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STUDY OF SALINITY OF SOILS IN SOME AREAS
OF KARAKALPAKSTAN

Abstract. Studies were carried out to assess the state of soils in the Muinak, Chimbay and Amu

Darya districts for salinization and content of water-soluble salts in the Muinak, Chimbay and Amu

Darya districts. All soil samples taken are saline, saline-sulfate-chloride, chloride-sulfate, sulfate. The

degree of salinity varies from medium to very strong in all soil profiles. Summary data on the studied

components, the most characteristic soil conditions of the surveyed areas are also provided.

Keywords: Salination of soils, soils, salinity, emptying, salts, agriculture, water-soluble salts, loam.

Introduction. The anthropogenic factor led
to a violation and change in the natural conditions
of the Southern Aral Sea. The changes affected all
components of the natural environment, primarily
surface and groundwater. Then the restructuring of
the natural environment affected the soils, causing
the process of their salinization and desertification.

Changing the environmental situation causes dam-
age, manifested in the reduction of soils suitable for
agriculture, and a decrease in land productivity. The
process of draining and drying the bottom of the
Aral Sealed to pollution, the environment, salinity of
soils, salinity, which depends on the areas of phased
salt formations [1].
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The adaptability of plants to salts arose in the pro-
cess of evolution during the development of saline
habitats by plants. It has also been found thatlong-term
cultivation of plants on saline soil in combination with
selection leads to a significant increase in salt resistance.

Under the salt resistance of crops, those limit
values of salt content are taken, at which normal
growth, development and ability to yield crops are
possible. Plants adapted to soil settlement are distin-
guished not only by high salt resistance, but also by
an increase in productivity.

Research objects and methods. The object of
the study in this work is the soils of the Muynak dis-
trict: the Ali aul site located 80 km from the center
of Muynak, the Dustlik site 70 km from the center of
Muynak. The soils of the Chimbay and Amu Darya
districts were also studied.

Research material and methodology. Water
extract of soils was prepared according to the gen-
erally accepted method-soil: water in ratio 1:5 [2].
The content of chlorine ions was determined by
argentometric methods by sea; calcium and mag-
nesium trilonometric; sulfate by titration; aqueous
drawing with a sulfuric acid solution in the pres-
ence of a methyl orange indicator; sodium and po-
tassium ions by the difference in the sum of anions
and cations. The results of the analysis of aqueous
extracts were expressed in milligram equivalents
per 100 g of dry air soil, the sum of water-soluble
salts in percent.

The results of the aqueous extract analysis were
monitored for a dense (dry) residue.

The degree of soil salinization was assessed on a
scale of [2—4].

Table 1. — Content of water-soluble salts of the Ali aul site in the Muynak region

the Na+Kbydif- | Sum of
section | depth dry CO, | general ference compo-
| resi- | 3|8 Ce% | SO % | Ca% | Mg%
No. cm due.% in% | HCO, 4 / in% nents.
ue.% in% mg/eq| in% in%
Light
-S- strongly loam 0-10 | 2.231 | - 0.049 |0.142| 1.248 |0.170|0.024| 20.3 |0.467 | 2.100
-S-strongly | loam |10-20| 2.217 | - 0.061 |0.142| 1.224 |0.180|0.018| 20.0 |0.460| 2.085
sandy
-S-so0-so loam 20-40| 1.676 | - 0.049 |0.053| 0.996 |0.020[0.055| 17.55 | 0.404 | 1.577
sandy
-Ch-S-so-so loam 40-60 | 0.560 [0.001| 0.029 |0.071| 0.269 |0.106|0.016| 1.52 |0.035| 0.527
sandy
-Ch-S-so-so loam 60-80| 0.396 | - 0.024 |0.057| 0.187 [0.0280.029| 2.1 |0.048| 0.373
Table 2. — Content of water-soluble salts of the Dustlik section of the Muynak region
the Na+Kbydif- | Sum of
ection | depth dry CO, | general ference compo-
s P resi- | = 3|8 Ce% | SO % | Ca% | Mg%
No. cm due.% in% | HCO, 4 / "y nents,
’ in% mg/eq | mwo in%
-S-so-so loam | 0-10 | 1.632| - 0.073 [0.071| 0912 |0.140|0.012 | 142 |0.327| 1.535
-S-so-so loam | 10-20 | 2.063 | - 0.110 |0.106| 1.104 | 0.180|0.024 | 16.8 [0.420| 1.944
-S-s0-so loam | 20-40 | 1.614 | - 0.073 |0.071| 0.900 |0.135|0.012| 14.2 [0.327| 1.614
-S-so-so Clay | 40-60 | 1.602 | - 0.079 10.071| 0.888 | 0.140|0.012 | 13.8 |0.317| 1.507
-S-so-so Clay | 60-80 | 1.596 | - 0.085 |0.071| 0.876 |0.145|0.006 | 13.9 [0.320| 1.503
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Table 3. — Content of water-soluble salts of the Kenes section of the Chimbay region

Na+K by dif- | Sum of
section | depth dry CcO the gen- ference compo-
N Pty resi- | . (yf’ eral HCO3 Ce ™% |SO,%| Ca% | Mg% l:
0. cm due,% 1n’o in% mg/eq in% n.eI:) S,
1n-o
-S-poorly|loam 0-10 |1.247| - 0.031 [0.0890.708|0.060 | 0.061 | 9.75 [0.224| 1.173
-S-poorly|loam 10-20 | 1.240 | - 0.037 |0.089|0.696 | 0.065|0.058| 9.6 |0.221| 1.166
-S-poorly|loam 20-40 | 1229 | - 0.043 |0.089|0.684 | 0.070|0.058| 9.2 |0.212| 1.156
-S-poorly|Light loam | 40-60 | 1.403 {0.002| 0.029 |0.021|0.207 | 0.032 | 0.001 | 3.76 |0.087| 0.379
-S-so-so |Lightloam | 60-80 | 1.958 | - 0.055 [0.071]0.516 0.049 | 5.65 |0.130| 0.958
Table 4. — Content of water-soluble salts of the Aiteke site in the Chimbay region
Na+K by dif- | Sum of
dry the gen- ference com-
i h
section | depth, resi- ?03 eral HCO_| Ce % [SO,%| Ca% | Mg% po-
No. cm in% . 3 4 .
due,% in% mg/eq| in% | nents,
in%
-Ch-S- Light 0-10 |0.552| - 0.022 |0.064|0.288 | 0.088 | 0.033 | 1.06 |0.224| 0.519
S0-S0 loam
-Ch-S- Light 10-20 | 0.548 | - 0.024 |0.064[0.283|0.090 | 0.030| 1.1 [0.225| 0.516
S0-SO loam
-S-poorly| loam | 20-40 | 0.714| - 0.029 |0.028|0.413 | 0.020 | 0.026 | 6.78 |0.156| 0.672
-S-poorly| loam | 40-60 |0.711| - 0.032 |0.028|0.408 | 0.022 | 0.024 | 6.72 [0.155| 0.669
-S-poorly| loam | 60-80 | 0.707 | - 0.034 |0.028|0.403 | 0.024 | 0.023 | 6.66 |0.153| 0.665
Table 5. — Content of water-soluble salts of the Kilichboy site in the Amu Darya region
Na+K by dif- | Sum of
. dry the gen- ference com-
section | depth, | & | €O; leral HCO. | Ce% [SO %] Ca% | Mg% po-
No. cm in% i 3 4 .
due,% in% mg/eq| in% | nents,
in%
nsl’u:}rly loam | 0-10 |3.075| - 0061 |0.213|1.848|0411|0243| 50 [0.115] 2.891
ij’“mng' loam | 10-20 |3.039| - 0.073 |0.213]1.680|0.301|0.085| 202 [0.505| 2.857
;"Stmng' loam | 20-40 | 2217 | - 0.061 |0.142|1.224|0.180 | 0.018 | 20.0 |0.460| 2.085
-S-poorly | Clay | 40-60 |0.714| - 0.027 |0.028|0.446 | 0.014 | 0.078 | 3.44 |0.079| 0.672
-S-poorly | Clay | 60-80 |0.712| - 0.029 [0.028|0.442]0.018]0.075| 3.38 [0.078| 0.670

Research results: Soil salinization occurring
in arid regions is associated with the predominance

of water evaporation over soil washing processes.
Water found in the lower horizons ascends the soil
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capillaries to the surface, water evaporates, and salts
remain in the upper soil layers.

During winter, the salts are backwashed deep
into the soil. In addition to this factor, arid salinity
occurring in the zone of the Southern Aral Sea also
imposes an imprint on the state of soils.

The amount of soils salted to varying degrees in the
Southern Aral region is almost 95%, and in the Muinak
territory, the most close to the Aral ecological crisis
zone is 99% [S]. Therefore, crop production under
harsh conditions in the Southern Aral Region (saline
soils, a sharply continental climate with sharp tempera-
ture fluctuations, water scarcity) determines the choice
of ascientific approach to assessing the types and salin-
ity of soils, their reclamation state, the development of
methods for their processing, the selection of the most
salt-resistant and drought-resistant crops, methods for
increasing their salt resistance for successful harvest.

