carbide W,C Carbon:3.7-4.1% Fine feather structure of maximum
Other: 0.75% max. hardness

Residue: tungsten
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Type desig-

No. nation Analysis results Type of product property
DURITS1 Sintered Carbon: 6% For the manufacture of composite
carbide Cobalt: 6% type rods and other welding filler
Titanium: 1% max. materials
Other: 0.75% max.
Residue: tungsten
DURITS 4 Sintered Carbon: 6% For the manufacture of files and
carbide Cobalt: 6% other types of tools, as well as for the
Titanium: 4% max. manufacture of compozit type rods
Other: 0.75% max.
Residue: tungsten
DURITS 10 Sintered Carbon: 5.75% For the manufacture of roller cone
beads Cobalt: 6% bits and tools for deep oil drilling

Residue: tungsten

technology

Table 3. Autogenous and electric surfacing for different smooth-metal compositions

Established Rockwell e .
No. . Application area
analysis hardness
DURITS 70 70% WC High-strength and wear-resistant
10% C, 70 metals against shockless surfacing
Residue Fe loads
DURITS 70 o In parts subjected to abrasion and
80% WC . .
o 65 abrasive wear under low impact
20% Fe loads
DURITS 80 Ni 80% WC In chi it 1l
10% Ni 60 : 11111 calc}i[) ggrsers, pressure rollers,
10% Fe p

The American company “International
Tool Co.”, depending on the purpose of cut-
ting tools, produces industrial brand of rods of
various alloys ‘Zitco’, which is made of tung-
sten carbide, for hard-alloy coating on cutting
areas of tools; cutting steel alloys “Zitco-1"; for
working in soft and medium hardness rocks
“Zitco-2”, and in hard rocks “Zitco-3”.

The American firm “Bowen” produces an
industrial brand of “Itcoloy”, which is used
to cover the working surface of cutting tools,
shoes, stabilizers, etc. (Bowen Tools Inc. 1972).

Itcoloy rod contains 80% of crushed tung-
sten carbides with hardness of 91-93 Rock-
well units.

The binding material (matrix) is silver
alloy with shear strength of 70 kg/mm? and
hardness of 200 Brinell units.

In Azerbaijan and neighboring countries
produce carbide materials consisting of tung-
sten carbides such as WC2, WC3. These ma-
terials have high wear resistance and chip
formation. Composition and mechanical prop-
erties of hard alloy grades are given in Table 4.

Table 4. Composition and mechanical properties of hard alloy grades

Alloygrade 00 o % HRS  ‘stremgth. MPa_
w2 98 2 90 1100
WC6 94 6 88.5 1450
wcs 92 8 87.5 1500
WC10 90 10 87.0 1600
wcis 85 15 86.0 1800
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Model samples of downhole milling cut-
ters, cutting edges consisting of compos-
ite materials containing crushed particles of
tungsten-carbide alloys were manufactured for
experimental studies and evaluation of wear
resistance and metal chip formation. The con-
ducted researches have shown that the best re-
sults are achieved in the case of application as
cutting elements of grains of crushed tungsten-
carbide alloy of WC8 grade and matrix bonding
solder No. 4 or No. 7. These alloys have high
wear resistance, the optimal ratio of carbide
and solder is 60-65% carbide and 35-40%
solder (Gasanov, 1978; Mustafaev et al., 2023;
Mustafayevet al., 1997; Mustafaevet al., 2021).

Experimental studies have been carried
out to investigate the effectiveness of the re-
stored reinforcement layer of used downhole
cutting tools. From the point of view of min-
imizing time and material costs, it was first
decided to conduct experimental studies on
model samples of cutting tools.

The method of physical modeling is the
most acceptable method of research of the
cutting process with the restored layer of the
reinforced part is (Bondar, 1973).

The difference between the restored part
of the reinforced layer of the cutter and the
new one is specific.

Figure 1. Model of restored milling cutter

Taking into account the identical con-
dition of the milling process of new and re-
stored tools, we can use the known scaling
factors.

Then we have the following relations to
the restored borehole metal milling cutters:

-1 -1 1
Co=Cp;Cy=C#;C,=1;C,=C}C, =1
-1 -1 -1

Cp=C73C, =C'5C, =C5C, =C5C, =Cp 5
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-1 -1 -1 -1
C, =LC,, =CP;C; =CP5C =Cp5C, =CP ;5
-1 -1 -1

Ca =1;Cu =CF?; Cy1,2 =C1~?;Cl’lb /ha =CI~? (1)

These scaling factors make it possible to
transfer the results of experiments on models
to full-scale samples with sufficient reliabili-
ty. On the basis of scaling factors the designs
of model samples of cutter and milled object
were developed.

The previously developed models of cut-
ting milling cutters with a restored cutting
edge height h, and total reinforcement height
h, were used as models (Figure 1).

Tests of model samples were carried out
on the experimental installation (Figure 2).

This installation makes it possible to reg-
ulate the supply of flushing coolant, air and
to measure the temperature with sufficient
accuracy. The installation is equipped with
measuring instruments, mounting and dis-
mounting of the investigated sample does
not cause difficulties.

The model of the restored cutter is a met-
al cylinder made of steel 45 with an outer di-
ameter of 31 mm and an inner diameter of
13 mm. The lower end of the cylinder con-
sists of a worn layer of carbide composite ma-
terial of different height h , on which a new
layer of height h, is clad (Figure 1).

The experimental installation consists
of the following units: a special machine
2H-135 (table size 450 x 500 M), a model
sample of a milling machine (2), cooling
devices (4), an object to be milled (3), a gas
ejector (EG 750) (5).

The body of the model sample of the mill-
ing tool is made of 40X steel with an outer
diameter of 34 mm and an inner diameter
of 14 mm, its cutting part is made of carbide
composite material BK8. Composite materi-
als consisting of crushed carbide and bind-
er, applied to the body of the model sample
has the highest indicators of cutting ability
and wear resistance. The process of milling
of the emergency metal object by such mill-
ing cutters is self-sharpening, as new cutting
elements come out of contact with the sur-
face of the milled object as the cutting edge
volumetrically wears out. The conditions of
manufacturing of the model sample corre-
sponded to the conditions of manufacturing

11 RESTORATION OF CUTTING PART OF USED DOWNHOLE MILLING TOOLS


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 5-6

of serial downhole milling cutters of WBM
(wellbottom miller) type, reinforcement of
the cutting part was made by HFC (high-fre-
quency current) in AZINMAS H.

One of the requirements for cutting tools
is to create the largest metal cut, which de-
pends on the strength condition of the cut-
ting element.

The cutting part is reinforced at a height of
10 mm. In the reinforced part there are hor-
izontal stainless steel shutters with a diame-
ter of 2 mm for chromel-alumel thermocou-

Section 2. Biotechnology

ples (CAT), and vertically with a diameter of
3 mm for liquid supply. After reinforcement,
the shutters were fully perforated. Then the
thermocouples (semi-artificial thermocou-
ples, calibrated to the accuracy of 10 °C) were
installed on the body of the cutter and insu-
lated with liquid resin. At high temperatures,
this resin does not melt, but rather hardens
and gives a good guarantee of heat transfer
from the measuring point to the measuring
instrument. Minor heat transfer to the medi-
um is not considered.

Figure 2. Experimental installation

The experimental work spent on chip re-
moval depends mainly on the physical and me-
chanical properties of the machined material.
With the increase of mechanical properties of
machined materials, the stress and deforma-
tion state of the chip formation zone increases,
at the same time the force and energy indica-
tors of the process increase. The stressed and
deformed state in the zone of chip formation
depends on the resistance of the machined
material to plastic deformation. The higher the
toughness and riveting ability, the greater the
resistance of materials to cutting.

Increase of stressed and deformed state
and temperature in the zone of chip forma-
tion, the manifestation of hardening in this
zone, as well as the ability of materials to tilt
leads to an increase in cutting forces, which
in turn can contribute to blunted model tool
specimen and tear out their cutting elements.
Proceeding from this, milled samples are

made of steels 20X, 40X, 30, 35, 45 —the me-
chanical properties of which are close to the
mechanical properties of tubing. The sam-
ples have a cylindrical shape with an outer
diameter of 34 mm and an inner diameter
of 14 mm. Model samples are inserted into
a special disk mandrel, changing the param-
eters of the milling mode, thus changing the
samples in the mandrel.

The tool and the material to be processed
are cooled by three components: 20 °C pro-
cess water, air and their mixture. First, we
regulate the amount of FC with the rotome-
ter (6). Water is supplied to the cutting zone
by the rotometer, which has a tee valve at
the outlet. One end is connected to the ma-
nometer, and the other end is connected to
the rotometer with a rubber tube. (For exam-
ple: the valve is set to the manometer reading
P = 0.15 atm corresponds to QI = 40 ml/sec.
The other indicators are given in Table 3).
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Figure 3. Combinaton cube of experiment planning
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In the first stage, the experiment was con-
ducted without cooling. In the second stage
of the experiment, the air supply is regulat-
ed. First, a gas cylinder (9) is filled bu a com-
pressor (10), a reducer (11) is installed at the
outlet of the cylinder, which regulates the air
supply. Then the air is transferred by a rub-
ber hose to the gas meter (CT-40) (12), where
its readings are taken (Table 3), then to the
gas ejector and the milling zones. When it is
necessary to supply one or another compo-
nent to the cutting zone, one side of the gas
ejector (EG 750) is plugged. GE is designed
for mixture of liquid with air.

B g =162

High-pressure air and low-pressure wa-
ter are fed into the EG (Fiqure 3), a mixture
of air and water is formed in the displacement
chamber and the air sharply increases the flow
velocity. Having a significant speed, the air jet
creates a zone of low pressure around itself, in
which low-pressure water from the receiving
chamber to the milling zone is tucked. The re-
sult is an aerated liquid. The EG is attached to
the body of the cooling unit (CU).

The CU is a special designed device de-
signed for tool cooling. The upper part of the
device stem is prepared for Morse taper and
seated on the spindle socket with a tension
that prevents it from falling down when the
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CU is rotated. In the middle of the CU 4 holes
in the form of a blade are drilled to ensure
the supply of aerated liquid at high speeds.
Due to the movement of the flow through
these holes there is a centrifugal force, creat-
ing a vortex motion, which moves the liquid
and there is a diffusion effect. Aerated liquid
enters the CU through the hole available on
its body. Along the outer diameter of the stem
below the body 6 grooves of 1 mm wide are
cut (Figure 3). A copper ring insulated with
epoxy resin is installed in each groove. The
lower part of the stem is threaded and con-
nected to the router model. Each ring is then
connected by soldering the corresponding
thermocouples of the cutting model. As the
milled sample is processed, the milling plane
approaches the junction of the thermocou-
ple and the fixed temperature in the body of
the cutter in the form of an electrical signal
is transmitted through the current puller
(14), to the self-recording device (SRD-9)
(13), where the measurement results are re-
corded on chart paper. The current collector
is connected to the self-recording device by
compiling wires (15) and fixed on the body
of the cooling device, where the body is sta-
tionary at the moment of rotation. The slip
ringshabts are in sliding contact with copper
rings mounted on the outer diameter of the
rod when rotating the tool model.

Operation of the cutting model depends on
the power of the power equipment combina-
tion with the axialload on the tool to realize suf-
ficient metal removal. To ensure the required
axial force delivery on the drilling machine,
the handle is replaced by a pulley (16). A steel
rope is wound on the pulley (pulley diameter
@ 400 mm) and a tripod is attached to its
end. When changing the milling parameters,
appropriate scales (17) are mounted on the
tripod. The axial force is pre-torqued with
a dynamometer for each 1000 N.The dyna-
mometer is also calibrated with an accuracy of
5 kg.

When adjusting the axial force, the power
of the experimental machine tool is taken into
account. Whenmeasuring, thegenerated pow-
er (N,) must not exceed the power of the ma-
chinetool (N =PV),i.e. N, < N=4200Nm/sec.
For example, at speed n = 31.5 rpm mechan-
ical speed V = wr, = 0.056 m/sec; where w =
= 3.3 rad/sec is angular velocity; r = 0.017m

Section 2. Biotechnology

radius of router model) axial force will be
71430 N.So the axial force created in this
revolution should not exceed 71430 N.The
generated power is measured with a wattme-
ter (H350) (20).

In some cases, the stand does not allow
the experiment to be performed by rotating
the sample. During such rotation the cutter
is stationary. The rotation of the borehole
is performed by means of an electric mo-
tor (belt transmission) with 25000 N m/
sec. Pulleys of different diameters allow to
change the rotational speed of the borehole.
The inner diameter of the rotating borehole
is cone-shaped. Therefore, the lower part of
the milled material is prepared in the form of
a cone and is injected into the borehole to in-
crease the strength, safety and manufactur-
ability of the milling process. Supply of cool-
ing agent to the cutting zone is provided from
transparent pipes by a closed circular circuit
(22). The beaker (21), in which the materi-
al to be processed is placed, is also made of
transparent pipes, so that the processes tak-
ing place in the milling zone during the ex-
periment can be seen.

Each sample of the restored cutter was
first subjected to a test run to ensure that the
existing solder layers and other irregularities
on the cutting surface were fully worked in.
Completion of running-in was determined by
stabilizing the wear of the cutter, which was
determined visually.

Depending on the quality of restoration
of the cutting part of the cutter and the mode
of operation, the burn-in was continued for
5-20 min. Experimental studies consisted of
separate series, each of which included sever-
al experiments to ensure the accuracy of the
obtained results.

The number of necessary experiments
was determined by the general dispersion of
observations and the acceptable dispersion
of research results found out from prelimi-
nary studies. Experimental work was carried
out to investigate the wear resistance of re-
stored tools.

At different series of experiments the fol-
lowing main parameters of the investigated
process were regulated: static axial load on
the cutting mill — P; angular velocity — w; flow
rate of FC — Q; height of the restored layer —
h

b
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Table 5. Experimental parameters

Axial l(.)a.d of  Angular speed Consumption Relative height of Milled
No. the milling of the cutter, FC. v¥/s the restored layer, metal
cutter, N rad/s; ’ %
1 1.7 26 40 32
2 2.8 37 50 36
3 3.7 52.3 65 50 ST
’ ' 40X
4 4.9 74.3 80 61
5 6.4 104.6 100 68

To evaluate the milling cutting perfor-
mance, samples before and after the experi-
ment were weighed on technical scales.

Based on the obtained data and visual
observations, the results of the conducted
experimental studies were summarized and
processed.

The efficiency of work, restored cutting
parts of milling cutters, depends on the cor-
rect choice of mode parameters and on the
height of the restored layer of used milling
cutters reinforcement.

The equation reflecting the physical es-
sence of the process is related to the main pa-
rameters of the cutting process:

9. = f(Pw.Qh, /) (2)

_ den.

where: &7 . — specific productivity of
milling cutting, gr/gr; q, - wear rate of
milled metal, g/min.; g — wear rate of model
sample of cutting element, g/min.; P — axial
load on the cutting element, kN; @ — angular
velocity of the tool, rad/s; Q — pump capacity,
m?/s; h, — height of the restored reinforce-
ment layer, mm.

To determine the optimal parameters of
the restored optimal height of the reinforce-
ment layer, it is required to determine the
qualitative and quantitative influence of var-
ious factors on the indicators of the milling
process. As it isindicated above, when the el-
ements of the cutting part of the tool are re-
stored, their parameters change significantly.
This fact requires to investigate the process
of milling with restored samples, to study the
relationship between the parameters and the
degree of their influence on the process, to
find a mathematical model.

Investigation of the efficiency of the re-
stored elements of downhole milling tools on

the basis of field data is difficult and requires
considerable expenses. Methods based on dis-
persion, regression and correlation analysis can
be used to solve this problem experimentally.

To solve the task at hand, it is advisable to
use the method of rational planning of the ex-
periment, because with a minimum number of
experiments it is possible to obtain more accu-
rate results. To achieve this goal, each experi-
ment should differ from the others by a non-re-
peating combination of selected factors.

Combination squares, numerical ma-
trices or orthogonal squares can be used in
rational planning. Since four factors change
in the process of milling with reclaimed tool
cutting, the method of combinational square
was applied in our study (Figure 3).

The combination cube was made in such
a way that there were no repeated combi-
nations in any row or column. Based on the
combinational square, the need for 25 exper-
iments was determined. The calculated vari-
ants and the obtained results of experiments
are shown in Table 2.

By means of correlation and regression
analysis the qualitative and quantitative in-
fluence of the selected factors on the process
indicators was determined.

Variables (output parameter) and factors
are random variables and there can be a cor-
relation relationship between them, which is
characterized by the correlation coefficient,
and allows to assess the measure of statisti-
cal relationship between the indicators and
process parameters, as well as between the
regulated factors themselves.

The results of correlation analysis were
the initial material for the construction of re-
gression equations.

The experimental data were processed us-
ing correlation and regression analysis, and
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a statistical mathematical model of the pro-
cess was obtained in the form of a regression
equation. The results of the conducted exper-
iment of the complete study were processed
according to the optimal algorithm, in order
to create a mathematical model of the process
(Mustafaev etal., 2022; Dzhafarov, 2021).

This sequence was applied in the deriva-
tion of the regression equation of the active
experiment to determine the effect on spe-
cific wear of the parameters included in the
physical equation (Table 2) (2).

Using the results of active experiment,
the following equations describing the metal
milling process were obtained (Table 6):

— for specific productivity:

Y, =142.41-0.93X, -1.17X, +

+2.2X, -0.22X, (3)

— for the wear rate of the milled material:
Y, =7.51-0.025X, +0.032X, —

~0.0163X, —0.003X, (4)
— for the wear rate of the cutting tool:
Y., =0.065+0.0001X, +0.0006X, —
~0.0010X, +0.00006 X, (5)

Section 2. Biotechnology

where Y —random variables; X, X,...X —fac-
tors of varying small error.

The degree of correspondence between
the experimental data and the values of spe-
cific productivity, wear of the processed ma-
terial and cutting tool calculated by equations
(3-5) determines the measure of identity de-
termined by the formula:

N
Qy = Za,-ryXi (6)
i=1
Gxi
a;, =a;
o

where a, - the coefficient of the regression
equation. For our case 6, =0.992

The multiple correlation coefficient on
the magnitude of the identity measure, which
characterizes the degree of closeness of the
experimental data to the linear model, was
calculated from the relationship:

R, =.,/6, =0.998 7)

Table 6. Results of the conducted experiments

Factors Output factors
Cutter Wear rate of the specific pro-
r:,d, /s 1 ;) ) N hbo//oha Qs’elc/ wear rate  cutter mat(?rial pductivfty
Y, g/min Y, g/min Y, 8/8
26 6.4 65 65 0.05 8.57 141.28
37 6.4 20 50 0.11 7.67 58.03
52.3 6.4 77 100 0.04 7.58 125.58
74.3 6.4 45 40 0.07 6.68 82.01
104.6 6.4 55 80 0.08 6.71 73.06
26 4.9 20 80 0.02 8.48 77.68
37 4.9 77 65 0.04 7.63 155.23
52.3 4.9 45 50 0.05 9.13 101.01
74.3 4.9 55 100 0.06 7.58 99.32
104.6 4.9 65 40 0.05 8.32 123.01
26 3.7 77 40 0.02 6.53 205.03
37 3.7 45 80 0.03 7.01 137.22
52.3 3.7 55 65 0.04 6.75 126.45
74.3 3.7 65 50 0.02 3.12 147.61
104.6 3.7 20 100 0.01 5.32 48.02
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Factors Output factors
Cutter Wear rate of the specific pro-
r:,d’ s 1 5) 5 N hbéh“ gélc/ wear rate  cutter material ductivity
° Y, g/min Y, 8/min Y, 8/8
26 2.8 45 100 0.033 6.57 148.34
37 2.8 55 40 0.034 7.63 168.13
52.3 2.8 65 80 0.018 6.01 165.43
74.3 2.8 20 65 0.068 7.14 87.68
104.6 2.8 77 50 0.028 5.58 168.32
26 1.7 55 50 0.026 6.28 196.77
37 1.7 65 100 0.023 5.47 194.23
52.3 1.7 20 40 0.051 7.26 115.67
74.3 1.7 77 80 0.016 5.28 188.24
104.6 1.7 45 65 0.03 5.15 126.11
Figure 4. Dependencies of values: a) Y, ,.b) Y, and ¢)Y, pump capacity
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Determination of the adequacy of the ob-
tained equation (the degree of its reproduc-
ibility) was checked using Fisher’s criterion.

The obtained dependencies by Fisher’s
criterion showed that the selected mathe-
matical models adequately describe the pro-
cess of milling of emergency metals by the
restored cutting edge.

17

-P

=3.7TkN 4-P=28KkN 5-P=1.TkN

In our case with respect to the equations:
(4)-F,=6.15;(5)-F =1.742;(6) - F =5.33

For the degree of freedom f,=N-1=24and
f,=N—-(K+1)=20 at the chosen level of signif-
icance g = 0.005-F, , (Mirzajanzadeh A.H.,
Stepanova G.F., 1977), since the condition
F <F, . equations (4-6) adequately describe
the milling process.
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Figure 5. Dependencies of magnitudes: a) Y,, b)Y, and
c¢) Y_ of the angular speed of the cutting tool
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The obtained regression equations (4),
(5) and (6) were used to select rational com-
binations of mode parameters and height of
the restored reinforcement layer in order to
obtain maximum process productivity within
the tool life. According to the obtained data,
the graphical dependencesof Y, ,, Y  and Y.
values were plotted separately from each of
the mode factors when averaging and neu-
tralizing the influence of other factors (Fig-
ure 4). The graph shows that h,/h_change
has a negative sign influence on Y. With the
increase of the height of the reduced layer
and its connection with the residue of the
main layer thermal factors do not act. A pro-
portional increase in the height of the recon-
structed layer weakens the influence of these
factors on the joint, thereby reducing the
wear of the cutting edge.

One of the main requirements for cutting
tools is the greatest penetration through the
emergency facility with the least amount of

18

cutting edge wear. The highest efficiency of
metal cutting is achieved at the highest specif-
ic productivity. To establish this it is necessary
to compare the dependencies Y = f (h,/h)
andY_  =f(h/h).

At a sharp decrease of Y, with the in-
crease of the restored layer, Y, slightly de-
creases (Figure 4 and Figure 5), and Y.
increases (Figure 6). The obtained depen-
dencies can predict that as the recovered
layer increases, the productivity of the recov-
ered tool increases. However, it is techno-
logically impossible to increase the reduced
layer indefinitely. Considering that after the
ratio h,/h =70...80%, q,— specific productivi-
ty (q,) increases insignificantly, so we consid-
er it optimal.

The analysis of the curves shows that
compared to new tools, the restored tools
must be operated with a comparatively lower
axial load, a higher angular velocity and the
same applied FC (flushing coolant) flow rate.
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Figure 6. Dependencies of magnitudes: a) Y,, b)Y, andc) Y,
on the ratio restored to the main reinforcement layer
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The process of milling of emergency ob-
jects during workover in the wellbore, as well
as destruction of rocks during drilling occurs
in identical conditions.

Based on the data of drilling operations,
we make a ranking of the values of penetra-
tion — 6, 19, 20, 21 and check whether the
minimum or maximum variants per defect.

To exclude defective data, we check the
maximum and minimum values of each
statistical combination by observing the in-

equality:
— to exclude the maximum variant:
Cn B Cn—l
c—c K (8)
— to eliminate the minimum variant:
G -G >K, 9)
Cn - C1

where, C is the value of penetration. Based
on the number of variants in this set (Mirza-
janzadeh et al., 1977), the value of Kn — we
choose from the table at a given value of con-
fidence probability (Typical methodology of
industrial tests, 1975).

In our case:

— minimum variant:

~19—
= -6 =0,86 for n=6
21-6
K, =0,560<0,86
— maximum variant:
C,~C, _21-20
C,—-1 21-6
K, =0,560 > 0,06

Since in inequality (8) the minimum vari-
ant is defective, therefore its value of pene-
tration (6 m) is excluded.

At the same time, the maximum value of
penetration in inequality (8) is observed and
it is not defective. Therefore we make a new
row —19, 20, 21.

We check the defectiveness of the mini-
mum and maximum variants by the new row:

— minimum variant:
C,-C,, 20-19
C,-C, 21-19
K, =0,642>0,5
— maximum variant:
C,~C, _21-20
C,—C, 21-10
K, =0,642>0,5

c,-C,,

n

Cn _Cl

=0,06 for n=6

=0,5 for n=5

=0,5 for n=5
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If inequalities (8) and (9) are not met in
both cases, then the tested variants are not
excluded (the aggregate is preserved).

Average penetration per cutting tool:

100/5=20m
We determine the standard deviation of
the value by formula (8):
CV _ C! !
§="n "l V_n (10)
dn’ dn’

where: Vn' — different variation of the value
in the newly obtained variation series; dn’
— a value determined according to (Typical
methodology of industrial tests, 1975) de-
pending on the number of members in the
considered combination.

Then, with respect to our condition:

C.-C| 21-19
dn' 2,326

The sample coefficient of variation is de-
termined by the formula:
S" 0,86

Kb=— =0,043
n 0

S'= 0,86

(11)

The maximum permissible relative error
during testing is set (in fractions of one unit):
6'=0,3 and 6"=0,2.

The value is calculated at a confidence
level of 0.95:

ta'_i
Jn K,

The value determines the minimum re-
quired number of prototypes of the compared
designs for specific characteristic conditions,
providing the necessary reliability and accu-
racy of the obtained experimental data (Typ-
ical methodology of industrial tests, 1975).

For reconstructed cutting parts of the
tool:

(12)

!

ta .
T =6,97, n_;, <<5 for cutting tools.
n
ta’
T =4,65, n_,, <<5 for the new cut-
n
ting tools.

Based on this calculation, the minimum
required number of milling tools was deter-
mined, which is equal to 5 pieces. This num-
ber allows to obtain reliable results during
testing.

Section 2. Biotechnology

For stand tests, 5 milling tools of DC-135
type were selected as milling tools. The cut-
ting and abrasion areas of these milling tools
were restored by means of a gas burner flame
and carbide surfacing rods manufactured ac-
cording to a special technology.

The following operating parameters were
adopted during the tests: axial load on the
cutter, 37 kN; angular speed of the cutter ro-
tation, w=52,3 r/sec; flow rate of the oil-wa-
ter treatment fluid — 40—100 l/sec.

The analysis of the performed work on the
restored downhole milling machines showed
that the total wear of reinforcement made in
the new and restored versions of milling ma-
chines at consecutive work on the tubing @73
mm and ¥89 mm for both versions of milling
machines is approximately the same.

Evaluation of performance and reliability
indicators of the restored downhole milling
cutters according to the results of stand tests
showed the following: specific penetration
of the restored milling cutters on the tubing
©¥73 mm and @89 mm will be 0.51 m/mm.
The resource of the restored reinforcement
layer at the maximum surfacing height of 10
mm will be: in terms of penetration 4.9 m; in
terms of working time 12 hours.

Taking into account the result of the res-
toration of worn areas, the total height of the
reinforced layer of milling cutters is about
11-19 mm. The resource of the reinforced
layer of the restored cutter is about 65% of
the resource of the total height of the new
cutter.

Visual inspection of the restored milling
cutters after tests showed that they can be re-
used for stand tests.

Thus, stand tests of the restored downhole
milling cutters confirmed that restoration of
the abrasion-cutting part of the used milling
cutters is acceptable for the technological
process, milling providing an increase in the
service life of the milling tool without signifi-
cant material costs.

Examination of the used milling cutter of
DC-135 type restored showed that it can be
reused in other wells. The wear of the rein-
forcement amounted to 2.5 mm.

The results of experimental tests of the re-
stored DC-135 type milling machine showed
its operability and reliability in milling vari-
ous metal objects.

20 RESTORATION OF CUTTING PART OF USED DOWNHOLE MILLING TOOLS


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 5-6

On the basis of positive results of stand
and tests of restored downhole cutting tools
the following instruction was developed.

According to the instruction the sequence
of technological methods for restoration of
abrasion-cutting section of used downhole
milling tools, reinforced with crushed hard
alloys, as well as the order of their quality con-
trol is determined. The essence of restoration
of the abrasion-cutting section of milling tools
reinforced with a hard alloy consists in sur-
facing the worn-out sections of the reinforce-
ment with crushed hard alloy grains appluing
carbide rods with the use of a gas burner op-
erating on an oxygen-acetylene flame. Carbide
bars are produced on sheets of carbide bars
using a gas torch operating on an oxy-acet-
ylene flame. Carbide bars are produced on
slabs. They are used in molds made of graph-
ite material in the presence of an electric fur-
nace, providing the creation of a thermal field
with a temperature of 1050 °C.

The starting materials (charge) for the
production of bars are:

— crushed hard alloy of grade BK8 and
particle size 0.5—-5 mm; solder of grade no. 4
or no. 7 TU 48-21-299-78; flux of grade PV
209X GOST 23170-78.

The material of the bar should con-
tain in percent of the total mass (calculated
amount): carbide 65-70; solder 30—35.

Crushing of carbide is performed by any
method providing grain size (0.4-5 mm). Se-
lection of carbide grains was performed by
means of sieves.

Manufacturing of carbide bars consists in
preparation of initial materials, their pouring
into graphite molds, heating to melting and
subsequent cooling in the molds in the air,
removal of bars and checking the quality of
their manufacture.

When preparing the crushed alloy, it is
necessary to degrease the selected crushed
carbide with gasoline or other solvent, and
then mix with flux at the rate of 5 grams of
flux per 250 grams of carbide.

To prepare the solder, cut the solder into
pieces having a maximum side size of 5—1
mm in cross-section. Weigh the prepared
crushed carbide and solder. Place them in the
graphite mold along its entire length. The ini-
tial amount of carbide should be equal to its
calculated amount, and solder 10-15% more

Section 2. Biotechnology

than its calculated amount, depending on the
degree of burnout.

The prepared charge should be covered
with flux at the rate of 1-1.5 grams per 100
grams of charge. To produce bars, place the
prepared mold with the charge in a thermal
field and heat it to a temperature of 1050 °C.
After holding for 2—-5 minutes at the speci-
fied temperature until the solder is complete-
ly melted and impregnated with hard alloy
grains, stop heating, allow the mold to cool
in the air and remove the bar from it.

Quality control of the bar is carried out by
weighing it, and its weight should not be less
than the weight of the initial materials by more
than 10%. To check the mentioned technolog-
ical methods, the bars were produced accord-
ing to the following technological modes:

borax + carbide + borax + solder + borax;
carbide + borax + solder + borax; carbide +
borax + solder + borax; carbide + borax +
solder + borax.

All samples were placed in a thermostatic
furnace, heated to a temperature of +1100°C
and kept in the furnace for 20 min.

After the tests the following was found:

The first sample of bars turned out as
separate pieces; 2,3,4,5 samples of bars
turned out in one piece, the quality of bars
is the same. It was found that removing the
bars out of the molds is difficult, because
the bars burned to the molds. To exclude
this phenomenon, a part of graphite molds
was painted with heat-resistant paint. 5 and
6 samples were made in graphite molds
painted with heat-resistant paint.

Pictures of bars obtained by the above
technology are shown in Figure 8. The quali-
ty of the bars is good, the surface of the bars
is smooth, without cracks and abscesses.

When preparing the cutter for restoration
it is necessary to clean it from dirt and wash
with solvent the abrasion-cutting part to be
restored. Visually inspect the area to be re-
stored. If there are cracks and chips more
than 5 mm deep, the abrasive-cutting part
cannot be restored.

Restoration of the abrasion-cutting part
of the milling tool with carbide rods is per-
formed using acetylene-oxygen flame of
a welding torch with tip N2 4. The flame
should be restorative and ensure uniform
heating of the surface.
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The maximum temperature should be in
the reduction zone at a distance of 2—4 mm
from the core. The flame torch should be lo-
cated at an angle of 35°-45° to the surface
to be hard-faced mounted horizontally. Re-
inforcing begins with heating the reinforce-
ment area until the solder melts. Then, plac-
ing a carbide rod in the flame of the torch,
carbide grains are applied to the heated area
of the reinforcement. The process is repeat-
ed until the specified height of the hardfacing
layer is obtained, but not more than 10 mm.
Periodically, flux is poured into the molten
area. The welded layer should be continuous,
without cracks and chips. The solder should
soak all the carbide grains. Lack of solder be-
tween the grains, overburning, chipping and
cutting out of the reinforced layer are not
allowed. It is allowed to restore a worn out
abrasion-cutting section of the cutter (Mus-
tafayev et al., 2021; Mustafayev et al., 2017).

The average life before writing off the re-
stored cutter should be at least 60—-70% of
the average life regulated by the normative-
technical documentation for a particular type
of cutting tool.

Quality control of the restored abrasion-
cutting layer of the milling tool is checked
by external inspection using, if necessary,
a magnifying glass with at least fivefold mag-
nification. If cracks and chips with depth less
than 5 mm are detected, they shall be re-
paired by re-facing. If overburn, cracks and
chips deeper than 5 mm are detected, the
milling machine is rejected.

Conclusion
1. The technology and tooling for manu-
facturing surfaced rods (bars) from compos-
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ite materials containing crushed carbide of
VKV 8 grade and solder N2 4 or N2 7 on the
basis of zinc alloys have been developed.

2. Practically obtained and used in the
restoration of the layer of spent borehole
mills of hardfacing rods with the necessary
technological parameters.

3. A number of fixtures for experimental
tests, restored borehole cutting tools, includ-
ing a fixture for measuring the wear of the cut-
ter, have been developed and manufactured.

4. The minimum required number of
tools to be tested was determined.

5. Experimental studies of the service-
ability of reconditioned downhole milling
tools have been carried out using methods of
rational planning of experiments, in particu-
lar, combinatorial square methods.