Among the cultivated plants there are some plants
that are relatively well tolerant of the high salt content
in the soil. These are sugar beets and cotton [3].

Scientists of the Karakalpak Research Institute of
Natural Sciences KKOANRUz conducted research
in the Muinak, Chimbai and Amu Darya districts to
assess the state of soils.

40 soil samples were analyzed. According to the
results of the studies, it was established that the soils
differentiate in terms of grain size distribution. The ho-
rizons are composed of both sands and fine soil-clay
fractions, loams. Throughout the soil, there are salts
that allow only the most salt-tolerant crops to grow.

The table summarizes the studied components,
the most characteristic soil conditions of the sur-
veyed areas.

The site is classified as highly saline and mechani-
cally classified as loam.

The upper horizons are characterized by a sulfate
type of salinization, and the lower chloride-sulfate type
of salinization and the mechanical composition belong
to sandy loams. Sunflower, sugar beets, feed beets,
technical sorghum, ordinary sorghum can grow in such
areas as having the highest degree of salt resistance.

The site belongs to the category of very highly
saline, mechanically to loams and clays. Therefore, it
is necessary to carry out reclamation and agrotechni-
cal measures.

The upper horizons are characterized by the chlo-
ride-sulfate type of salinization, and the lower — sul-
fate type of salinization. Sunflower with the highest
degree of salt resistance can grow in such areas.

The site belongs to the category of strongly and
very strongly salted, and mechanically to loams.

On the first table: upper horizons (0-10 cm),
(10-20 cm), medium horizons (20-40 cm) are
characterized by sulfate type of salinization, horizon
40-60 cm, 60-80 cm are characterized by chloride-
sulfate type of salinization.

On the second, third and fifth table: all horizons
are of sulfate type of salinization, and on the fourth
table: the upper (0-10 cm, 10-20 cm) are charac-
terized by chloride-sulfate type of salinization, the
horizon is 20-40 cm, 40—60 cm, 60—80 cm are char-
acterized by sulfate type of salinization.

With regard to sandy soils, maximum precau-
tions must be taken. The slightest mechanical effect
on the soil can cause negative phenomena: intense
deflation, aeolian removal of salts.

Conclusions: Thus, studies have shown that
all soil samples are saline, characterized by mixed
salinization-chloride-sulfate, the sulfate degree of
salinization varies from medium to very strong in all
soil profiles.

It was revealed that the soils differ in their me-
chanical composition and degree of salinity, which
indicates the need to develop special rules for the se-
lection and preparation of planting zones and crops
to increase their engraftment. Various agrotechnical
activities significantly wander on the growth and de-
velopment of agricultural plants.

In addition to combating soil salinization by se-
lecting crops and creating salt-resistant varieties, it
is necessary to apply techniques to certain types of
soil salinization that ensure increased salt resistance
and yield of cultivated plants on salinized soils.

6
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PROTECTION OF THE SUBSOIL AND THE ENVIRONMENT DURING
THE DEVELOPMENT OF GAZ FIELDS BY DUAL COMPLETION

Abstract. The development of an oil field as a whole and each of its individual objects should be
carried out in accordance with approved project documents. Proposals made during the operation of
afield (deposits) that are not foreseen by the project (technological scheme) to improve the develop-
ment system, leading to changes in the accepted design provisions on the number of producing and
injection wells, oil production levels and water injection, can be initiated by implementation only
after the project document is re-approved.

Industrial development of oil and oil and gas fields is allowed only if the gas extracted together
with oil is used in the national economy or, for temporary storage purposes, is pumped into special
underground storage facilities, into oil reservoirs being developed or to be developed.

In the process of industrial development of oil fields, the collection and use of gas, condensate and
related valuable components and water extracted together with oil must be ensured in the volumes
provided for in the approved technological project document. A project for the development of an oil
field for industrial development can be accepted for approval only if it solves the issues of collecting

and rational use of petroleum gas.

Keywords: exploration, development, oil production, pollution, catastrophe, flora, fauna, soil

erosion.

The issues of ecology and nature protection in-
clude restrictions on the external impact on the en-
vironment, preventing the loss of hydrocarbon re-
sources during the extraction, carrying out technical
and control measures.

Oil and gas enterprises occupy one of the first
places among other sectors of the national economy
in terms of the degree of environmental impact. Ex-
ploration and development of oil fields includes such
technologies as exploration drilling, oil production,
collection and preparation of hydrocarbons, trans-
portation and processing.

The enterprises of the oil and gas industry have
a harmful effect on all objects of nature, the atmo-
sphere, the hydrosphere and underground and sur-

face waters, the geological environment, drilled wells
at all depths, on the land where they are located.

The cycle of oil and gas works consists of two
main groups:

1. New construction sites (search and explora-
tion, drilling, installation of equipment).

2. Working processes of the enterprise (collec-
tion, processing, shipment and processing of oil
and gas).

When carrying out construction work, a report is
made on technogenic pollution of the earth and the
environment for technical reasons.

A report on the measures taken to protect the
environment should be prepared by oil and gas pro-
ducing organizations [1].
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It should be noted that the time spent on explo-
ration, drilling and preparation of oil and gas fields,
the production time of the enterprise, pollution is
caused for technical reasons.

The performance of these works causes high
harm to the environment. Ecological catastrophes
that occur are physical and mechanical impacts on
soil, land, flora, fauna, soil, lowering of hydrogeologi-
cal conditions, strengthening of soil erosion condi-
tions, deterioration of living conditions of fauna and
flora and local residents, and others.

Currently, geological studies have been complet-
ed at the Altyguyi gas condensate field and a field test
plan has been prepared based on the data obtained.

When drilling wells in the fields, the environ-
ment is polluted mainly by some chemical elements
used in the preparation of drilling fluids.

Currently, normal limit values, chemical ele-
ments indicating aggressiveness used in the prepa-
ration of drilling fluids have not been established.

During drilling operations, the source of atmo-
spheric air pollution is diesel-fueled equipment that
emits 2 tons of hydrocarbons and soot, 30 tons of
nitrogen oxides, 8 tons of carbon monoxide and §
tons of sulfur anhydrite into the atmosphere during
the year. When drilling wells, drilling mud is mixed
with soil layers, surface and groundwater, forming
30 m®/day of water used [2].

During the development of wells, hydrocarbon
mainly causes pollution. In most cases, oil-based cir-
culating solutions with serious environmental con-
sequences produce used wastewater, suspension and
colloidal solution.

When preparing environmental protection
measures during installation work in wells, it is nec-
essary to avoid work that negatively affects natural
objects. Since the sources of pollution are closely
related to the technology used by the enterprise, it
is necessary to establish the technology that has the
least impact on the environment. When geochemi-
cal breakdown of the soil, it is necessary to perform
the following:

— When preparing plots, it is necessary to pre-
vent contamination of the topsoil from the products
obtained;

— To collect sedimentary rocks of drilled rocks
on slurry barns;

— Itis necessary to cover the slurry barn;

— Restore the soil area of the extracted products;

— Road construction.

As aresult of drilling operations, there is a nega-
tive impact on the hydrogeological change in the
soils of the earth, and as a result, drilling fluids pen-
etrate into aquifers, which lead to the formation of a
complex of waters.

The waters used in drilling fluids are divided into
three groups:

1. Water formed during the production of works;

2. Water for household work;

3. Atmospheric, rainwater.

Circulating waters are used to carry drilled rocks
to the surface. In world practice, 95% of clay elements
are mixed into the composition of circulating waters
for the preparation of drilling fluids.

The quality of the flushing solutions used helps
the speed of drilling operations, the prevention of
complications with colmatation and water occur-
rence [3].

During the operation of producing wells and oil
and gas collection facilities, the integrated safety and
environmental protection system includes:

— monitoring of the condition of borehole fit-
tings;

— selection of equipment and pipelines that
meet the specified operating conditions, taking into
account current regulations ;

— periodic testing of equipment for strength
(crimping) ;

— corrosion protection;

— prevention of technological complications
that create emergency situations (gas communica-
tions flooding, deposition of paraffin and salts in
wells and collection systems), with the use of special
inhibitor substances.
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When collecting and storing oil, the requirement
of safety and reduction of hydrocarbon emissions
into the environment are ensured at the stage of
arming assembly points in compliance with building
codes and regulations, with the necessary equipment
of tanks with floating roofs or breathing valves, with
mandatory collapse of tank farms to localize emer-
gency oil spills [4].

When implementing the gas lift method of oil
production, with a high manifestation of gas injected
into the well to ensure safety and environmental pro-
tection, it is envisaged (in addition to the design and
construction of the main facilities in full compliance
with the required technological parameters of op-
eration according to the current building codes and
regulations) the construction and proper operation
of additional technological equipment that provides
a hydrate-free operation of gas distribution systems
(furnaces for heating gas and inhibition unit). In the
case of the construction of furnaces for heating hy-
drocarbons, make a preliminary calculation of atmo-
spheric pollution by combustion products and assess
the need to determine the MPC.