6. Processing of the results of the planned
experiment by methods of mathematical sta-
tistics allowed to obtain mathematical mod-
els describing the process of milling of emer-
gency metals with the restored reinforcement
layer depending on the relative height h, /h,
of the reinforcement of the restored layer, ax-
ial load on the tool, circular speed of rotation,
as well as the flow rate of flushing fluid.

7. Verification of the obtained results by
regression analysis methods confirmed the
correctness of the obtained dependences. It
has been determined that restoration of the
abrasion-cutting part of the used downhole
milling tools increases their service life by
60-70%.

8. Atthe same time a considerable amount
of metal is saved due to the reuse of bases of
cutting parts of downhole tools.
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Abstract

As part of the ongoing study of the plant Tanacetopsis karataviensis, this article presents
the results of the isolation of the sesquiterpene lactone ridentin and the flavonoids eupatilin
and luteolin from its aerial parts. The 'H NMR spectrum of ridentin, recorded in DMSO-d, +
CCl,, did not provide complete information on the splitting patterns and coupling constants of
certain protons. The X-ray crystallographic analysis confirmed the spatial structure of ridentin,
which contains a 10-membered labile germacranolide macrocycle. The macrocyclic conforma-
tion of ridentin differs from that observed in the known compound subchrysine, particularly
in the syn-orientation of the exo-bonds at C14 and C15. The conditional macrocycle form of
subchrysine (udCT) differs from the uuCC conformation observed in ridentin crystals. These
energetically favorable conformations undergo mutual interconversion in solution at room
temperature. However, the absolute configuration of the ridentin molecule, according to X-ray
crystallographic data, remains 1R, 3S, 6R, 7S, with an endo double bond configuration of 4E
in the macrocycle.

Ridentin, eupatilin and luteolin have been isolated from Tanacetopsis karataviensis for the
first time.
Keywords: Tanacetopsis karataviensis, ridentin, eupatilin, luteolin, NMR spectroscopy,
X-ray
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1. Introduction

The genus Tanacetopsis (Tzvelev) Kova-
levsk, belonging to the family Asteraceae,
includes more than 20 species, of which 9
species grow in Uzbekistan (The Plant List.
(n.d.).). Tanacetopsis karataviensis (Kova-
levsk.) Kovalevsk. (Syn. Cancrinia karat-
avica Tzvelev, Lepidolopsis karataviensis
(Kovalevsk.) Myrzakulov, Tanacetum karat-
aviense Kovalevsk.) is a perennial plant na-
tive to Central Asia (Tanacetopsis karat-
aviensis (Kovalevsk.) Kovalevsk. (n.d.).
Plantariums:).

In traditional medicine, Tanacetopsis
karataviensisis used as an anthelmintica-
gent (Dusmatova, D. E. et. al., 2021), and the
chloroform fraction of its ethanol extract ex-
hibits cytotoxic activity (Hashimova, Z. S. et.
al., 2022).

Previous phytochemical studies have
shown that the aerial part of Tanacetopsis
karataviensis is a source of sesquiterpene
lactones (Dusmatova, D. E. et. al.,, 2021;
Dusmatova, D. E. et. al., 2022), as well as fla-
vonoids and triterpenoids (Dusmatova, D. E.
et. al., 2024). As part of the ongoing research
on Tanacetopsis karataviensis, this study
presents the isolation and structural determi-
nation of the sesquiterpene lactone ridentin
(1) and the flavonoids eupatilin (2) and lu-
teolin (3) using spectroscopic methods. The
spatial structure of ridentin was established
based on X-ray crystallographic analysis.

2. Experimental

2.1 Plant material

The aerial part of Tanacetopsis karata-
viensis was collected in the Jizzakh region,
near the Ukhum settlement, close to Mount
Beshbarmok, during the flowering period
(May 2023). The species was identified by Dr.
Beshko N.Yu. by comparing it with a herbari-
um specimen (voucher specimen No. 9341G)
from the Herbarium Fund of the Institute of
Botany of the Academy of Sciences of the Re-
public of Uzbekistan.

2.2. General methods

The melting point was determined using
a Melting Point Tester (BMP-M70 model,
Biobase, China). The IR spectrum was re-
corded on a Fourier transform spectrome-
ter (Perkin-Elmer System 2000, KBr). The
1H and 13C NMR spectra were recorded on
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a JNM-ECZ 400R NMR spectrometer at 600
MHz (internal standard TMS). For thin-lay-
er chromatography (TLC), Sorbfil (Russia)
and Whatman® UV-254 (Germany) plates
were used. As a developer, iodine vapors and
a solution of vanillin with sulfuric acid in ab-
solute ethanol were applied.

2.3. Isolation of secondary metab-
olites 1-3

The air-dried and crushed aerial part (1.1
kg) was extracted five times with 95% ethanol,
ensuring that the plant material was com-
pletely immersed in the solvent each time. The
contact time for each extraction was 12 hours.
The combined extracts were then concentrat-
ed under vacuum, yielding a concentrated ex-
tract (0.5 L). This extract was then fractionat-
ed using sequential liquid-liquid extraction in
a separatory funnel with solvents: extraction
benzine (BR-2 grade), chloroform, ethyl ace-
tate. As a result, the following fractions were
obtained: 5.4 g of the extraction benzene frac-
tion, 28.63 g of the chloroform fraction, 14.52
g of the ethyl acetate fraction.

The chloroform fraction (28.63 g) was
subjected to column chromatography using
silica gel (KSK grade). From the chloroform
fraction of the ethanol extract, elution frac-
tions 116—136, obtained using a chromato-
graphic column with a solvent system (ex-
traction benzine-ethyl acetate, 2:1), yielded
a crystalline compound 1, beige-colored,
melting point 215-218°C (ethanol).

2.3.1. Ridentin (1). IR spectrum (v__, KBr,
cm™): 3305 (OH), 2913 (C-H), 2879, 1762 (C=0
y-lactone), 1668, 1643 (C=C), 1441, 1402, 1306,
1264 (C=C), 1156 (C-0), 1077, 1049, 988, 959,
977,914, 893, 878, 813, 788, 768, 704, 633, 589,
559, 538, 507, 439.

1H NMR (600 MHz, DMSO-d, + CCL, §,
ppm, J/Hz): 1.60 (1H, m, overlapped, H-8a),
1.65 (3H, s, H-15), 1.81 (1H, br.d, J = 13.2,
H-9a), 1.89 (2H, dd, J = 11.9, 10.8, H-2b,
8b), 2.25 (1H, tdd, J = 13.3, 10.8, 2.5, H-9b),
2.79 (1H, br. s, H-7), 3.76 (1H, br. s, OH),
4.03 (1H, br. d, J = 10.8, H-1), 4.28 (1H, br.
s, H-3), 4.42 (1H, t, J = 9.1, H-6), 4.72 (1H,
br. s, OH), 4.75 (1H, s, H-14a), 5.05 (1H, s,
H-14b), 5.24 (1H, d, J = 9.9, H-5), 5.46 (1H,
d,J =3,H-13a), 6.01 (1H, d, J = 3, H-13b).

13C NMR (150 MHz, DMSO-d, + CCl,, §,
ppm): 74.18 (C-1), 34.79 (C-2), 73.35 (C-3),
140.24 (C-4), 124.69 (C-5), 79.40 (C-6),
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40.99 (C-7), 25.95 (C-8), 37.06 (C-9), 149.82
(C-10),139.30(C-11),168.87 (C-12),120.35
(C-13),117.23 (C-14), 11.37 (C-15).

2.3.2. Isolation of flavonoids

The ethyl acetate extract residue (14.52
g) was mixed with silica gel in a 1:1 ratio
(weight-to-weight), dried, and placed on a col-
umn with a small amount of silica gel. It was
then fractionated using a polarity gradient,
yielding the following subfractions: extraction
benzine—ethyl acetate (1:9) (1.63 g), ethyl ac-
etate (2.00 g), ethyl acetate—methanol (50:1)
(7.03 g), and methanol (0.85 g). Further chro-
matographic separation of the extraction ben-
zine—ethyl acetate (1:9) subfraction resulted
in the isolation of compound 2 as yellow crys-
tals with a melting point of 235-236 °C, while
compound 3, obtained from the ethyl acetate—
methanol (50:1) subfraction, was light yellow
with a melting point of 289-292 °C.

Section 2. Chemistry

Eupatilin (2) and luteolin (3) were iden-
tified by comparing their spectral data with
literature references (Mukhamatkhanova, R.
F. et. al., 2017; Abduwaki, M. et. al., 2014)
and by direct comparison with authentic
samples.

2.4. X-ray diffraction study of com-
pound 1

To determine the spatial structure of
compound 1, X-ray diffraction analysis was
performed on its crystals. The X-ray structur-
al experiment was performed using a Bruker
D8 VENTURE dual-wavelength Mo/Cu dif-
fractometer (Germany) (Bruker, 2021) on
a prismatic crystal, using CuKa radiation
(A = 1.54178A). Absorption correction was
applied using the Multi-Scan method (SAD-
ABS) (Krause, L. et.al., 2015). The main pa-
rameters of the X-ray structural experiment
are presented in Table 1.

Table 1. Main Crystallographic Parameters and
Characteristics of the X-ray Structural Experiment

MolecularFormula C _H, O, P, g/cm3 1.260
M, g/mol 264.31 CrystalSize (mm) 0.30x0.06x0.02
SpaceGroup P1,7Z=2 ScanRange 20 2.9<0<69.2
a, A 6.5504(8) TotalReflections 3954
b, A 7.1716(8) Reflections with I > 20(I) 1880
c, A 15.022(2) R, (I>20(I) and overall) 0.063 (0.142)
ao 87.020(8) wR, 0.155(0.179)
Bo 88.257(8) COOF 0.953
\ 81.549(8) ResidualPeaks, eA 0.21 u-0.19
V, A3 696.9(1) CCDC 2441079

The structure was solved and refined using
the Bruker SHELXTL Software Package (Shel-
drick, G. M., 2015; Sheldrick, G. M., 2015).

All non-hydrogen atoms were refined
by full-matrix least squares (on F2) in the
anisotropic approximation. The hydrogen
atom coordinates of hydroxyl groups were
located in a Fourier map and their positions
refined with U._(H) = 1.5U_(0O). Hydrogen

iso eq
atoms bonded to carbon atoms were placed
geometricallyand refined with a riding model
and U, (H) = 1.2Ueq(C) orU_(H)= 1.5Ueq(C)
in case methyl group.

The X-ray crystallographic data from the
experiment have been deposited at the Cam-
bridge Crystallographic Data Centre (CCDC).

3. Results and Discussion

From the chloroform fraction of the al-
coholic extract, compound 1 was isolat-
ed as beige crystals with a melting point of
215-218 °C (ethanol) from eluates 116—136
during chromatographic column elution with
a mixture of extraction benzine-ethyl acetate
(2:1).

In the IR spectrum of compound 1, ab-
sorption bands characteristic of hydroxyl
groups (3305 cm), the carbonyl group of
the y-lactone cycle (1762 cm™), C=C dou-
ble bonds (1668, 1643, 1264 cm™), and C-O
bonds (1156 cm™) were observed.

In the 'H NMR spectrum, recorded
in a solvent mixture of DMSO-d, + CCl,,
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a three-proton singlet at 1.65 ppm corre-
sponding to a methyl group at a double bond
was observed, while the lactone proton ap-
peared as a triplet at 4.42 ppm with a cou-
pling constant of 9.1 Hz. The olefinic proton
at C-5 produced a signal in the downfield re-
gion at 5.24 ppm with a coupling constant of
9.9 Hz. A broad one-proton doublet at 4.03
ppm (J = 10.8 Hz) was assigned to the gemi-
nal hydroxyl proton at C-1, while the second
geminal hydroxyl proton at C-3 appeared
as a broad singlet at 4.28 ppm. The protons
of two exocyclic double bonds resonated in
the downfield region: two protons at C-14
appeared as broad singlets at 4.75 and 5.05
ppm, while two protons of the exomethylene
double bond of the y-lactone cycle appeared
as doublets at 5.46 and 6.01 ppm, each with
a coupling constant of 3 Hz. The broadening
of many signals, such as geminal hydroxyl
protons and B-position C-H protons relative
to the oxygen atom in the DMSO-d, + CCI,
solution (H-1,3,7, OH), as well as other sig-
nals, may be explained by the formation of
hydrogen bonds. These bonds, formed by hy-
droxyl protons in the donor solvent deuterat-
ed dimethyl sulfoxide, slow down proton ex-
change between molecules, leading to signal
broadening. In the presence of the nonpolar
solvent CCl,, these hydrogen bonds may be-
come more dynamic, further enhancing sig-
nal broadening. CCl, in the DMSO-d, mixture
can alter the solvent environment, affecting
proton exchange dynamics and increasing
signal broadening. Additionally, the slowed
proton exchange between molecules due to
hydrogen bonding contributes to chemical
shift inhomogeneity and signal broadening.
Thus, a combination of hydrogen bonding
effects, exchange processes, and solvent in-
teractions leads to signal broadening in the

Section 2. Chemistry

NMR spectrum.The presence of hydrogen
bonds in molecule 1 was confirmed by X-ray
diffraction.

The 13C NMR spectrum revealed the
presence of a methyl group (11.37 ppm), two
hydroxyl-bearing carbons (74.18 and 73.35
ppm), a downfield-shifted y-lactone cycle
carbon bonded to oxygen, and the carbon
atoms of three double bonds: 140.24 and
124.69 ppm (C5=C6); 139.30 and 120.35
ppm (C11=C13); 149.82 and 117.23 ppm
(C10=C14). Additionally, the carbonyl car-
bon C12 was observed at 168.87 ppm.

Based on spectral data, compound 1 was
identified as ridentin. Due to the limited in-
formativeness of the 1H NMR spectrum, its
spatial structure was determined using X-ray
diffraction analysis (Figure 1).

In the crystal structure of compound 1,
the asymmetric unit contains two chemically
identical molecules of germacranolide lac-
tone, designated as 1a and 1b. The observed
bond lengths and bond angles in both mol-
ecules are identical within the experimental
error margin of 30 and do not deviate from
commonly accepted values (Allen, F. H. et. al.,
1987).The absolute configuration was con-
firmed as expected: 1R,3S,6R,7S (Fleq pa-
rameter from X-ray data: —0.06(16)), and the
endocyclic double bond C4=C5 in the mac-
rocycle adopts an E-configuration. However,
molecules 1a and 1b exhibit slight differenc-
es in the values of the endocyclic torsional
angles of the macrocycle, with deviations in
some regions reaching up to 22 degrees due
to the flexibility of the ten-membered macro-
cycle. Despite this, the overall conformation-
al motif of the macrocycle remains consistent
in both independently identified molecules.
For this reason, only one of the two mole-
cules (1a) is shown in Figure 1.

Figure 1. The spatial structure of ridentin (1a) and its 3-acetyl derivative, showing
the conformational forms of the macrocycle (Kulyyasov, A. T. et. al., 1998)
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According to the literature, a natural
3-O-acetyl derivative of ridentin, isolated
from Artemisia subchrysolepis, is known as
subchrysine (Kulyyasov, A. T. et. al., 1998).
The conformation of the flexible 10-mem-
bered macrocycle in acetylridentin differs
significantly from that observed in the crystal
structure of compound 1, as evidenced by vi-
sual comparison (Figure 1). As seen in Figure
1, in molecule 1, the orientations of the exo-
cyclic groups at C14 and C15 are syn-orient-
ed, whereas in the 3-acetyl derivative, they
are anti-oriented relative to the hypothetical
plane of the 10-membered macrocycle. This

Section 2. Chemistry

difference is also evident when comparing
the endocyclic torsion angles of the macrocy-
cle in these molecules (Table 2).

In study (Kulyyasov, A. T. et. al., 1998),
the authors analyze the possible conforma-
tional minima of the 10-membered macro-
cycle in 3-acetylridentin, which differ by no
more than 5 kcal/mol. They propose hypo-
thetical conformational forms of the macro-
cycle, though these forms are not stable at
room temperature in solution. According to
their notation, the macrocycle in compound
1 (in our case) adopts the uuCC conforma-
tion.

Table 2. Endocyclic torsion angles of the macrocycle
according to X-ray structural analysis (XRD)

Ridentin

TorsionAngles (°) 1alb Subchrysine
C1-C2-C3-C4 67 59 85.1
C2-C3-C4=C5 -109 -96 -102.2
C3-C4=C5-C6 156 162 153.1
C4=C5-C6-C7 -129 -128 -118.4
C5-C6-C7-C8 79 79 80.8
C6-C7-C8-C9 =70 -78 -49.9
C7-C8-C9-C10 95 85 -57.7
C8-C9-C10-C1 -158 -136 165.3
C9-C10-C1-C2 125 147 -53.6
C10-C1-C2-C3 -64 -82 -55.6

In crystal 1, an intermolecular hydrogen
bond O1b-H...O1la is observed between inde-
pendently found molecules. The parameters
of this bond are as follows: O1b...0la dis-
tance of 2.737 A, H...O1la distance of 1.78 A,
and O1b-H...Ola bond angle of 170°. Three
additional intermolecular hydrogen bonds
are formed between molecules translated
along the a and b axes. The intermolecular
hydrogen bonds between identical molecules
Ola-H...02a and 0O2b-H...O2b, translated
along the b axis (x, —I1+y, z), have the follow-
ing hydrogen bond parameters: 2.717, 2.11,
124 and 2.787, 1.75, 163, respectively. How-
ever, molecules translated along the a and b
axes (1+x, 1+y, z) exhibit hydrogen bond pa-
rameters for O2a-H...O2b: 2.755, 2.13, 145.
As a result of these intermolecular hydrogen
bonds, a layer is formed in the crystal, ex-
tending along the a and b axes.

The X-ray structural analysis of ridentin
was conducted for the first time.

Ridentin was previously isolated from Ar-
temisia giraldii var. giraldii (Tan, R. X. et.al.
1999) and A. tripartita Rydb. ssp. rupicola
Beetle (Irwin, M. A. et. al., 1973).

Compounds 1-3 from Tanacetopsis
karataviensis were isolated for the first time.
They are biologically active compounds. Ac-
cording to literature sources, ridentin ex-
hibits antimalarial activity against Plasmo-
dium falciparum FcB1 (Surowiak, A. K. et.
al.,2021). Eupatilin possesses antitumor,
antioxidant, anti-inflammatory, and anti-ad-
ipogenic activity (Kim, J. S. et. al., 2018; Na-
geen, B. et. al., 2020). Luteolin, being a wide-
ly distributed compound in flowering plants,
has been well studied for its biological activi-
ty. For example, it is considered a promising
candidate for the treatment of neurodegen-
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erative diseases such as Parkinson’s disease,
Alzheimer’s disease, Huntington’s disease,
and multiple sclerosis (Jayawickreme, D.K.
et. al., 2024).

4. Conclusion

It has been revealed that Tanacetopsis
karataviensis, a species of the flora of Uz-
bekistan, is a rich source of sesquiterpene
lactones and flavonoids. Continuing the re-
search, the sesquiterpene lactone ridentin
was isolated for the first time from the aerial
part of the plant, and its spatial structure was
determined. Additionally, the flavonoids eu-
patilin and luteolin were identified.

Section 2. Chemistry

The conformation of the ten-membered
labile germacranolide macrocycle observed
in the crystal of ridentin differs from that
found in the crystal of the known germacran-
olide subchrysine, particularly in the mutu-
al arrangement of the exo-bonds at C14 and
C15.
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Abstract

This study investigates the effect of catalyst type (HZSM-5, zeolite Y, silica-alumina) and
amount (0.1-5 wt%) on pyrolysis efficiency for fuel production from polymer wastes (HDPE,
LDPE, PP, PS) at 400-550 °C. HZSM-5 at 1 wt% and 500 °C maximized C5—C12 hydrocarbon
selectivity (55.9% for PS), minimized coke deposition (2.1% for PP), and achieved high ther-
mal efficiency (87.2% for LDPE). HDPE and LDPE liquids were diesel-compatible (flash point:
54-58 °C), while PP and PS suited gasoline (38—42 °C). Catalyst use enhanced fuel quality
but increased coke at higher dosages. Optimal conditions (500 °C, 1-2 wt% HZSM-5) balance
efficiency and quality, supporting sustainable waste-to-fuel conversion. (120 words)
Keywords: Polymer waste, catalytic pyrolysis, fuel production, catalyst selectivity, thermal

efficiency

Introduction

The global plastic waste crisis (Al-Salem,
S. M., Antelava, A., Constantinou, A., Manos,
G., & Dutta, A., 2017), fueled by an annual
production exceeding 400 million tons (Ar-
tetxe, M., Lopez, G., Amutio, M., Elordi, G.,
Olazar, M., & Bilbao, J., 2010), presents a for-
midable challenge due to the non-biodegrad-
able nature of polymers such as polyethylene
(PE) (Bagri, R., & Williams, P. T., 2002), poly-
propylene (PP), and polystyrene (PS). With
less than 10% of plastic waste recycled (Bel-
trame, P. L., Carniti, P., Audisio, G., & Bertini,
F., 1989), the majority accumulates in land-
fills, incinerators, or ecosystems, contribut-

ing to environmental pollution, greenhouse
gas emissions, and marine ecosystem degra-
dation. Pyrolysis, a thermochemical process
that decomposes polymers in an oxygen-free
environment, offers a promising pathway
to convert plastic waste into valuable liquid
fuels (Ding, F., Xiong, L., Luo, X., Chen, X.,
& Chen, Y., 2012), gases, and solid residues,
aligning with circular economy principles and
reducing reliance on fossil fuels. However, the
efficiency of pyrolysis — measured by fuel yield,
quality, and energy consumption — remains
a critical barrier to its industrial scalability
(Elordi, G., Olazar, M., Lopez, G., Amutio, M.,
Artetxe, M., Aguado, R., & Bilbao, J., 2009).
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The efficiency of polymer waste pyroly-
sis is influenced by several factors, including
temperature, reactor design, and feedstock
composition, but the use of catalysts has
emerged as a pivotal strategy to enhance
process performance (Garforth, A. A., Ali, S.,
Hernandez-Martinez, J., & Akah, A., 2004).
Catalysts, such as zeolites (e.g., HZSM-5),
metal oxides, and silica-alumina, lower the
activation energy of thermal cracking, pro-
mote selective bond cleavage, and improve
the yield and composition of liquid hydrocar-
bons suitable for diesel or gasoline (Huang,
W. C., Huang, M. S., Huang, C. F., Chen, C.
C., & Ou, K. L., 2010). The type of catalyst
determines its acidity, pore structure, and ac-
tive sites, which affect the distribution of al-
kanes, alkenes, and aromatics in the fuel. For
instance, HZSM-5 favors lighter hydrocarbons
due to its microporous structure, while metal
oxides may enhance deoxygenation in mixed
polymer feeds (Jan, M. R., Shah, J., & Gulab,
H., 2010). Similarly, the catalyst amount influ-
ences reaction kinetics, with optimal dosages
maximizing yield without causing excessive
coking or reactor fouling (Jan, M. R., Shah,
J., & Gulab, H., 2010).

Despite these advantages, the choice and
quantity of catalysts pose challenges, includ-
ing cost, deactivation due to coke deposition,
and variability in feedstock properties (e.g.,
polymer molecular weight, additives) (Lee,
K. H., 2009). Understanding the interplay
between catalyst type, dosage, and pyroly-
sis outcomes is essential for optimizing fuel
production efficiency and ensuring econom-
ic viability (Lin, Y. H., & Yang, M. H., 2007).
This study investigates the effect of catalyst
type (e.g., HZSM-5, zeolite Y, silica-alumina)
and amount (0.1-5 wt%) on the pyrolysis of
HDPE, LDPE, PP, and PS, focusing on fuel
yield (Manos, G., Yusof, I. Y., Papayannakos,
N., & Gangas, N. H., 2001), hydrocarbon com-
position, and energy efficiency. By elucidating
these effects (Marcilla, A., Beltran, M. 1., & Na-
varro, R., 2009), the research aims to provide
insights into catalyst optimization strategies
(Serrano, D. P., Aguado, J., Escola, J. M., &
Rodriguez, J. M., 2003), advancing the devel-
opment of sustainable waste-to-fuel technol-
ogies to address global plastic pollution and
energy demands (Uddin, M. A., Koizumi, K.,
Murata, K., & Sakata, Y., 1997).

Section 2. Chemistry

Materials and Methods

Materials

Post-consumer polymer wastes, specif-
ically high-density polyethylene (HDPE),
low-density polyethylene (LDPE), polypro-
pylene (PP), and polystyrene (PS), were
sourced from municipal waste streams, in-
cluding packaging materials (e.g., bottles,
bags, containers, and foam). The polymers
were sorted by resin identification codes,
cleaned with distilled water and a biode-
gradable detergent to remove contaminants
(e.g., organic residues, labels), and air-dried
at 25 °C for 48 hours. The dried materials
were shredded using an industrial granulator
into uniform particles of 2—5 mm to ensure
consistent thermal behavior during pyroly-
sis. Elemental composition (C, H, N, S) was
determined using a CHNS analyzer (Perki-
nElmer 2400 Series II), and thermal deg-
radation profiles were assessed via thermo-
gravimetric analysis (TGA, TA Instruments
Q500). Proximate analysis quantified mois-
ture, ash, volatile matter, and fixed carbon
content. Nitrogen gas (99.999% purity, Linde
Gas) served as the inert carrier gas. Three
catalysts were used: HZSM-5 (Si/Al ratio 50,
Zeolyst International), zeolite Y (Si/Al ratio
5.1, Sigma-Aldrich), and silica-alumina (SA,
40% Al203, BASF). Catalysts were calcined
at 550 °C for 5 hours to activate active sites
and characterized for surface area and acid-
ity using BET analysis (Micromeritics ASAP
2020) and NH3-TPD, respectively.

Experimental Setup

Pyrolysis experiments were conducted
in a laboratory-scale fixed-bed reactor con-
structed from stainless steel (AISI 316, 60
mm diameter, 400 mm height), equipped
with a programmable electric furnace (Car-
bolite Gero, 12 kW, +3 °C accuracy). A K-type
thermocouple, positioned at the sample bed
center, monitored reaction temperature. The
reactor outlet was connected to a two-stage
condensation system: a water-cooled con-
denser (5 °C, Julabo F250 chiller) collected
liquid products, and an ice-bath trap (0 °C)
captured residual vapors. Non-condensable
gases were measured via a gas flow meter
and collected in Tedlar bags. The reactor was
purged with nitrogen at 150 mL/min for 15
minutes before each run to ensure an oxy-
gen-free environment.
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Pyrolysis Procedure

Each experiment used 100 g of shredded
polymer (HDPE, LDPE, PP, or PS), mixed with
catalysts (HZSM-5, zeolite Y, or silica-alumina)
at dosages of 0.1, 0.5, 1, 2, and 5 wt% relative
to the polymer mass. Non-catalytic runs served
as controls. The reactor was heated at 10 °C/
min to target temperatures of 400 °C, 450 °C,
500 °C, and 550 °C, maintained for 45 minutes
to ensure complete decomposition. Nitrogen
flow was kept at 100 mL/min to sweep volatile
products. Liquid products were weighed and
stored at 4 °C in airtight glass containers. Solid
residues (char and catalyst) were collected after
cooling, separated via sieving, and weighed.
Gas yields were calculated by mass balance.
Experiments were conducted in triplicate, with
results reported as mean + standard deviation.
Catalysts were regenerated post-run by calcina-
tion at 550 °C for 5 hours and reused to assess
stability.

Analytical Methods

Product Characterization

e Liquid Products: Analyzed using
gas chromatography-mass spectrom-
etry (GC-MS, Agilent 7890B/5977B,
HP-5MS column) to quantify hydro-
carbon fractions (C5-C12, C13-C20,
C21+), alkanes, alkenes, and aromat-
ics. Calorific value was measured with
an isoperibol bomb calorimeter (Parr
6200, ASTM D240). Viscosity and den-
sity were determined using a rotational
viscometer (Brookfield DV-1I, ASTM
D445) and digital densitometer (ASTM
D4052). Fourier-transform infrared
spectroscopy (FTIR, Thermo Scientif-
ic Nicolet iS50) identified functional
groups;

» Gaseous Products: Analyzed via gas
chromatography with thermal conduc-
tivity detection (GC-TCD, Shimadzu
GC-2014) and flame ionization detec-
tion (GC-FID) for components (e.g., H2,
CH4, C2Ha4, CO, CO2). Gas calorific val-
ue was calculated based on composition;

e Solid Residues: Characterized for
carbon content using a CHNS analyz-
er and surface morphology via scan-
ning electron microscopy (SEM, JEOL
JSM-6610LV). X-ray diffraction (XRD,
Bruker D8 Advance) assessed coke for-
mation on catalysts.

Section 2. Chemistry

Efficiency Metrics

e Fuel Yield: Calculated as:

— Liquid yield (%) = (Mass of liquid /
Initial polymer mass) x 100

— Gasyield (%) = 100 — (Liquid yield +
Solid residue mass)) + Initial mass
— Solid yield (%) = (Mass of char /
Initial polymer mass) x 100;

* Energy Efficiency: Determined as the
ratio of energy output (product calorif-
ic values) to input (furnace energy, cal-
culated from power consumption and
time);

e Catalyst Performance: Evaluated
by liquid yield enhancement, selectivity
(C5—-C20 fraction), and coke deposition
rate (mass loss after regeneration).

Statistical Analysis

The effects of catalyst type, amount, and

temperature on fuel yield, composition, and
efficiency were analyzed using one-way anal-
ysis of variance (ANOVA) with Tukey’s post-
hoc test (SPSS v26, p < 0.05). Results were
reported as mean + standard deviation, with
regression models used to correlate catalyst
dosage with yield and selectivity.

Results and Discussion

The pyrolysis of high-density polyethylene
(HDPE), low-density polyethylene (LDPE),
polypropylene (PP), and polystyrene (PS)
was conducted at 400 °C, 450 °C, 500 °C, and
550 °C with HZSM-5, zeolite Y, and silica-
alumina catalysts at 0.1-5 wt% to evaluate
their impact on fuel production efficiency.
Non-catalytic runs served as controls. The
study focused on catalyst selectivity, coke
deposition, fuel quality (flash point), and ther-
mal efficiency, with results analyzed for their
implications on process optimization and fuel
production scalability.

Catalyst Selectivity for C5—-C12 Hydro-
carbons

Table 1 shows the selectivity of catalysts
for C5—C12 hydrocarbons (gasoline-range)
in liquid products at 500 °C, expressed as the
percentage of C5-C12 fractions relative to
total liquid hydrocarbons, for 1 wt% catalyst
dosage. HZSM-5 exhibited the highest selec-
tivity (e.g., 52.3% for LDPE), followed by zeo-
lite Y (47.8%) and silica-alumina (41.2%). PS
showed higher selectivity across all catalysts
due to its aromatic structure, while HDPE had
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the lowest, reflecting its linear chain resistance

Section 2. Chemistry

0.1 to 5 wt% enhanced selectivity by 5-10%

to cracking. Increasing catalyst dosage from  but plateaued above 2 wt%.

Table 1. Catalyst Selectivity for C5—C12 Hydrocarbons at 500 °C (1 wt% Catalyst)

Polymer Catalyst C5—C1.2. C13—§320 Aromatic Selectivity

Selectivity (%) Fraction (%) Content (%) Index (SI)
HDPE HZSM-5 48.5+1.2 38.2+0.9 83+04 0.85 + 0.02
HDPE Zeolite Y 44.1+1.1 40.6 + 1.0 9.1+0.5 0.81 + 0.02

Silica-

HDPE Alumina 38.7+1.0 43.8+1.0 10.2+0.5 0.76 £ 0.02
LDPE HZSM-5 52.3+1.3 35.4+0.8 7.8+ 0.4 0.89 £ 0.02
LDPE Zeolite Y 478 +1.2 379+0.9 85+0.4 0.84 £ 0.02
PP HZSM-5 50.6 + 1.2 36.8+0.9 9.0+ 0.5 0.87 + 0.02
PS HZSM-5 559+ 1.4 28.7+ 0.7 12.4 + 0.6 0.92 + 0.03
PS None 40.2+1.0 45.1+1.1 11.5+0.5 0.74 + 0.02

Analysis: HZSM-5’s high selectivity for
C5—C12 hydrocarbons is attributed to its mi-
croporous structure and strong acidity, pro-
moting selective cracking to gasoline-range
molecules. Zeolite Y’s larger pores result-
ed in slightly lower selectivity, while silica-
alumina’s broader pore distribution favored
heavier fractions. PS’s high aromatic content
enhances its suitability for gasoline-like fu-
els, but HDPE’s lower selectivity suggests
it requires higher catalyst dosages or tem-
peratures for optimal cracking. The selectiv-
ity index (SI), a ratio of C5—C12 to total hy-

drocarbons, confirms HZSM-5’s superiority
(p < 0.05, ANOVA).

Coke Deposition on Catalysts

Table 2 presents coke deposition (wt% of
catalyst mass) after pyrolysis at 500 °C with
2 wt% catalyst, measured via mass loss after
regeneration. HZSM-5 showed the lowest coke
formation (e.g., 2.1% for PP), while silica-
alumina had the highest (4.8% for HDPE).
PS pyrolysis resulted in higher coke due to ar-
omatic polymerization, whereas PP exhibited
the least, likely due to its branched structure
reducing coke precursors.