Storage and use of chemicals is planned to be car-
ried out in accordance with their individual charac-
teristics and in accordance with Safety Regulations
(SR) in the oil industry, including providing employ-
ees with personal protective equipment (PPE), car-
rying out instructions and monitoring the condition
of equipment used for the use of chemicals (surfac-
tants, methanol, etc.).

The operation of electrical installations and heat-
ing equipment is provided in accordance with the
current rules of SR and fire safety rules.

According to estimates, in oil fields with a
similar technology of oil extraction and collec-

tion, the maximum concentrations of the above
harmful substances at the border of the sanitary
zone (within a radius of 1000 m from the source
of emission) do not exceed the maximum permis-
sible (MPC), which are set for each harmful sub-
stance individually according to the methodology
of the State Committee for Hydrometeorology
(OND-86).

In this regard, emissions of harmful substances
into the atmosphere, subject to regular (accident-
free) technological modes of operation of oil and gas
field equipment, can be considered approximately
corresponding to the maximum permissible emis-
sions (MPI) [S].

A detailed assessment of emissions for all fishing
facilities is taken into account when compiling an
environmental passport.

The environmental passport is being developed
in accordance with GOST 17.0.0.04-90 “System
of standards in the field of nature protection and
improvement of the use of natural resources”, which
already gives the full technological cycle of this
production from the supply of raw products to the
finished product. At the same time, the presence of
emissions, discharges and solid waste is carefully
checked and calculated at each production facility
and their impact on the environment is analyzed.
All this material is described and calculated in the
relevant chapters of the environmental passport. It
also concludes that it is necessary to calculate the
norms of MPD, the results of which are issued in
the form of a second volume, but in the future, in
the event of an increase in oil production due to
Miocene-Paleogene and Mesozoic underlying red-
colored sediments, it will be necessary to adjust all
calculations on emissions.
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STUDY OF THE PROPERTIES OF MODIFIED
DEXTRIN MIXTURES FOR DRILLING

Abstract. In the article, the structure of modified dextrin obtained in different proportions was

studied by means of IR-spectroscopy, SEM analysis, and its physical and chemical properties were

analyzed. Modified dextrin, which forms the basis of the new composition of the obtained drilling

mixtures, allows to use them in oil and gas wells at different pressures and temperatures.

Keywords: mineral powder (calcium carbonate), modified dextrin, IR-spectroscopy, electron

microscope analysis, drilling mixtures.

Introduction. The production of modified dex-
trin in the world and its use in food, pharmaceuticals,
and industry increased to 2,785 million US dollars
in 2020, and according to experts, it is predicted to
grow to 4,032 million US dollars by 2030 [1].

When ordinary starch containing 10-20% water
is exposed to different temperatures, with the help
of special catalysts, starch molecules consisting of
high-molecular natural polymers are broken down
into low-molecular polymers, resulting in dextrin,
which is more than 95% soluble in water at 20 °C
[2;3;4;5].

Chemical reagents containing modified starch,
KMK and dextrin are widely used for drilling mixtures
in the oil and gas industry to reduce water loss during
drilling. The use of these drilling compounds strength-
ens the walls of the wells and serves to suppress the
solid phase in the solution. This organic product is
sensitive to the action of microorganisms, so it re-
quires the addition of bactericidal additives [6; 7].

Discussion of the results. Exploration of hydro-
carbon products and drilling in high temperature and
pressure conditions are becoming more difficult. This
situation was caused by the deterioration of the under-
ground layer due to the inefficiency of the rheological
properties of the fluids of the drilling mixtures due to
the change in the pressure and temperature during the
drilling process due to the decrease in the reserves of oil
and gas products, the failure of the pipelines, the change
of the shale layers, and the complication of the techno-
logical processes due to the high pressure. In order to
overcome these problems, today, as a result of the use of
modified starch-based drilling fluids, the fact that they
have properties such as pressure, normalization of aqui-
fers, and control of the density of the mixture creates
an opportunity for scientific research and the develop-
ment of effective technologies in this field [8; 9; 10].

In order to obtain and widely use the modified
dextrin offered by us in drilling, the production
enterprises of «Uzkimyosanoat>» JSC focus on the
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preparation of mixtures consisting of compounds
containing metal, phosphorus, and nitrogen, which
are necessary for the production of local raw mate-
rials — starch contained in rice husks.

Dextrin is mainly mixed with starch treated with
hydrochloric acid. Then it is stored for 5-6 hours and
modified for 2.5-S hours in an oven or using an ex-
truder at a temperature of 100-180 °C. The degree of
dextrinization is determined by the color of the prod-

uct: light yellow dextrin is 82—-85% soluble in water, and
orange color is a completely water-soluble product.

CH,0H CH,OH CH,OH
Q Q 0
OH 18] 18] OH
OH OH J, OH

Figure 1. General structural formula of dextrin
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Figure 6. IR spectroscopy

Figure 1 shows the IR spectroscopy of the obtained
dextrin, mainly starch and hydroxyl groups in dextrin
showed peaks in the range of 3310-3290 cm . In ad-
dition, frequencies related to the S-N group were ob-
served in the range 0f2935-2920 cm™. It can be seen
that the frequency in the region of 1100-1000 cm™ is

: (1) starch, (2) from the right

characteristic of the SN2-O-SN2 group in starch and
dextrin, showing valence and valence bands. In IR-
spectroscopy of dextrin and starch, frequencies were
determined in several different regions. According to
it, two new peaks at 1600-1150 cm™ in dextrin were
found to belong to the SOO-group.
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Table 1.- Properties of the resulting dextrin

Properties of dextrin obtained under the influence of tem-
Characteristics of Namkna perature up to 100-180°C
1 2 3
Processing temperature, °C 110 150 17§
Solubility in water,% 73 76 85
Colour Pale yellow Orange Dark orange
Density, r/cm?® 1.03 1.03 1.02

Some physicochemical properties of dextrin ob-
tained by processing starch at different temperatures
are presented in (Table 1) below.

On the basis of the dextrin obtained in this way,
the following composition was selected for the prep-
aration of a mixture widely used in drilling oil and
gas wells: mass%.

Dextrin 2-3
Oxidized starch 2-§
mineral powder (calcium carbonate) 25-30
clay mixture 10-15
sodium chloride 30-40
water 30-50

Conclusions. In the preparation of this compo-
sition, water is added until the mixture is formed,

and mineral powder (calcium carbonate) and clay
mixture are mixed. The mixing process was mixed
at 3000 min/speed for 20-30 min. The finished oil
and gas well drilling mixture is then allowed to stand
for 24 hours and then mixed. To control the fluid
viscosity of the resulting mixtures, a saturated solu-
tion of sodium chloride salt was added and stirred
for 40 minutes, and if the viscosity increased, it was
diluted by adding water.

Thus, dextrin, mineral powder (calcium carbon-
ate) and clay mixture were added and mixed, and
mineralization of drilling mixtures using mineral
powder (calcium carbonate) and clay mixture allows
to create new compositions of temperature stable
drilling mixtures.
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Introduction. Today, the production of modi-
fied starch is increasing year by year worldwide. In
2016-2017 alone, production was expected to reach
9.36 billion US dollars, and according to experts, it
is predicted to grow by 5.7% by 202S. In the global
market for the production and consumption of mod-
ified starch, the leading countries such as the USA,
China, Europe and Russia have achieved large pro-
duction and are widely used in food, pharmaceutical,
oil and gas well drilling [1].

Exploration of hydrocarbon products and drill-
ing in high temperature and pressure conditions are
becoming more difficult. This situation can be attrib-
uted to the decrease of reserves of oil and gas prod-
ucts, changes in pressure and temperature during
drilling, inefficiency of the rheological properties of
the drilling fluids, pollution of the interstices of the
underground layer or deterioration of the geological
parameters of the rocks, deterioration of the pipe-
lines, changes in the shale layers and high technologi-

cal pressure. complicated the processes. In order to
overcome these problems, the fact that, as a result of
the use of modified starch-based drilling fluids, has
properties such as pressure, normalization of aqui-
fers, and control of the mixture density, there is an
opportunity for scientific research and the develop-
ment of effective technologies in this field [2; 3; 4].

Some properties of modified starch, such as mo-
lar mass, chemical structure, and solubility, as well
as their effects on reservoir corrosion and oil refin-
ing efficiency, are widely studied by researchers [5;
6]. Based on research on the modification of starch
derivatives obtained from various raw materials,
several methods of synthesis have been developed,
the result of the analysis of the optimal conditions
of the reaction, the degree of modification and the
physico-chemical properties of the derivatives are
being studied [7; 8].

In order to obtain and widely use the modified
starch offered by us in drilling, which is necessary

16



DRILLING MIXES TO CREATE NEW COMPOSITIONS AND RESEARCH PROPERTIES

in the production of local raw materials — the starch
contained in rice husks, the production enterprises
of «Uzkimyosanoat>» JSC focus on the preparation
of mixtures consisting of compounds containing
metal, phosphorus, and nitrogen.

Polymer composite mixtures widely used in drill-
ing oil and gas wells have high stabilization proper-
ties, they form a dispersed system in cold water and
provide an opportunity to control moisture during
the drilling process. In the implementation of these
goals, it is possible to obtain modified starches with
the help of a reactor under the influence of tempera-

ture with dehydrated starch products, ammonium
polyphosphate and mineral powder (calcium car-
bonate) reagents.

Starch, ammonium polyphosphate and mineral
powder (calcium carbonate) (3:0.5:1), (3:2:2),
(2:2:2) and (3:1:1) reagents were prepared using a
reactor under the influence of temperature. MKPM
brand modified starch was obtained in different pro-
portions and their proportions are as follows:

Starch 100-150
Ammonium polyphosphate 10-15
Mineral powder (calcium carbonate) ~ 30-50

Table 1.— Properties of modified phosphorus-retaining malleable starch composites

Properties of the drilling mixture
MKPM modified starch pr.op ° | Conditional rotatlfmal viscometer water loss,
tions viscoelasticit rotation speed, rpm cm?®/30 min
Y[ 600 | 300 3
3:0,5:1 39 148 137 280 7
Starch, ammonium polyphosphate and |  3:2:2 44 146 133 274 6
mineral powder (calcium carbonate) 2:2:2 45 133 124 241 S
3:1:1 41 149 135 276 6
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Figure 1. IK spectrum: 1 - starch; 2 — modified phosphorus-containing starch
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In the course of research, changes in character-
istic bonds were analyzed by IR spectroscopy of
MKPM (starch, ammonium polyphosphate and
mineral powder) brand modified starch. Accord-
ingly, IR spectroscopy was performed using a Var-
ian 3100 FT-IR spectrometer with a sampling range
0f 4000-400 cm™. The IR spectra show that when
the IR spectra of the modified starch etherification
products we offer are compared with unmodified
starch (Fig. 1), new absorption lines appear: R-
-0 groups at 504 cm™" deformation vibrations, R-
ON at 936 cm™ - valence vibrations groups, 1718
cm™' asymmetric valence vibrations - C=0 carba-
mate groups and 1190 cm™ - R=0 groups. (Figure
1). 1019 cm™ in the absorption range, characteris-
tic of the IR spectrum characterizing the original
starch, it can be shifted to the high frequency region
up to 1024 cm ' with a simultaneous increase in its
intensity.

The formation of a composite structure, morpho-
logical changes of processes, and mixing of substances
with each other have been studied through scanning
electron microscope SEM analysis of modified phos-
phorus-containing starch. In these studies, modified
starch particles ranging in size from 10 pym to 100 ym
were investigated. It was investigated that the compo-
sition of the composites formed irregularly shaped
granules with a polygonal shape. In addition, in the
samples presented in the pictures, the composites ob-
tained on the basis of different proportions of starch,
ammonium polyphosphate and mineral powder (cal-
cium carbonate) chemical reagents were studied (a)
(2:2:2); (b) (3:0.5:1); (c) (3:2:2), and (d) (3:1:1)
modified starch composite samples obtained on the
basis of the ratios (b) and (d) in these ratios have the
feature of a completely smooth surface (c) and (a) itis
possible to analyze whether it formed a good mixture
compared to composites. (Figure 2).

TAEE e

Figure 2. SEM Analysis: Starch, Ammonium Polyphosphate and Mineral Powder (Calcium
Carbonate) Chemical Reagent Ratios; (2:2:2); (b) (3:0.5:1); (¢) (3:2:2), and (d) (3:1:1)

(b) In this paper, the extraction process of car-
boxymethyl starch is also researched, this starch has
the properties of forming a sticky paste in cold water,
and the extraction process consists of simple technol-
ogy. This modified starch is one of the economically
and ecologically effective products that are stable to

heat and biological effects. Carboxymethyl starch
was obtained as a result of the reaction of etherifica-
tion of hydroxyl groups with monochlorous acid or
its sodium salts in an alkaline environment. In the
first stage of the reaction, an equal amount of NaOH
reacts with the hydroxyl groups of starch.
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Figure 2.7. Reaction of carboxymethyl starch sodium salt
In the second step, the reaction process contin- KMK-Na (sodium - carboxymethylstarch) are
ues by replacing sodium monochloroacetate witha  biopolymers with a high level of viscoelasticity,
carboxymethyl group. which can be analyzed with characteristic frequen-
cies under IR spectroscopy.
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Figure 3. IK spectrum starch (1) and modified starch (2)

Figure 3 shows the IR spectroscopy of starch, gion of 3365 cm™. In addition, frequencies related
and mainly hydroxyl groups have peaks in the re-  to the S-N group were observed in the range of
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2950-2900 cm™. It can be seen that the frequency
in the region of 1100-1000 cm™" is characteristic of
the SN2-O-SN2 group, showing valence and valence
strains. IR spectroscopy of sodium carboxymethyl-
starch and starch revealed frequencies in several dif-
ferent regions. According to it, it was studied that the
hydroxyl group in the region of 3300 cm™ and two
new peaks at 1600-1400 cm ™' belong to the SOO-
group in sodium carboxymethyl starch. There is also
an absorption band at 1750-1700 cm™ correspond-
ing to the vibrations of the carboxyl group.

In addition, the physico-chemical properties of
polyelectrolyte solutions differ from other types
(in the case of electrolyte) of polymers. In polyelec-
trolytes, the formation of ionic bonds in the polymer
structure greatly affects the viscosity of the solution,
regardless of whether the solution is concentrated
or diluted. In this process, the ionization structure
causes a significant change in the conformation of
the polymer in solution.

As aresult, the viscous flow of polymers deviates
from the straight line depending on the concentra-
tion of the solution ud/s = f(s). Figure 4 shows the
dependence of the decrease in the viscosity of aque-
ous solutions of the sodium salt of carboxymethyl
starch on the polymer concentration. It can be ana-
lyzed that this feature is characteristic of polyelectro-
lytes and differs sharply from starch.

15+
\1\
111 \\
= & 1 —a
.q 4
0 - - .
1] 0.05 0.1 0.25
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Figure 4. Dependence of the concentration
of the viscosity of aqueous solutionsof the
sodium salt of carboxymethyl starch

Carboxymethyl starch-based drilling compounds
allow the use of various temperatures in oil and gas
wells. Drilling mixtures containing carboxymethyl
starch (KMK) are stable to mineralization and tem-
perature, and their proportions are based on their
composition, mass.%.

Carboxymethyl starch (KMK) 3.0-3.5
Sodium hydroxide 0.02-0.03
Sodium carbonate 0.02-0.05
Sodium chloride 30-33

mineral powder (calcium carbonate) 10-12

copolymer based on acrylic starch ~ 1-2

bentonite 7-10

water is normal

The properties and characteristics of the pro-
posed drilling mix are studied and the results are
presented in (Table 2).

Table 2.— Properties of drilling compound based on carboxymethyl starch (KMK)

Ner/p The name of Indicators Unground mixture Ground mixture
1 appearance powder powder
2 colour Pale yellow Pale yellow
3 the smell odorless odorless
4 density 10.8 10.8
S environment, pH 7.5-8.0 7.5-8.0
6 solubility, 22°C soluble in water

Thus, chemical reagents based on starch, ammo-
nium polyphosphate and mineral powder (calcium
carbonate) (3:0.5:1), (3:2:2), (2:2:2) and (3:1:1)

Mineralization of drilling mixtures containing

MKPM modified starch and carboxymethyl starch
(KMK) with the help of ammonium polyphosphate
and mineral powder (calcium carbonate) under the
influence of temperature using a reactor allows creat-
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ing new compositions of temperature-stable drilling
mixtures.

In conclusion, we can say that the current process
of globalization is affecting the oil and gas industry
as well as other industries. Therefore, it is one of the
most important problems to study and analyze the
chemical components and reagents used in oil and

gas wells. As a result of studies, the concentration
dependence of the viscosity of aqueous solutions of
mineralized drilling mixtures with the help of modi-
fied MKPM and KMK ammonium polyphosphate
and mineral powder (calcium carbonate) makes it
possible to use them in oil and gas wells at different
temperatures.

References:

1. Modified Starch Market Size, Share & Trends Analysis Report By Product (Starch Esters & Ethers,
Resistant, Cationic), By Material, By Function, By End Use (F&B, Animal Feed, Paper, Textiles), And
Segment Forecasts, 2019.— 2025. URL: https://www.grandviewresearch.com/industry-analysis/mod-

ified-starch-market

2. Al-Muntasheri G., Nasr-El-Din H., Hussein I. A rheological investigation of a high temperature organic
gel used for water shut-off treatments. J Pet Sci Eng.— 59(1-2): 2007.- P. 73-83.