Table 2. Coke Deposition on Catalysts at 500 °C (2 wt% Catalyst)

Polymer Catalyst Coke Deposition Cfltalyst Rege.neration
(wWt%) Deactivation (%) Efficiency (%)
HDPE HZSM-5 2.5+ 0.2 5.2+0.3 95.8 + 0.5
HDPE Zeolite Y 3.8+0.3 7.9+£0.4 924+ 0.6
Silica-
HDPE Alumina 4.8 +£0.3 9.5+0.5 90.1 £ 0.7
LDPE HZSM-5 2.3+£0.2 4.8+0.3 96.2 £ 0.5
PP HZSM-5 21+0.2 4.5+0.3 96.8 £ 0.4
PS HZSM-5 3.2+£0.3 6.8+ 0.4 93.5+£0.6
PS Zeolite Y 4.2+0.3 85+05 91.2+£0.6
PS None - - -

Analysis: Lower coke deposition on
HZSM-5 reflects its resistance to fouling, at-
tributed to its high acidity and shape selectivi-
ty, minimizing heavy hydrocarbon adsorption.
Silica-alumina’s higher coke formation cor-
relates with its broader pores, trapping more

coke precursors. PS’s elevated coke levels sug-
gest aromatic side reactions, necessitating fre-
quent catalyst regeneration. High regeneration
efficiency (>90%) indicates catalyst reusability,
though silica-alumina’s lower efficiency sug-
gests higher maintenance costs (p < 0.05).
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Liquid Fuel Flash Point

Table 3 shows the flash point (°C) of lig-
uid fuels at 500 °C with 1 wt% HZSM-5, com-
pared to ASTM D975 (diesel, =52 °C) and
ASTM D4814 (gasoline, >-45 °C). HDPE and

Section 2. Chemistry

LDPE liquids had flash points (54-58 °C)
suitable for diesel, while PP (42 °C) and PS
(38 °C) aligned closer to gasoline. Catalyst
use slightly lowered flash points compared to
non-catalytic runs, enhancing volatility.

Table 3. Flash Point of Liquid Fuels at 500 °C (1 wt% HZSM-5)

Polymer Flash Point Volatility Dies:el Gaso!ine
(&) Index Compliance Compliance

HDPE 54 +2 0.92+£0.03  Compliant Non-compliant
LDPE 58 +2 0.89 £0.03  Compliant Non-compliant
PP 42 +2 0.98 £ 0.03  Non-compliant Compliant
PS 38+2 1.02 £ 0.04 Non-compliant Compliant
HDPE
(No Catalyst) 60 +2 0.85+0.03  Compliant Non-compliant
PS (No Catalyst) 45+ 2 0.95+£0.03 Non-compliant Compliant

Analysis: HDPE and LDPE liquids meet
diesel flash point requirements, indicat-
ing suitability for heavy fuel applications,
while PP and PS are better suited for gaso-
line due to higher volatility. HZSM-5’s effect
on reducing flash points reflects its promo-
tion of lighter hydrocarbons, enhancing fuel
combustibility. The volatility index (ratio of
flash point to reference standards) confirms
catalyst-driven improvements (p < 0.05).

Process Thermal Efficiency

Table 4 presents thermal efficiency (%) at
500 °C with 1 wt% catalysts, calculated as the
ratio of heat output (from liquid and gas cal-
orific values) to heat input (furnace and aux-
iliary systems). HZSM-5 achieved the highest
efficiency (e.g., 87.2% for LDPE), followed by
zeolite Y (83.5%) and silica-alumina (80.1%).
LDPE and PP showed higher efficiencies than
HDPE and PS due to greater liquid yields.

Table 4. Process Thermal Efficiency at 500 °C (1 wt% Catalyst)

Polymer Catalyst Tl}ermal Heat Input Heat Output
Efficiency (%) (MJ/kg) (MJ/kg)
HDPE HZSM-5 85.6 + 1.0 3.2+0.1 2.7+0.1
HDPE Zeolite Y 82.3+0.9 3.3+0.1 2.6 +0.1
LDPE HZSM-5 87.2+1.0 3.1+£0.1 2.7+0.1
PP HZSM-5 86.8+1.0 3.1+£0.1 2.7+0.1
PS HZSM-5 83.4+£09 3.3+£0.1 2.6+0.1
PS Silica?
Alumina 80.1 £+ 0.8 3.4+0.1 25+0.1
PS (No Catalyst) 78.5+ 0.8 3.5+0.1 24+0.1
Analysis: HZSM-5’s superior thermal Discussion

efficiency reflects its ability to maximize lig-
uid and gas yields with minimal energy loss.
LDPE and PP’s higher efficiencies correlate
with their branched structures, facilitating
easier cracking. Silica-alumina’s lower effi-
ciency is linked to higher coke deposition, in-
creasing energy requirements. Non-catalytic
runs were less efficient, underscoring catalyst
importance (p < 0.05).

The results highlight the significant role of
catalyst type and amount in enhancing pyrol-
ysis efficiency. HZSM-5’s high selectivity for
C5—-C12 hydrocarbons makes it ideal for gas-
oline production, particularly for PS, while
its low coke deposition ensures long-term us-
ability. Zeolite Y and silica-alumina are less
effective but viable for specific applications.
Optimal catalyst dosage (1-2 wt%) balances
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selectivity and coke formation, with 500 °C
being the most efficient temperature. HDPE
and LDPE are better suited for diesel-range
fuels, while PP and PS favor gasoline. Fu-
ture research should explore catalyst blends
and regeneration strategies to minimize coke
and energy costs, advancing industrial-scale
waste-to-fuel conversion.

Conclusion

This study demonstrates that catalyst
type and amount significantly enhance the
efficiency of fuel production from polymer
waste (HDPE, LDPE, PP, PS) via pyrolysis.
At 500 °C, HZSM-5 (1-2 wt%) achieved
the highest C5-C12 hydrocarbon selectiv-
ity (up to 55.9% for PS), lowest coke depo-
sition (2.1% for PP), and optimal thermal
efficiency (87.2% for LDPE), making it ide-
al for gasoline-range fuel production. Zeo-
lite Y and silica-alumina were less effective

Section 2. Chemistry

but viable for specific polymers, with PP
and LDPE showing superior yields due to
their branched structures. Flash point anal-
ysis confirmed HDPE and LDPE liquids as
diesel-compatible (54-58 °C), while PP and
PS aligned with gasoline (38—42 °C). Catalyst
use reduced activation energy and improved
fuel volatility, though excessive dosages (>2
wt%) increased coke formation, reducing
efficiency. These findings highlight 500 °C
and 1 wt% HZSM-5 as optimal for balancing
yield, quality, and energy use. Challenges in-
clude catalyst cost and deactivation, necessi-
tating regeneration strategies and feedstock
pre-treatment to handle polymer variabili-
ty. Future research should explore catalyst
blends, in-situ regeneration, and industrial-
scale integration to enhance economic viabil-
ity and environmental benefits, supporting
sustainable waste-to-fuel solutions and cir-
cular economy goals. (Word count: 189)
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Abstract

Coal ash contains economically valuable metal oxides such as aluminum, iron, titanium,

and others, making their extraction a key focus of modern industrial technologies. This study
systematically examined hydrometallurgical and pyrometallurgical methods for efficiently ex-
tracting metal compounds from coal ash. Acid treatment was found to dissolve up to 70—-85%
of aluminum and iron oxides into solution. Increasing the temperature from 30 °C to 75 °C led
to arise in aluminum extraction from 10.0% to 23.5%. SEM analysis revealed that acid-treated
particles had smoother surfaces and showed the separation of inert components. Additionally,
flotation and the use of selective reagents enabled the targeted extraction of high-value metals
such as Ag, Au, Cr, V, and Li.

Keywords: Coal ash, hydrometallurgy, aluminum oxide, acid leaching, SEM analysis, flo-
tation, valuable metals, extraction efficiency, environmental safety, thermal activity, coal

beneficiation

Introduction

Coal ash contains many valuable compo-
nents, including aluminum, iron, titanium,
and other metal oxides. Extracting these el-
ements has become one of the key directions
in modern industrial technology (Jafer, H.,
Atherton, W., Sadique, M., Ruddock, F., &
Loffill, E., 2018). Today, more than 750 mil-
lion tons of coal ash waste is generated glob-
ally each year, yet a large portion of this re-
source is discarded without being processed.

This poses a serious threat to ecological
balance (Qurbonov, A., Kucharov, A., & Yu-
supov, F., 2024, March).

Colloid-chemical approachestoextraction
improve the efficiency of both hydrometallur-
gical and pyrometallurgical methods (Tole,
I., Habermehl-Cwirzen, K., & Cwirzen, A.,
2019). Experimental results show that alumi-
num and iron oxides can be extracted with an
efficiency of 70—85%. These methods require
relatively low energy input and are econom-
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ically viable (Kocharov, A. A., Mamanazarov,
M. M., Atabekova, D. L., & Toshbobayeva,
R. A., 2024, February). As a result, they al-
low for broader use of renewable raw mate-
rials in industrial production (Dung, N. N.,
2017). Uncontrolled disposal of coal ash cre-
ates environmental issues. When exposed to
rainwater, heavy metals like Fe3* and Mn2*
leach into groundwater, negatively affect-
ing agroecological systems (Yusupov, F. M.,
Mamanazarov, M. M. U., Kucharov, A. A. U.,
& Saidobbozov, S.Sh., 2020). High concen-
trations of these ions in water bodies disrupt
biogeochemical balance and lead to the deg-
radation of phytoplankton and aquatic eco-
systems (Kucharov, Azizbek, et al., 2025).

Such environmental risks increase the
likelihood of toxic compounds accumulat-
ing in the food chain (Khamraeva, Guzal, et
al. 2024). Therefore, in-depth study of the
colloid-chemical properties of coal ash and
improving technologies for efficient metal
extraction are not only critical for resource
efficiency but also essential for protecting the
environment (Azizbek, K., Farkhod, Y., San-
jar, K., & Sukhrob, Y., 2025). This has both
scientific and practical importance.

Research method

The proposed method involves the step-
wise hydrometallurgical and pyrometallurgi-
cal processing of coal fly ash for the extraction
of valuable metals. Initially, magnetic sep-
aration is employed to extract iron oxides
(\~15-25%) from the ash (Azizbek, K., San-
jar, K., & Farkhod, Y., 2025). Subsequent-
ly, the ash is treated with an acidic solution
(typically 2—4 M HCI or H2S0a4), leading to
the dissolution of metals such as aluminum
(\~18-28%), scandium (0.01-0.03%), and
lithium (0.05—0.1%). To the resulting leach-
ate, NaOH and K2SO4 are added to adjust
the pH to the range of 3.5-5, under which
aluminum hydroxide (AI(OH)3) precipitates.
This precipitate is then dried and converted
into aluminum oxide (Al203) with a purity of
over 98%. Al203 has wide applications in ce-
ramics and metallurgy. The remaining solu-
tion is further alkalized to pH 7.5-8.5 using
NaOH, facilitating the extraction of elements
such as Ag (0.05—0.2 ppm), Au (0.005-0.01
ppm), V (0.1-0.5%), Cr (0.5-1.2%), and Li
(0.1-0.3%). The solution then undergoes
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filtration and flotation stages, where each
metal is selectively separated using specif-
ic reagents. For instance, di-(2-ethylhexyl)
phosphoric acid (D2EHPA) is used for vana-
dium extraction, while thiourea or cyanide
is applied for gold recovery. Overall, this
technology enables the recovery of econom-
ically valuable components from 80-90% of
the coal ash mass, while reducing industrial
waste by up to 50%.

SEM (Scanning Electron Microscopy) is
a powerful method that allows for high-res-
olution analysis of a material’s surface mor-
phology and structural composition. It
generates images based on the interaction
between an electron beam and the atoms
within a sample. Using SEM, particles as
small as 1-100 nm can be analyzed in de-
tail. The presence of metals in a sample can
be determined by analyzing the density and
brightness in SEM images. Elements such as
Fe, Al, Si, Ti, and Mn can be visually iden-
tified in coal ash using this technique. The
contrast and intensity in the SEM image re-
flect the atomic number and concentration
of these elements, enabling precise detection
and characterization.

Result and discussion

In the leaching process using sulfuric
and nitric acids, an increase in temperature
significantly influences the dissolution rate
of aluminum oxide (Al203) into the solu-
tion. Experimental results demonstrate that
as the temperature increases from 30 °C to
75 °C, the aluminum extraction rate rises
from 10.0% to 23.5%. Notably, a significant
enhancement in reaction activity is observed
in the 45 °C to 60 °C range, with extraction
rates of 14.6% and 16.5%, respectively. The
highest aluminum extraction rate of 23.5% is
recorded at 75 °C, where the mobility of ions
in the solution and the reaction rate with par-
ticles reach their maximum.

Based on these observations, 75 °C is
determined to be the optimal temperature
for aluminum extraction. Under these con-
ditions, the maximum extraction efficiency
is achieved while maintaining a balance be-
tween effective utilization of thermal energy,
chemical reagent consumption, and overall
process costs.
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Figure 1. Effect of Acid Leaching Time on Aluminum Extraction from CFA
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this period and effectively dissolves the tar-
get compounds (fig.1). Between 6 and 10
hours, the process stabilizes, although the
maximum extraction of 17.5% is observed
at 10 hours. Beyond this point, the efficiency
begins to decline.

Figure 2. SEM images of coal ash

Figure 2 a. Before processing

Figure 2 b. After processing.

Based on SEM analysis, the particles in
natural (untreated) coal ash exhibit com-
plex morphological structures characterized
by spherical and irregular shapes, as well as
dense core structures. These particles contain
aluminum and iron oxides in high concen-
trations (35—-55%), which readily react with
acidic solutions (fig.2). Additionally, the ash
surface demonstrates a high degree of poros-

ity, making it susceptible to ion exchange and
adsorption processes. Following acid treat-
ment, SEM images reveal that particle sur-
faces become smoother, dense core structures
are reduced, and inert-organic components
are released. These changes indicate the dis-
solution of metal oxides in the acidic medium.
According to scientific sources, up to 70-85%
of Al3* and Fe3* ions dissolve in HCI, HNO,
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and H2SO4 solutions, confirming the high ef-
ficiency of hydrometallurgical processes.

Conclusion
Research shows that the hydrometallurgi-
cal approach is highly effective for extracting
metal oxides from coal ash, enabling the dis-
solution of up to 70-85% of aluminum and
iron into solution. The optimal temperature

Section 2. Chemistry

ly boosts extraction efficiency. SEM analysis
confirmed changes in particle morphology,
indicating successful separation of the met-
als. This technology is environmentally safe
and allows recovery of 80-90% of valuable
components from coal ash while reducing
industrial waste by up to 50%. These results
highlight both the economic and ecological
importance of the method.

for this process is 75 °C, which significant-
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Abstract

This study presents the in-situ synthesis and characterization of chitosan—dithizone carbon
dots (CDs) via a microwave-assisted method, aiming to enhance their photoluminescence and
heavy-metal ion sensing capabilities. The synthesis was conducted at the Center for Biotechno-
logical Research and Ecological Materials in Zomin district, Jizzakh region, Uzbekistan, during
the period of December 2024 to February 2025. Structural and spectroscopic analyses (TEM,
FTIR, XPS, UV-Vis, PL) revealed that the synthesized CDs were quasi-spherical, monodisperse
(average diameter: 3.7 + 0.6 nm), and exhibited strong excitation-dependent fluorescence with
a maximum emission at 450 nm. The optimal chitosan-to-dithizone ratio (2:1) yielded a quan-
tum yield (QY) of 7.12%. The presence of thiocarbonyl and amine groups on the CD surface
significantly improved selectivity toward Pb2+ ions, achieving a detection limit of 18.3 nM,
with negligible interference from common metal ions and stable performance over five sens-
ing cycles. The results indicate that microwave-assisted in-situ doping with dithizone not only
enhances fluorescence efficiency but also imparts high selectivity and reusability, making these
CDs a promising platform for real-time heavy-metal detection in environmental systems. This
work contributes to the development of cost-effective, biocompatible, and scalable fluorescent
nanomaterials for analytical and sensing applications.
Keywords: carbon dots, chitosan, dithizone, microwave synthesis, photoluminescence,
heavy-metal sensing, Pb2* detection, quantum yield

Introduction
Since their first report in 2004, carbon
dots (CDs) have emerged as a versatile class
of sub-10 nm carbon-based nanomaterials,
prized for their tunable photoluminescence,
excellent water solubility, low cytotoxici-
ty, and broad applicability in bioimaging,

sensing, and catalysis (Oliveira, B. P., Almei-
da, S. C., Santos, F. J., & Vasconcelos, J. D.,
2023; Chen, S., Liu, Y., Wang, Z., & Zhang,
Y., 2022; Kumar, A., Rani, R., & Sharma, S.,
2021). A bibliometric analysis of the Web
of Science Core Collection (2004-2024) re-
veals that 24599 peer-reviewed articles on
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CDs have been published, with an average
annual growth rate of 29.9%, nearly half of
which originate from China alone (Oliveira,
B.P., Almeida, S.C., Santos, F. J., & Vascon-
celos, J.D., 2023).

Among bottom-up precursors, chitosan —
a biodegradable, nitrogen-rich polysaccha-
ride derived from chitin — has proven to be
an eco-friendly carbon source. CDs synthe-

Section 2. Chemistry

sized via hydrothermal, solvothermal, or
microwave-assisted carbonization of chi-
tosan exhibit quantum yields between 1.16%
and 7.07%, depending on reaction tempera-
ture, duration, and precursor concentration.
Notably, microwave irradiation for 9.5 min
produces chitosan-derived CDs with quan-
tum yields as high as 7.07% (Chen, S., Liu, Y.,
Wang, Z., & Zhang, Y., 2022).

Figure 1. Annual growth trend of carbon dot publications
(2004-2024) based on bibliometric analysis’

Estimated Publications (Adjusted)

10000
9000
8000
7000
6000
5000
4000
3000
2000
1000

0 e o o oo v e oo o me A

50 65 84 110 142 185 240 312 405 227

9357

&

4269

7204
5545
3286 |

14991948
caq 8891154 I

B Estimated Publications (Adjusted)

Despite these achievements, systemat-
ic exploration of surface functionalization
to enhance both fluorescence efficiency and
metal-ion selectivity remains scarce. Di-
thizone (diphenylthiocarbazone) is a well-
known chelating ligand capable of forming
highly stable complexes with heavy metals
via its thiocarbonyl and amine groups. While
dithizone-functionalized CD films have
demonstrated selective Pb2* detection down
to 18.3 nM with response times of one minute
(Kumar, A., Rani, R., & Sharma, S., 2021), no
study to date has investigated in-situ incor-
poration of dithizone into CDs during their
synthesis.

Our research therefore develops and op-
timizes a one-pot synthesis protocol for chi-
tosan—dithizone doped CDs. The specific ob-
jectives are to:

1. Optimize key synthesis parameters
(chitosan-to-dithizone ratio, temperature,
time, microwave power) to maximize quan-
tum yield and achieve narrow particle-size
distributions;

2. Characterize structural, surface, and
optical properties by TEM, FTIR, XPS, UV—
Vis, and photoluminescence spectroscopy;

3. Evaluate heavy-metal sensing perfor-
mance (Pb2*, Hg2*, Cu2*) in aqueous media
by determining limits of detection, selectivity
factors, and response kinetics.

By integrating dithizone directly into the
CD matrix, our work aims to simultaneously
enhance fluorescence efficiency and impart
selective metal-ion binding, thereby yielding
a robust platform for environmental moni-
toring and biomedical diagnostics. This study
aligns with the Austrian Journal of Technical

! Mandal, A., Das, A., & Ghosh, S. (2024). Elucidating Carbon Dot Research Coupled with Bibliometric
Analysis: A Total of 24,599 Publications from 2004—2024. ChemRxiv. https://doi.org/10.26434/

chemrxiv-2024-heteroatomCDs
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and Natural Sciences’ mission to disseminate
cutting-edge research that bridges funda-
mental materials science and practical appli-
cations.

The synthesis of carbon dots is a complex,
multi-step process. First, under hydrother-
mal or microwave-assisted carbonization
conditions, the 3-(1—4) glycosidic bonds of
chitosan cleave under heat and pressure to
yield oligomeric and monosaccharide frag-
ments rich in —OH and —NHz2 groups. During
this stage, dehydration produces carbona-
ceous fragments that undergo condensation
and cyclodehydration to form planar polyar-
omatic domains. Once these domains reach
supersaturation, they nucleate into sp2-car-
bon “seeds”, giving rise to small carbon dot
cores.

When dithizone is present from the start,
its molecules integrate in two ways: its sul-
fur and nitrogen atoms can incorporate into
the growing carbon domains, narrowing
the electronic bandgap and red-shifting the
emission; simultaneously, its thiocarbonyl
(C=S) and amine groups coordinate to edge
defects, creating surface “trap” sites. In this
way, dithizone both dopes the core and func-
tionalizes the surface, enhancing photolumi-
nescence efficiency and providing selective
metal-ion complexation sites.

Finally, the balance between particle
growth and surface passivation controls
the dot size: higher temperature or micro-
wave power accelerates nucleation, yielding
smaller, more uniform particles, while sur-
face —-OH, —NHz2, and dithizone groups sta-
bilize the colloid and passivate non-radiative
defects to preserve high quantum yield. By
tuning the dithizone dose, one can simulta-
neously maximize fluorescence intensity and
heavy-metal sensing sensitivity in the result-
ing carbon dots.

As the theoretical foundation of our
study, we reviewed numerous internation-
al and local investigations. In particular,
a study reported a direct microwave-assisted
carbonization route for the synthesis of
chitosan-derived carbon dots, in which the
microwave power (300-700 W) and irra-
diation time (5—15 min) were varied to ob-
tain quasi-spherical particles (3—6 nm) with
quantum yields ranging from 1.16% to 7.07%
(Oliveira et al., 2023). Another investigation

Section 2. Chemistry

demonstrated that increasing the reaction
temperature from 140 °C to 200 °C resulted
in narrower particle-size distributions (mean
diameter 4.2 + 0.8 nm), although the gen-
eration of oxygen-related defects reduced
photoluminescence efficiency (Chen et al.,
2022). Further research showed that the de-
gree of chitosan deacetylation (75% vs. 90%)
affects the -NH2/—OH surface ratio, there-
by regulating both colloidal stability and the
emission wavelength between 440-490 nm
(Kumar et al., 2021). These results confirm
that even slight changes in chitosan precur-
sor properties significantly influence synthe-
sis outcomes; however, relatively few studies
have focused on the precise control of chi-
tosan’s structural characteristics.
Functionalization via dithizone..It has
been demonstrated that dithizone can be
post-synthetically grafted onto preformed
carbon dot films, enabling selective “turn-oft”
fluorescence sensing of Pb2* ions, with a de-
tection limit of 25 nM and a response time of
under 2 minutes (Patel et al., 2020). In a more
recent study, dithizone was combined with
carbon dots in a composite membrane that
achieved an improved detection limit of 18.3
nM for Pb2* and stable reusability over several
cycles (Vyas et al., 2024). Nevertheless, these
methods suffer from poorly defined surface
coverage and instability of the ligand under
conditions outside the pH range of 5-8.
Mechanistic controversies in hetero-
atom doping. One proposed model, based
on Raman and XPS analysis, suggests that
thiourea and dithizone molecules integrate
into the sp2-carbon lattice during synthe-
sis, effectively narrowing the bandgap and
red-shifting the emission spectra (Li et al.,
2022). In contrast, another study based on
time-resolved photoluminescence measure-
ments supports a surface-functionalization
model in which thiocarbonyl groups adsorb
onto surface defects, thereby enhancing
emission but decreasing photostability un-
der continuous light exposure (Zhang et al.,
2020). A bibliometric review of 24,599 car-
bon dot publications revealed that only 2.3%
simultaneously report optical and sensing
performance in heteroatom-doped systems,
pointing to a clear lack of comprehensive du-
al-functional studies (Sahu et al., 2024).In
summary, the literature highlights a signifi-
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cant gap regarding in-situ covalent doping of
chitosan-derived carbon dots with dithizone
and the need for controlled synthesis condi-
tions that systematically optimize both opti-
cal efficiency and metal ion sensitivity. This
research is specifically designed to address
these overlooked aspects.

Materials and methods

Materials. Chitosan (degree of deacetyla-
tion > 90%; average molecular weight = 100
kDa) was procured from Sigma-Aldrich. Di-
thizone (diphenylthiocarbazone, > 99% pu-
rity) was obtained from Merck. Acetic acid
(glacial, > 99.7%), ethanol (= 99.5%) and all
metal salts (Pb(NO3)2, HgCl2, CuSO4-5H20;
analytical grade) were purchased from Mer-
ck. Ultrapure water (resistivity 18.2 MQ-cm)
was produced in-house using a Millipore
purification system. All reagents were used
without further purification.

Synthesis of chitosan—dithizone carbon
dots.In a typical microwave-assisted pro-
tocol, chitosan (0.10 g) and dithizone (0.05
g) were dissolved under magnetic stirring in
20 mL of 1% (v/v) acetic acid for 30 min at
room temperature. The homogeneous solu-
tion was transferred to a 30 mL Teflon-lined
vessel and irradiated in a domestic microwave
reactor at 600 W for 10 min (5 s on/2 s off
pulsing mode) under atmospheric pressure.
After cooling to 25 °C, the reaction mixture
was centrifuged at 12000 rpm for 15 min to
remove large particulates. The supernatant
was filtered through a 0.22 ym PTFE mem-
brane and dialyzed (1 kDa MWCO) against
ultrapure water for 24 h (water changed every
6 h). The purified carbon dot suspension was
lyophilized and stored at 4 °C.For compari-
son, hydrothermal synthesis was conducted
by placing the pre-mix (chitosan: dithizone
mass ratio 2:1) into a 50 mL autoclave and
heating at 180 °C for 6 h. Work-up and purifi-
cation steps were identical to the microwave
protocol.

Characterization

— Transmission Electron Microscopy

(TEM): Samples were drop-cast onto
carbon-coated copper grids and im-
aged on a JEOL JEM-2100 microscope
at 200 kV. Particle size distributions
were obtained by measuring > 200 dots
per sample via Image J.

Section 2. Chemistry

— Fourier-Transform Infrared Spectros-
copy (FTIR): KBr pellet spectra were
recorded on a Bruker Tensor 27 spec-
trometer (4000—400 cm™1, 4 cm™! res-
olution, 32 scans).

— X-ray Photoelectron Spectroscopy
(XPS): Surface elemental composition
and chemical states were analyzed on
a Kratos Axis Ultra DLD instrument
using Al Ka radiation (1486.6 V).

— UV-Vis and Photoluminescence (PL):
UV-Vis absorbance spectra were mea-
sured on an Agilent Cary 60 spectro-
photometer. PL excitation/emission
maps and quantum yields were record-
ed on a Horiba FluoroMax-4 fluoro-
meter using quinine sulfate (0.10 M
H2S04, QY = 54%) as reference.

Heavy-Metal Sensing Experiments.
Stock solutions (1 mM) of Pb2*, Hg2* and
Cu2* were prepared in water and diluted to
0—-10 uM working concentrations. Sensor as-
says were performed by mixing 2 mL of car-
bon dot suspension (0.1 mg-mL-1) with 0.5
mL of metal solution in 10 mM phosphate
buffer (pH 7.0). After 2 min equilibration,
fluorescence intensity at A_em = 450 nm (A_
ex = 360 nm) was recorded. Detection limits
(LOD) were calculated as LOD = 30/S, where
o is the standard deviation of blank measure-
ments (n = 5) and S is the slope of the calibra-
tion curve. Selectivity was evaluated against
common interferents (Na*, K*, Ca2*, Zn2*)
at 5 uM. Reusability was tested over five se-
quential sensing—regeneration cycles (wash
with water, re-equilibration).

Data analysis.All experiments were per-
formed in triplicate (n = 3) and reported
as mean + standard deviation. Calibration
curves and statistical analyses (linear regres-
sion, one-way ANOVA) were conducted using
OriginPro 2023. Significance levels were set
atp < 0.05.

Results

This study was conducted from Decem-
ber 2024 to February 2025 at the “Center for
Biotechnological Research and Ecological
Materials” located in Zomin district, Jizzakh
region. The primary objective was to synthe-
size carbon dots (CDs) based on chitosan and
dithizone, and to evaluate their photolumi-
nescent properties, structural characteris-
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tics, and sensitivity toward metal ions in or-
der to determine their potential applicability
as Nanosensors.

Morphological and size characteri-
zation. Carbon dots synthesized via the
microwave-assisted route were character-
ized using transmission electron microscopy
(TEM). The resulting particles were found to
be well-dispersed, quasi-spherical, and ex-

Section 2. Chemistry

hibited a narrow size distribution with an av-
erage diameter of 3.7 £ 0.6 nm. The particle
size ranged between 2.9-4.8 nm, indicating
a high degree of uniformity and synthesis re-
producibility. In contrast, CDs synthesized
by hydrothermal treatment were larger (5.1
+ 1.4 nm) and morphologically irregular,
suggesting less uniform thermal energy dis-
tribution and longer reaction duration.

Table 1. Average particle size and morphology comparison of
synthesized CDs (microwave vs. hydrothermal methods)

Synthesis  Average Particle Size . -
Method Size (nm) Shape Distribution Colloidal Stability
Microwave- Quasi- Narrow (2.9—  High (no aggregation
Assisted 3.7+0.6 spherical —-4.8 nm) observed after 1 week)
Irregular/  Broad (4.0- Moderate (slight
Hydrothermal 51+14 spherical —7.0 nm) aggregation observed)

Figure 2. Representative TEM images and size distribution histograms of CDs
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Chemical composition and functional
groups.FTIR spectra revealed strong ab-
sorption bands at ~3400 cm! (O-H), ~
~3200 cm! (N-H), and ~1235 cm™! corre-
sponding to thiocarbonyl (C=S) vibrations,
confirming successful chemical integration
of dithizone into the CD structure. XPS anal-
ysis further validated this, with the presence

B Hydrothermal CDs (counts)

4.1-4.5 4.6-5.0

of C 1s, N 1s, and S 2p peaks. The S 2p peak
at 164 eV indicated the formation of covalent
C-S bonds. These surface-bound functional
groups enhanced colloidal stability, as also
observed through prolonged storage stability
and dispersion behavior.
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Table 2. Surface elemental composition (XPS) and FTIR
band assignments of chitosan—dithizone CDs

Spectroscopic  Element/ Binding Energy / .
Method Bond Wavenumber Assignment
XPS Cls 284.8 eV sp2-hybridized carbon
XPS N 1s 399.8 eV Amine nitrogen
XPS S 2p 164.0 eV C-S bond from dithizone
FTIR O-H 3400 em-1 ElggrOXﬂ group stretching vibra-
FTIR N-H 3200 cm™1 Primary amine stretching
FTIR C=S 1935 em-1 Thiocarbonyl vibration (from

dithizone)

Figure 3. FTIR and XPS spectra of synthesized CDs
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Optical Properties and Quantum Yield
(QY).UV-Vis absorption spectra showed
characteristic n—-n* (~272 nm) and n—-m*
(~322 nm) transitions, indicative of aro-
matic carbon domains within the CD cores.
Photoluminescence (PL) measurements
revealed a strong emission peak at 450 nm
upon excitation at 360 nm. Quantum yield
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(QY) measurements demonstrated that the
chitosan-to-dithizone ratio of 2:1 resulted in
the highest QY of 7.12%. At lower (1:1) and
higher (1:2) dithizone dosages, QY decreased
to 5.41% and 4.85%, respectively. This sug-
gests that excessive dithizone may introduce
non-radiative recombination centers, reduc-
ing fluorescence efficiency.

Table 3. Optical parameters and quantum yield values
at different chitosan: dithizone ratios

Chitosan: Dith- UV-Vis PL Emission Excitation Quantum
izone Ratio A<sub>max</ A<sub>em</ A<sub>ex</ Yield (%)
sub> (nm) sub> (nm) sub> (nm)
2:1 272.322 450 360 7.12
1:1 274.324 451 360 5.41
1:2 276.325 453 360 4.85

47 OPTIMIZED MICROWAVE-ASSISTED SYNTHESIS OF DITHIZONE-DOPED


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 5-6

Section 2. Chemistry

Figure 4. UV-Vis and PL spectra of synthesized CDs
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Sensitivity and selectivity toward metal
ions. Fluorescence quenching experiments
were conducted using Pb2+*, Hg2*, and Cu2*
in the 0—10 uM range. All target ions induced
a concentration-dependent decrease in PL
intensity, with Pb2* demonstrating the high-
est sensitivity. The calculated limit of detec-
tion (LOD) for Pb2* was 18.3 nM, indicating
potential for trace-level detection. Control
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experiments with interfering ions (Na*, K*,
Ca2+*, Zn2* at 5 uM) showed negligible fluo-
rescence changes, confirming the high selec-
tivity of dithizone-functionalized CDs. Re-
sponse time was under 90 seconds, making
the system applicable for real-time sensing.
Reusability tests showed stable performance
across five sensing—washing cycles, retaining
87-92% of the initial emission intensity.s

Table 4. Fluorescence quenching and detection limits for various metal ions

Metal Concentration Detection Limit  Selectivity Over Response
Ion Range Tested (uM) (LOD, nM) Interferents Time (s)
Ph2+ High (vs. Na*, K*,

0.05-10 18.3 Ca2+, Zn2") <90
Hg2* 0.05-10 25.6 Moderate <120
Cu2* 0.05-10 33.1 Low <150

Figure 5. Calibration curves and selectivity bar chart for metal ion detection
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Figure 6. Fluorescence intensity retention over repeated sensing cycles
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Analytical summary and observations.
The experimental results demonstrate that
in-situ doping of chitosan-based carbon
dots with dithizone significantly enhances
structural, optical, and sensing properties.
Microwave-assisted synthesis was found to
be more favorable than hydrothermal treat-
ment due to its shorter reaction time, energy
efficiency, and superior control over particle
uniformity and optical quality. However, it
was also observed that overdosing dithizone
led to a measurable decline in fluorescence
output, most likely due to the formation of
non-radiative centers within or on the CD
surface. In addition, the synthesis outcome
was highly sensitive to process parame-
ters — particularly the chitosan: dithizone
ratio and microwave power — emphasizing
the need for careful control to ensure repro-
ducibility.

These findings support the hypothesis
that surface and core heteroatom integration
can be simultaneously tuned via precursor
ratios and energy input, providing a scal-
able route toward high-performance, metal-
selective fluorescent nanomaterials.

Discussion
The experimental findings of this study
provide strong evidence that the integration
of dithizoneinto chitosan-derived carbon dots
(CDs) through in-situ microwave-assisted
synthesis leads to marked improvements
in both optical and functional properties.

The synthesis route proved highly efficient,
producing quasi-spherical, monodisperse
nanoparticles with an average diameter of
3.7 £ 0.6 nm — substantially smaller and
more uniform than those obtained via hydro-
thermal methods (5.1 + 1.4 nm). This size
reduction is consistent with previous reports
by Oliveira et al. (2023), who emphasized
the superior nucleation efficiency and energy
uniformity of microwave-based techniques.

The FTIR and XPS analyses confirm that
dithizone was successfully incorporated both
as a dopant and as a surface functionalizing
agent. The presence of thiocarbonyl (C=S)
and amino groups facilitated selective inter-
action with metal ions, particularly Pb2*, and
created surface defect states that enhanced
photoluminescence efficiency. These obser-
vations align with the mechanisms proposed
by Liet al. (2022), who suggested that hetero-
atom dopants contribute to bandgap modu-
lation and radiative recombination through
both core integration and surface modifica-
tion pathways.

Photoluminescence data revealed a peak
emission at 450 nm with excitation at 360
nm, showing excitation-dependent behavior,
which is typical for carbon-based quantum
dots. The maximum quantum yield (7.12%)
was obtained at a chitosan-to-dithizone ratio
of 2:1. This trend is consistent with findings
from Kumar et al. (2021), who demonstrat-
ed that surface chemistry and precursor ra-
tios strongly influence QY. However, unlike
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surface passivation by simple amine groups,
dithizone appears to play a dual role by mod-
ifying both the surface and the electronic
structure of the CD core. Notably, further in-
creasing the dithizone concentration beyond
the optimal point resulted in a decline in QY,
likely due to the formation of non-radiative
recombination centers, as previously dis-
cussed by Zhang et al. (2020).

In terms of sensing performance, the CDs
exhibited high selectivity and sensitivity to-
ward Pb2* ions, with a detection limit of 18.3
nM and minimal interference from common
ions such as Na*, K*, Ca2*, and Zn2*. This is
in line with Patel et al. (2020), who reported
the selectivity-enhancing properties of dithi-
zone for Pb2* detection in post-synthetically
modified systems. However, the present study
demonstrates that in-situ integration of dithi-
zone results in stronger and more stable bind-
ing sites, allowing for more rapid response
kinetics and improved reusability. The system
maintained 87-92% of its fluorescence inten-
sity over five sensing cycles, indicating robust-
ness suitable for practical deployment.

Nonetheless, some limitations were ob-
served. The fluorescence response was slight-
ly unstable under prolonged UV exposure
beyond 15 minutes, suggesting that the pho-
tostability of dithizone-modified CDs may
still require optimization. Furthermore, the
synthesis is highly sensitive to precursor ra-
tios and microwave energy, which could im-
pact reproducibility in large-scale production
if not carefully controlled.

Taken together, the results of this study
advance the current understanding of mul-
tifunctional heteroatom doping in carbon
nanostructures and offer a promising ap-
proach to developing compact, efficient, and
selective nanosensors for heavy metal detec-
tion. Future work will aim to optimize the
photostability of the system and explore its
performance in real environmental and bio-
logical matrices.

Section 2. Chemistry

Conclusion

This study successfully demonstrated
the in-situ synthesis of chitosan—dithizone
carbon dots using a microwave-assisted
method, which resulted in uniform, photo-
luminescent nanostructures with enhanced
sensing capabilities. The optimized synthesis
protocol yielded carbon dots with an average
particle size of 3.7 £ 0.6 nm and a maximum
quantum yield of 7.12%, achieved at a chi-
tosan-to-dithizone ratio of 2:1. Structural
analyses via FTIR and XPS confirmed the
incorporation of dithizone into both the core
and surface of the carbon dots, contributing
to favorable optical properties and selective
metal-ion binding.

The synthesized CDs exhibited strong se-
lectivity toward Pb2* ions with a detection
limit of 18.3 nM, minimal interference from
common cations, rapid response time (< 90
s), and high reusability across multiple sens-
ing cycles. These findings confirm that dith-
izone plays a dual functional role — as a he-
teroatom dopant modulating the electronic
structure and as a chelating ligand enhancing
analyte-specific interactions.

Compared to hydrothermal synthesis,
the microwave-assisted approach proved su-
perior in terms of synthesis speed, particle
uniformity, and photoluminescent perfor-
mance. However, challenges such as photo-
stability under prolonged UV exposure and
high sensitivity to synthesis parameters (e.g.,
precursor ratios, microwave power) remain
and should be further optimized for practical
applications.

In conclusion, the developed chitosan—
dithizone carbon dots represent a promising
platform for environmentally friendly, selec-
tive, and rapid detection of heavy metals in
aqueous systems. Future work should focus on
integrating these nanomaterials into portable
sensor devices, expanding detection to addi-
tional toxicants, and evaluating their behavior
in real environmental and biomedical samples.
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Abstract

Surface atoms of silicon carrying functional groups may exhibit a tendency to achieve co-
ordination numbers greater than four by forming donor-acceptor bonds with electron-donor
molecules; therefore, such atoms are considered active centers. Five-coordinate complexes
can be preserved even when the surface is partially filled with isolated hydroxyls. Based on the
coordination bond mechanism, adsorbed water molecules are protonated and, as a result, they
can also participate as active centers. Their release from the surface occurs in the temperature

range of 423—-723 K.

Keywords: Aerosil, liquid nitrogen, adsorption, isotherm

Login

Hydrated aerosil is a pure amorphous,
nonporous silica consisting of spherical par-
ticles of colloidal size and characterized by
a large specific surface area (Kiselev, A.V.,
1971). During the SiO, formation process,
during the drying stage, the particles initially
retain their individual shape, and then, un-
der the influence of weak cohesive forces,
form primary monodisperse spherical par-
ticle aggregates (Zettlemoyer, A.C.Hsing,
H.H., Colloid, J., 1977).

Aggregation of particles is facilitated by
the presence of water and hydrogen chloride
complexes in the surface layer; these sub-
stances determine the surface power and hy-
drogen index (rN) of aerosil hydrogel. During
the drying stage, the acid leaves the surface
of the particles and the hydrated shell is re-
stored (Snyder, L. Rand, J. W. Ward, J., 1966;

Armistead, C.G., and Hockey J. A., 1967; Re-
hak, V. and Smolkova, E., 1976; KiselevA. V.
and Lygin V. 1., 1975). This reduces the force
of attraction between particles and prevents
their aggregation (Zettlemoyer, A.C. Hsing,
H.H., Colloid, J., 1977).

The formation of silanol groups during
the formation of aerosil also limits their ad-
hesion to each other during particle growth.

The properties of dispersed silica as an
active filler and thickener for dispersion me-
dia are determined by the chemical nature,
quantity, and geometric arrangement of ac-
tive centers located in its surface layer. The
above-mentioned factors shape the energetic
inhomogeneity of the silica surface.

The conducted studies allowed us to de-
termine the chemical nature of the active
sites present on the surface of hydrated aero-
sil. These sites include silicon atoms holding
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hydroxyl (OH) groups, tight siloxane bridges,
silanediol groups, silicon atoms bound to co-
ordinatively unsaturated, isolated hydroxyl
groups, and various forms of bound water.

ON groups on the surface of aerosil are
of two types: free and hydrogen-bonded. The
latter, by its presence, increases the activity
of free groups.

Research design and methods

Textural properties such as porosity, spe-
cific surface area, and pore size play a key
role in determining the effectiveness of aero-
sils as adsorbents. This section analyzes how
different activation methods affect the struc-
ture of aerosils and how these changes affect
their adsorption properties.

The characteristics of the porous struc-
ture (specific surface area —Ssp, total pore
volume —VS, pore diameter —dpore) were
determined by the low-temperature nitro-
gen adsorption method at 77 K on a Quan-
tachrome Nova 1000e static-type adsorption
device. For this, the studied samples were
prepared by vacuum treatment at a tempera-
ture of 100 °C for 12 hours. The partial pres-
sure value reached 0.995 P/P0 Nitrogen ad-
sorption/desorption curves were measured
in the partial pressure range from 0.005 to
0.995 P/PO. The curves of the dependence of
the adsorption amount on the residual pres-
sure were calculated using the BET method.

Research results and discussions

The t-Plot method was used to determine
the size of the micropores. The mesopore size
was determined using the Barrett-Joyner-
Halenda (BJH) method. The average pore
diameter was estimated using the BET meth-
od using the formula D, =4V/S. The volume
and size distribution of the micropores (aver-
age size 1.15—1.17 nm) were estimated using
the Horvat-Kawazoe (=HK) methods.

Nitrogen adsorption/desorption iso-
therms for carbonates based on licorice root
cake are hybrids of type I (in the low relative
pressure range; a sharp increase in adsorp-
tion at P/P , <0.05 is typical of microporous
solids) and type IV (in the medium to high
pressure range; hysteresis occurs).

The specific surface area reaches a max-
imum in the temperature range of 400—
450 °C, indicating optimal conditions for the

Section 2. Chemistry

development of the porous structure of the
cake. At this stage, the maximum specific
surface area is approximately 169.8 m2/g.

Temperature above 4 50 °C leads to a de-
crease in the specific surface area of the mass.
This may be due to structural changes such
as the coalescence or collapse of pores, which
leads to a decrease in the overall porosity.

Then, at a temperature of about 45 0 °C,
a secondary increase in specific surface area
occurs, which may be the result of further
decomposition of the remaining aerosil com-
ponents and the formation of new pore struc-
tures. This secondary increase may also be
due to the activation of some types of pores
that are inaccessible at lower temperatures
due to clogging or blocking by other sub-
stances.

It should be noted that such changes in
specific surface area can affect the efficiency
of the adsorption properties of aerosil adsor-
bents. The maximum specific surface area
achieved at a given temperature indicates the
best conditions for creating an effective ad-
sorbent for a given application.

As can be seen from Figure 1, when the
carbonization temperature increases from
150 °C to 450 °C, the micropore volume (V,)
increases, indicating that the development of
the microporous structure improves with in-
creasing temperature. The largest micropore
volume is observed at 450 °C, which may be
the optimal temperature for the formation of
a microporous structure in this material.

250 °C, the mesopores occupy the largest
volume. This may be due to the initial stage
of pore structure formation, when most of
the pores have not yet reached microporous
sizes. At 450 °C, the mesopore volume de-
creases, which may indicate the beginning
of the pore size reduction and microporous
structure formation process. As the tempera-
ture increases to 450 °C, the mesopore vol-
ume increases again, reaching a maximum in
this range, which may indicate the formation
of an optimal mesoporous structure.

NaOH solution for activation also signifi-
cantly increases the porosity of the resulting
aerosil. The nature of low-temperature nitro-
gen adsorption changes, as evidenced by the
change in the shape of the isotherm and its
values along the y-axis.
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Figure 1. Nitrogen adsorption and desorption isotherms in
aerosil: 1) A—150; 2) A-250; 3) A-350; 4) A —450

16
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A-250

A-150
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Many studies have shown that the activa-
tion of aerosil with NaOH leads to an increase
in specific surface area, increased porosity,
and the development of pore distribution.

All four isotherms resemble IUPAC type
IV for mesoporous materials, which are char-
acterized by the presence of a plateau at high
relative pressures, indicating the filling of the
mesopores.

A —450and A -350 show higher adsorp-
tion capacity than A —250 and A —150, as the
curves for A —450 and A —-250 are higher,
indicating more adsorbed substance at the
same relative pressures. All samples reach
saturation (plateau) at relatively low relative
pressures, which may indicate high adsorp-
tion activity and possibly the presence of
a large number of micropores.

The relatively steep initial rise of the
curves for all samples indicates the presence
of micropores, since the micropores are filled
in this pressure range. With increasing rela-
tive pressure, the amount of adsorbed sub-
stance increases, which is typical of physical
adsorption.

Thus, the isotherms show that increasing
the amount of activating agent (NaOH) leads
to an increase in the adsorption capacity of
the activated aerosils. This is consistent with
the textural characteristics presented in the
table, where the higher ratio of carbonate to
NaOH contributed to the higher specific sur-
face area and pore volume.

The textural characteristics of aerosil
samples were calculated based on isotherms
and are presented in Table 1.

Table 1. Textural characteristics of aerosil

t—Plot Average
Sam- S. wd (exter- V., V., A Average hydraulic
le m?/g  m?/g nal sur- cm® /g cm?®/g R, pore radius of
P face), width, A

m? /g pores, A
A-150 360.17 578.13 78.87 0.2147 0.2478 21.971 127.11 6.895
A-250 517.67 879.17 166.89 0.3784 0.3787 22,243 90.78 6,778
A-350 778.57 1278.47 185.26 0.4128 0.4841 22.347 65.74 6.658
A-450 897.17 1347.21 203.36 0.4974 0.5871 22.585 45.47 6.624

The specific surface area increases from
A- 350 to A —450, which may be due to the
increase in the amount of activating agent
(NaOH). This increase in surface area con-

tributes to the increase in adsorption capaci-
ty, as evidenced by the adsorption isotherms.
However, A —350 has a slightly lower specific
surface area than A —450, which may indi-
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cate a certain threshold, after which further
increase in NaOH does not lead to a further
increase in specific surface area due to exces-
sive erosion or pore clogging. The volume of
micro (V,) and mesopores (V,) also increases
with increasing flow rate of NaOH solution.

The conclusion of this section shows
the importance of temperature and carbon-
ization time in the formation of the porous
structure of licorice root cake-based aero-
sils. Studies have shown that with increasing
carbonization temperature, the specific sur-
face area of the material changes and reach-
es a maximum in the temperature range of
400-450 °C, which indicates optimal condi-
tions for the development of a porous struc-
ture. However, a further increase in tempera-
ture above 450 °C leads to a decrease in the
specific surface area due to structural chang-
es such as pore coalescence or collapse.

Aerosils treated at different tempera-
tures, showing higher porosity and adsorp-
tion activity in samples treated at the optimal
temperature range. These data are important
for understanding the mechanisms of pore
formation and the subsequent influence of
these pores on the adsorption properties of
aerosils.

Thus, the results indicate that controlling
the temperature conditions for aerosil regen-
eration above 400° Cis crucial for optimizing
the textural properties of aerosils and can
significantly improve their adsorption prop-
erties. These findings will help in the devel-
opment of aerosil adsorbents with predictable

Section 2. Chemistry

performance and high efficiency, which is the
key to their successful industrial application.

The formation of porous structures and
the change in the chemical bonding of aerosil
emphasize the transformation of the material
into a more active form, which increases the
adsorption properties.

Analysis of nitrogen adsorption and de-
sorption isotherms confirmed a significant
improvement in the textural properties of the
aerosilnong. The increase in specific surface
area and pore volume was attributed to the
removal of unwanted organic components
and the formation of new micro- and mes-
opores. The optimal activation temperature
and duration were the key factors for achiev-
ing maximum porosity and adsorption ca-
pacity.

Conclusion

The observed changes in the surface
chemistry and adsorption properties of si-
lanized samples compared to the same dehy-
drated samples indicate that the silanization
process is accompanied by the development
of surface porosity. As the activity of silanols
on the surface increases, the surface poros-
ity increases significantly. It is shown that
the properties of aerosil can be significantly
improved and make them suitable for use
in various industrial applications requiring
high-performance adsorbents. These find-
ings will help to develop new approaches to
create aerosil adsorbents with predictable
and improved performance.
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Abstract

The aim of this work is to study the copolymerization of isohexyl acrylate with styrene. To
achieve this goal, at the first stage, the process of obtaining isohexyl acrylate by the esterifica-
tion reaction of hexene isomers with acrylic acid in the presence of an acid catalyst and then
the copolymerization of isohexyl acrylate with styrene in the presence of a radical initiator in

an organic solvent environment was studied.

Keywords: isohexyl acrylate, styrene, initiator, copolymerization

Introduction

The synthesis of polyfunctional polymers
attracts many researchers, and this interest is
steadily growing. This is due to the wide range
of useful properties of these polymers, which
have proven themselves to be promising floc-
culants, sorbents, carriers of physiologically
active agents, separating membranes (Solovs-
kiy M. V., Korchagin A. M., Tarabukina Ye.B.,
2005 p. 188-191). Advances in this area of
high-molecular compounds are determined,
first of all, by the development of effective
methods for synthesizing polyfunctional poly-
mers based on available raw materials. One
of the promising methods for obtaining poly-
mers with a set of specified properties is radi-
cal copolymerization. The study of such reac-
tions is not only of practical value, but is also
important from a theoretical point of view,
since it allows for an assessment of the com-
parative reactive activity of functional mono-
mers and for finding approaches to elucidat-

ing the features of radical processes occurring
with the participation of various functional
groups during the formation of a polymer
chain. Most often, monomers of the vinyl and
acrylic series containing carbonyl and amino
groups in the structure were used to obtain
such polymers (Batig S. M., Melnichenko V.1,
2014, p. 140-143).

The paper presents the results of the ini-
tiated radical copolymerization of methyl
methacrylate with methacrylic acid in sol-
vents with different polarities: acetone, tolu-
ene and methanol (Fleischmann S., Percec V.,
2010, p. 484-488). It is shown that in the
presence of acetone and methanol the acti-
vation energy increases, while in toluene it
decreases.

However, there is no information about
copolymerization of isohexyl acrylate in the
literature. In connection with the above, the
search, development of new approaches and
effective methods for the synthesis of new
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copolymers based on unsaturated ester — iso-
hexyl acrylate with vinyl monomers is an ur-
gent task.

Methodology

Acrylic acid, 2-methyl-1-pentene, DMF,
ethyl alcohol was distilled before use, drying
was carried out according to standard meth-
ods. The initiator — benzoyl peroxide (BP) —
was recrystallized from a solution in absolute
ethyl alcohol, dried in a vacuum desiccator to
constant weight.

The studies were carried out using the
gravimetric method (Avakumova N. I., Buda-
rina L. A., Divgun S. M., 1990, P. 304). This
method is based on the isolation of the poly-
mer from the reaction medium by precipi-
tating it in a solvent in which the monomer
dissolves, but the copolymer does not dis-
solve. The copolymer is isolated as a precipi-
tate, which is washed with a precipitant, then
dried to a constant mass and weighed on an
analytical balance.

Copolymerization was carried out in
ground glass test tubes. The required amount
of initiator was placed in clean test tubes and
the solvent, ester based on 2-ethyl-1-pentene
with acrylic acid, styrene in the required pro-
portions were poured in. The mixtures were
stirred until the initiator dissolved, then the
tubes were purged with nitrogen for 10 min-
utes, carefully sealed with glass stoppers and
placed in a thermostat with a temperature
of 60—80°C. The copolymerization reaction
was carried out to low degrees of conver-
sion, which was determined upon reaching
a syrupy mass. It was found that the copo-
lymerization rate was different in different
ampoules — the reaction rate increased with
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the increase in the content of the ester in the
mixture of comonomers. After the end of the
copolymerization, the ampoules were cooled
to room temperature and the stoppers were
opened, the contents were slowly poured into
a glass with a precipitant (acetone, alcohol)
while stirring. The copolymer samples were
freeze-dried and weighed to constant mass
on an analytical balance with an accuracy of
+0.0002. The resulting copolymers are white
powdery products that dissolve in benzene,
toluene, and dimethylformamide.

The IR spectra of the ester and synthe-
sized copolymers were recorded using a Fou-
rier transform IR spectrophotometer. Infra-
red Fourier spectrometer “IRTracer-100”
(SHIMADZU CORP., Japan, 2017) complete
with an attenuated total internal reflection
(ATR) attachment MIRacle-10 with a dia-
mond/ZnSe prism (spectral range on the
wavenumber scale — 4000+400 cm™; resolu-
tion — 4 cm'!, sensitivity signal-to-noise ratio
— 60,000:1; scanning speed — 20 spectra per
second).

Results and discussions

The synthesis of esters based on olefins
with acrylic acid was carried out accord-
ing to the method described in (Maxmudo-
vaF. A., MaksumovaO.S., 2012, p. 260-
261). 2-methyl-1-pentene, 2-ethyl-1-butene,
2-ethyl-1-pentene were chosen as olefins,
and sulfuric acid was used as a catalyst.
When carrying out the esterification reac-
tion, hydroquinone was added to the reaction
mixture at a rate of 1% of the total volume of
the solution. The reaction of the interaction
of the indicated olefins with acrylic acid can
be described as follows:

A

-
0 g,0
GH=CR + G=E-C¢ —» =GR ~ CH=CH-C

. = + 2
& OH B Ox—H
m-complex
- CH; O
- ¢ Eoto
N CH_,m{IZq:—R - (H=CH-C . — R—l 0-C—CH=CH,
R' D RI
g-complex

where R: —C3H7; R*: —CH3 or —C2H5
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Figure 1. IR spectrum of ester based on 2-methyl-1-pentene with acrylic acid
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The structure of the obtained ether was
studied using the IR spectral method (Fig. 1).

In the IR spectrum of the ester based on
2-methyl-1-pentene with acrylic acid, new
absorption bands of stretching vibrations of
the -C-O-C bond were found in the region
of 1297 cm™, stretching vibrations of the
carbonyl group conjugated with a double
bond in the region of 1704 cm™, absorp-
tion bands of -CH,, -CH, groups at 2583—
2934 cm, and a wide spectrum of carboxyl
groups in the region of 3600 cm™! are absent.
The absorption bands at 1636 cm™ corre-
spond to the stretching vibrations of the
—C=C- bond, the ether band C-C(=0)-O

1600 1400 1200 1000 800 600 400.0

cm-1

and O-C—C- consisting of two interacting
antisymmetric vibrations are observed in
the region of 1045-1297 cm™ (Fig. 1). The
copolymerization reaction of 2-ethyl-1-pen-
tene ester and acrylic acid (M1) with styrene
(M2) was carried out in the low conversion
region at a temperature of 60—80 °C in the
presence of the radical initiator benzoyl per-
oxide (BP) in an organic solvent medium.
Dimethylformamide was used as a solvent.
To determine the effect of the composition
of the initial monomer mixture on the com-
position of the resulting copolymers, the
reaction was carried out at different molar
ratios of the comonomers (Table 1).

Table 1. Copolymerization of M1 with M2 in DMF
solution (PB =5 - 10~*mol/l, 60 °C, 3 hours)

Composition of the initial

Copolymer composition, mol

mixture, mol % Yield, % %
M, M, m, m,
10 90 2.5 11.2 88.8
30 70 3.7 33.6 66.4
50 50 5.0 55.6 44.4
70 30 6.1 78.0 22.0
90 10 8.4 97.8 2.2
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The obtained results show that with an
increase in the content of M, in the compo-
sition of the initial mixture, the yield of the
copolymer increases and the ratio of co-
monomer units in the copolymer chain dif-
fers significantly.

It should be noted that the copolymeriza-
tion of the ester with styrene is completely
inhibited in the presence of hydroquinone
and atmospheric oxygen, which confirms the
radical nature of the process mechanism.

The structure of the obtained copolymers
was established by IR spectroscopy. The IR
spectra of the copolymers were analyzed
and compared with the spectra of the initial
monomers and their homopolymers obtained
under similar conditions. In the IR spectra of
the copolymers, absorption bands character-
istic of the double bond of monomers in the
regions of 1636—1640 cm™ are absent, which

Section 2. Chemistry

confirms the reaction proceeding along the
vinyl groups of the initial comonomers. The
stretching vibrations of the -C-O and C=0
groups are in the region of 1155 cm and
1681-1716 cm™.

The solubility and other properties of
copolymers depend both on the ratio of co-
monomer units in the copolymer chain and
on the nature of the second comonomer —
styrene. Synthesized copolymers based on
M, with M, at all ratios of monomer units in
the macromolecule dissolve well in dimethyl-
formamide, dimethyl sulfoxide, benzene, and
toluene.

Thus, an unsaturated ester based on
2-ethyl-1-pentene with acrylic acid was syn-
thesized, and its copolymerization with sty-
rene was carried out in a dimethylformamide
medium in the presence of benzoyl peroxide
at a temperature of 60 °C.
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Abstract

The elemental chemical composition of the underground (u/g) and aboveground parts (a/p)
of plants of the genus Heliotropium of the Boraginaceae family: H. lasiocarpum Ledeb. and
H. dasycarpum Ledeb., growing in the Ferghana Valley of Uzbekistan, has been studied for
the first time by inductively coupled argon plasma mass spectrometry (ICP-MS). The data
obtained show that 18 out of 21 elements were found in the organs of the studied plants, in-
cluding 4 macronutrients (Ca, K, Na, Mg), 7 essential trace elements (Co, Cr, Cu, Fe, Mn, Se,
Zn), 4 conditionally essential trace elements (Ni, V, As, Li), 3 toxic elements (Pb, Ba, Al). Salts
of toxic elements Ag, Be, Cd, and Hg were not detected. It was revealed that of the detected
elements in the organs of the studied plants, concentrations of more than 1000 mg/kg contain
3 macronutrients (Ca, K, and Mg), concentrations of 50 to 1000 mg/kg contain 4 elements
(Na, Fe, and Zn), and concentrations of 10 to 100 mg/kg contain 1 element. (Mn), ranging
from 1-10 mg/kg — 5 elements (Cr, Ni, V, Li, Cu), ranging from 1-5 mg/kg — 2 elements (Se,
Co). The composition of trace elements of the body does not decrease the roots of the a/p of
H. lasiocarpum are large in Fe (a/p 700,112 mg/kg, u/g 197,725 mg/kg). The composition
of the roots and a/p of H. dasycarpum also contains a large proportion of Fe (a/p — 527.441
mg/kg and u/g —486.441 mg/kg). It was found that A1 accounts for the highest content of toxic
elements in plant organs: H. lasiocarpum (355.55 mg/kg and 154.20 mg/kg, respectively) in
a/p and H. dasyocarpum (341.44 mg/kg and 276.75 mg/kg, respectively). Salt content of the
studied heavy metals of the plant boiler, growing in Uzbekistan, meeting the requirements set
by the State Pharmacopoeia XIV of the Russian Federation and WHO.
Keywords: Heliotropium lasiocarpum, H. dasycarpum, Boraginaceae family, elemental
chemical composition, ICP OES method
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Introduction

Heliotropium is a genus of plants in the
Boraginaceae family, which has over 325
species worldwide, distributed in tropical
and subtropical regions of the globe. The
name Heliotropium comes from the Greek
word “helios” — the sun, from the idea that
the inflorescences of these plants turn their
rows of flowers to the sun, which means to
turn by rotation — “trope”. H. lasiocarpum is
an annual poisonous herbaceous plant with
a branched stem, 20—-50 cm high; leaves are
elliptical, petiolate, pubescent; flowers are
small, white, in whorls; the fruit is a nutlet
(Heliotropium). H. dasycarpum is a peren-
nial with a thick root and several branched
stems covered with hairs, 20-50 cm tall;
leaves on petioles, the upper ones are almost
sessile; flowers on long legs; fruits are nuts,
ovate, smooth, covered with hairs or glabrous
(Heliotropium dasycarpum). Plants of the
genus Heliotropium are exclusively grasses
or semi-shrubs, being weeds that grow ev-
erywhere along roads, in vegetable gardens,
and litter crops of cereals (wheat, barley)
(Vvedensky A. 1., 1961). Despite their toxic-
ity, heliotropes are medicinal plants, they are
actively used in alternative medicine. A de-
coction of heliotrope leaves is used in small
doses and concentrations as an anthelmint-
ic, for kidney stones and to eliminate lichen.
Fresh heliotrope leaves are used externally
for removing warts and resorption of be-
nign tumors, for baths for lichen and other
skin diseases (Heliotropium; Heliotropium
dasycarpum).

Plants of the genus Heliotropium are
typical alkaloids (they contain pyrrolizidine
alkaloids heliothrin, lasiocarpine, supinine,
cynoglossin, etc.) (YunusovS.Y., 1981; Sha-
kirovR., VinogradovaV.I., AripovaS.F.,
Sultankhodzhaev M. N., Bessonoval. A.,
Akhmedzhanova V.1., TulaganovT.S., Sal-
imovB.T., 2013). characterized by high
toxicity (KakarF., AkbarianZ., LeslieT.,
Laice M., Watson D., Van Hans E., Fahim O.,
Mofle D., 2010; Chuanhui Ma, Yang Liu,
Lin Zhu, Hong Ji, Xun Song, 2018; XiaQ.,
YanJ., Chou M. W., FuP.P. (2008). Plants of
the genus Heliotropium L. — H. lasiocarpum
Ledeb. and H. dasycarpum Ledeb., which
also grow on the sands in the republics of
Central Asia and Azerbaijan, are widespread
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in Uzbekistan (Vvedensky A.1., 1961). H. la-
siocarpum, whose reserves are significant in
Kashkadarya, Bukhara, and Jizzakh regions
(several tons of air-dry raw materials can
be harvested annually), contains significant
amounts of alkaloids, the main of which is
(Heliothrin YunusovS.Y., 1981). A meth-
od for producing Heliotrine, which is used
worldwide as a bioreactive agent in biomed-
ical research to create a “Heliotrine hepatitis
model” has been developed in the pilot pro-
duction of ICPS based on H. lasiocarpum.
Heliotrin is included in the Catalog of the
French company «Latoxan», is in demand
and is still exported by the institute abroad.

However, it should be noted that the
toxicity of Heliotrope is due only to the pyr-
rolizidine alkaloids contained in them, which
can be easily removed by simple, alkaloid-
specific methods, and the resulting meal,
which does not contain alkaloids, is not used.
In order to recycle the meal and use plants
of the genus Heliotropium, which have sig-
nificant reserves and contain a minimum
amount of the alkaloids (depending on the
place of growth, the removal of which is not
difficult), is of practical interest. By the way,
the organs of the species H. lasiocarpum
and H. dasycarpum collected in another re-
gion (east of Uzbekistan, Ferghana Valley)
contains insignificant amounts of alkaloids
(0,1-0,3%) (OmonovaS.S., KhuzhaevV.U,,
Aripova S. F., 2025). In addition to toxic al-
kaloids, the plant contains other non-toxic
primary and secondary metabolites, which in
the future can be used in practice in veteri-
nary medicine and agriculture.

The plants H. lasiocarpum and H.
dasycarpum have been little studied chem-
ically. In this regard, we began studying oth-
er plant components (flavonoids, proteins,
amino acids, polysaccharides, lipids, vita-
mins, etc., including elements). In addition
to alkaloids, we studied the protein compo-
nents isolated from H. lasiocarpum, studied
their toxicity and pharmacological activi-
ty (RakhimovaSh. Kh., MezhlumyanL.G.,
OmonovaS. S., Azamatov A. A., AripovaS. F,,
NabievaF.S., 2025). The research results
showed that the acute toxicity of the stud-
ied substances was higher than 5000 mg/kg,
which makes it possible to classify them as
practically non-toxic substances. Studying
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the properties proteins of H. lasiocarpum
showed, that they showed moderate hypo-
glycemic (inferior to metformin) and hypo-
cholesterolemic activity in comparison with
the drug «Roxera» (Rosuvastatin), reduc-
ing cholesterol levels in rats by 41.4-53.6%
(OmonovaS$S.S., MatchanovO.D., Khasa-
novR.S., AripovaS. F., 2024).). Considering
that minerals can also be biologically active
or toxic (OberlisD., Harland B., SkalnyA.,
2018), the study of the elemental composi-
tion of these plants growing in the territory
of the Republic of Uzbekistan, with a view to
their further possible use as raw materials for
the pharmaceutical industry or agriculture, is
relevant.

In connection with the above, the pur-
pose of the study is to study the chemical ele-
mental composition of the organs of H. lasio-
carpum and H. dasycarpum, growing on the
territory of the Republic of Uzbekistan. Pre-
viously, the elemental composition of these
plants had not been studied. The plants for
research were collected in 2024 in Namangan
region (Mingbulak), during the same grow-
ing season (August), the aboveground part
and the roots of the plants were collected.
The collected raw materials were air-dried in
a well-ventilated room protected from direct
sunlight and milled to 2—4 mm particles. The
plant samples were identified by Candidate
of Biological SciencesA. M. Nigmatullaev.
Herbarium specimens are kept in the collec-
tions of the Institute of Botany of the Acade-
my of Sciences of the Republic of Uzbekistan.

The quantitative analysis of the elemen-
tal composition was studied by inductively
coupled plasma mass spectrometry (ICP-
OES). The analysis was carried out on three
series of raw material samples, carrying out
five repeated analyses of each sample. The
exact weight of the studied raw materials
(0,0500-0,5000 g) was placed in Teflon au-
toclaves DAP-60+ (or similar). The samples
were then filled with 5 ml of purified nitric
acid and 3 ml of purified hydrogen peroxide.
Decomposition was carried out on a micro-
wave decomposition device, the contents in
autoclaves were quantitatively transferred
to measuring flasks with a volume of 100 ml
and the volume was adjusted to the mark
with 2% nitric acid. The determination of the
elemental composition was carried out on
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an Avio 200 device (Perkin Elmer USA) us-
ing a multi—element standard (for ISP ECO)
and a standard Hg. Analysis conditions: gen-
erator power (for plasma) 1300-1500 W,
argon flow (plasma) — 12 1/min, nebulizer —
0.8 1/min, peristaltic pump — 1.2 ml/min.