3. Olivia V. Lépez, Luciana A. Castillo, Mario D. Ninago, Andrés E. Ciolino, and Marcelo A. Villar. Modi-
fied Starches Used as Additives in Enhanced Oil Recovery (EOR) // See discussions, stats, and author
profiles for this publication at: URL: https://www.researchgate.net/publication/319083538 Chapter.
August 2017.- P. 227-233. DOI: 10.1007/978-3-319-61288-1_9

4. Aboulrous A. A., Alsabagh A. M., Abdou M. L., Khalil A. A., Ahmed H. E. Investigation of some locally
water-soluble natural polymers as circulation loss control agents during oil fields drilling. Egypt J of
Petr.— 23(1): 2014.— P. 27-34. URL: https://doi.org/10.1016/j.ejpe.2014.02.005.

S. Manal A. E. Carboxymethylation of maize starch at mild conditions. CarbohydrPolym.— 79(4): 2010.—
P. 875-881. URL: https://doi.org/10.1016/j.carbpol.2009.10.013.

6. Aliyu Adebayo Sulaimon. Evaluation of drilling muds enhanced with modified starch for HPHT well
applications // Received: 23 July 2019 / Accepted: 17 October 2020. Journal of Petroleum Exploration
and Production Technology. URL: https://doi.org/10.1007/s13202-020-01026-9

7. Ghazali N.A., Alias N.H., Mohd T.A.T., Adeib S.I., Noorsuhana M. Y. Potential of corn starch as fluid
loss control agent in drilling mud. Appl. Mech. Mater. 2015.-P. 754-755, 682-687.

8. Soto D., Urdaneta J., Pernia K., Leén O., Mufioz-Bonilla A., Fernandez-Garcia M. Removal of heavy
metal ions in water by starch esters.— Starch-Starke — 68. 2016.— P. 37-46.

21



Section 2. Transport

Section 2. Transport

https://doi.org/10.29013/AJT-22-7.8-22-25

Suleimanova Kamila,

Master in Traffic Information Engineering and Control,

The Faculty of Automation
Nanjing University of science and technology

DEVELOPMENT OF AUTOMATED TRAFFIC CONTROL
SYSTEMS USING ARTIFICIAL INTELLIGENCE

Abstract. Almost all major cities sufter from significant traffic congestion. To achieve improved

detection performance and multi-vehicle recognition in a complex urban environment, a detection

algorithm based on histogram oriented gradients (HOG) features is applied. This algorithm takes
full advantage of HOG for vehicles, i.e. we can talk about the good descriptive ability of the HOG
function. With ever-increasing demand for urban mobility and modern developments in logistics,

the number of vehicles has been steadily increasing over the past few decades.

In our proposed method, the system is designed to control the time of a traffic light depending

on the traffic density on the corresponding road. It acts as a multi-class classification that recognizes

traffic. The system detects a traffic event in real time.

Keywords: capacity, multiclass classification, automated traffic control system, planning algo-

rithm, traffic intensity.

With the ever-increasing demand for urban mo-
bility and the expansion of the modern logistics sec-
tor, the vehicle fleet has grown steadily over the past
few decades. One of the natural consequences of the
growth of the vehicle fleet is the increase in traffic con-
gestion. The normal operation of a trafficlight requires
supervision and coordination to ensure that vehicles
and pedestrians move smoothly and as safely as pos-
sible. For this, a variety of control systems are used,
ranging from simple clockwork to complex computer-
ized control and coordination systems that self-adjust
to minimize the delay of people using the intersection.

According to the international classification, four
generations of systems should be distinguished that
allow managing traffic [1, p. 24]:

1. First generation systems, in which all calcu-
lations necessary for traffic coordination were per-
formed manually.

2. Second generation systems, within the frame-
work of which partial automation of the traffic con-
trol process on the roads was carried out.

3. Third-generation systems, which made it pos-
sible to fully automate the control process based on
predictive data on the degree of traffic congestion.

4. Fourth generation systems that allow traffic
management based on real-time traffic data.

Currently, all existing traffic control systems can
be divided into three main categories:

1. Systems of decentralized type.

2. Systems of a centralized type.
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3. Intelligent type systems.

As part of the use of decentralized traffic control
systems on the roads, there is no need for the system
to be connected to a single control center.

When using centralized traffic control systems,
on the contrary, all data falls into a single control cen-
ter that coordinates the entire work process.

Intelligent systems are similar to centralized ones,
as all traffic data goes to a single center. The differ-
ence lies in the fact that in simple centralized systems
decisions are made by personnel, and in intelligent
systems — by a computer using artificial intelligence
technologies.

Accordingly, the most advanced, and therefore
most often used in large cities, are intelligent sys-
tems, one of the variants of which will be proposed
in this scientific article.

These innovative software projects provide an ef-
fective means of understanding traffic scenarios that
allows you to control a 4-way traffic signal control sys-
tem. The system consists of 4 signals corresponding to
each road. In this paper, we propose planning traffic
signals based on a density algorithm. The system is de-
signed to control the timing of traffic lights depending
on the traffic density on the corresponding road. The
system presents road congestion traffic graphically
using traffic signaling devices. Measuring traffic on a
particular road gives you the ability to adjust signal
timings to allow that particular path to clear and then
move on to the next problem area. The whole system
works according to an algorithm that allows you to
smoothly and effectively regulate the traffic flow in
all four directions. It also includes an emergency stop
system that allows control operators to remotely turn
off a particular signal in the event that an ambulance
or an important vehicle is following the path.

Many researchers have studied various types and
techniques of multi-traffic scene perception and also
in the field of social networks, since it is useful in
terms of basic multi-traffic scene perception for vehi-
cle detection. Scientists from India, in particular, are
focused on the analysis and implementation of the

twitter feed with real-time traffic detection and the
search for a framework that allows you to check the
event and identify the location of activity through
the study of the twitter feed.

Italian expert Alberto Rosi has studied social sen-
sors and pervasive approaches to services and the
perspectives they provide, as this social perception
technique is integrated into the computing system.

Chinese experts studied the multi-vehicle detec-
tion algorithm by combining the functions of Harr
and HOG, based on which they developed a system
to achieve better performance for multi-vehicle de-
tection in complex urban environments. environ-
ment with a two-stage detection algorithm. This
system provides higher vehicle detection accuracy
and is also more time efficient.

Indian scientists were implementing a project to
develop an automatic traffic light system for the city
of Chandigarh. This is a system monitoring that al-
lows you to automatically identify the traffic flow in
the signal traffic. This system also had sensors that
sense road data in traffic. This system provided real-
time traffic detection and eliminated the loss of green
light time needed to optimize traffic on the relevant
section of the road.

Chinese scientists have also explored automatic
environmental recognition changes for drivers in the
driver assistance system. They developed a computa-
tional model to study critical environmental changes
for drivers in a driver assistance system. They dem-
onstrated the practicality of a computational model
for recognizing changes in the system under study.

Chinese scientists have also improved the ve-
hicle detection method based on the Bio-Inspired
approach to improve the image by the feature fusion
method of the weighted evaluation level. Using this
method of vehicle detection was possible even at
night. Thanks to this system, it was possible to deal
with a significant number of different types of scenes,
including cars of different types and sizes. It also al-
lowed identification of a vehicle in various locations
and vehicle numbers.
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Japanese experts studied the possibility of vehicle
detection using active learning and derivative sym-
metry analysis. They developed a system that worked
on the road to detect the vehicle, which was a very
important operation. This system uses seven types of
data sets to track road, weather, and traffic conditions.

French specialists have developed a multidimen-
sional model for classifying high-resolution optical
images based on wavelets of texture features. This
model was based on the strategy of a supervised clas-
sification system that classified images according to
a training database storing information to enable the
classifier to make a decision.

Convolutional Neural Network (CNN) is one of
the most popular deep learning algorithms. CNNs
are used to recognize and classify images and vid-
eos. In our system, we use this algorithm to calcu-
late traffic density. At each stage, feature extraction is
performed, and it produces a large set of features for
the original input. These feature sets help describe
the characteristics of the data. Each frame is classi-
fied and the resulting value is displayed in the video
frame window.

To detect vehicles, the Hoard backlight descrip-
tor is used, which defines a picture on a 64x128 fix.
Obviously, the image can be any size. Usually correc-
tions at different scales are checked on many areas of
the image. The main limitation is that kink patches
have a fixed angular proportion. For our situation,
the patches should have a 1:2 aspect ratio. For ex-
ample, they may be 100 x 200, 128 x 256, or 1000 x
x 2000, but not 101 x 208.

To calculate the HOG descriptor, we initialize
the calculation of the horizontal and vertical gradi-
ents; then the histogram of the gradients should be
calculated. This makes it possible to simply filter the
image using subsequent procedures.