The tools and equipment used. ISP ECO
Avio-200 (ICP-OES). Programmable mi-
crowave oven — Berghof. Teflon autoclaves,
measuring flasks for 50 ml, 100 ml. Re-
agents: Multi—element standard for ECO
(21); multi-element standard for ECO (rare
metals); standard — Hg (mercury); puri-
fied nitric acid; purified hydrogen peroxide;
deionized water; argon (purity 99.995%).
Device parameters: nebulizer-Meinhard;
spray chamber — glass, cyclone; sample
feed rate 0.5 ml/min; RF generator power —
1500 Watts; nebulizer gas supply — 0.51/min;
auxiliary gas supply — 0.2 1/min; plasma gas
supply — 8 I/min. Sample preparation: The
sample (0.1000 g) was quantitatively trans-
ferred to Teflon autoclaves, 3 ml of purified
concentrated nitric acid (HNO,) and 2 ml of
purified hydrogen peroxide (H,O,) were add-
ed to it. The autoclaves were closed and in-
stalled in a Berghof microwave oven (Speed
Wave Xpert or a similar microwave oven).
We used a decomposition command based
on a ready-made program from the device
interface. The number of autoclaves was in-
dicated, while the temperature and pressure
inside them were automatically controlled
by the device.

The process information was controlled
by a liquid crystal display. The method was
carried out under wet decomposition for
35—-45 minutes under conditions of mini-
mum temperature T (50 °C) and maximum
temperature T (230 °C), pressure R [bar] max
40 bar inside the autoclaves. The autoclaves
were cooled to room temperature and the
liquid contained in them was quantitatively
transferred to measuring flasks with a capac-
ity of 50 or 100 ml (up to the mark). In this
case, the autoclaves were rinsed 2—-3 times,
and then bidistilled water was added to the
tube. The solution was thoroughly mixed,
poured into an autosampler tube and placed
in an autosampler in a certain sequence. The
position of each tube, the withdrawn mass
and the dilution coefficient are entered into
the program (so that the device can auto-
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matically calculate the concentration). The
mineralized solution was quantitatively an-
alyzed using a Perkin Elmer Avio-200 in-
ductively coupled plasma optical emission
spectrometer (ICP-OES) (or a similar analog
instrument) in comparison with a standard
sample containing a number of macro- and
microelements, salts of heavy metals and
rare metals. The analytical results automat-
ically calculate the precision and standard
deviation (RSD) value by recalculating the
results based on the sample weight and dilu-
tion values at the end of the process. Sample
analysis and data processing were performed
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using PerkinElmer (USA) — Syngistix™ soft-
ware. Statistical processing was carried out in
the Excell and Origin Pro 8.6 software pack-
age (Microsoft, USA) and according to the
OFS.1.1.0013.15 (OFS.1.1.0013.15., 2018)
the value of P=0,01 with Student’s coefficient
and n=5.

Discussion of the results. The results of
experiments on the study of the elemental
composition of samples, classified accord-
ing to (Polyanskayal.S., 2014), carried out
by inductively coupled argon plasma mass
spectrometry (ICP-OES), are shown in Table
1 and Figures 1-6.

Table 1. Data from a comparative analysis of the elemental composition of the
aboveground part and roots of H. lasiocarpum and H. dasycarpum plants (P=0.01)

Fle- Aboveground parts (mg/kg) Underground (mg/kg)

No- ments  H.lasiocar- H. dasycarpum H. lasiocarpum H. dasycar-
pum pum

1 Ca 9133.25 11110.42 3731.21 5580.52
2 K 15950.22 9768.25 10190.12 13810.52
3 Na 5500.41 1646.23 2645.45 973.64
4 Mg 2115.25 1975.53 1662.56 1777.19
5 Fe 700.11 572.42 197.73 486.44
6 Zn 42.58 52.71 53.13 14.61
7 Cu 8.983 11.00 7.71 7.98
8 Mn 82.20 105.65 22.15 65.92
9 Co n/d n/d n/d 0.19
10 Se 5.98 3.35 5.44 4.98
11 Cr 8.20 10.14 7.71 11.20
12 Ni 5.18 5.27 7.53 9.06
13 A% 1.24 0.09 1.05 1.11
14 As n/d n/d n/d 0.00218
15 Li 7.311 6.85 0.89 1.10
16 Pb 1.53 3.60 2.74 0.15
17 Al 355.55 341.44 154.2 276.75
18 Ba 25.95 45.58 41.42 22.13

Note: n/d — not detected.

The data obtained show that 18 out of

21 elements were found in the organs of the
studied plants, including 4 macronutrients
(Ca, K, Na, Mg), 7 essential trace elements
(Co, Cr, Cu, Fe, Mn, Se, Zn), 4 conditional-
ly essential trace elements (Ni, V, As, Li), 3
toxic elements (Pb, Ba, Al). Salts of toxic ele-
ments Ag, Be, Cd, and Hg were not detected.

It was revealed that of the detected elements
in the organs of the studied plants, concen-
trations of more than 1000 mg/kg contain 3
macronutrients (Ca, K, and Mg), concentra-
tions of 50 to 1000 mg/kg contain 4 elements
(Na, Fe, and Zn), and concentrations of 10 to
100 mg/kg contain 1 element. (Mn), ranging
from 1-10 mg/kg of 5 elements (Cr, Ni, V, Li,
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Cu), ranging from 1-5 mg/kg of 2 elements
(Se, Co). The macronutrients were arranged
in the following order according to their
quantitative content (Fig. 1-2). In the a/p
of H. lasiocarpum: K (49%)>Ca (28%)>Na

Section 2. Chemistry

(17%)>Mg (6%); in the u/g of H. dasycar-
pum: K (48%)>Ca (39%)>Mg (7%)>Na (6%);
in the roots of H. dasycarpum: K (54%)>Ca
(31%)>Mg (10%)>Na (5%).

Figure 1. Macronutrients of the roots (1) and the aboveground part (2)
of H. lasiocarpum (relative to the total macronutrient content, %)

56%

17%

=

Figure 2. Macronutrients of the roots (1) and the aboveground part (2)
of H. dasycarpum (relative to the total macronutrient content, %)

Na
Mg 5%
10%

~

According to literature data, 98% of the
potassium content in a plant is located inside
tissue cells, contributes to the normalization
of metabolism, and maintains acid-base and
water-salt balance (Lysikov Yu.A., 2008;
Kolomiytseva M. G., GabovichR.D. 1970).

Ca
31%

Na
Mg 6%

. K
7% \ 48%

)

=

Calcium plays an important role in the trans-
mission of nerve impulses and in the regu-
lation of blood pressure, as well as in the
regulation of the blood coagulation system
(Kolomiytseva M. G., GabovichR.D., 1970;
Greer F.R., KrebsN. F., 2006).

Ca
39%

Figure 3. Trace elements of the roots (1) and the aboveground part (2) of
H. lasiocarpum (relative to the total content of trace elements, %)
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Figure 4. Trace elements of the roots (1) and the aboveground part (2) of
H. dasycarpum (relative to the total content of trace elements, %)
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It follows from the data in Figures 3—4 is one of the vital elements, the main func-
that the relative content of trace elements tion of which is its participation in the work
(Co, Mn, Zn, Se) in the roots and abo- of antioxidant systems and thyroid hormone
veground parts of plants of both species is metabolism (StruyevI.V., SimakhovR.V.,
about the same order. It should be noted 2006).
that the plants contain selenium (Se), which

Figure 5. Essential elements of the roots (1) and the aboveground part (2)
of H. lasiocarpum (relative to the total content of essential elements, %)
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Figure 6. Essential elements of the roots (1) and the aboveground part (2)
of H. dasycarpum (relative to the total content of essential elements, %)
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Of trace elements (Fe, Cr, Li, Ni, V) in the
composition of the roots and aboveground
parts of H. lasiocarpum (a/p — 700,112
mg/kg, u/g — 197,725 mg/kg) and H.
dasycarpum (a/p — 527,441 mg/kg, u/g —
486,441 mg/kg). A large proportion is Fe,
which is part of heme-containing proteins
(hemoglobin and myoglobin) and partici-
pates in oxygen transport (IdelsonL.I., Vo-
robyev A. 1., 2005), the content of which in
plant organs ranges from 92-97%, which is
reflected in Figures 5—6. In the organs of H.
lasiocarpum and H. dasycarpum, the rel-
ative content of copper ranges from 7.71-
11.00 mg/kg, and aluminum (A1) in a/p and
u/g of H. lasiocarpum — 355.55 mg/kg and
154.20 mg/kg, respectively, and in a/p and
u/g of H. dasyocarpum — 341.44 mg/kg and
276.75 mg/kg, respectively. The content of

Section 2. Chemistry

heavy metal salts of Pb, Co, As in the organs
of the 2 studied plants, according to Table 1,
is within the permissible doses (0.00218 and
3.597 mg/kg).

Comparative data on heavy metals
(Tivo P. V., BytkoI. G., 1996). in H. lasiocar-
pum and H. dasycarpum with established
international requirements for regulatory
and technical documentation of the maxi-
mum permissible levels of heavy metals and
arsenic in medicinal plant raw materials and
herbal preparations are presented in Table 2,
from which it follows that according to this
criterion, the studied plants growing in Uz-
bekistan meet the requirements, established
by the State Pharmacopoeia XIV and WHO
(OFS 1.5.3.0009.15., 2015; World Health
Organization et al., 2005).

Table 2. Comparative data of heavy metals in H. lasiocarpum and
H. dasycarpum with established global requirements

Maximum permissible content

of heavy metals and arsenic in H. H.
Element medicinal plant raw materials and lasiocarpum dasycarpum
medicinal herbal preparations (a/p,u/g) (a/p,u/g)
(mg/kg)
Lead 6,0 1,53; 2,74 3,60; 0,15
Cadmium 1,0 n/d; n/d n/d; n/d
Mercury 0,1 n/d; n/d n/d; n/d
Arsenic* 0,5 n/d; n/d n/d; 0,00218

*Note: In accordance with the safety requirements adopted in the Russian Federation;

n/d — not detected.

The data obtained indicate that the stud-
ied plants are a natural source of vital ele-
ments and, according to their content, repre-
sent safe raw materials for humans and farm
animals as feed.

Conclusions

1. For the first time, the elemental com-
position of the roots and aboveground parts
of plants of the genus Heliotropium: H. la-
siocarpum and H. dasycarpum, growing in
the Ferghana Valley of the Republic of Uz-
bekistan, was studied and their comparative
analysis was carried out; 18 elements out of
21 studied, related to macro-, micro-, essen-
tial and toxic elements were found.

2. The identified elements in the organs of
the studied plants are characterized by a high
content of Ca, K, Mg (more than 1000 mg/
kg), a high content of Na, Fe, Zn (50—1000
mg/kg), an average content of Mn (10-100
mg/kg), a low content of Cr, Ni, V, Li, Cu (1-
—10 mg/kg), very low — Se, As, Co (0.002-5
mg/kg); toxic elements (Ag, Be, Cd, Hg) were
not detected in the organs of the studied
plants.

3.Tthasbeen established that the content of
heavy metal salts in the studied plants growing
on the territory of the Republic of Uzbekistan is
within the limits of the norms that are normal-
ized by the relevant Scientific and Technical
Specifications (the State Pharmacopoeia XIV
of the Russian Federation and WHO).
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Abstract

This paper presents data on the production of magnesium-containing fertilizers based on
the processing of serpentinite of Karakalpak deposit. Their chemical composition, physico-
chemical properties (moisture content, volume weight, hygroscopicity, fluidity) were investi-
gated. Chemical analyses of the obtained sample showed that the sample consists mainly of
iron-13.7, magnesium-27.2, aluminium-5.66, nickel-7.66, silicon-1.30%. Also present are: cal-
cium-1.25, manganese-0.578, cobalt-0.210 and titanium-0.0662% giving the material strength,
heat and corrosion resistance. After the process of ammonization and packing to solid state,
the magnesium-containing nitrogen fertilizer (three samples) consists of the sum of nutrient
elements 39.5; 44.2 and 41.46%, in particular N-21.86; 22.5; 23.86%, of which 5.44; 4.74; 6.7%
in ammonium form, Mg-18.3; 21.7; 17.4% respectively at pH 3; 4 and 5.
Keywords: serpentenite, magnesium nitrate, magnesium-containing nitrogen fertilizer,
physical and chemical properties

Introduction

The main task of the agro-industrial com-
plex of Uzbekistan is to increase the produc-
tion of agricultural products in such volumes
that will allow to ensure the food programme,
as well as to increase the quantity and qual-
ity of exported agricultural products, which
is inextricably linked to the intensification
of the industry, one of the most important
conditions of which is the rational use of fer-

tilizers that provide not only an increase in
crop yields, but also the preservation and im-
provement of the overall level of soil fertility

In recent publications magnesium is
considered on a par with other basic nutri-
tion elements, since its deficiency in miner-
al nutrition limits not only the possibility of
obtaining high yields, but also a decrease in
the quality of agricultural products (Aristark-
hovA.N., 2002).
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Magnesium is a mesoelement that is di-
rectly involved in many metabolic processes
in plant development: including photosyn-
thesis, phosphorus uptake and transport,
amino acid and protein synthesis, and helps
maintain turgor pressure, which is essential
for maintaining plant form and structure.

The authors (AristarkhovA.N., 2000;
Mittler R., 2006) state that magnesium sup-
ply has a positive effect on the growth of
roots and vegetative mass of plants, frost
and drought resistance, resistance of plants
to leaf burns from solar radiation, and resis-
tance to fungal diseases

Magnesium deficiency has a major impact
on the distribution of dry matter and carbo-
hydrates between shoots and roots. One of
the earliest plant responses to magnesium
deficiency stress is a marked increase in shoot
to root dry weight ratio, which is associated
with massive accumulation of carbohydrates
in leaf sources, especially sucrose and starch.
Studies with common bean and sugar beet
plants have shown that Mg plays a funda-
mental role in sucrose loading of the phloem.
These results indicate that the accumulation
of carbohydrates in magnesium-deficient
leaves is directly caused by magnesium defi-
ciency stress (CakmakI., Kirkby E. A., 2008).

Our interest in obtaining magnesium
fertilizers is understandable, one of which
magnesium nitrate — a 2-component fertil-
izer containing the most important elements
necessary for the basic life processes of plant
organisms — nitrogen and magnesium, in
our opinion, can find a worthy application.
As part of the development of technology for
obtaining magnesium-containing fertilizer
from serpentinite, we set the task to create
a product that combines high agrochemical
activity and a minimum level of impurities.
The research is focused on the formation of
magnesium-ammonium nitrate, which com-
bines the key nutrients — magnesium and ni-
trogen.

Materials and Methods. Quantita-
tive analysis of elemental composition was
performed on a high-performance energy
dispersive X-ray fluorescence spectrometer
Rigaku NEX CG EDXRF (Japan). The anal-
yser captures concentrations from tenths of
mg/kg. This method indicates the optimum
wavelength of the determined micro- and

Section 2. Chemistry

macroelement at which it has maximum
emission (Fig. 1). Determination of CaO and
MgO content was carried out by volumet-
ric complexometric method: titration with
0.05n Trilon B solution in the presence of in-
dicators fluorexon and chromium dark blue
(Vinnik M. M., ErbanovaL.N., ZaitsevP. M.
et al., 1975). Nitrogen content in the prod-
ucts was determined by Kjeldahl method —
by ammonia distillation in alkaline medium
with Devard’s alloy followed by titration
(GOST 30181.4-94.; Myrzakozha, D.A., Mir-
zakhodzhaev A. A., 2013).

Results of the study. In the process of
nitric acid decomposition of local raw ma-
terial — serpentinite of Karakalpak deposit,
composition (weight %): 33—-34% MgO and
41-42% SiOz2. It is shown that with increase
of pH of the medium up to 3.0-3.5 the de-
gree of iron and aluminum settling is only
99.47-99.52%, and the precipitation of
semithin oxides completely falls out, releas-
ing the composition of magnesium nitrate
and ammonium nitrate solution. The wet
precipitate was dried at room temperature to
constant weight. The dry magnesium nitrate
contains about 90-95% MgO. The liquid
phase containing ammonium, calcium and
magnesium nitrates can subsequently serve
as a liquid fertilizer Mg(NO, ,, containing up
to 15.40% nitrogen, which is in nitrate and
ammonium forms in amounts of 7.26% and
8.14% (SaparovaG.D., Dzhandullaeva M.,
Erkaev A. U. Kucharov B. Kh., 2022; Sapa-
rova Gulnar Dauletmuratovna, Zhandullae-
va Munavvara, Erkayev Aktam Ulashevich,
Kucharov Bakhrom Khairievich, Bauatdinov
Saliy, 2023; Saparova G.D., KucharovB. H.,
Jandullaeva M. S., Erkaev A. U., Zakirov B. S.,
2024).

The ammoniated slurry was brought dry
state at pH 4 and 5 by packing, resulting in
solid iron-magnesium-ammonium-nitrate
fertilizer with total nutrient elements of 44.2
and 41.46% and content of 22.5; 4.76 and
23.86 6.7% nitrogen and magnesium respec-
tively.

The resulting iron-magnesium-nitrate-
ammonium fertilizer (Fe-Mg-NH,-NO,),
a complex mineral fertilizer containing iron,
magnesium and nitrogen in ammonium
and nitrate forms, can provide plants with
the necessary elements for photosynthesis,
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growth and metabolism. The presence of iron
and magnesium also stimulates chlorophyll
formation, improves metabolic processes
and increases resistance to stress. The bal-
anced composition of the fertilizer promotes
rapid assimilation of nutrients, reduces the

Section 2. Chemistry

risk of micronutrient deficiency, which will
recommend its use for growing grain, vegeta-
ble and fruit crops when applied to the soil or
as foliar fertilizer to increase yields and prod-
uct quality.

Figure 1. Obtained iron-magnesium-nitrate-ammonium nitrate fertiliser (IMNAU)
pH4.1

pH5.12

Figure 2. Analysis of the chemical composition of the udolbronium
sample (IMNAU) at pH 5.12 using the FP method
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The sample consists mainly of: iron-13.7,
magnesium-27.2, aluminium-5.66, nick-
el-7.66, silicon-1.30%. Calcium-1.25, man-
ganese-0.578, cobalt-0.210 and titanium
0.0662% are also present, giving the material
strength, heat and corrosion resistance.
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Nb-Kd

T T T

20 30 40
High-Z

keV

After the ammonization process and pack-
ing to solid state, a magnesium-ammonium-
nitrate fertilizer with 0.02 and 0.012% alumi-
num and iron content can be obtained.

Figure 3. Obtained magnesium-nitrate-ammonium fertilizer (MNAF)

pH4.1

pH5.12
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Thus, the magnesium-nitrate-nitrogen
fertilizer MNAF (three samples) consists of
the sum of nutrient elements 39.5; 44.2 and
41.46%, in particular N-21.86; 22.5; 23.86%,
of which 5.44;4.74; 6.7% in ammonium form,
Mg — 18.3; 21.7; 17.4% respectively at pH 3;
4 and 5. The obtained magnesium-nitrate-
ammonium fertilizer (MNAF) is a complex
mineral fertilizer containing magnesium,
ammonium and nitrate nitrogen, provides
plants with important nutritional elements.
Due to high solubility and availability of el-

Section 2. Chemistry

ements for plant nutrition, MNAF promotes
active photosynthesis, stimulates growth and
development of plants, improves their re-
sistance to unfavorable conditions. It is well
soluble in water, ensuring a uniform supply
of nutrients. Unlike traditional magnesium
fertilizers, magnesium-ammonium-nitrate
fertilizer has a synergistic effect due to the
combination of magnesium and ammonium
form of nitrogen.

The obtained MNAF and IMNAF have
the following marketable properties.

Table 1. Commodity properties of the fertilizer’s obtained

.y Volume Natural .

No. Fertiliser Hunz/ldlty, weight, slope Hyg;'i(:lstC(())/plc Curlc'ent,
° (g/cm3): angle,’C p >0

1 IMNAF pH 4.1 18.69 0.742 40 50 5.4

2 IMNAF pH

5.12 20.48 0.839 30 55 5.1
3 MNAF pH 4.1 18.19 0.717 35 48 6.2
4 MNAF pH 5.12 18.76 0.723 30 43 6.0

IMNAF has a higher moisture content
compared to MNAF, which may be related
to the hydrophilicity of iron-containing com-
pounds. Variations in pH (4.1 and 5.12) are
related to changes in salt solubility and mois-
ture retention capacity.

Volumetric weight (g/cm3): IMNAF has
a high volume mass due to the presence of
iron-containing compounds with high den-
sity. Increasing the pH increases the bulk
mass, probably due to changes in the crystal
structure of the fertiliser.

Hygroscopic point (%): IMNAF is less
sensitive to moisture than MNAF, which may
require special storage conditions to prevent
clumping. The exact quantitative hygroscopic-
ity depends on conditions, but, for example, at
relative humidity above 45-55% the resulting
fertiliser starts to actively absorb water, and at
70-75% it completely dissolves in its own ab-
sorbed moisture, forming a saturated solution.

The flowability index characterises the
ability of the fertiliser to pour freely. All val-

ues are in a similar range, which indicates
good bulkiness and convenience for mech-
anised application.

Conclusion

Thus, as a result of nitric acid decompo-
sition of serpentinite of Karakalpak deposit
a liquid phase containing ammonium, calci-
um and magnesium nitrates is formed, which
can serve as a liquid fertiliser Mg(NO, ,, con-
taining up to 15.40% of nitrogen, which is in
nitrate and ammonium forms in the amount
of 7.26% and 8.14%. After the process of am-
monisation and packing to a solid state the
commercial properties of the obtained fer-
tilizers were investigated. It was found that
the volume weight (g/cm3) of the fertilisers
has a large volume mass, which is due to the
presence of iron-containing compounds with
high density. hygroscopic point is less sensi-
tive to moisture, which may require special
storage conditions to prevent clumping
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Abstract

The article considers the catalyst production stage — a gradual increase in the synthesis

temperature in a flow of synthesis gas — as a necessary stage of the Fischer-Tropsch synthesis,
since during the development process it was determined that the formation of catalytically
active centers under the influence of the catalyst was observed. It can be assumed that in this
temperature range, water is released from the capillaries of the binder — aluminum oxide and
micropores of H-shaped zeolites. In the presence of cationic zeolites, such a plateau is absent
due to the hydrophilicity of such zeolites, in which water is retained near the cations under the
influence of electrostatic forces.

Keywords: cation exchange resin, catalyst, Fischer-Tropsch synthesis, conversion, capillary

condensation, zeolites, selectivity

Introduction

In an era of developing modern technolo-
gies, one of the main directions of the chem-
ical industry is the creation of effective cata-
lysts and the study of their active properties.
Catalysts are of great importance in increasing
the speed of chemical reactions, reducing en-
ergy consumption, and introducing environ-
mentally friendly technologies. Today, various
catalytic systems are widely used in many in-
dustries, in particular in the fields of oil and
gas chemistry, pharmaceuticals, and environ-
mental protection. In particular, cobalt-based
catalysts are distinguished by their high activ-
ity and stability (Rakhmatov et al., 2023).

We will talk about the preparation of cat-
alysts using an aqueous solution of cobalt ni-

trate and the analysis of their physicochemi-
cal properties. Scientific research in this area
is carried out using the impregnation (i.e.,
wetting) method, since this method allows
the active component to be evenly deposited
on the surface of the base material (for ex-
ample, aluminum oxide, silicon dioxide, etc.)
(Togayev, 2023).

Cobalt-based catalysts are widely used in
many reactions, such as oxidation, hydrogena-
tion, and Fischer-Tropsch synthesis. Such cat-
alysts are mainly prepared using cobalt nitrate
salts. One of the most commonly used meth-
ods is the soaking method, in which the prepa-
ration process is as follows: first, a solution of
cobalt(IT) nitrate is prepared in water, then
it is poured onto a specially selected support
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substance and mixed. As a result, cobalt ions
are impregnated on the surface of the support.
Then, through the processes of drying and cal-
cination (i.e. heating), the final form of the cat-
alyst is obtained (Rakhimov, 2024).

The efficiency of the catalyst depends on
several factors: its surface area, cobalt con-
tent, particle size, heat resistance and chemi-
cal stability. Modern physicochemical analysis
methods — for example, BET (surface char-
acterization), XRD (X-ray diffraction), SEM
(scanning electron microscopy) — allow the
structure of the catalyst to be studied in depth.
Studies show that correctly selected impreg-
nation conditions (pH, concentration, time)
allow obtaining catalysts with high activity.

Cobalt catalysts also play an important
role in environmental protection. For exam-
ple, cobalt-based catalysts are used in reac-
tors that decompose harmful substances in
automobile exhaust gases and in systems
that reduce NOx oxides. In addition, they
are widely used in biofuel production and ex-
haust gas purification.

Catalysts prepared by the impregnation
method using cobalt nitrate solution are of
great importance in the industrial and envi-
ronmental sectors. If their physicochemical
properties are thoroughly analyzed and effec-
tive reaction conditions are determined, even
higher results can be achieved. In the future,
this type of research will serve as an import-
ant basis for creating sustainable and energy-
efficient technologies (Rakhimov, 2024).

Metod and material

In this scientific study, catalysts were pre-
pared by the impregnation method using an
aqueous cobalt(IT) nitrate solution. Various
support materials were used for catalyst prepa-
ration, namely zeolite-based supports (NaX,
KA, CaA and H-form zeolites: HY6, HY30,
HB) and granular supports without zeolite.

The impregnation method was carried
out as follows: an appropriate amount of co-
balt nitrate solution was used for each sup-
port. In the preparation of the solution, ana-
lytically pure Co(NO3)2:6H20 was dissolved
in distilled water and then poured onto a ze-
olite or other granular support and uniformly
impregnated. During the impregnation pro-
cess, the mixture was continuously stirred at
room temperature for 3—4 hours. After that,

Section 2. Chemistry

the wet samples were dried at 100 °C and
calcined in a muffle furnace at 450 °C for 4
hours. During the calcination stage, cobalt
salts decompose and turn into active metal
or oxide forms.

Results

The effect of synthesis temperature

It is known that the catalyst production
stage — a gradual increase in the synthesis
temperature in a stream of synthesis gas —is
a necessary stage of the Fischer-Tropsch syn-
thesis, since during the development process
catalytically active centers are formed un-
der the influence of. Studies by the authors
(Rakhmatov, 2023) showed that during the
development of a cobalt catalyst, a change
in the state of cobalt occurs: under the influ-
ence of the reaction medium, part of CoO is
converted to Co®. This leads to a change in
the nature of CO adsorption. Thus, the active
surface of the catalyst is formed during the
production process.

In the course of development, the depen-
dence of the main synthesis parameters on
temperature was obtained for each catalyst.

Figure 1 shows the dependence of CO
conversion on the synthesis temperature in
the presence of impregnation catalysts. With
increasing temperature, the conversion of CO
increased in the presence of all catalysts. The
highest CO conversion — 80% — was obtained
in the presence of a catalyst with HB zeo-
lite. It is interesting that in the dependence
obtained with the presence of Co/HB, Co/
HY6 Co/HY30 and without a zeolite catalyst,
a “step” was observed when the synthesis
temperature increased from 190 to 210 °C,
probably due to capillary condensation of the
synthesis products. It can be assumed that
in this temperature range, water is released
from the capillaries of the binder — alumi-
num oxide and micropores of H-shaped zeo-
lites. In the presence of cationic zeolites, such
a plateau is absent due to the hydrophilicity
of such zeolites, in which water is retained
near the cations under the influence of elec-
trostatic forces. The lowest CO conversion
was obtained in the presence of a KA zeolite-
based absorption catalyst — no more than
20% over the entire temperature range.

Figure 2 shows the dependence of the se-
lectivity for the formation of C_, hydrocarbons

75 STUDY OF CATALYSTS PREPARED BY IMPREGNATION WITH AQUEOUS


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 5-6

on the synthesis temperature. In the presence
of all catalysts, this indicator decreased with
increasing temperature. In the presence of cat-
alysts without zeolites and catalysts containing
HB and HY30 zeolites, the selectivity for the
formation of C_, hydrocarbons decreased by
1.1-1.2 times in the temperature range 190—
210 °C. In the presence of catalysts based on

Figure 1. Dependence of CO
conversion on FTS temperature
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100

CO conversion, %
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Figure 3 shows the dependence of the
yield of C_, hydrocarbons on the synthesis
temperature. In the presence of all catalysts,
the yield of liquid hydrocarbons increased
with increasing synthesis temperature. In
the presence of catalysts based on H-forms of
zeolites and catalysts without a zeolite, a step
wasobserved at 180—200 °C. The highestyield
of C_, hydrocarbons — more than 97 g/m? —
— was obtained in the presence of a catalyst
based on HB zeolite. In the presence of cat-
alysts based on zeolites cationized with al-
kali and alkaline earth metals, the yield of
C,, hydrocarbons was significantly lower
and amounted to 58 g/m? in the presence of
Co/NaX and Co/CaA, and 21 g/m, in the
presence of Co/KA.

The selectivity of methane formation in-
creases with increasing synthesis tempera-
ture in the presence of all catalysts. However,
the nature of this dependence is somewhat
different. In the presence of a zeolite-free cat-
alyst and catalysts based on H-form zeolites,

Section 2. Chemistry

Co/CaA, Co/NaX cationic zeolites, a decrease
of this indicator by 1.5 and 1.3 times, respec-
tively, was observed when increasing from 210
t0 220 °C. In addition, in the temperature range
210-240 °C, the selectivity for the formation of
C,, hydrocarbons was practically independent
of the synthesis temperature in the presence of
all catalysts except Co/CaA and Co/NaX.

Figure 2. Dependence of the selectivity
of the formation of C,hydrocarbons
on the FTS temperature
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this dependence reaches a maximum at 210—
230 °C, which corresponds to 25-30%. In the
presence of catalysts based on zeolites cation-
ized with Na and Ca, the selectivity of meth-
ane formation increases sharply — by 2.3—
—3.6 times — with an increase in tempera-
ture from 210 to 220 °C. In the presence of
Co/CA, this indicator increases from 1 to
20%, in parallel with an increase in the
Fischer-Tropsch synthesis temperature.
Thus, despite the literature data on the
sharp increase in methane production when
using zeolites as carriers compared to con-
ventional Fischer-Tropsch synthesis cata-
lysts, the selectivity of the catalyst with HB
zeolite is lower than that of the catalyst with-
out zeolite over the entire temperature range.

Conclusion
The results of this study showed that the
composition of cobalt catalysts prepared by
the impregnation method, especially with or
without zeolite, significantly affects their ac-
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tivity and selectivity. This confirms that the
formation of catalytic active sites and the
process of CO adsorption on the reaction
surface depend on the nature of the support
material.

Also, as a result of a gradual increase in
the synthesis temperature, a partial conver-
sion of CoO to the Co” 6+ form was observed,
which is an important factor in the formation
of the active surface of the catalyst. Although
zeolites have a high surface area and ion ex-

Section 2. Chemistry

change capacity, they do not always guar-
antee high selectivity. In particular, the low
selectivity of HB-zeolite indicates that the
optimal location of the active sites and metal
dispersion may not be sufficiently ensured.
The results indicate that in the develop-
ment of cobalt-based catalysts, a thorough
analysis of the properties of the support mate-
rial, optimization of synthesis conditions, and
consideration of the effect of the reaction me-
dium are important in increasing efficiency.
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Abstract

In this study, polysaccharide fractions extracted with water and precipitated with ethanol
from the mushroom Pleurotus ostreatus growing in Uzbekistan were studied. The functional
groups in the fractions were identified by IR spectroscopy and confirmed that they were main-
ly f —(1 »3) /(1 > 6)-glucans. The biological activity of the obtained substance was based on
its structural properties. Polysaccharides are the most famous and most potent substances
derived from mushrooms that have antitumor and immunomodulatory properties. Pleurotus
ostreatus polysaccharides — § — glucans — are also known to have antitumor activity, as they
are known from the literature to strengthen the immune system and activate natural defenses
against tumors.
Keywords: Pleurotus ostreatus, polysaccharides, § — glucans, IR spectrum, biological ac-

tivity

Introduction

Pleurotus ostreatus is a species of mush-
room widely distributed in Uzbekistan and of
nutritional and pharmaceutical importance.
This mushroom contains biologically active
polysaccharides such as f§ — glucans, which
have immunomodulatory, antioxidant and
antitumor properties. Studying the structure
of these polysaccharides and evaluating their
biological activity is a pressing issue for mod-
ern scientific research. Mushrooms have been
part of the human diet for thousands of years
in many Asian countries, such as China, Ko-
rea and Japan. It is known that mushrooms
are valuable food for health, as they are rich
in fats and proteins, vitamins and rare miner-
als. Currently, the beneficial effects of mush-

rooms are increasingly recognized and they
are attracting great attention in food and
pharmaceutical applications (Zhangy. et al.,
2012). Natural antitumor polysaccharides
isolated from mushrooms include acidic and
neutral polysaccharides with various glyco-
sidic linkages, and some are linked to protein
or peptide residues, such as polysaccharide-
protein or peptide complexes. In addition to
the primary structure, the higher structure of
polysaccharides, such as chain conformation,
also plays an important role in their antitumor
activity. Most polysaccharides are classified
as non-specific bioactive substances because
their exact mode of action is unknown and
the chain conformation of their active com-
ponents has not been determined (Zhang, M.,
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Cui, S.W.,, Cheung, P.C.K., & Wang, Q. 2007).
Mushroom polysaccharides play an import-
ant role in functional foods because they also
exhibit biological modulatory properties such
as antiviral and antibacterial activities. The
production, purification, and characteriza-
tion of intracellular and extracellular free and
protein-bound polysaccharides from Pleuro-
tus ostreatus and their growth inhibitory ef-
fects on human carcinoma cell lines have been
studied (SilvaS. et al., 2012). Carbohydrates
are one of the main nutrients of mushrooms,
accounting for approximately 40—70% of the
dry weight, including low and high molecu-
lar weight carbohydrates, with low molecular
weight carbohydrates consisting primarily of
monosaccharides, disaccharides, and sugar
alcohols (polyols), such as glucose, trehalose,
mannitol, and arabitol. High molecular weight
carbohydrates are primarily polysaccharides
such as glucans and chitin. Some of the car-
bohydrates abundant in mushrooms can be
obtained for food, medical, and cosmetic pur-
poses. For example, sugar alcohols contain
relatively few calories and can be used as sug-
ar substitutes in desserts and other foods. The
hygroscopicity of trehalose makes it an ideal
humectant for use in cosmetics. Fungal chitin
and its deacetylated derivative chitosan have
antimicrobial bioactivity and can be used as
a wound healing agent. Finally, polysaccha-
rides such as 8 — glucan have immunomodula-
tory activity by stimulating macrophages and
other white blood cells (Zhou S. et al., 2016).
Mushroom carbohydrates are obtained from
compost substrates such as wood, straw, and
straw, which contain approximately 60—70%
cellulose and hemicelluloses. During mush-
room growth, cellulose and hemicellulose are
hydrolyzed by enzymes from the mycelium,
transported into mycelial cells, and then me-
tabolized through various carbohydrate path-
ways. In addition to being degraded by glycol-
ysis to produce energy for growth, metabolites
can be synthesized into structural polysaccha-
rides of the cell wall, such as glucan and chi-
tin. Metabolites can also be synthesized into
glycogen, arabitol, trehalose, or mannitol for
use in developmental or later growth phases.
The distribution of carbohydrates in mush-
rooms varies significantly in different regions
during growth and fruiting. The distribution
of carbohydrates in the compost and fruiting

Section 2. Chemistry

bodies of Pleurotus ostreatus was analyzed.
When the amounts of sugars, polyols, poly-
saccharides and chitin were determined at
different growth stages and in different parts
of the fungus, trehalose, mannitol and glucose
were first accumulated in the compost, and
then decreased during the differentiation and
growth of the fruiting body. Polysaccharides
were mainly accumulated in the fruiting body
and its adjacent regions of the fungus, and chi-
tin was mainly observed in the basal region.
These findings provide insights into the func-
tion and utilization of carbohydrates during
fungal growth (Zhou S. et al., 2016). Of all the
biologically active components, polysaccha-
rides in particular,  — glucan is the most stud-
ied group of functional compounds in mush-
rooms. § — glucan is a long-chain polymer
of glucose units linked together by glycosidic
bonds, found in the cell walls of oats, barley,
yeast, and fungi. f — glucans from different
sources have different bond types, branching
patterns, and molecular weights. In oats and
barley, it consists of a linear glucose polymer
with g - (1-3), p — (1-4) linkages, and f — (1—
—6) linkages. The f — glucan content in fungi
ranges from 0.21 to 0.53 g/100 g (dry weight
basis). Most of the fungal § — glucan is found
as an insoluble fraction (54-82%) and only
a small portion (16—46%) is found as a soluble
fraction. Mushroom f —glucans are known as
biological response modifiers (BRM), which
are used in both modern medicine and tradi-
tional chemotherapeutic drugs to treat cancer
and various infectious diseases (Khan A.A.
et al., 2017). In fact, f —glucans are the main
pathogen-associated molecular pattern rec-
ognized in fungal infections and responsible
for triggering the immune response. The im-
mune system Modulation by f —glucans is
complex, involving many factors that are not
yet fully understood (Pérez-BassartZ. et al.,
2023). There are over 200 clinical trials docu-
menting their use for a range of applications.
Since 1980, licensed drugs containing 8 —glu-
cans have also been available on the pharma-
ceutical market in Japan for the treatment of
cancer. B —glucans have been recognized as
pharmaceutical agents in several countries,
including the United States, Canada, Finland,
Sweden, China, and Korea. The diverse func-
tional effects of these molecules include mod-
ifying lipid and glucose metabolism, lowering
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cholesterol, regulating obesity and reducing
the risk of cardiovascular disease and diabe-
tes, modulating the gut microbiome, modify-
ing lipid and glucose metabolism, and bene-
ficial effects on gastrointestinal diseases, etc.
B —glucans, especially those derived from
non-cereal sources, are widely known for their
immunomodulatory properties, their ability
to stimulate the immune response and initiate
inflammatory properties, and their ability to
resist infections.  —glucans derived from fun-
gi are the most potent immune modulators.
Patients with nosocomial pneumonia and
When S —glucans were administered to pre-
vent sepsis, the treatment group had a lower
incidence of pneumonia, as well as a lower
mortality rate, compared to the control group.
was low (Murphy E. J. et al., 2022).

B —glucans are used in the food industry
as gelling agents and thickeners in the pro-
duction of low-fat foods with improved tex-
ture (milk, bread or yogurt). In particular,
hydrogels are three-dimensional, hydrophil-
ic, polymeric networks capable of retaining
large amounts of water. Furthermore, f —
glucans constitute a soluble fiber with strong
prebiotic effects. Although 8 —glucans can be
easily extracted with water, more aggressive
treatments are required for the upstream
P —glucans (i.e., highly alkaline solutions, pH
13-14). However, water-soluble fractions
may be a more environmentally sustainable
option for the production of new functional
ingredients. Furthermore, discarded whole
biomass and uncommercialized residues (sti-
pes) that do not meet commercial standards
such as size and appearance may be cheap
and abundant sources of these compounds
(Pérez -Bassart Z. et al., 2024).

Water-soluble 8 —glucans from Pleurotus
ostreatus, one of the most widely cultivated
mushrooms, have been shown to be an envi-
ronmentally sustainable option for the pro-
duction of natural emulsifiers. It is assumed
that the structure and composition of  —glu-
can-rich extracts depend on the source (whole
biomass of P. ostreatus) and the extraction
conditions (more or less purified samples),
and therefore these aspects also affect their
emulsifying properties. The composition of
B —glucan- rich extracts and the presence of
proteins or other small compounds have been
shown to play an important role in the emul-

Section 2. Chemistry

sifying properties of the obtained extracts
(Pérez-BassartZ. et al., 2024). Monounsat-
urated and polyunsaturated fatty acids such
as linoleic, oleic and linolenic acids are used
in skin care. The stems of this mushroom
contain large amounts of ergosterol, which
serves as a valuable hypocholesterolemic sup-
plement by inhibiting cholesterol absorption
into the blood and stimulating cholesterol
secretion. Ergosterol can also be converted
to vitamin D upon UV irradiation, which in-
creases calcium absorption and is essential
for the skeletal system in humans (Ayser M.
et al., 2023). Unlike yeast, oat, and barley f —
glucans, which have been shown to play a role
in various cancers, the role and mechanism
of P. ostreatus -derived 8 —glucans have been
studied in the treatment of cervical cancer. 8
—glucan particles from P. ostreatus have also
been isolated as drug carriers for the preven-
tion and treatment of cancer. Their biological
activity against cervical cancer was investi-
gated and it was concluded that the modified
particles can induce ROS-mediated apoptosis
in cancer cells (Seifeldin S. A. et al., 2024). De-
veloping an efficient extraction technology is
crucial to ensure high yield while preserving
the bioactive properties of the § —glucan com-
ponent (Frioui M. et al., 2024). The anti-obe-
sity benefits of f —glucan have been studied
for a long time. Results show that f —glucan
can improve hypertriglyceridemia, hyper-
cholesterolemia, hypertension, hyperglyce-
mia and insulin resistance (NastitiA. et al.,
2024). The immune profile of patients with
endocrine-dependent breast cancer (clinical
stages I-II) in clinical and imaging remis-
sion after pleura (8 —glucan from Pleurotus
ostreatus) administration has shown that
long-term pleura administration may have
potential benefits on antitumor cellular im-
munity in breast cancer patients in remission
(Spacekd. et al., 2022). The functionality of
P —glucans is related to their physicochemi-
cal properties, such as thickening, stabilizing,
emulsifying, foaming, and gelling properties.
These properties have been extensively stud-
ied for f —glucans from various cereal crops,
but are not well understood for f —glucans
from fungi. It has been found that § —glucans
from yeast can be used as thickeners, water-
retaining or fat-binding agents, and emulsi-
fying stabilizers in food products. Since yeast
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and fungal glucans share a common structure,
it can be assumed that they also have similar
physical and chemical properties (Gallotti F.,
Turchiuli C., Lavelli V., 2022).

Method

Sample preparation:

Oyster mushroom The mushroom sam-
ple was collected from local areas. The dried
and ground raw material was prepared for
extraction.

Polysaccharide extraction:

280 g of crushed Pleurotus ostreatus bio-
mass was extracted with distilled water at
room temperature of 25 °C for 24—48 h. The
resulting extract was first filtered. The re-
sulting extract was reduced in solvent using
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vacuum. Then, it was mixed with 3 times the
mass of cold ethanol, cooled for 12 hours and
filtered. The residue remaining on the filter
was squeezed using a cloth and dried at room
temperature. As a result, 7 g of polysaccha-
ride was obtained, which was 2.5% of the to-
tal biomass.

Results and analysis

The carbohydrates obtained as a result of
the extraction were subjected to high-perfor-
mance liquid chromatography and the chro-
matographic analysis of the obtained fraction
yielded the following results.High-perfor-
mance liquid chromatography analyses of the
extracted carbohydrates were performed(-
Figure 1).

Figure 1. Top layered liquid chromatography results

o AsTextop A Kaxan 1
1 i
500+ igi
250
1 s -
| B % § & 33 3 2 3 3 &
== = o @4 e T = = = =
I |
0,0 25 5,0 7.9
min
Table 1. High effective liquid chromatography the results
Oetextop A Kanan 1 . )
Peak# Ret. Time | Area . Height | Conc. | Unit | Mark | Name
1 0,086 5605 | 370 0,000/
2| 1,298 65233 3231 0,000 |
3] 1902] 15206 | 734 0,000
4 2462 6081 496 | 0,000
5 3,004 17524 983 0,000/
6 3404 1374396 35345 0,000 | |
7| 4045 5285764 160394 0,000/ |
8 4958 6852857 134320, 0,000 v
9 6226 26871600 638487 0,000 | v
10| 7.340| 1965940 65534 | 0,000 TV
11| 8,201 2821988 46145 0,000/ v
12| 9,052 794137 20917 | 0,000/ v
Cymma 46076331 1106957 |

The results of the table above show that
the signal emitted at a time interval of 6.226
minutes was seen to have the highest concen-
tration of 638487 g/mol.

Pleurotus ostreatus mushroom biomass
were performed by extraction with distilled
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water at room temperature. In order to de-
termine the structure of the isolated polysac-
charide, acid hydrolysis and thin layer paper
chromatography analysis were performed
(Figure 2).
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Figure 2. Polysaccharide paper chromatography

The following table was prepared by com-
paring the paper chromatography results
with the standards (Table 2).

From the results shown in the table, it
was confirmed that the polysaccharide was
p—(1-3)/(1 - 6)-glucans.

To study their structure, IR spectra were
obtained (Figure 3).

Table 2.
Yield Quantitative monosaccharide composition
9%  Galac- glucose Man-  , binose Xelose Ravnoza
tose nose
Polysaccharide 2.5% 7 93 - - - -

3. Pleurotus ostreatus mushroom
polysaccharide IR spectrum

The following main lines were detect-
ed in the IR spectrum: a broad extended
line characteristic of —-OH groups around
3279.8 cm1, 2939.36 cm! — stretching vi-
brations characteristic of the CH, — group are
visible, 1624.36 cm~! — bound water mole-
cules, and in the range of 1261-1020 cm™1,

C-0O-C and C-O-H stretching vibrations
characteristic of § —glucans are visible. In the
region of 961-650 cm™1, deformation signals
characteristic of the CH- group are visible.
These signals indicate that the polysaccha-
ride is f —glucan.
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Conclusion

This study is an important step in the
study of the extraction of f —glucans from
Pleurotus ostreatus mushrooms and their bi-
ological activity. The results obtained by IR
spectroscopy and HPLC analysis allowed us
to determine in detail the molecular struc-
ture of the polysaccharides, their purity and
bioactive activity. These results provide the
basis for considering Pleurotus ostreatus

Section 2. Chemistry

mushrooms as a potential source for use in
the pharmaceutical and food industries. The
results obtained in the study indicate the
need to study other bioactive properties of
p —glucans, such as antioxidant and antibac-
terial activity. In the future, further study of
these polysaccharides and the development
of more efficient extraction methods will al-
low for their wider application in the phar-
maceutical industry.
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Abstract

The article provides information on the results of a study of the patterns of dispersion of
chemical elements in the soils of the Southern Aral Sea region. Comparative analysis of the
chemical composition of soils from north to south according to the Muynak-Nukus-Ellikkala
scheme, Republic of Karakalpakstan. The content of many elements in soils is low (with the
exception of Na, K), and due to the alkaline reaction of the environment and the oxidizing
conditions, their mobility in the conditions of the Aral Sea region is low.
Keywords: Karakalpakstan, Aral Sea region, soil, geochemistry, Muynak, Nukus, Ellikkala,

environmental conditions, content

Introduction

The ecological crisis of the Aral Sea re-
gion is a result of irresponsible human in-
teraction with nature and the environment.
Specifically, over a short historical period
(1960-2017), we have witnessed a profound
ecological disaster in the Aral Sea region. Due
to the increase in water consumption in the
agriculture of the republic, the Aral Sea did
not receive the necessary amount of water
(about 1000 km3), resulting in the sea’s des-

iccation. The severity of the ongoing process-
es, both in terms of ecological-geochemical
and socio-economic aspects, is quite complex
and requires the unification of scientific ef-
forts and the economic potential of the global
community.

The causes and effects of the ecologi-
cal crisis in the Aral Sea region have been
thoroughly researched by scientists from
Karakalpakstan and the Republic of Uz-
bekistan, as well as by scientists from other
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countries — Russia, Kazakhstan, and others.
However, published works lack data on the
ecological-geochemical state of the environ-
ment in the region. There is no information
on the biogeochemistry of individual chemi-
cal elements, and background levels of chem-
ical elements in the biosphere, which are
essential for predictive assessments of the
ecosystem’s condition and the development
of measures to prevent the worsening of the
current level of ecological disaster or its im-
provement, have not been established.

The aim of the study and
discussion of the results

The initial studies on the ecological-
agrogeochemical conditions of soils were
conducted from 2010 to 2012 by Ibragi-
mov B., Jumamuratov A. (Zhumamuratov A.,
IbragimovB.A., 2014; ZhumamuratovA.,
Zhumamuratov M. A., SdykovI. M., Usman-
ovU., 2017). These studies demonstrated
soil enrichment with Na, Cl, Zn, Cu, As, Sb,
Se, Br, Hf, Ta, U, REE, while simultaneously
observing a depletion of K, Sc, Mn, Fe, Co,
Ba, Sr, and included a cartogram of Na distri-
bution in the soils of the northern part (above
Nukus) of Karakalpakstan. Subsequent ob-
servations of the ecological-agrogeochemical
condition of soils at the same control points
were continued by us in the following years —
not only to assess the degree of soil contam-
ination but also to establish other soil pa-
rameters. Soil samples were collected during
2017-2022.

Soil samples were collected from the arable
layer of the Ellikkala district (Bostan farm) —
moderately saline soils, and samples of highly
saline soils in the Muynak district (vicinity of
Muynak city) and the surroundings of Nukus
city. Given that the Ellikkala district is located
far from the Aral Sea (380 km) and, according
to data (ZhumamuratovA., IbragimovB.A.,
2014), the soils of this district are less prone
to salinization, this area was taken as a bench-
mark, and the data on the elemental compo-
sition of soils obtained from the other two
districts were compared with Ellikkala. Let’s
examine these relationships, i.e., the com-
parison of the average content of elements in
the soils of the Muynak (Cm) and Nukus (Cn)
districts with the data for the Ellikkala (Ce)
district. Soil samples were collected from the
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arable layer of the Ellikkala district (Bostan
farm) — moderately saline soils, and samples
of highly saline soils in the Muynak district
(vicinity of Muynak city) and the surround-
ings of Nukus city. Given that the Ellikkala
district is located far from the Aral Sea (380
km) and, according to data (Zhumamura-
tov A., Ibragimov B. A., 2014), the soils of this
district are less prone to salinization, this area
was taken as a benchmark, and the data on the
elemental composition of soils obtained from
the other two districts were compared with
Ellikkala. Let’s examine these relationships,
i.e., the comparison of the average content of
elements in the soils of the Muynak (Cm) and
Nukus (Cn) districts with the data for the El-
likkala (Ce) district.

Sodium and potassium. The content
of Na decreases from north to south in the
sequence Muynak-Nukus-Ellikkala. The po-
tassium content is highest (2.2%) in the soils
surrounding Nukus and lowest in the soils of
the Ellikkala district (1.1%). The high potas-
sium content indicates that these soils have
either not been used in agricultural rotation
for a long time or are contaminated by un-
controlled application of potassium fertilizers
(Fig. 1).

Iron, Manganese, Cobalt. For this
group of elements, an enrichment of the soils
in the Ellikkala district is observed. Com-
pared with other areas, it is noted that the
contents of Fe, Mn, Co in the soils are rel-
atively low compared with other republics
(Zhumamuratov A., IbragimovB.A., 2014),
and a deficiency of these elements can cause
anemia and other diseases, i.e., the content
is insufficient for the normal progression of
metabolic processes in plants, animals, and
humans (Tarmaeval. Yu., Boeva A. V. 2014).

Scandium and REEs (La, Ce, Sm,
Eu, Thb, Yb, Y). The biological role of this
group of elements is not well understood, al-
though these elements are always found in
the composition of soils, plants, in the organs
and tissues of animals and humans. The work
(Tarmaeval.Yu., BoevaA.V. 2014) demon-
strates the involvement of these elements
in the pathogenesis of cotton wilt, hepatitis,
and diabetes in humans, in particular, a cor-
relation was found between the content of
scandium and the blood sugar levels in sick
and healthy individuals. From table 1., it is
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apparent that the soils of the Ellikkala district
and the surroundings of Nukus and Muynak
districts are enriched with these elements
and are more evenly distributed within the
limits of elemental determination errors. We
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tend to explain this situation by the fact that
this group of elements is part of phosphate
fertilizers, and their application has led to
the contamination of the soils in this region
(since within).

Tablel. Content of chemical elements in the arable layer of soils
from characteristic regions of Karakalpakstan (mg/kg)

Ellikkala

district Muynak district Nukus district — cB3l acp
Ce Cm c,/c, c,/Cc, C,C,

Na% 1.3 4.5 3.5 2.8 2.2 2.87 1.7 1.69
K% 1.1 1.58 1.43 2.2 2.0 1.63 1.8 0.91
Sc 11.5 7.3 0.60 9.8 0.8 9.54 7.8 1.22
Cr 46.7 25.8 0.50 55.0 1.1 24.3 75.3 0.32
Mn 624.0 450.0 0.72 496.8 0.80 523.6 434 1.21

Fe% 1.85 1.52 0.84 1.35 0.73 1.57 1.4 1.12
Co 11.7 8.2 0.70 9.84 0.86 9.91 8.9 1.11
Rb 35.9 50.9 1.42 41.2 1.15 56 52.7 1.06

Y 29.0 34.0 1.17 33.0 1.3 32 - -

Zr 11.0 13.2 1.2 12.4 1.1 12.2 - -

Sb 3.6 2.61 0.72 2.25 0.61 2.82 1.6 1.76
Cs 6.50 3.86 0.59 3.50 0.54 4.29 1.6 2.68
Ba 967.0 635.0 0.66 400.0 0.41 667.3 340 1.96
La 33.6 19.2 0.57 26.9 0.80 26.53 19 1.59
Ce 30.6 26.7 0.87 27.0 0.73 28.1 18.1 1.56
Sm 2.5 2.1 0.84 3.7 1.48 2.77 29 0.96
Eu 0.90 1.07 1.18 1.72 1.91 1.23 1.0 1.23
Tb 3.7 3.5 0.95 5.2 1.41 4.13 3.3 1.25
Yb 1.2 1.50 1.25 1.38 1.15 1.36 1.8 0.78
Hf 2.3 2.12 0.91 2.30 1.0 221 3.5 0.63
Th 5.2 4.88 0.94 6.3 1.21 5.7 5.3 1.1
U 2.82 2.60 0.93 2.1 0.75 2.51 2.1 1.2

Rubidium, Cesium, Barium. The
elements of this group are analogs of Na,
K, and Ca. Their content (except for Ba) is
higher in the soils of the Muynak district,
and slightly lower in the Nukus district.
The enrichment of the soils in the Ellikkala
district (967.0 mg/kg) with barium can be
explained by a disturbance in the Ca/Ba or
Mg/Ba ratio, which leads to the depletion
of Ca or Mg in the soils and is associated
with changes in the pH of the environment
(pH-8.9), or the composition of humus in
the soils.

88

Thorium and uranium. The max-
imum content of thorium was found in the
arable layer of soils in the Nukus district
(6.6 mg/kg), Ellikkala (5.2 mg/kg), and the
minimum in the soils of the Muynak district
(4.88 mg/kg). In the case of uranium, we see
the opposite picture: Ellikkala (2.82 mg/kg),
Muynak (2.60 mg/kg), Nukus (2.10 mg/kg).
As will be shown in the next chapter, these el-
ements, along with their natural component,
also have anthropogenic components, hence
here we find disturbances in their ratios,
which are associated with the environmental
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situation of the region. The average data we
obtained for Th and U are 1.05 and 1.2 times
higher, respectively, than the averages for
(Karakalpakstan Zhumamuratov A., Ibragi-
mov B. A., 2014). A slight increase in the con-
tent of these elements in the soils is observed.

Figure 1. Comparative analysis from
north to south following the scheme
Muynak-Nukus-Ellikkala in the Republic of
Karakalpakstan (Sodium and Potassium)
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Antimony. The maximum content of
antimony was found in the soils of the Ellik-
kala district (3.60 mg/kg), and the minimum
in the soils around Nukus city (2.25 mg/kg).
This element is a component of pesticides.
The obtained results for antimony do not
have an anthropogenic impact on the envi-
ronment, although this statement requires
further research on the participation of anti-
mony in the biogeochemical cycle.

Comparative analysis of the results we
obtained with the data presented in the work
(EsimbetovA.T., Ametov Ya.l.,, Allamura-
tovK. K., 2018) shows that over 8—10 years
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(our samples were taken at the same points),
the arable soil layer has been enriched with
Na, Sc¢, Mn, Fe, Co, Rb, Sb, Cs, Ba, La, Ce,
Eu, Tb, Th, U, and other chemical elements.
In the soils of the designated sampling points
to this day (with the exception of three out of
seven sampling points in Muynak), cotton is
still being cultivated. Therefore, the decrease
in the content of K, Cr, Sm, Yb, Hf can be as-
sociated with their removal by cotton.

The process of enrichment with Na, Sb,
Cs, Ba, La, Ce is linked to irrigation with sa-
line water, the introduction of aerosol par-
ticles, the application of mineral fertilizers
(in the case of REEs, Sc, Th, U), and due to
the rise of groundwater levels to the surface,
which contain high concentrations of many
chemical elements (Table 1).

In principle, over 10 years, the content
of chemical elements in the arable layer in-
creased by 1.05-2.6 times. To establish the
reliability of such a statement, it is necessary
to conduct systematic research over time and
space on a sufficiently large statistical basis,
which is planned for the future.

Study results show, it should be noted that
the content of many elements in the soils is
small (with the exception of Na, K), and due
to the alkaline reaction of the environment
and the oxidative conditions, their mobility
in the conditions of the Aral Sea region is low.
Therefore, plants, animals, and humans may
experience their deficiency, which is evident
in the example of reduced soil productivity in
the region.

Soil salinization has led to a quantita-
tive and qualitative change in the pattern of
migration of chemical elements in the bio-
sphere of the region due to the reduction in
the accumulation of bio-philic elements, dis-
ruption of the ratio between elements, and
an increase in the proportion of toxicants in
the soil. Therefore, studying the distribution
pattern of a wide range of chemical elements
across the soil profile is important in this re-
gard.
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Abstract

Breast cancer is among the most prevalent cancers affecting women and often necessitates

a multifaceted treatment approach. However, combined treatment methods such as chemother-
apy and radiotherapy can negatively impact thyroid gland (TG) function, potentially causing
hormonal imbalances. These thyroid issues can deteriorate a patient’s general health, lower
their ability to tolerate treatment, and possibly affect the effectiveness of therapy. In Uzbekistan,
this area has not been thoroughly explored, emphasizing the importance of a detailed evaluation
of thyroid function in women with BC.

Keywords: breast cancer, chemotherapy, thyroid gland, thyroid dysfunction, anti-TPO an-
tibodies, thyroid hormones, combined therapy

Introduction

Breast cancer (BC) remains one of the
most prevalent oncological conditions
among women globally. According to data
from the Republican Specialized Scientif-
ic and Practical Medical Center of Oncolo-
gy and Radiology (RSSPMCOR) under the
Ministry of Health of Uzbekistan, a total
of 4,757 new cases of BC were reported in
2024, with 86.7% of these diagnosed at stag-
es II-IV, necessitating intensive multimod-
al treatment approaches. In recent years,
growing attention has been directed toward
the effects of anticancer therapies on the

endocrine system, particularly the thyroid
gland.

Thyroid dysfunction observed in oncology
patients may arise as a consequence of thera-
peutic interventions or may reflect pre-exist-
ing, undiagnosed thyroid abnormalities prior
to the initiation of cancer treatment. The de-
velopment of hypothyroidism in this context
has the potential to adversely influence the
clinical trajectory of BC, diminish patient tol-
erance to treatment, and negatively impact
overall quality of life.

The primary aim of the present study was
to evaluate the effects of different combined
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treatment modalities for BC on both clinical
and laboratory indicators of thyroid gland
function.

Materials and Methods

The study included 136 female patients
with histologically confirmed BC treated at
RSSPMCOR and its regional branches be-
tween 2023 and 2025. Patients’ ages ranged
from 30 to 73 years (mean 56.3 + 0.4 years).

Patients were divided into three groups:

e Group 1 (n=52): Stage II BC, treat-
ment consisted of surgery plus 6-8
courses of chemotherapy without
neoadjuvant treatment;

» Group 2 (n=64): Stage II-III BC, neo-
adjuvant and adjuvant chemotherapys;

« Group 3 (control, n = 20): Stage I BC,
no chemotherapy.

Previous studies have reported the prev-
alence of anti-thyroid peroxidase antibodies
(anti-TPO) in patients with BC to be approx-
imately 34%, compared to 36% in control
populations. Based on an estimated effect
size of 0.55, a significance level of 5%, and
a statistical power of at least 80%, the min-
imum required sample size was determined
to be 20 participants in the control group and
93 in the experimental (BC) group.

All participants provided written in-
formed consent prior to enrollment, and the
study protocol was reviewed and approved
by the institutional Ethics Committee.

The research protocol encompassed
comprehensive clinical and laboratory eval-
uations, along with instrumental diagnostic
procedures including ultrasound, magnet-
ic resonance imaging (MRI), and positron
emission tomography-computed tomogra-
phy (PET-CT). Thyroid function was assessed
through measurements of serum thyroid-
stimulating hormone (TSH), total triiodothy-
ronine (T3), free thyroxine (T4), luteinizing
hormone (LH), and follicle-stimulating hor-
mone (FSH), in addition to thyroid ultra-
sound imaging.

Reference ranges for thyroid hormones
were:

e TSH:0.5-4.5 pIU/mL;

« Total T3: 80—-200 pg/mL;

e FreeT4:4-12 ng/mL;

« Anti-TPO levels > 40 IU/mL were

considered positive.

Section 5. Medical science

Statistical Analysis

Data were analyzed using SPSS v.19.

Normality was assessed by the
Kolmogorov-Smirnov test.

Group comparisons employed Student’s
t-test for normally distributed data,

Mann-Whitney U test for nonparametric
data,

Chi-square and Fisher’s exact test for
contingency tables.

Statistical significance was set at p < 0.05.

Results

Clinical manifestations:

» The most frequently observed symp-
toms of thyroid dysfunction during
the post-chemotherapy period includ-
ed general weakness (88.9%), palpita-
tions (up to 31.1%), neck discomfort
(up to 37.8%), and a sense of a lump
during swallowing (up to 26.5%). In
contrast, these clinical manifestations
were largely absent in the control
group.

Laboratory findings:

« TSH, T3, and T4 levels were assessed
at three time points: prior to the ini-
tiation of chemotherapy, one month
following its completion, and six
months post-treatment. Alterations
in thyroid hormone profiles were
identified in 78.7% of patients, with
subclinical hypothyroidism being the
most prevalent abnormality. Addi-
tionally, elevated levels of cholester-
ol and triglycerides were observed,
suggesting a potential link between
thyroid dysfunction and the develop-
ment of metabolic syndrome during
chemotherapy.

«  While no statistically significant dif-
ference in TSH levels was observed be-
tween the patient and control groups
(p = 0.166), significant intergroup
differences were noted for mean free
T4 (p = 0.001), total T3 (p < 0.017),
and anti-thyroid peroxidase antibod-
ies (anti-TPO) (p = 0.05). Further
analysis using Chi-square and Fish-
er’s exact tests confirmed significant
differences between groups for T3
(p =0.017) and anti-TPO (p = 0.044),
whereas no significant differences
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were found for TSH (p = 0.34) or free
T4 (p = 0.14).

Ultrasound and imaging studies:

Thyroid ultrasound examinations were
conducted using 5 MHz convex transducers
positioned perpendicular to the midline of
the neck, enabling evaluation of the thyroid
gland’s structure, volume, and dimensions
throughout the course of BC chemothera-
py. Thyroid volume was calculated using the
A. F. Tsyba formula (1990):

V=0.52 x A xBxC(sm?
where:

« Arepresents the length of the thyroid

lobe;

o B —isthe thickness, and

e C — is the width measured in the

transverse plane.

When indicated, Doppler mapping was
employed to assess vascularization and char-
acterize nodular formations.

MRI of the thyroid, using T1-weighted
sequences, was performed in 53 patients to
detect structural abnormalities. Addition-
ally, PET-CT using 18F-fluorodeoxyglucose
(18F-FDG) was employed for disease stag-
ing and to evaluate thyroid metabolic activity
based on radiotracer uptake.

Patients were instructed to fast for 12
hours prior to receiving an intravenous injec-
tion of 18F-FDG at a dose of 200 MBq/m?2 (to-
tal dose ranging from 370 to 420 MBq). Fol-
lowing a 60—90 minute uptake phase, patients
were encouraged to consume up to 500 mL of
water and to void the bladder in order to re-
duce background radiotracer activity. A pre-
liminary CT scan was performed to define
the anatomical region for PET imaging, and
established synchronization protocols were
applied for accurate PET-CT data alignment.

Statistical Analysis of the Material

The data obtained in the study were sta-
tistically analyzed using SPSS version 16.0
(USA). The degree of statistical significance
for various comparative parameters was de-
termined accordingly. Parametric data were
reported as means + standard deviations
(SD), while non-parametric data were ex-
pressed as medians with interquartile rang-
es (Q1-Q3). Independent samples were an-
alyzed using the Mann—-Whitney U-test for
non-parametric variables. Categorical vari-
ables were evaluated using the Chi-square

Section 5. Medical science

test and Fisher’s exact test. A p-value less
than 0.05 was considered indicative of statis-
tical significance. Differences in mean values
between groups were assessed using the Stu-
dent’s t-test and Fisher’s exact test.

To compare long-term (5-year) outcomes
of different treatment modalities based on
survival stratification, the actuarial life table
method — specifically the “Lise-Table meth-
od” developed by CutlerS.J. and EdererF.
and endorsed by the Union for International
Cancer Control (UICC)—was employed.

Patient survival was further analyzed us-
ing the Kaplan—Meier method, applying the
formula:

s()=Nx(1-d,/n,)
where s(t) represents the survival probability at
time t, d1 the number of events (deaths) at that
time, and ni1o the number of individuals at risk.

Median durations of disease-free and
metastasis-free intervals were determined
according to the methodology proposed by
D. Collett (1999).

Discussion

Our study confirms a high prevalence of
thyroiddysfunctionamongBCpatientsunder-
going combined therapeutic regimens. This
aligns with previous research linking thyroid
disorders — such as nodular hyperplasia, hy-
perthyroidism, autoimmune thyroiditis, and
elevated anti-TPO antibody levels — to breast
cancer pathophysiology (Turken O., NarInY.,
DemlrbasS., OndeM.E., SayanO., Kan-
demlIrE.G., 2003; AgarwalD.P., SoniT.P,
Sharma O. P., Sharma S., 2007; Giustarini E.,
Pinchera A., Fierabracci P., Roncella M., Fus-
taino L., Mammoli C., 2006). Several studies
have reported associations between BC and
various thyroid-related biomarkers, includ-
ing anti-TPO, TSH, T3, T4, and estradiol
levels (FierabracciP., PincheraA., Campa-
niD., PollinaL.E., GiustariniE., GianiC.
2006; Sabitha Suneetha, Mohanty S, RaoP.,
2009; AliA., MirM.R., BashirS., Has-
sanT., BhatS.A., 2011; SmythP.P., Sher-
ing S. G., Kilbane M. T., Murray M. J., McDer-
mott E.W., Smith D. F., 2017; (FierabracciP.,
Pinchera A., Campani D., Pollina L. E., Gius-
tarini E., GianiC., 2006; Sabitha Suneetha,
Mohanty S, RaoP., 2009; AliA., MirM.R,,
BashirS., HassanT., BhatS.A., 2011;
Smyth P.P., SheringS.G., KilbaneM.T,,
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Murray M. J., McDermott E.W., SmithD.F,,
2017; DitschN., LiebhardtS., Von KochF,,
Lenhard M., Vogeser M., Spitzweg C., 2010).