At this stage, the image is divided into 8 x 8 cells
and the band of the gradient graph is calculated for
each 8 x 8 cells.

The gradient of the picture is very sensitive to
the level of general lighting. In case you make the

image darker by dividing all the pixel values by 2, the
value of the tilt angle will change significantly, and
together these lines of the evaluation histogram will
change very significantly. In an ideal world, we want
our handle to be free oflighting options. Thus, there
is a need to “standardize” the histogram so that it is
not affected by lighting variations.

To compute the last element vector for the entire
fix image, the 36 x 1 vectors are concatenated into
one giant vector. What is the size of this vector? Let
us calculate.

1. How many places do we have in 16 X 16 squares?
There are 7levels and 15 vertical positions in total. 7 x
x 15 = 10S positions.

2.Each 16x16 square is checked against a 36x 1 vec-
tor. Therefore, when we connect them all into one giant
vector, we get a dimension of 36 x 105 = 3780 vectors.

The current location of the traffic light gives a
fixed traffic control plan, the settings of which de-
pend on the previous ones. However, traffic checks
can be physically modified. This is the most widely
recognized type of sign control for day-to-day man-
agement and can cause the system to misbehave at
an hour that is different from what the layout was
based on, such as utilizing redundant stages when
there is little traffic.

We can integrate our system with official traffic
signal analysis app to capture real-time status notifi-
cation traffic. Thus, our system will be able to signal
traffic-related events even in the worst case.

In addition, we are exploring the possibilities of
integrating our system into a more sophisticated traf-
fic detection infrastructure. This infrastructure can in-
clude both advanced physical sensors and social sen-
sors such as social media streams. In particular, social
sensors can provide low cost wide coverage of the road
network, especially in areas (urban and suburban)
where traditional traffic sensors are not available.

Thus, the control system considered in the paper
has significant advantages in organizing traffic on the
roads and optimizing it, which is achieved, first of
all, by using elements of artificial intelligence in it.
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The system allows: 3. Significantly save money in large cities by re-
1. Introduce an integrated approach to the orga-  ducing losses that inevitably arise as a result of ve-
nization of the traffic system in large cities. hicles standing idle in traffic jams.

2. Actively apply visual traffic control with ve-
hicle type recognition.
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DIMENSIONALLY QUANTIZATION OF THE ENERGY
SPECTRUM OF HOLES IN A P-Te QUANTUM WELL

Absract. The dimensionally quantization in a potential well grown on the basis of a gyrotropic

crystal (for example, p-Se or p-Te) is theoretically investigated.

Expressions are obtained for the wave functions of holes depending on the dimensionally

quantization number.

It was shown that the dimensionally-quantized spectrum of holes in gyrotropic crystals depends

on the ratio of the hole energy to the height of the potential barrier. In particular, the energy spectrum

of holes in the well consists of a set of dimensionally-quantized levels that do not intersect with each

other due to the presence of an energy gap between subbands of the valence band.

Keywords: dimensionally quantization, wave function, holes, energy spectrum.

L. Introduction

Recently, considerable attention has been
drawn to dimensionally quantization (DQ), which
has applications in optoelectronics [1]. For semi-
conductors with a simple band structure, the study
of interlevel optical transitions in structures for an
arbitrary potential was carried out in [2; 3]. At the
same time, interlevel optical transitions in semi-
conductor structures with hole conductivity are
of interest because of the nonzero absorption for
light of arbitrary polarization, which have practical
applications [4]. A theoretical study of this kind of

problem is hampered by the complexity of the band
structure of the crystal.

In particular, in [5-7], such a problem in the
case of a rectangular dimensionally quantized well
(DQW) with a fixed thickness was solved numerical-
ly. However, even a small variation in the thickness
or depth of the RQW can greatly change the final
result, which makes it difficult to analyze intermedi-
ate calculations. In [8], on the basis of perturbation
theory, analytical expressions [9] were obtained; the
energy spectrum, the wave function of holes, and
the intersubband absorption of polarized radiation
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in an infinitely deep quantum well of a semiconduc-
tor were studied. The calculations were carried out
in the Luttinger-Kohn approximation [10; 11] for
semiconductors with a zinc blende lattice.

However, the theoretical study of dimensional
quantization in a potential well (DQW) grown on
the basis of a gyrotropic crystal (for example, p-Se
or p-Te) remains open, which is the subject of this
communication.

Note that the study of a number of phenom-
ena, in particular, optical or photovoltaic effects in
dimensionally-quantized structures (QW) requires
knowledge of the energy spectrum and wave func-
tions of electron current carriers.

II. Basic ratios

For a quantum well with a potential U(z), the
effective Hamiltonian for a quantum well with a po-
tential U(z) is the effective Hamiltonian of electrons
in p-Te in the form

H=Ho+ Z A0, (1)
where Ho = Ak} + Bk, A, :A, A, =Pk, anditis
assumed that the phases of t M, he function are
chosen so that the coefhicient at k, isreal, 2A — spin-
orbit splitting of the valence band at the M(P) point
of the Brillouin zone), ki =k +k2, A,B,B, are
band parameters of p-Te, k, =k, (sing, cose)is two-
dimensional wave vector directed along the interface.

The wave functions in the upper valence bands (
M', and M',) are a superposition of states with the
projection of the angular momentum on the axis Z

(m, =%3/2)
v = D cfn’jlmz(, (2)

m,=+3/2
where C1) =C% = (1+n)/2, CY), =—Ci) =
(1-m/2, n= ﬁkz(Az +p kj) .

The spectrum of holes in the valence band in a
bulk gyrotropic crystal has the form
E (ko k, .k, )= Ak +BE —(=1)" (A* + &)
(1=1,2). (2"

Here A=#’/(2m,),B=0"/(2m,), m, and m,
are the transverse and longitudinal effective masses

of holes in the subbands M', and M',, which are
equal with the opposite sign to the effective masses
of electrons.

Then choosing the dimensionally quantization

axis Oz and assuming that k, = 1— from (1) we

have 0z
H=H,+R}k, (3)

where

_ 0 1 1 0/ |1 0o

o= [1 0}3[0 1}§_1ﬁ{0 —1}§+U(z)’

_ 1 0],

Rl (e @

II1. Hole states in a tellurium quantum well
The unperturbed energy levels E (0) and the

Wz
(0)

bands M; (£ =2,1) the conduction band of p—Te
are determined from the following matrix differential
equation with band parameters A,B:

g =B, (s

E
(3 . Then we have
0

(0) 2
Al v, o 3W2 +U(z) l//z _
2 _l//l(o aZ 1W1 ¥ l//l

_| Ew” (6)
B By [
1
To simplify the problem, we assume that

U(z) =U, = const . Then the last equation will look
like

wave function of electrons v in the sub-

where E =

a;sz(O)—%[U(z)—E]l//éO) +iﬁ—ga‘g—§0)—%w5°’ 0
a;‘/;w) _% U(2)-Ey - ﬁ—gag—im—%wﬁ” =
or
where K';:%(UO_E)’ i:%’ Kﬂv_[;/’
v =y iy,
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We will seek solution (8) in three approxima-
tions, which we analyze in more detail below.

1. Approximation. From (8) it is easy to obtain
the following system of equations

82 (0)

Yoy =0

- ©)
——+—2y" =0,

0z Kp,

whose solution we write in the form
y.” =D, exp(k,z)+C. exp(—k,z), (10)

where k, =Ky, k_ =k,,unknown quantities D, , C
are determined from the boundary conditions of the
problem, which will be discussed further. Note that
k_the real value, x, parameter can be both real (at
U,)E ) and imaginary (at U,(E ) values. Then the
wave function y'” in the first case will be exponen-
tial, and in the second case it will be trigonometric.
If k, the valueisreal, then we can assume that D, = 0.
This means that current carriers (holes in p-Te) with
energy E(U, will behave like a de Broglie (plane
wave), but in other cases they will not.

Further, we assume that the holes are in the po-
tential well. Then
w” =D, exp(ixz)+C, exp(—ikz),

2
WEO) — C exp[_in)
1 Kﬁ

i

(11)

where it is taken into account that U, =0,
K, = i\/% =ik . Then, from the conditions of or-
thonormality and finiteness of the wave functions of
holes at the interfaces of the well, we have that
O (z)=2x" cos(kz) . (12)

|:21<a + sin(ZKa)}
From the boundary condition of the problem,
we obtain expressions for the size-quantized energy

spectrum of holes

. (en+1)

E:BTTE (13)

2. Approximation. Now we look for the solution

(n=0,1,2,...)

of equation (8) in the form
v\ =Dexp(xz) v =D exp(K*z) ,(14)

where k* and D" are the complex conjugate wave
vector and a parameter whose analytical form can be
determined from the above boundary conditions.
Then it is easy to obtain the following relations, use-
tul for further calculations
. |:(—K'2 +K; ) + i(—K*KﬁV +K; )T
=t 2 2 Dre >
(—K2 + K;) + (—K*K o+ Ki)

(1)

B
where D, and D,, are the real and imaginary values
of the quantity. It can be seen from (15) that the
form of the wave function (14) depends on the phys-
ical nature of the wave vector. Therefore, consider the
following cases:

a) let the wave vector be a real value, then
Dim == 2% Dre )
1

gre +

where ¢, =(—K2+K;)/(—KKBV +K§) . Then the

(16)

wave functions of holes take the form

2 — .