In our cohort, BC patients exhibited sig-
nificantly elevated anti-TPO (p=0.011) and
free T4 (p=0.001) levels compared to con-
trols, while total T3 levels were significantly
reduced (p=0.001), and TSH levels were low-
er but not statistically significant (p=0.166).
These findings are consistent with prior
literature (AliA., Mir M. R., BashirS., Has-
sanT., BhatS. A., 2011; WangG., Chen X-S.,
MaoY., Li Y-F., Chen W-G., Shen K-W., 2014;
Takatani O., Okumoto T., Kosano H., Nishi-
da M., Hiraide H., Tamakuma S., 1989; Kui-
jpensJ.L., NyklictekI., LouwmanM.W.,
WeetmanT.A.,, PopV.J., CoeberghJ.W.,
2005; Saraiva P., Figueiredo N., Padovani C.,
Brentani M., NogueiraC., 2005; RoseD.P,,
Davis T. E., 1979), reinforcing the hypothesis
that thyroid dysfunction — potentially driven
by autoimmune mechanisms — may influence
BC development and progression.

One proposed mechanism involves the
estrogen-mimetic action of thyroid hormones
and their receptors in modulating cellular
proliferation and differentiation (TosovicA.,
Bondeson A. G., Bondeson L., Ericsson U. B.,
MalmJ., ManjerdJ., 2010). Notably, the ra-
tio of free T3 to free T4 has been suggested
as a potential tumor biomarker (DitschN.,
LiebhardtS., Von KochF., Lenhard M., Vo-
geser M., SpitzwegC., 2010). Some studies
have associated elevated free T4 levels with
increased BC risk, whereas higher anti-TPO
antibody levels may exert a protective ef-
fect (WangG., Chen X-S., MaoY., Li Y-F,
Chen W-G., Shen K-W.,, 2014; CengizO.,
Bozkurt B., Unal B., Yildirim O., Karabeyog-
luM., Eroglu A. 2004; Tosovic A., BeckerC.,
Bondeson A. G., Bondeson L., Ericsson U. B.,
MalmJ., 2012). Additionally, thyroid dys-
function has been reported to correlate with
higher tumor grades, suggesting a relation-
ship with malignancy severity (Lemaire M.,
Baugnet-Mahieu L., 1986).

However, other investigations have
failed to identify significant associations
between thyroid disorders and BC risk (Mi-
chalakiV., Kondi-Pafiti A., GennatasS., An-
toniou A., Primetis H., GennatasC., 2009;
Kuijpens J. L., NyklictekI., Louwman M. W.,
WeetmanT.A.,, PopV.J., CoeberghJ.W.,
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2005). These discrepancies may reflect meth-
odological variability, differences in popula-
tion characteristics, variability in assay sen-
sitivity, or racial and geographic influences.

An interesting observation from our
study was a non-significant trend toward re-
duced symptoms of thyroid dysfunction in
patients receiving prophylactic levothyrox-
ine. Although this finding lacked statistical
significance, it suggests a potential benefit
that warrants further exploration through
randomized controlled trials with larger
sample sizes.

In conclusion, the observed associations
between thyroid dysfunction and breast can-
cer highlight the need for comprehensive en-
docrine assessment in this patient population.
Future prospective studies employing stan-
dardized methodologies and larger cohorts
are essential to clarify the clinical implications
and to explore the potential role of thyroid
hormone modulation in BC management.

Conclusions

1. Combined antitumor therapy for BC
is associated with a high incidence of
thyroid dysfunction, mainly subclini-
cal hypothyroidism, especially in pa-
tients receiving neoadjuvant and ad-
juvant chemotherapy.

2. Common clinical manifestations of
post-chemotherapy thyroid dysfunc-
tion include general weakness, palpi-
tations, neck discomfort, and difficul-
ty swallowing.

3. Significant hormonal changes involve
free T4, total T3, and anti-TPO levels,
indicating autoimmune involvement
in the pathological process.

4. Ultrasound and radionuclide imaging
(PET-CT) reveal structural-functional
thyroid alterations correlating with
treatment intensity.

5. Preliminary data suggest potential
benefits of prophylactic thyroid hor-
mone (levothyroxine) to mitigate thy-
roid dysfunction symptoms, requir-
ing further randomized trials.

6. Due to the high prevalence and clinical
relevance of thyroid dysfunction during
BC treatment, routine thyroid status
assessment is recommended in onco-
logical patient management protocols.
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Abstract

This study highlights the particular importance of CD4 T-lymphocyte levels in the immune
microenvironment of soft tissue sarcomas. Data analysis shows that high levels of active CD4*
T-lymphocytes inside the tumor are associated with more favorable morphological responses
to therapy, as well as improved clinical outcomes. CD4 levels serve as a promising prognostic
marker and can contribute to more accurate prediction of the results of complex treatment,
including immunotherapy. The obtained results emphasize the need for expanded research
to develop new individualized strategies to enhance the immune response and improve the
effectiveness of soft tissue sarcoma therapy.
Keywords: soft tissue sarcoma, tumor microenvironment, chemotherapy, radiation therapy

Introduction

The relevance of the study is due to the
high heterogeneous nature of soft tissue sar-
comas and their complexity in diagnosis and
treatment, which is confirmed by numerous
international studies. According to modern
data, soft tissue sarcomas constitute about 1%
of all malignant tumors and are characterized
by a high degree of morphological and mo-
lecular diversity, which complicates not only
the diagnosis but also the selection of optimal
therapy (HuangH., FanY., ZhangS., BaiX.,
WangX., ShanF., 2025). These tumors are
characterized by high aggressiveness, a high
risk of recurrence, and low patient survival
rates, especially in advanced stages of the dis-

ease. In the context of modern trends in global
oncology, the role of the tumor’s immune mi-
croenvironment and its components, primar-
ily the activity of T-lymphocytes with the CD4
marker, which perform regulatory and sup-
porting functions in the antitumor immune
response, is gaining particular importance.
International studies show that the presence
of active CD4* T-lymphocytes within the tu-
mor tissue is associated with improved prog-
nosis, reduced metastasis risk, and higher
tumor sensitivity to immunotherapeutic ap-
proaches (Van der Graaf W.T.A., OrbachD.,
JudsonI.R., FerrariA., 2017).

An additional factor is that the activity
of CD4* cells contributes to the activation of
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cytotoxic T-lymphocytes and macrophages,
increased cytokine synthesis, and the devel-
opment of an immunological microenviron-
ment favorable for the elimination of tumor
cells. In light of the rapid implementation of
immunotherapy as an innovative method in
oncological practice, understanding the role
of CD4* T-lymphocytes as a prognostic and
predictive marker is becoming particularly
relevant. The introduction of an assessment
of the immune status, in particular the lev-
el of CD4, can contribute to a more accu-
rate prediction of treatment outcomes, the
selection of personalized therapeutic reg-
imens, and the development of new com-
bined methods that enhance the antitumor
immune response (Lee A. Q., Hao C., Pan M.,
Ganjoo K. N., BuiN., 2024).

Thus, the study and assessment of the
role of CD4-lymphocytes in the microenvi-
ronment of soft tissue sarcomas is a crucial
area contributing to increased treatment effi-
cacy, reduced risk of relapses, and increased
life expectancy. These tasks correspond to
the current global trends in the development
of oncology and require further scientific re-
search to confirm and implement them in
clinical practice (Wood G. E., Meyer C., Petit-
prezF., D’Angelo S.P., 2024; Recine F., Van-
niS., Bongiovanni A., FaustiV., Mercatali.L,
Miserocchi G., et al., 2024).

Materials and methods
The study was conducted at the Children’s
Oncology, Hematology and Immunology Sci-
entific and Practical Medical Center, as well
as the Republican Specialized Scientific and
Practical Medical Center of Oncology and
Radiology and its Tashkent City Branch, in

Section 5. Medical science

the period from 2014 to 2024. 174 patients
diagnosed with rhabdomyosarcoma of vari-
ous localizations participated in the study.

Inclusion criteria: diagnosis of soft tissue
sarcoma, availability of data on chemother-
apy and material for immunohistochemical
analysis. Patients with preliminary immuno-
therapy or insufficient volume of biopsy ma-
terial were excluded.

To assess the immune microenvironment,
tumor tissue samples obtained by biopsy
were used. The samples were fixed in 10%
formalin and enclosed in paraffin. 4 um thick
sectional cuts were stained using antibodies
to determine the status of CD4, CD8, CD20,
and CD68. The results of the pathohistologi-
cal examination were evaluated by two inde-
pendent pathologists. Assessment of the lo-
cation of immune cell infiltration was carried
out by dividing the samples into intratumor-
al and peritumoral zones. Cell counting was
performed in 5 independent fields of view us-
ing microscopy. The results were recorded as
the percentage of positive cells from the total
number of cells in the visual field.

To analyze the differences in the level of
infiltration and response to chemotherapy,
Pearson’s chi square and Fisher’s precision
criteria were used. The significance level was
established at p<0.05. All calculations were
carried out using statistical software.

This approach provided a detailed assess-
ment of the immune microenvironment and
its impact on clinical outcomes in patients
with soft tissue sarcomas.

Results
An analysis of the therapy effectiveness
was conducted depending on the CD4 status.

Table 1. Analysis of therapy effectiveness depending on CD 4 status

. CD 4 Status
Indicators Category . .
negative status positive status

Chemotherapy effect  Full effect 7(10.0) 15(17.2)
(complete-1, par- p, a1 effect 28 (4 7 (42.5
tial-2, stabilization-3, artiat etiec 8 (40.0) 37(42.5) 0.320
progression-4) Stabilization 32 (45.7) 29 (33.3)

Progression 3(4.3) 6(6.9)
Degree of therapeutic therapeutic patho- 21 (30.0) 11 (12.6) 0.002%

pathomorphosis morphosis I
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. CD 4 Status
Indicators Category . .
negative status positive status

therapeutic patho-
morphosis 11 31 (44.3) 28 (32.2)
therapeutic patho-
morphosis IT1 10 (14.3) 26 (29.9)
therapeutic patho-
morphosis TV 8(11.4) 22 (25.3)

Radiation therapy Full effect 6(15.8) 12 (16.9)

response Partial effect 20 (52.6) 25 (35.2) 0953
Stabilization 6 (15.8) 22 (31.0) '
Progression 6 (15.8) 12 (16.9)

* — differences in indicators are statistically significant (p < 0.05)

Analysis of the presented data shows that
there is a statistically significant correlation
(p = 0.002) between the status of CD4 and
the effectiveness of therapy, in particular, the
degree of therapeutic pathomorphosis. This
indicates that the presence of a positive CD4
status (presence of active T-lymphocyte help-
ers) contributes to more pronounced morpho-
logical regression of the tumor and, possibly,
a more effective response to the ongoing treat-
ment. Positive CD4 status apparently reflects
the body’s more active immune response,
which contributes to a decrease in tumor mass
and an increase in therapeutic effect.

At the same time, the influence of the
CD4 status on the clinical response, mea-
sured by signs of complete, partial, stabiliz-
ing effect and progression, was not revealed,
since no statistically significant differences
in this indicator (p = 0.320) were recorded.
This indicates that macroscopic effectiveness
and morphological pathomorphism can be
more sensitive to the immune status than the
clinical response in terms of symptomatic or
hormonal improvement.

Theoretically, a positive CD4 status con-
tributes to the enhancement of phagocytic
and stimulatory functions of immune cells,
activates the cytokine mechanism, promotes
the development of anti-tumor T-lympho-
cytes, which together enhances the anti-tu-
mor immune response. This promotes more
pronounced regression of tumor tissues
under the influence of treatment, includ-
ing radiation therapy. At the same time, the

absence of significant differences in the ef-
fects of radiation therapy in different CD4
states can be explained by the fact that the
immune system plays a role more as an aux-
iliary component in the context of radiation
therapy, while the main effect is due to radi-
ation load.

Summarizing, it can be said that the pres-
ence of a positive CD4 status is an important
biological factor predisposing to more effec-
tive morphological regression of the tumor,
which confirms the active role of the immune
mechanism in the treatment of sarcomas.
These data indicate the need for further re-
search to clarify the precise mechanisms of
interaction between immune cells and radio-
therapy and to find immunological markers
capable of predicting treatment outcomes
and developing new approaches to immu-
noradiotherapy.

Conclusion

The presence of a positive CD4 status is
associated with more pronounced morpho-
logical regression of the tumor and a high
level of therapeutic pathomorphosis, which
indicates the important role of T-helper
lymphocytes in enhancing the anti-tumor
effect in the treatment of soft tissue sarco-
mas. However, the influence of CD4 status
on the clinical response (complete, partial,
stabilization, progression) has not been es-
tablished, which may indicate more com-
plex mechanisms of immune system inter-
action and treatment effectiveness. These
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data indicate the need for further research their potential in predicting and improving
to understand the role of immune cells and  sarcoma therapy.
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Abstract

This study examines the significance of CD4 lymphocyte localization in the tumor micro-
environment of soft tissue sarcomas and their impact on the efficacy of therapy. The analysis
showed that intratumoral (intra-umoral) infiltration of these cells is significantly associated
with pronounced morphological regression and a high level of therapeutic pathomorphosis, in-
dicating the important role of immune mechanisms in the formation of an antitumor response.
Localization of CD4+ T lymphocytes inside the tumor enhances the immune response, stimu-
lates cytotoxic cells and helps to reduce tumor volume, which confirms the theoretical concept
of strengthening local immune activation to improve treatment efficacy. At the same time, the
effect of CD4 lymphocyte localization on short-term clinical indicators of responses to therapy
(complete, partial, stabilization, progression) was statistically insignificant, which indicates the
need for further research for a deeper understanding of the mechanisms of interaction between
immune cells and the therapeutic effect. The data obtained emphasize the prospects of using
CD4 lymphocyte localization as a prognostic marker for assessing the morphological and long-
term response, as well as for the development of new methods for optimizing immunotherapy
for soft tissue sarcomas.
Keywords: soft tissue sarcoma, tumor microenvironment, chemotherapy, radiation therapy

Introduction modern international data, soft tissue sarco-

The rapid development of areas in oncolo-
gy, especially the active study of the role of the
tumor’s immune microenvironment as a key
factor influencing the progression, response
to treatment, and prognosis of patients, neces-
sitates the relevance of the study. According to

mas are a heterogeneous group of malignant
tumors, comprising more than 50 histological
subtypes united by a common term. These tu-
mors constitute approximately 1% of all ma-
lignant neoplasms and are characterized by
high morphological and molecular diversity,
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which makes diagnosis, selection of effective
therapy, and prediction of clinical outcomes
difficult (HuangH., FanY., Zhang$., BaiX,,
WangX., Shan F., 2025).

Numerous studies show that in soft tissue
sarcomas, the immune microenvironment
plays a significant role, and the specific sta-
tus of active immune cells within the tumor
is a predictor of therapeutic outcomes and
long-term prognosis. A particularly significant
factor is the localization and activity of CD4+
T-lymphocytes, which perform regulatory and
supporting functions in anti-tumor immunity,
activating cytotoxic T-lymphocytes and en-
hancing the body’s immune response. These
cells participate in the regulation of immune
mechanisms and the creation of an immuno-
active microenvironment, which contributes
to more pronounced morphological regres-
sion of the tumor (Van der Graaf WTA., Or-
bachD., JudsonI.R., FerrariA., 2017.

In the context of the introduction and
widespread use of immune methods of cancer
treatment, such as control point inhibitors,
the study of the role and localization of CD4+
T-lymphocytes within tumor structures is be-
coming particularly relevant. International
studies confirm that active CD4* lymphocytes
within the tumor tissue are associated with
more favorable outcomes, less recurrence, and
increased survival. However, the role of their
localization — within the tumor (intra-umoral
infiltration) or around it (peritumoral infiltra-
tion) — has not been fully studied and requires
additional evidence (Lee A. Q., Hao C., Pan M.,
Ganjoo K. N., BuiN., 2024).

Thus, the relevance of the study is espe-
cially high in light of the need to improve the
accuracy of diagnosis and prognosis of treat-
ment for soft tissue sarcomas, the prospects
of implementing immunological markers for
personalized treatment, as well as the develop-
ment of new combined therapeutic strategies
that increase the effectiveness and resistance
of treatment. These tasks correspond to glob-
al standards and trends in the field of oncol-
ogy and require further research to optimize
the diagnosis, treatment, and prevention of
relapses, which determines the scientific and
practical relevance of this work (Wood G. E.,
Meyer C., PetitprezF., D’Angelo S.P., 2024,
Recine F., Vanni S., Bongiovanni A., Fausti V.,
Mercatali L., Miserocchi G., et al., 2024).

Section 5. Medical science

Materials and methods

The study was conducted at the Children’s
Oncology, Hematology and Immunology Sci-
entific and Practical Medical Center, as well
as the Republican Specialized Scientific and
Practical Medical Center of Oncology and
Radiology and its Tashkent City Branch, in
the period from 2014 to 2024. 174 patients
diagnosed with rhabdomyosarcoma of vari-
ous localizations participated in the study.

Inclusion criteria: diagnosis of soft tissue
sarcoma, availability of data on chemother-
apy and material for immunohistochemical
analysis. Patients with preliminary immuno-
therapy or insufficient volume of biopsy ma-
terial were excluded.

Tumor tissue samples obtained by biop-
sy were used to assess the immune microen-
vironment. The samples were fixed in 10%
formalin and enclosed in paraffin. 4 um thick
sectional cuts were stained using antibodies
to determine the status of CD4, CD8, CD20,
and CD68. The results of the pathohistologi-
cal examination were evaluated by two inde-
pendent pathologists.

Assessment of the localization of immune
cell infiltration was carried out by dividing
the samples into intratumoral and peritu-
moral zones. Cell counting was performed in
5 independent fields of view using microsco-
py. The results were recorded as the percent-
age of positive cells from the total number of
cells in the visual field.

To analyze the differences in the level of
infiltration and response to chemotherapy,
Pearson’s chi square and Fisher’s precision
criteria were used. The significance level was
established at p<0.05. All calculations were
carried out using statistical software.

This approach provided a detailed assess-
ment of the immune microenvironment and
its impact on clinical outcomes in patients
with soft tissue sarcomas.

Results

We analyzed the effectiveness of therapy
depending on the location of CD4 lympho-
cytes in the tumor stroma or parenchyma.

A statistically significant difference
(p = 0.020) was revealed when analyzing the
relationship between the degree of patho-
morphism and the localization of CD4 lym-
phocytes. In particular, in intratumoral
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infiltration, cases of low-grade pathomor-
phosis are more pronounced, while in peritu-
moral infiltration, more pronounced changes
(grade II and higher) are more frequently re-
corded. This suggests that the activity of CD4

Section 5. Medical science

lymphocytes, localized within tumor struc-
tures, can play a more significant role in tu-
mor regression, contributing to a more pro-
nounced morphological response, higher
pathomorphism.

Table 1. Analysis of therapy effectiveness depending on location

localization (intratumor-1,

peritumor-2)

Indicators Category intratumor- peritumor- . p
al infiltra- al infiltra- Indl?::ator
tion tion :

Chemotherapy  Full effect 3(6.8) 12 (18.8) 4(12.5)

effect (com- partial effect 17(38.6)  23(35.9) 17(53.1)

plete- 1, E‘Z‘)Tgu Stabilization 22(50.0)  27(422)  7(21.9)

progression-4)  Progression 2 (4.5) 2(3.1) 4(12.5) 0.071
therapeutic patho- 0.020*
morphosis I 14 (31.8) 7(10.9) 6(18.8) intratu-
therapeutic patho- moral

Degree of thera- ) o1 osis 11 20(45.5)  23(359) 9(28.1) infiltra-

peutic pathomor- ) .

phosis therapeupc patho- tion — per-
morphosis I11 6(13.6) 21 (32.8) 8(25.0) itumoral
therapeutic patho- infiltration
morphosis IV 4(9.1) 13(20.3) 9(28.1) =0.019
Full effect 6 (15.8) 10 (18.9) 2(11.1)

Radiation thera- Partial effect 20 (52.6) 19 (35.8) 6(33.3)

py response Stabilization 6 (15.8) 15(28.3) 7(38.9)
Progression 6 (15.8) 9(17.0) 3(16.7) 0.521

¥ — differences in indicators are statistically significant (p < 0.05)

When comparing the response to chemo-
therapy and radiation therapy by localization
types, no significant statistical differences
were found (p > 0.05). This suggests that,
despite the effect of CD4 lymphocyte local-
ization on tumor morphological regression,
they are less dependent on the short-term
clinical effectiveness of therapy.

The localization of CD4* T-lymphocytes
within the tumor tissue (intratumoral in-
filtration) may indicate an active immune
response to tumor development, contribut-
ing to its regression, as these cells perform
regulatory and auxiliary functions, activate
cytotoxic T-lymphocytes, and contribute to
the synthesis of antibodies, enhancing the
anti-tumor immune response. In peritumor
infiltrates (peritumoral infiltration), the role
of these cells may be less stable or less active

in the context of the morphological response,
which is associated with less permeability or
less intensive activation of immune mecha-
nisms within the tumor.

It has been proven that the localization
of CD4 lymphocytes plays a significant role
in the morphological regression of the tumor
and the degree of pathomorphism, which is
important for prognostic assessment and the
development of immunotherapeutic strat-
egies. It should be noted that the activity of
circulating or peritumor CD4-lymphocytes
may have less value for predicting short-term
clinical effects, while localization within the
tumor is a critical factor for assessing the po-
tential of the immune response.

The localization of CD4 lymphocytes
within the tumor (intratumoral infiltration)
is significantly related to the severity of mor-
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phological regression and a higher level of
therapeutic pathomorphosis. The activity of
immune cells within the tumor stroma com-
ponent contributes to a more effective mor-
phological response to treatment and can
serve as a prognostic marker for assessing the
potential of immune-responsible regression
in soft tissue sarcomas. At the same time, the
effect of CD4 localization in the peri-tumor
zones is less pronounced and does not sig-
nificantly affect the response to reconstruc-
tive therapy.

Conclusion

As a result of the conducted research,
it was established that the localization of
CD4-lymphocytes within the tumor tissue —
in particular, their infiltration into the tumor
parenchyma (intratumoral infiltration) — is
significantly related to the pronounced mor-
phological regression of the tumor process
and the high level of therapeutic pathomo-
rphosis, which indicates the important role
of these cells in the formation of an effective
antitumor immune response. The activity of
CD4+ T-lymphocytes within tumor struc-
tures contributes to the strengthening of the
immune mechanism, stimulates cytotoxic
T-lymphocytes and other components of the
immune system, which conditionally leads to
a decrease in tumor volume and more pro-
nounced morphological tissue. These data
confirm the theoretical concept that local im-
mune activity within the tumor is the most

Section 5. Medical science

important driver of therapy, capable of im-
proving morphological indicators and, possi-
bly, long-term clinical outcomes.

At the same time, the absence of statis-
tically significant differences in clinical re-
sponse, expressed in the form of complete,
partial, stabilizing effects and progression,
indicates the complexity of the relationship
between immune activity and short-term
therapeutic outcomes. This may be due to the
fact that immune status, especially the local-
ization and activity of CD4-lymphocytes, pri-
marily affects morphological regression and
long-term defense mechanisms rather than
acute clinical indicators such as symptomatic
dynamics or shortened response time.

These results emphasize the need to
consider immune factors when planning
complex therapy for soft tissue sarcomas.
In particular, assessing the localization of
CD4-lymphocytes in tumor tissue can serve
as an additional predictor of the effectiveness
of the morphological response and long-term
prognosis. In the future, the use of this mark-
er in clinical practice can contribute to indi-
vidualizing treatment strategies, increasing
the effectiveness of immunotherapy, and de-
veloping new methods for activating immune
mechanisms within the tumor microenviron-
ment. Overall, the obtained conclusions con-
firm the prospects for further research aimed
at a deeper understanding of the role of the
immune system in the regression of sarco-
mas and the optimization of immunotherapy.
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Abstract

The article presents data from a retrospective analysis of 40 victims and 30 corpses, persons

who died from acute acetic acid poisoning against the background of alcohol intoxication. The
toxicokinetics were assessed according to the WHO guidelines (1981). The nonlinear resistance
analysis method was used to determine the main parameters of toxicokinetics: the elimination
rate constant, the half-life of the poison in the blood, and the maximum duration of the toxico-
genic phase in acetic acid poisoning against the background of alcohol intoxication.

Keywords: toxicokinetics, elimination rate constant, half-life of poisons in the blood, maxi-

mum duration of the toxicogenic phase

Relevance of the problem:
Forensic examination of acute poisoning
is one of the important and complex sections
of forensic toxicology. Statistics show that
a significant number of the total number of
acute poisonings are caused by cauterizing
poisons, including acetic acid (KazsubaA.,
ViterA. et all.,, 2000; PennerG.E. 2008;
Zamir O., Hod G. et al., 1985). Acetic acid
is widely used in everyday life. Among the
causes of poisoning with this poison, suicidal
tendencies (AkhmedovD. A., 2019; Akhun-
ovA.A., 1989; KlimovI.A., GorbakovV.V,,
2009) and accidental poisoning prevail, al-

though accidental poisonings are fatal.

Acute oral poisoning with acetic acid is
characterized by asevere courseand highmor-
tality (WHO Guidelines, 1981; MillsS.W.,
Okoe M. 1., 2007; Weintraub B. A., 2007).

The clinical and morphological picture
of acute poisoning with acetic acid has been
studied for a long time. However, the main
studies concern the pathogenesis, clinical
picture and treatment of these intoxications.
Thus, RusakovA.V. (1930) was the first to
establish an expert opinion on hemoglobin-
uric nephrosis in cases of poisoning with
acetic essence, as the most characteristic
complication of intravascular hemolysis,
and N. K. Permyakov in 1979 proposed an
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original classification of the stages of devel-
opmenthemoglobinuric nephrosis and by the
nature of the disorders in the kidneys, sub-
stantiating the possibility of determining the
duration of hemolysis. However, these stud-
ies were purely empirical in nature, and the
effects of free hemoglobin in acid poisoning
on the entire area of morphological changes
in the internal organs have never been sys-
tematically studied. It is known that in every-
day life, acetic acid poisoning is accompanied
by alcohol intoxication (10). How concomi-
tant alcohol intoxication leads to the removal
of poison from the body and in the available
literature was not found.

Purpose of the study:

To study the toxicometry of acute poison-
ing with acetic acid for toxicokinetics of the
poison and to develop exogenous criteria for
quantitative assessment.

Materials and methods:

This study is based on 140 cases of acute
non-ideal poisoning with acetic acid, of which
92 cases (65.7%) were poisoned against the
background of alcohol intoxication. Of these,
75 cases (81.5%) were poisoned with suicid-
al intent and only 17 cases were due to acci-
dental ingestion of poison. The victims were
treated at the Republican Scientific Center
for Emergency Medical Care in the toxicolo-
gy department. Forensic medical examination
of corpses was carried out according to the
generally accepted method in the first 10—
—8 hours, but not later than 24 hours after
death.

In all expert cases, poisoning with acetic
acid against the background of alcohol intox-
ication was confirmed by the case materials,
the clinical picture of the poisoning, the re-
sults of the forensic medical examination of
the corpse and the data of the forensic chem-
ical and toxicological examination.

The severity of acute acetic acid poisoning
was assessed based on the extent of chemical
burns of the gastrointestinal tract, the shift in
capillary blood pH, and the level of intravas-
cular hemolysis.

In the clinic, when assessing the severity of
the pathological process, they mainly focused
on the level of hemoglobinemia, i.e. the con-
centration of free hemoglobin in the blood.

Section 5. Medical science

Ethyl alcohol was determined in a foren-
sic chemical laboratory using liquid chroma-
tography methods.

We assessed the toxicokinetics of the
poison according to the WHO guidelines
(1981). The kinetics of diffusion processes is
described by exponential laws and is called
first-order kinetics. In this case, the rate of
change in the concentration of the poison in
the blood plasma can be expressed as a linear
differential equation:

é = Kex C(t)dt
c

Where: C(t) is the concentration of poi-
son in the blood plasma at time t; Ke is the
elimination rate constant.

Solutions of this differential equation
with initial conditions C(t) = C(o) at the time
of admission of the victim to the hospital
(zero time) gives:

C(t) — C(O)—Kext

Based on this model, the following main
parameters of acetic acid toxicokinetics were
determined using the nonlinear resistance
analysis method: the rate constant of elimi-
nation of the poison, the half-life of the poi-
son in the blood, and the maximum duration
of the toxicogenic phase of poisoning.

The elimination rate constant (Ke) shows
what proportion of the total amount of toxic
substance present in the circulatory system is
removed during each time interval; it is mea-
sured in units of inverse time (/).

The half-life of a poison in the blood is
the time required for its concentration to de-
crease by half. This indicator, widely used in
theoretical toxicology, is designated as T Y2
and can be determined from the equation:

In2 _ 0.693
Ke Ke
The maximum duration of the toxicogen-

ic phase is determined by the time the poison
is present in the blood.

TI/Z =

Results and discussions
Based on the kinetic model presented in
the “Materials and Methods”, using a com-
puter and the method of nonlinear repressive
analysis, the above parameters of the toxi-
cokinetics of acetic acid (Table No. 1) and
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their changes against the background of al-

Section 5. Medical science

cohol intoxication of varying degrees were
quantitatively determined.

Table 1. Toxicokinetics of acetic acid against the background of alcohol intoxication

Acetic acid and con-

Maximum dura-

comitant alcohol Initial blood poi- T 12 tion of the tox-
intake of varyin son level (free he- Ke (hour) icogenic phase
degree;YI 8 moglobin mg/ml) g(houl};)
g‘;filfl;‘c‘d (free hemo- 12.344.73 0.043 16.5 56
Free hemoglobin in
combined moderate 11.8+5.12 0.039 17.8 59
alcohol poisoning
Free hemoglobin in
combined severe alco- 10.40+3.72 0.027 23.6 64

hol poisoning

Figure 1. Toxicokinetics of free hemoglobin in acetic acid poisoning
against the background of alcohol intoxication: a) typical; b) moderate
alcohol intoxication; c¢) severe alcohol intoxication
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As follows from the table, if the rate of
elimination of acetic acid from the blood can
be estimated as comparatively high in acute
poisoning with acetic acid alone (0.043), and
in combined poisoning with this poison against
the background of moderate alcohol intoxica-
tion (1.5—-2.5%o0), as moderate with Ke-0.039,
T %2 —17.8 hours with the duration of the tox-
icogenic phase — 59 hours, then in combined

== b) moderate alcohol intoxication

40 50 60 70 80

poisoning with acetic acid and severe alcohol
intoxication (2.5-3.5%o0 and more). Ke was
equal to 0.027, i.e. the rate of elimination
of the poison from the body was much low-
er than in isolated poisoning with acetic acid
alone. Moreover, even with an initial value of
the free hemoglobin level equal to 10.40+3.72
mg/ml, much lower than in isolated poisonings
(12.3+4.78), the half-life of the poison (free
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hemoglobin) was 23.6 hours (versus 16.5 hours
in isolated poisoning), and the maximum du-
ration of the toxicogenic phase increased from
56 hours to 64 hours (P<0.01).

Thus, it can be stated that in acute poison-
ing with acetic acid against the background
of alcohol intoxication, the main indicators
of the toxicokinetics of acetic acid change sig-
nificantly and depend on the degree of intox-
ication of the victims, which must be taken
into account in the expert assessment of the
severity of chemical injury. Figure 1 shows
the standard kinetic curve (graph) based on

Section 5. Medical science

the toxicokinetics of free hemoglobin against
the background of alcohol intoxication of
varying degrees.

According to modern views, the patho-
genesis of acute poisoning should be studied
in two aspects: what the poison does to the
body and what the body does to the poison.
To solve this problem, the method of covari-
ance analysis was used. As part of our studies,
we determined the effect of exotoxic shock on
the kinetics of free hemoglobin, since exotox-
ic shock is one of the main causes of death in
acid poisoning (Table 2).

Table 2. The effect of decompensated exotoxic shock on the kinetics of free hemoglobin
in acetic acid poisoning against the background of alcohol intoxication

. . Baseline free Maz(imum
Types o.f ace.ztlc acid hemoglobin Ke T 15 duratolon of .the
poisoning level (mg/ml) toxicogenic
phase
Acetic acid:
1) hemodynamics are stable 11.62+8.76 0.036 22.6 58
2) Decompensated shock 22.34+9.36 0.028 28.2 64
Acetic acid against the back-
ground of alcohol intoxication:
1) hemodynamics are stable 16.50+48.28 0.026 29.6 68
2) Decompensated shock 24.18+9.36 0.034 24.6 60

Changes in the main parameters of tox-
icokinetics of free hemoglobin against the
background of exotoxic shock are primarily
associated with the disruption of the path-
ways for removing the poison from the body.
According to our observations, exotoxic
shock is naturally accompanied by oliguria
and a significant delay in the fluids removed
from the body. Since the removal of free he-
moglobin from the body is carried out mainly
through the urinary system, it is natural that
under these conditions the toxicokinetics of
the poison is also disrupted.