1F2ig
5_0) z zgre + re 17
V. ( ) grez+1 ( )

Then the energy spectrum of current carriers is de-
termined from the following transcendental equation

E) _ ¢ K, *
B), ¢/ +1 "

2 ~, ) 172
+ —gz’e K | +4 E—z——zg’“ Ky . (18)
GYE +1 ! B gre +1

It can be seen from (18) that the energy spec-
trum takes real values when the following inequali-
ties are fulfilled

1/2

2
. B| 2
2 gre + 1 gre + 1

ZGre 2 gre
G 1"

D, exp(Kz).

2
; 19
Ky g,e2+1Kﬂvj (19)

b) let the wave vector be an imaginary quantity,
then the relationship between the quantities D,, and
D, is described as

D, =-2-2"_D

=2 (20)

re )

and the wave functions of holes are determined by
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‘//i()) (Z) = %(Hibz)exp(lcz),

. 2
lIIEO) (Z) — Dre (1 _(l—i_b;zbz)jexp(lcz), (21)
2
K —K'K
where ¢, = (K‘2 +K; — KKy )/Ki. b, = jcészﬁ".
Now let’s try to solve the system of equations (7)
in general form. To do this, after transforming in (7), it
is easy to obtain the Schrodenger equation in the form
o'y _l(U 3 _ﬂ_éj oy
ozt Bl B ) o0z

e

Consider the following cases:

a) for holeslocated in the well (U, =0), equation
(22) takes the form
A RNCA
oz* bz
whose solution we seek in the form
w" =B,-e“" +B,-e“" +B,-e ", (24)

where N7 :B’I(E+B’1ﬂé), N; =sz(A2 —Ez) )

} 1 2
o =N =N, = Hi(xm (8] 4 }
and, in what follows we will take into account that

(Nf )( (Nf )2 +4K; . Then, from the conditions of

finiteness of the wave functions at the interface
boundaries, we have

(0)
2

Nl =0, (23)

w(2)=2

where B, is determined from the normalization con-
dition of y{”(z).
The energy spectrum of holes in a potential well
is determined by the relation
sin(N_ -a)—cos(N_ -a)+ z—exp(—t*é+ -a)=0.(26)
b) for holes outside the well (U, #0), the wave
function of holes is determined by expression (25)
and the energy spectrum by relation (26), but the
following substitutions must be made: X, < @, ,

N, <> ,, where @, zé{Az —(U0 ~E, )2} )
1 - B
ifoe 8)

c) in case of resonance, i.e. when the energy of
holes is numerically equal to the height of the poten-
tial barrier, then the wave function of holes is deter-
mined by expression (25) and the energy spectrum
by relation (26), but the following substitutions
must be made: Nj &N, Nj <N, where

N, =%, Ni =B7(A*—F?)

(2N_4R)a  Noa e . " ) .
B_ e e 21 SIH(N_ (1) '(e—N+~z _e—lt\_-z ) + 2(61N_-z _e—§\+-z) .
ch(X, -a)—cos(N_-a)

(25)

It can be seen from relation (22) that the wave
function of holes in the potential well has two terms,
one of which is exponentially decaying, and the rest
are oscillating.

Conclusion

Thus, it was shown that the dimensionally-quan-
tized spectrum of holes in gyrotropic crystals has a
complex form and depends on the ratio of the hole
energy to the potential barrier height. In particular,
the energy spectrum of holes in the well consists of
a set of dimensionally-quantized levels that do not
intersect with each other due to the presence of an
energy gap between the sus M| and M, .

Expressions are obtained for the wave functions
and energy spectra of electrons for various cases, dif-
fering from each other in the relations for the char-
acteristic wave vectors, which, in turn, depend on
the band parameters of the semiconductor and on
the energy gap between the subbands of the valence
band of a gyrotropic crystal.
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Abstract. The article defines the chemical composition of nitrogen-potassium fertilizers obtained

by introducing ash into the melt of ammonium nitrate at mass ratios of ammonium nitrate: ash = 100:

(3-25) and a temperature of 180 °C. The density and viscosity of the ammonium nitrate melt with

the addition of ash in the temperature range 160-185 °C were also determined, and the strength of

the granules was determined at the above ratios of ammonium nitrate: ash.

Keywords: ammonium nitrate, ash, melt, nitrogen-potassium fertilizer, density, viscosity, strength

of granules

Introduction

From practical and scientific experience in the
production of granulated ammonium nitrate (AN),
it has been established that in order to ensure good
physical properties of granulated AN, the moisture
content in it should not exceed 0.2%. This concen-
tration of water can be achieved in pre-evaporators
purged with hot air. However, such a result is difficult.
In this regard, various additives are used that bind free
moisture, which can be divided into: 1) substances or
reaction transformation products that dissolve well in
water and simultaneously carry nutritional properties,
capable of producing crystalline hydrates, 2)) substanc-
es that adsorb moisture, but do not carry nutritional
load. The latter is usually introduced directly into the
AS melt before its granulation.

The first class of the category includes magne-
sium and calcium-containing additives: magnesite,
brucite, dolomite, calcite, etc. [1-3]. At present,
magnesia additive is used in many enterprises of the

CIS countries [2]. The magnesia additive is recog-
nized as the best additive that eliminates AC caking.
To obtain this additive, caustic magnesite obtained
by roasting natural magnesite is used. Under produc-
tion conditions, caustic magnesite is decomposed
by 35% HNO,, while obtaining a 40% solution of
Mg(NO,),. Anhydrous magnesium nitrate binds
free water remaining in the AS melt and binds to
Mg(NO,),- 6H,0, which ensures the production of
product granules with good physical and chemical
properties.

At present, Mg(OH), and MgO and methods
for their preparation are covered in applied research
work done in the field of powder technologies [1].

It was shown in [4] that magnesium nitrate in-
creases the transition temperature IV - III from 32 to
55°Cand 1111 from 84 to 90 °C. When the AS melt
is cooled, the following transformations proceed se-
quentially: melt > I, I > II, and II » IV, respectively,
at 167, 128, and 50 °C, bypassing phase IIL

31



Section 4. Chemistry

Water-binding additives can include hemihy-
drate and anhydrite of gypsum or phosphogypsum,
capable of attaching 1.5 or 2 molecules of water to
form a solid crystalline hydrate CaSO, - 2H,O [5; 6].
The condition for the reliability of the action of solid
additives requires a high degree of their dispersion,
ensuring uniform distribution of saltpeter granules
over the mass, maximum use of additives and a high
rate of moisture absorption from the mother liquor.
Itis noted in [6] that a finely divided addition of gyp-
sum or phosphogypsum should be introduced into
the melt at about 5% before prilling on a granulation
tower. Fertilizer with the addition of phosphogyp-
sum with an N content of 24% (wt.) Has a hygro-
scopic point of 67%, while for pure AS (under the
same conditions) this figure is 59.5%.

Animportant task at present is to reduce the level
of potential hazard of ammonium nitrate. For this, re-
search is underway to select highly effective additives
that improve the strength of granules and increase
the thermal stability of the fertilizer [6].

Objects and methods of research

In our work, we used sunflower sol of the Republic
of Uzbekistan composition. Ammonium nitrate with
the addition of sol, the strength of the granules of the
products was determined on the device MIP-10-1
according to GOST 21560.2-82. The density of the
melts was determined by the pycnometric method
[7-9], and the viscosity was determined on a VPZh-2
viscometer with a diameter of 1.77 mm.

The experiments were carried out as follows.
Granulated ammonium nitrate produced by JSC

Fargonaazot (34.5% N) was melted in a metal re-
actor in a thermostat filled with glycerin. Phosphate
raw materials were added to the AS melt at 180 °C
with stirring in such an amount that the weight ratio
of AS melt: Sol was equal to 100: (3-25). The tem-
perature was maintained using a contact thermom-
eter. The melt was kept for 20 min, after which it was
poured into a granulator, which is a metal cup with a
perforated bottom, the hole diameter in which was
1.2 mm. Pressure was created in the upper part of
the glass using a pump, then the melt was sprayed
from the sixth floor of the building onto a plastic
film lying on the ground. Drops of the melt, falling
from a height, solidified and turned into granules
[10; 11].

In conditions of a large shortage of nitrogen-po-
tassium fertilizers in our country, ash for the produc-
tion of nitrogen-potassium fertilizers attracting the
ash of Uzbekistan and the development of a tech-
nology for producing nitrogen-potassium fertilizers
based on these ash are relevant. Until now, these ash
is not used in the production of nitrogen-potassium
fertilizers. The paper provides a general description
of the evils of Uzbekistan and the possibility of their
use as a potash raw material in the production of
nitrogen-potassium fertilizers.