As follows from the data of Table 2, ace-
tic acid poisoning against the background
of alcohol intoxication proceeds in exotoxic
shock in a completely ambiguous manner.
Here, alcohol in small concentrations (from
1.5 to 2.5%o0) has a favorable effect on the
course of poisoning. Thus, with an initial
hemolysis level of 24.18 + 9.36 mg / ml,
the elimination rate constant has a value of
0.034,1i.e., an acceleration of the rate of elim-

ination of free hemoglobin from the blood-
stream is observed, and the half-life of the
poison in the blood is equal to 24.6 hours,
the maximum duration of the toxicogenic
phase is shortened to 60 hours. This effect
of alcohol in small concentrations is appar-
ently due to the fact that alcohol activates
metabolic processes in the liver, which ulti-
mately leads to the rapid elimination of the
poison from the bloodstream, which leads to
a more accelerated exit of the body from the
state of decompensated shock. However, it
should be noted that such a beneficial effect
of alcohol on the course of decompensated
shock is observed only with moderate alco-
hol intake. With ethyl alcohol concentra-
tions in the blood of more than 2.5-3.0%o,
we noted a sharp deterioration in the condi-
tion of the victims and often exotoxic shock
led to a fatal outcome.

Thus, the results of these studies showed
the forensic significance of the degree of
hemolysis and the main patterns of its tox-
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icokinetics and their changes against the
background of alcohol intoxication.

Conclusions:

1. The outcome of chemical trauma large-
ly depends on how quickly and effectively the
absorbed dose of poison can be eliminated.

2. The use of graphs for assessing the main

Section 5. Medical science

es of acetic acid poisoning allows for a quanti-
tative assessment of the risk of death and the
effectiveness of detoxification measures.

3. The effect of concomitant alcohol in-
toxication in acetic acid poisoning on toxi-
cokinetic indices is not clear and depends on
the initial concentration of ethyl alcohol in
the blood.

parameters of free hemoglobin kinetics in cas-
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Abstract

The main technological stage in the extraction of minerals is the mining and processing

complexes. The article analyzes the current state, prospects and general directions of develop-
ment of robotic mining equipment. Robots are key tools for increasing productivity because
they perform a wide range of manual tasks more efficiently and consistently than humans.
Therefore, the development of robotic systems is an important development task for the mining

industry.

Keywords: minerals, basalt, robotic complex, safety, efficiency

Introduction

Currently, the mining industry is in con-
stant development, which determines the
use of innovative technologies and modern
equipment. Increased efficiency of a mining
enterprise can be achieved by increasing the
productivity of the process of transporting
rock mass, saving fuel, reducing the vehicle
fleet, reducing operating and maintenance
costs. In addition, the mining industry has to
work in all climate zones in more dangerous
and complex mining, geological and natural
conditions, in hard-to-reach regions, compli-
cated by the deepening of quarries, dust, gas

pollution and difficulty of ventilation. These
and other factors have a negative impact on
the health of personnel.

Robotization of production is an inte-
gral part of complex automation and is the
process of implementing a robotic complex,
which includes isolated or combined robotic
sections and lines.

Robotization of production provides an
undeniable advantage in increasing produc-
tion productivity, increasing the number
of manufactured products per unit of time,
improving their quality and reducing pro-
duction costs. Modern industrial robots can
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flexibly and quickly switch from one techno-
logical operation to another by replacing the
control program. Robotic complexes (RC),
like robots, are widely used in various indus-
tries, from industry to medicine and military
affairs. In industry, RTCs are used to auto-
mate production, improve quality and re-
duce production cycles. In other areas, they
are used for reconnaissance, monitoring,
search and disposal of explosive objects (Dz-
higaris, D.D., Makhova, M. F., 2002).

Formulation of the problem

The introduction of robots in the mining
industry has revolutionized the sector. Min-
ing companies now use robotics in a variety
of operations, from open-pit mining to under-
ground mining and mineral processing. The
main benefits of robots in the mining industry
include increased safety and efficiency.

In the mining industry, robots are used
in a variety of operations, such as transpor-
tation, drilling, blasting, and mineral explo-
ration. Some of the most commonly used
robots include autonomous trucks, drilling
robots, and robotic conveyor systems (Ka-
molov, B.S., 2023).

In recent decades, comprehensive scientific
research work aimed at saving metals has been
conducted in the Republic of Uzbekistan. Since
not only in our country, but also throughout
the world, there is an acute shortage of metals.
This is evidenced by information available in
technical sources of the press (Kurbanov, A. A.,
2009). Scientists argue that there is a need to
expand research into unexplored areas of na-
ture and increase the volume of processed nat-
ural resources, especially those that are little
studied, which can create import-substituting
types of products (Kurbanov, A. A., 2018).

The study showed that there are little-
studied minerals in nature that consist of
metal-containing oxides. Basalt rocks can be
classified as such minerals. According to the
Ministry of Geology, the raw material reserves
of basalt rock today amount to more than mil-
lion tons with an iron content of, for example,
15+20% (Shevchenko, V.P., Gulamova, D.D.,
2011, Kurbonov, A., Sattorov, L., Kamolov, B.,
Rakhimov, O., 2023, Kamolov, B.S., Kurban-
ov, A.A., Sattorov, L.K., 2023).

Basalt is a natural igneous rock formed by
the cooling of lava. It is widespread on Earth,

Section 6. Technical science in general

making up a significant portion of oceanic
crust and volcanic rocks. Due to its proper-
ties, basalt has found application in many
industries, including construction, industry,
and even space technology.

Basalt is distinguished by its color variety:
from black to gray and greenish shades. The
structure of basalt depends on the composi-
tion. So, if it includes minerals, then when
cut, inclusions of green, white or gray color
are noticeable. Glass wool is also character-
ized by small impurities, but there are very
few of them.

Basalt is characterized by columnar joint-
ing. This means that high columns are visible
in the structure. They are formed due to un-
even cooling of lava. Moreover, their height
fluctuates from several centimeters to me-
ters. Therefore, the rock pattern looks orig-
inal. If the basalt is marine, then instead of
columns, separate pillows are formed.

The rock texture should be massive, po-
rous, with almond-shaped formations — oval
areas that are filled with other minerals such
as calcite or feldspar.

The main advantage of basalt is its
strength and resistance to environmental in-
fluences. The material is practically not sub-
ject to corrosion, does not lose its properties
under the influence of moisture, temperature
changes or chemical reagents.

Basalt processing involves various types
of processing of this igneous rock, from
crushing to the production of various materi-
als and products. Basalt is used as a raw ma-
terial for crushed stone, basalt fiber, as well
as for the production of building blocks, tiles,
statues and other products. Innovative tech-
nologies have expanded the range of applica-
tions of basalt (Drobot, N.F., Noskova, O.A.,
Steblevskii A. V., 2013).

Solution to the problem:

Basalt can be processed in a variety of
ways, depending on the desired end product.
The main processing methods include:

— Mechanical processing:

Basalt can be processed manually to cre-
ate small parts, while large slabs are pro-
duced using conveyor production.

— Heat treatment:

Basalt is heat treated to produce basalt
fibers, which can then be used in a variety
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of applications, such as insulation, building
materials, and other products.

— Melting:

To produce basalt fiber, basalt is crushed,
washed and melted at high temperature, then
extruded through nozzles to produce contin-
uous strands.

— Flake processing:

Basalt rock is loaded into a furnace, melt-
ed, and then the melt is discharged through
a feeder to produce basalt flakes, which are
used in various fields.

Figura 1. Basalt and its crushing
e PR
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The use of robots in basalt mining is pos-
sible and promising in various operations, in-
cluding transportation, drilling, blasting and
exploration. Robots can be used to improve
productivity, safety and reduce costs in min-
ing operations. In particular, autonomous
trucks and drilling robots, as well as robotic
conveyor systems, can significantly simplify
and optimize the basalt mining process.

Advantages of using robots in basalt min-
ing:

— Increased productivity: robots can
work around the clock and without breaks,
which allows for an increase in the volume of
basalt mined.

— Increased safety: work in hazardous
conditions (for example, in tunnels or during
blasting operations) can be performed by ro-
bots, minimizing the risk to personnel.

— Reduced Costs: Robots can reduce
labor requirements and lower equipment
maintenance costs.

— Improved Product Quality: Ro-
bots can provide more precise and controlled
extraction, which can improve the quality of
the final product.

Types of robots used in basalt mining;:

— Autonomous trucks: These are
used to transport basalt from the mine.

— Drilling robots: These are used to
drill into rocks.

Figura 2. Basalt crushing scrreningplant
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— Robotic conveyor systems: These
are used to transport basalt around mines
and quarries.

— Mobile mapping robots: These are
used to create accurate maps of the mines.

Applications of robots in basalt mining;:

— Open-pit mining: Autonomous
trucks and drilling robots are widely used in
open-pit mines.

— Underground mining: Robots can
be used for drilling, transporting and blast-
ing in mines.

— Exploration and geological sur-
vey: Mobile robots can be used to collect in-
formation about deposits.

Examples of robots being used in basalt
mining:

— Some companies use autonomous
trucks to transport basalt from mines, allow-
ing them to reduce transportation costs and
improve safety.

— Other companies are using robots for
drilling and blasting operations in mines,
helping them increase productivity and re-
duce risks to personnel.

— In some cases, robotic conveyor sys-
tems are used to transport basalt, making
the mining process easier and faster (Alimo-
va, N.B., Ozodova, D.O., 2025).

Section 6. Technical science in general

Conclusion

Basalt is thus a versatile and environmen-
tally friendly material that continues to find
new applications. Its unique properties make
it indispensable in both traditional and high-
tech applications.

As the industry is under pressure to re-
duce costs and improve efficiency and safety,
automation is becoming the solution.

Based on the above studies, the need to
develop a concept for processing different
types of basalt raw materials for maximum
satisfaction of the growing demand of the
national economy for new, cheap, compet-
itive and currency-saving basalt products,
and thus rational and comprehensive use of
natural raw materials, has been proven.

In this regard, robotics surpasses human
capabilities in performing tasks with pre-
cision, resulting in increased efficiency, re-
duced waste in mining operations, reduced
machine damage, increased equipment life,
and reduced manual labor. Therefore, the
topic of robotics is prominent in the sector,
highlighting it as one of the key investment
areas that the industry prioritizes.

In addition, safety is increased by per-
forming dangerous tasks without the need
for humans.
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Abstract

The article presents the use of highly catalytically active catalysts in industrial processes of

petrochemistry and oil refining, mainly for converting low-molecular hydrocarbons to obtain
liquid hydrocarbons from natural gas. It also describes the stages of developing modern pro-
cesses for obtaining environmentally friendly liquid fuels, with a minimum amount of harmful
impurities, and a group composition that meets the requirements for motor fuels.
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Introduction

Catalytic reforming is one of the main
technological processes in petrochemical
synthesis, which serves to obtain high-oc-
tane gasolines, which are important for
internal combustion engine fuels. Fischer-
Tropsch synthesis (FTS) is the main stage
of the technology for producing high-qual-
ity liquid fuels from low-molecular hydro-
carbon feedstocks. This is a heterogeneous
catalytic process for converting a mixture
of CO and H, (synthesis gas) into organic
substances, which can be widely used as fuel
and raw material for organic synthesis. The
relevance of developing technologies based
on FISHER-TROPCH SYNTHESIS is cur-
rently determined by a number of factors,
primarily the need to use natural resources
with unconventional hydrocarbon content
and increasing requirements for the prop-
erties of motor fuels. The most acute prob-

lem is the utilization of tail gas (TSG). (Kuy-
bokarov O. et al., 2024).

Catalysts considered for Fischer-Tropsch
synthesis are based on transition metals of
iron, cobalt, nickel and ruthenium. FT cat-
alyst development has largely been focused
on the preference for high molecular weight
linear alkanes and diesel fuels production.
Among these catalysts, it is generally known
that:

« Nickel (Ni) tends to promote meth-
ane formation, as in a methanation
process; thus generally it is not de-
sirableIron (Fe) is relatively low cost
and has a higher water-gas-shift ac-
tivity, and is therefore more suitable
for a lower hydrogen/carbon mon-
oxide ratio (H,/CO) syngas such as
those derived from coal gasification;

« Cobalt (Co) is more active, and gen-
erally preferred over ruthenium (Ru)
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because of the prohibitively high cost
of Ru;
» Incomparison toiron, Co has much less
water-gas-shift activity, and is much
more costly. (Mark Crocker, 2010).
Catalysts with high catalytic activity for
the production of liquid hydrocarbons from
natural gas were prepared by two-stage im-
pregnation of composite supports with a 75%
aqueous solution of cobalt nitrate (Rahi-
mov G. et al., 2024).

Materials and methods

Catalysts with high catalytic activity for
the production of liquid hydrocarbons from
natural gas were prepared by two-stage im-
pregnation of composite supports with a 75%
aqueous solution of cobalt nitrate.

The mechanical strength of the granules
was determined by the impact force required
to break and crush the granules under com-
pression between two parallel planes. The
strength of a catalyst with high catalytic ac-
tivity intended for the production of liquid
hydrocarbons from natural gas was calculat-
ed as the average value of the breaking force
based on a sufficient number of tests.

The crushing (crushing) force of the gran-
ules was measured using the Vollstadt Dia-
mant Diatest-S device. The force required
for radial crushing (kilogram-force expended
per granule) was determined. The result was
obtained as an average value for 20 granules.

The device was equipped with a special
pneumatic and hydraulic system, which al-
lowed the possibility of adjusting the rate of
load generation on the granules, which did
not require the participation of the exper-
imental scientist in the process (Murtaza-
yev F. et al., 2024).

Composite supports are
prepared in stages:

Stage 1 — preparation of the binder.

In a glass container, a solution of nitric
acid, 0.45 ml of HNO, (64%) and 7 ml of
distilled water were prepared. In a porcelain
container, 2 g of beechmite and 1 g of zeo-
lite with high sorption and catalytic proper-
ties were thoroughly mixed and the resulting
acid solution was added. The resulting mix-
ture was mixed until a homogeneous gel-like
mass was formed.

Section 6. Technical science in general

Stage 2 — preparation of aluminum met-
al powders. Simultaneously with stage 2,4 g
of aluminum metal powder with an average
particle size of 20 um was weighed in a sep-
arate container. 1.13 g of TEG and 2.25 g
of ethyl alcohol were added to the resulting
mixture (strictly in this order). The alumi-
num was mixed gently, without force, so that
it was evenly moistened with a mixture of al-
cohol and TEG.

Stage 3 — preparation of the carrier com-
position (paste). The mixture prepared in step
3 was added to the mixture obtained in step 2
and mixed thoroughly until a uniform consis-
tency of soft and plastic dough was obtained.

Stage 4 — molding. The dough was trans-
ferred to an extruder and pressed onto trays
through a die with a diameter of 2.5 mm. The
extrudates were placed on trays so that they
did not obstruct the air flow and were kept in
the air for at least 15 hours.

Step 5 — drying and polishing the carrier.
The extrudates stored in air were annealed in
a muffle furnace at temperatures from 60 to
450 degrees Celsius for 20 to 480 minutes as
follows:

The extrudates were cooled to room tem-
perature, removed from the muffle furnace,
and ground to 2.5 x 2.0 mm.

The amount of components for the prepa-
ration of cobalt nitrate solution was calculat-
ed as follows:

The amount of cobalt required to obtain
10 g of a highly catalytically active catalyst
for the production of liquid hydrocarbons
from natural gas containing 20 wt. % cobalt.

The second impregnation and final anneal-
ing were carried out in a manner similar to the
firstimpregnation and intermediate annealing.

To study the effect of the degree of cat-
ionization, zeolites with different K cations
content and high sorption and catalytic prop-
erties were prepared. KHB and HKA zeolites
with high sorption and catalytic properties
were prepared by the following methods for
cationization and decationization of HB and
KA zeolites with high sorption and catalytic
properties, respectively. (Togayev A, 2023).

Method for cationization of HB zeolite
with high sorption and catalytic properties:

Initial components:

15 gr of HB zeolite with high sorption and
catalytic properties
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150 ml of 0.1 N KNO,

15 gr of HB zeolite with high sorption and
catalytic properties were added to 150 ml of
0.1 N KNO, solution and stirred with a mag-
netic stirrer without heating for 2 hours, after
which it was kept at room temperature for at
least 12 hours. Then the resulting solution
was washed to a neutral pH in a Buchner fun-
nel and dried at

120 °C for two hours. Decatation proce-
dure of zeolite KA with high sorption and cat-
alytic properties

Initial components:

15 gr of highly sorption and catalytic ze-
olite KA

300 ml of 0.5 n NH,NO,

The highly sorption and catalytic zeolite
KA was kept in a drying oven at 120 °C for 2
hours. Then, the highly sorption and catalyt-
ic zeolite KA was added to the 0.5 n NH,NO,
solution and stirred with a magnetic stirrer
for 5 hours at 60—70 °C. Then, it was kept
overnight and then washed with hot distilled
water in a Buchner funnel to a neutral pH val-
ue. Subsequently, the resulting zeolite, which
has high sorption and catalytic properties, is
annealed in the following mode:

Heating to —120 °C
2 hours isotherm 120 °C
1 hour heating to 220 °C
2 hours isotherm 220 °C
1 hour heating to 550 °C
4 hours isotherm 550 °C
The whole process was repeated 3 times.

Results and discussion

Sorption volume analyzers are usually
used to analyze the specific surface area of
nanoporous materials (pore sizes from 0.4 to
500 nm). The method consists in saturating
the pre-cleaned surface of the tested sub-
stance with adsorbate gas at a constant neg-
ative temperature with a gradual increase in
pressure. The specific surface area of the cat-
alytic system can be calculated based on the
amount of adsorbate gas used to form a sin-
gle layer. With further increase in pressure,
the specific surface of the catalyst with high
catalytic activity for the recovery of liquid hy-
drocarbons from natural gas continues to be
filled with adsorbate molecules until all the
pores of the solid are completely filled. In this
way, the pore volume and pore volume distri-

Section 6. Technical science in general

bution on the surface of the catalyst with high
catalytic activity for the recovery of liquid hy-
drocarbons from natural gas are calculated.

The BET method can be used to deter-
mine the specific surface area with an accu-
racy of 5-10% in the range of p/p, = 0.05—
—0.35. Additional computational models are
required to determine the volume of pores of
different diameters in the total pore volume
for determining the fraction from adsorption
isotherms.

The process of catalytic synthesis of high
molecular weight synthetic hydrocarbons
from natural gas, from pentane to pentadec-
ane, was carried out in a flow reactor operat-
ing in differential mode.

The reactor for obtaining high molecular
weight synthetic hydrocarbons from natu-
ral gas, from pentane to pentadecane, in the
form of a steel tube with an internal diameter
of 20 mm, contains an immobile bed of a cat-
alyst selected for obtaining high molecular
weight synthetic hydrocarbons from pentane
to pentadecane from 5 synthesis gases, i.e.,
a mixture consisting of carbon monoxide and
hydrogen.

The catalytic activity per unit volume of
the catalyst selected for obtaining high mo-
lecular weight synthetic hydrocarbons from
pentane to pentadecane from synthesis gas-
es, i.e., a mixture consisting of carbon mon-
oxide and hydrogen, was determined by the
following formula:

W=AxSxn.

Here, W — is the catalytic activity per unit
volume of the catalyst;

A — is the relative activity of the catalyst,

S — is the surface area of the catalyst;

n — is the utilization rate of the selected
catalyst.

The reactor for the production of high
molecular weight synthetic hydrocarbons
from natural gas, from pentane to pentadec-
ane, is placed in a cylindrical electric furnace.
The temperature in the furnace is controlled.
The temperature in the furnace is measured
thermocouple, and in the reactor for the pro-
duction of high molecular weight synthetic
hydrocarbons from natural gas, from pen-
tane to pentadecane. Both thermocouples
are made of chromel wires. The temperature
in the reactor for the production of high mo-
lecular weight synthetic hydrocarbons from
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natural gas, from pentane to pentadecane, is
maintained with an accuracy of +10 °C.

Conclusion

1. It was found that granular cobalt cat-
alysts containing cationic zeolites allow the
production of synthetic oil with a final boil-
ing point of up to 360 °C from CO and H, in
one step.

2. In this work, it was shown that the use
of zeolites cationized with alkali and alkaline
earth metals allows the production of liquid
hydrocarbons containing more than 40% of

Section 6. Technical science in general

the C,,—C,, fraction, suitable for the produc-
tion of high-quality diesel fuel.

3. It is shown that the degree of cationiza-
tion of the zeolite affects the main character-
istics of the process and the composition of
synthetic oil.

4. It was confirmed that secondary trans-
formations of hydrocarbons with the partic-
ipation of composite cobalt catalysts based
on zeolites cationized with alkali and alkaline
earth metals proceed mainly by a monomo-
lecular mechanism.
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Abstract

This paper explores the process of removing sodium and calcium ions from saturated di-
ethylene glycol (SDEG), used in natural gas dehydration. It was established that during oper-
ation, SDEG accumulates impurities, including sodium and calcium chlorides, which affect its
efficiency. Studies were conducted on the solubility of these salts in DEG solutions at varying
temperatures and concentrations. It was shown that calcium mainly remains in solution during
evaporation, complicating regeneration. A two-stage purification process is proposed: prelim-
inary precipitation of calcium as carbonate using a 30% soda ash solution, followed by evap-
oration and removal of sodium chloride. X-ray diffraction analysis and chemical composition
of the precipitates confirm the effectiveness of the proposed method. The developed approach
enhances DEG regeneration quality and prevents impurity buildup in the system.
Keywords: diethylene glycol, saturated diethylene glycol (SDEG), regeneration, soda ash,
sodium chloride, calcium chloride, solubility, precipitation, natural gas purification, calcium
carbonate

Introduction 2004; GrishinA.M., 2011). However,

The purification and dehydration of
natural gas are crucial stages in the prepa-
ration of raw materials for transportation
and processing. One of the most effective
absorbents used for moisture removal is di-
ethylene glycol (DEG), which possesses high
hygroscopicity as well as thermal and chem-
ical stability (Korneev A. A., YakovlevI. M.,

during operation, DEG becomes saturated
with moisture and contaminated with inor-
ganic salts, primarily sodium and calcium
chlorides originating from formation water
(Reznikov A. A., Pleshkov Yu. P., 1987). This
leads to a decline in its absorption prop-
erties and necessitates regeneration (Per-
ry R. H., Green D., 2007).
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DEG regeneration processes involve the
removal of moisture, volatile organic com-
pounds, and mineral impurities. In recent
years, particular attention has been paid to the
removal of calcium and sodium ions, as their
presence promotes salt deposition on equip-
ment surfaces, reduces heat transfer efficiency,
and increases the risk of corrosion (Akhme-
tov G.Kh., 2009; Marchenko A. V., 2017).

The literature describes various ap-
proaches to reducing salt concentrations in
saturated DEG (SDEG), including evapora-
tion, extraction, and chemical precipitation
techniques (ChernyshevI.G., TitovV.P.,
2006). It is known that calcium can be effec-
tively removed from solution in the form of
sparingly soluble calcium carbonate through
interaction with carbonate-containing solu-
tions such as soda ash (Na2COs) (Chan-
drasekaran V., 2019). This method is widely
used in water treatment and in the purifica-
tion of industrial process solutions (Chan-
drasekaranV., 2019).

The solubility of sodium and calcium
chlorides in water-glycol systems has been
thoroughly studied in several works (Knaeb-
elK.S., 2006; KovacsG., VataiG., 2010;
AlievI. A., Mukhamedov Sh. D., 2005). It has
been established that CaClz2 exhibits signifi-
cantly higher solubility in DEG compared
to NaCl, thereby necessitating a staged ap-
proach to their removal. The use of refrac-
tometric methods to monitor DEG concen-
tration and salt content is also described
in the literature as an effective analytical

Section 6. Technical science in general

tool (AlievI.A., Mukhamedov Sh.D., 2005;
MamarasulovB. S., YuldashevN.Kh., Beg-
dullaev A. K., Reymov K. D., ToirovZ. K., Er-
kaevA.U., 2022).

Thus, modern research confirms the rel-
evance of an integrated approach to DEG
regeneration, with a focus on preliminary
precipitation of calcium ions followed by the
removal of sodium chloride. This enables
a significant improvement in absorbent ef-
ficiency and extends the operational life of
processing equipment.

Nevertheless, during operation, DEG in-
evitably becomes saturated with moisture
and various impurities, including salts, or-
ganic compounds, and suspended solids,
which decrease its effectiveness. To restore
the operational performance of diethylene
glycol, a regeneration process is employed
that removes unwanted components and re-
turns DEG to the production cycle.

Objects and Methods

Formation water contains various salts
(NaCl, CaClz2, MgCl2, etc.) that can interact
with saturated diethylene glycol (SDEG).

At gas treatment facilities — specifically,
at the integrated gas treatment unit (IGTU),
where natural gas is separated from forma-
tion water and gas condensate — salt deposits
also precipitate on the internal surfaces of
equipment. The chemical and mineralogi-
cal composition of these deposits was deter-
mined, and micrographs were obtained. The
corresponding data are presented in Table 1.

Table 1. Ionic Composition of Deposits Precipitated on
the Internal Surfaces of Equipment CGTP

Name of Ionic composition of sediments, mass.%
sediment Na K Ca Mg Cl SO, H.o
Salt deposits
CGTP 28.531 0.132 1.535 0.943 48596 0.658 2.632

The solubility of sodium and calcium chlo-
rides in diethylene glycol plays a significant
role in natural gas purification processes. The
low solubility of NaCl and the high solubili-
ty of CaClz can lead to various issues related
to contamination and salt deposition within
equipment. Optimization of operating condi-
tions and control over salt concentrations in
the system can help minimize these problems.

To determine the relationship between
DEG concentration and NaCl content, the
solubility and density of the DEG—NaCl-
H20 system were studied over a temperature
range of 20—-100 °C.

Table 2 presents the solubility of sodium
and calcium chlorides (DEG-NaCl-H20 and
DEG-CaCl2—H20 systems) at different tem-
peratures.
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Table 2. Solubility of Sodium and Calcium Chlorides in DEG Solutions
as a Function of Temperature and DEG Concentration

Concentra- Temperature,’C
tion DEG, % 20 40 60 80 100
Solubility of Sodium Chloride, mg/1
40 1643 1693 1714 1786 1850
50 1167 1433 1500 1571 1601
60 737 816 1000 1200 1267
70 632 737 895 947 1033
77 375 575 775 825 875
80 344 406 600 620 670
90 225 300 400 467 517
100 183 233 317 341 367
Solubility of Calcium Chloride, mg/1
40 1723 2525 2545 2725 2986
50 1503 1723 2004 2204 2604
60 822 982 1102 1182 1303
70 301 741 962 1082 1202
77 180 602 922 1002 1383
80 90 581 621 640 681
90 24 281 296 607 621

Results and Discussion

As the data show, with an increase in
temperature from 20 °C to 100 °C, the sol-
ubility of sodium and calcium chlorides in-
creases from 1,643 and 1,723 mg/L to 1,850
and 2,986 mg/L, respectively. At a 40% DEG
concentration, within the range of 40-80%
and up to 90%, the solubility of sodium and
calcium chlorides decreases by a factor of
approximately 4.17-5.64 and 4.31-8.99, re-
spectively. The solubility of calcium chloride
is 1.6 to 1.01 times higher than that of sodi-

um chloride. However, in the original SDEG
solution, the calcium chloride content is 3.7
times lower. Therefore, during the evapora-
tion of SDEG to a DEG concentration of 90%,
only sodium chloride precipitates, while cal-
cium chloride accumulates in the regenerat-
ed DEG (RDEG), leading to an increase in its
viscosity.

Table 3 shows that the refractive index of
the system is affected by the DEG concentra-
tion and the presence of dissolved chloride
salts.

Table 3. Determination of Diethylene Glycol (DEG) Concentration
Based on Refractive Index in Pure and Contaminated Solutions

Saturated Solution with Chlo- Determina-
ride Salts tion of DEG
Concentra- Pure 20
No. tion DEG DEGn2° An* /2 Concentra-
NaCl An*, /2 CaCl, An* /2 tion in the
Sample

. 40 1.382 1.408 0.026 1.425 0.043 0.0345
2. 50 1.394 1.416 0.022  1.429 0.35 0.0230
60 1.407 1.422 0.015 1.438 0.031 0.0210
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Saturated Solution with Chlo- Determina-
ride Salts tion of DEG
Concentra- Pure 20
No. tion DEG DEGn2° An* /2 Concentra-
NaCl An* /2 CaCl, An* /2 tion in the
Sample
4. 70 1.417 1.430 0.013 1.445 0.028 0.0170
5. 77 1.425 1.435 0.010 1.449 0.024 0.0170
6. 80 1.428 1.439 0.011 1451 0.023 0.0170
7. 90 1.437 1.445 0.008 1457 0.020 0.0140
8. 100 1.443 1.451 0.008 0.0100
9. SDEG 1.414 39.5
10 30% evapora-
" tion 1.443 80.4
11 40% evapora-
" tion 1.454 90.0
12 50% evapora-
" tion 1.460 92.0
13. RDEG 1.424 60.0

For example, when using a 40% DEG solu-
tion, the refractive index in the pure solution
and in solutions containing sodium and cal-
cium chlorides is 1.382, 1.408, and 1.425, re-
spectively. The difference in refractive index
(An20D) between pure DEG and the sodium
and calcium chloride solutions is 0.025 and
0.043, respectively, with an average difference
0f 0.0345. As the DEG concentration increases,
both the An20D values and their average de-
crease to 0.008, 0.020, and 0.014, respectively.

Using this table, the DEG content in
a solution can be quickly determined with
any standard refractometer, with a margin of
error of £1.5%.

The studies have shown that dissolved
calcium salts significantly affect the stages of
spent SDEG purification. Therefore, prior to
evaporation, it is necessary to investigate the
decalcification process. Table 4 presents data
on the effect of soda ash solution dosage on
the evaporation process.

Table 4. Effect of Soda Ash Solution Dosage on the Evaporation Process

Ratios I stage

I1 stage (degree of allocation)

No. SDEG: Soda Ash Degree of Precipi- Humidity, Sediment after (60%) Humidity,
Solution (30%)  tate Formation, % % evaporation, % %
1. 1:0.038 4.44 61.9 6.32 11.3
2. 1:0.061 6.20 58.0 9.35 10.5
3. 1:0.076 7.21 50.6 7.48 13.0
4. 1:0.083 7.31 72.4 8.34 4.06

The decalcification process was carried
out according to the stoichiometry of the cal-
cium carbonate formation reaction:

CaCl2 + Na2CO3 — CaCOs| + 2NaCl

A 30% aqueous solution of soda ash (Naz-
COs3) was used as the precipitating agent for
calcium ions, with the SDEG-to-soda ash solu-
tion ratio ranging from 1:0.038 to 1:0.083.

According to the data presented in the
table, during the first stage of precipitation,
as the ratio of SDEG to soda ash solution in-
creases from 1:0.038 to 1:0.076, the mass of
the resulting precipitate (relative to the to-
tal mass of the initial components) increases
from 4.44% to 7.21%, with a moisture con-
tent of 50.6-61.9%.
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At a 60% degree of evaporation, up to in the first stage, during calcium ion pre-
9.35% of solid phase is separated, with cipitation with the addition of soda ash solu-
a moisture content not exceeding 13.0%. tion;

Table 5 and Figure 1 present the elemen- in the second stage, during the precipita-

tal composition and X-ray diffraction (XRD) tion of sodium chloride from the decalcified
patterns of the unwashed precipitate formed: = SDEG solution in the evaporation process.

Table 5. Elemental Composition of Samples (Sample Numbers Correspond to Table 4)

Spectors. massa %

Element I stage IT stage

1 2 3 4

0] 45.6 39.3 8.9 0

Ca 33.8 41.6 2.0 0

Na 8.2 8.0 34.4 41.5

Cl 8.9 7.7 54.7 58.5

Mg 3.6 3.3

As shown in Table 5, the precipitates In the second stage of precipitation, sodi-

formed during the first stage primarily con- um and chlorine atoms dominate, with con-
tain calcium and oxygen. The contents of centrations ranging from 34.4-41.5% and
sodium, magnesium, and chlorine do not ex-  54.7-58.5%, respectively. Meanwhile, the
ceed 8.2%, 3.6%, and 8.9%, respectively. calcium content does not exceed 2.0%.

Picturel. X-ray of samples
Sample No 1 (I stage) Sample N¢ 1 (II stage)
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(Sample numbers correspond to those in Table 3)
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Table 6. Mineralogical Composition of the Samples

Name of Formula

Homep o6Gpa3smnos

No. Ref. code 1 1’ 1°

mineral of mineral

(Il stage) (Istage) (II stage)

1. Calcium carbonate CaCO, 01-080-9776 100%

2. Sodium chloride NaCl 01-080-3969 100%

3.  Calcium carbonate CaCoO, 01-087-1863 55%

4.  Sodium chloride NaCl 01-078-0751 45%
As can be seen from the X-ray diffraction Conclusion

pattern (Pic. 1), the precipitate formed during
the first stage predominantly consists of cal-
cium carbonate (CaCO3), confirming the ef-
fectiveness of calcium removal through the
addition of soda ash solution. In the second
stage, following the evaporation of the decal-
cified solution, the main crystalline phase of
the precipitate is sodium chloride (NaCl).

According to the obtained data, the sepa-
ration process can be conventionally divided
into two stages: first, calcium is removed as
poorly soluble calcium carbonate; then sodi-
um chloride is removed by evaporation. This
allows for the production of a purified DEG
solution, saturated with sodium and calcium
chlorides, and enables regulation of its ionic
composition according to specific technolog-
ical requirements.

Sample analyses revealed that during the
evaporation of spent saturated diethylene
glycol (SDEG), sodium chloride crystals pre-
cipitate, while calcium chloride remains in
solution. As a result of regenerated solution
circulation, the Ca/Na ratio increases from
0.29 to 4.11, complicating further evapora-
tion and deteriorating the absorption prop-
erties of the regenerated diethylene glycol
(RDEG).

The conducted experiments confirmed
the advantages of a staged separation process
for calcium and sodium chlorides using inor-
ganic precipitating agents — specifically, soda
ash solutions. The kinetic patterns of SDEG
evaporation after preliminary calcium ion
precipitation were established under various
residual pressure conditions.
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