Based on the foregoing, in this paper we investi-
gated the processes of obtaining nitrogen-potassium
fertilizer based on ammonium nitrate melt with the
addition of ash, the chemical composition of which
is shown in Table 1.

Table 1. — Chemical properties of ash

The chemical com- | 1 | p | ca | §i | Fe | Al [Mg| O |CT| s | Cc|w
position of ash
A 124 | 2.8 | 34 | 157100 | 1.1 | 1.4 | 46 [364| 25 | 1.6 | — | 8.1
b 13622 | 24 |192| 24 | 06 | 09 | 6.7 [394| 22 | 1.5 | 89 | -
C 88 | 24 | 23 |124(100| 1.0 | 1.4 | 33 |34.1| 47 | 09 |16.0]| 2.7

Results and its discussion
In this report, we present the results of deter-
mining the strength of ammonium nitrate granules

obtained by adding ash at the above weight ratios
AS: Sol. The strength of the granules is one of the
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most important indicators characterizing the stabi-
lized ammonium nitrate.

After that, the strength of the granules was mea-
sured. In this case, granules of nitrogen-phosphorus
fertilizers were obtained, similar in appearance to gran-
ules of pure AS. The strength of the granules is 2-3 mm
in size. Experimental data are given in (Table 2).

As can be seen from the tables, the more ash addi-
tives are added to the AS composition, the higher the

strength of the granules. Thus, the addition of ash in
the AS melt in the amount of 100 : 20 increases the
strength of the granules from 5.52 MPa to a nitrogen
content of 27.54%. And the strength of standard AS
granules is only 2.91 MPa. This suggests that the intro-
duction of a sol into the AS meltleads to a compaction
of the granule structure and an increase in its crushing
strength and abrasion, which ultimately has an effect
on reducing the caking of the product during storage.

Table 2.- Strength of fertilizer granules obtained by introducing
ammonium nitrate and sol into the melt

Mass ratio AS: N,% K 0,% Granule strength
Sol 2 kg/granule ‘ kgs/sm” ‘ MPa
Granule diameter 2-3 mm

100: 3 33.44 0.17 1.51 28.81 291
100: 5 32.76 0.29 2.01 30.62 3.16
100: 8 31.62 0.38 2.51 38.61 3.86
100: 10 30.31 0.47 2.80 43.26 4.31
100: 12 29.83 0.68 3.11 49.90 4.91
100: 15 29.19 0.89 3.37 53.75 5.34
100: 18 28.40 0.98 3.61 53.98 541
100: 20 27.54 1.11 4.02 55.85 5.52
100: 22 26.38 1.23 4.41 56.71 5.72
100: 25 25.42 1.38 4.60 59.35 591

Based on laboratory experiments, it was shown
that the introduction of ash ammonium nitrate into
the melt makes it possible to obtain new nitrogen-

potassium fertilizers with a high relative content of
the assimilable form of K, O.

AC: K=100: 3 ratio
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AC: K=100: 3 ratio

Figure 1. Electron microscopic photographs of the surface granules AC:
sunflower (A); AU: Animal Dung (B) and AC: cotton stalk ash (C)

The rheological properties of saltpeter melts
with sol were studied in the temperature range
160-185 °C. At the same time, it was shown that
in all ratios of AS: Sol, potassium nitrate melts
have a fairly good fluidity, which allows them to
be granulated in a granulation tower by prilling
without any special technological difficulties. Mi-
crographs of granules of expanded ammonium ni-

trate of the obtained contact layer based on them.
a) sunflower ash, (b) animal manure ash, (c) cot-
ton stalk ash, on thermally expanded ammonium
nitrate.

Conclusion

Thus, sunflower sol can be considered a very
promising additive for the production of ammonium
nitrate, which has a lower detonation stability.
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MODIFIED CARBON-CONTAINING ELECTRODES IN
ELECTROANALYSIS: PAST, PRESENT AND FUTURE

Abstract. At the end 0of 2019, the scientific world celebrated the 60 ™ anniversary of the awarding
of the Nobel Prize for his contribution to the development of electrochemistry to the Czech scientist
Yaroslav Geyrovsky. The method of polarography developed by him opened a new page of quantitative
and qualitative analysis in chemistry. This article is devoted to this event and provides briefinformation

about the possibility of creating an alternative proposed by Geyrovsky to a dripping mercury electrode

for polarographic analysis. In this context, the stages of development of electrochemical methods of

analysis using carbon-containing materials will be presented here.

Keywords: Voltammetry, dripping mercury electrode, modified carbon-containing electrodes,

stages of development of polarography.

Due to all its advantages: low cost, speed and
simplicity, electrochemistry has always been an ide-
al choice for the quantitative analysis of substances
of inorganic and organic nature. This was facilitated
by the transition from the use of indicator dripping
mercury electrodes in voltammetric analysis to solid
carbon-containing ones [1].

Probably, the first idea of using carbon-graph-
ite materials as electrodes for polarographic analy-
sis was given by Adams, who proposed in 1959 to
use a mixture of a paste-like consistency consist-
ing of coal powder and a liquid non-electroactive
binder. Since then, carbon paste electrodes (CPE)
and the corresponding sensors have received at-
tractive development in electrochemical analysis,
in particular in voltammetry. The evolution of
the development of voltammetry using paste and
then modified electrodes is traced by the follow-
ing stages [2].

o 1959-1963: introduction of carbon paste
and its first applications by Adams and his
collaborators to study the mechanisms of
electrode reactions of various organic com-
pounds.

o 1964, 1965: the first experiments on the
modification of carbon pastes. The ability to
vary the composition of carbon pastes and
the relative ease of their preparation is a stim-
ulating factor for changing the characteristics
of the initial carbon-binder mixture by intro-
ducing other chemically active components
into it, remains relevant today. It is this pro-
cedure that can lead to a purposeful improve-
ment in the characteristics of the electrode.

o 1974: the appearance of carbon pastes with
an electrolytic binder. The replacement of
conventional non-electroactive paste-like
liquids with electrolyte solutions opened the
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way for a certain branch of electrochemistry
of electroactive electrodes made of carbon
paste, which made it possible to study the
redox behavior, as well as various structural
and morphological changes of inorganic
compounds dissolved directly in the electro-
lyte. Currently, such studies usually belong to
a special field, the so-called solid-state elec-
trochemistry.

o 1980-2000: the era of chemically modified
carbon pastes. Attempts to use favorable me-
chanical and electrochemical properties of
carbon pastes for the manufacture of sensors
of a new generation were crowned with suc-
cess in the early 80s. Modification of carbon
paste by impregnating carbon particles with a
methanol solution of dimethylglyoxime rep-
resents another milestone in the history of
CPE. This was the first attempt when a clas-
sical analytical reagent served as a selective
modifier, thus initiating subsequent research
on the development and application of
chemically modified carbon paste electrodes
(CMCPE) in electrochemical analysis [3].

Since then, the number of publications of works
with chemically modified electrodes based on car-
bon-containing paste has begun to grow exponen-
tially, including review articles. This trend continues
at the present time.

In the late 80s and early 905 of the last century,
works appeared on the modification of carbon-con-
taining pastes with enzymes and other biologically
active substances. On the basis of these pastes, enzy-
matic biosensors were created that allow controlling
some enzymatically catalyzed reactions of biologi-
cal substances. Initially, the enzyme immobilization
procedure was carried out by simply adding the nec-
essary enzyme to the carbon paste. The simplicity
of making an enzyme sensor immediately attracted
the attention of biochemists, and enzyme biosen-
sors based on carbon paste quickly came to the fore.
One of the first comprehensive reviews showing the

entire genesis of such biosensors was presented by
Gorton [4].

The 90s and early 2000 s are characterized by the
appearance of carbon-containing composites on the
market, which allow replacing soft paste electrodes
with hard ones. Usually, the method of manufactur-
ing such solid electrodes differs little in simplicity
from the manufacture of carbon paste electrodes, but
the latter have a stronger matrix.

The 20005 and up to the present — the period of
development of methodological foundations for the
modification of electrode materials; rejection of toxic
mercury salts and other toxic components that pollute
the environment and adversely affect human health;
obtaining electrodes with a catalytic response that can
significantly reduce overvoltage in the determination
of anumber of substances of inorganic, and especially
organic nature; the use of noble metal nanoparticles
and transition group metal oxides as modifying agents
stimulated the development of a new direction in elec-
trochemical analysis — nanoanalytics [ S].

Carbon-containing nanomaterials based on
mono- and poly-carbon nanotubes, nanopackag-
es, graphitized nanofibers, etc., as well as nanorods
made of precious metals have qualitatively new
properties necessary for the creation of indicator
electrodes: a large specific surface area, which de-
termines their high electrochemical and catalytic
activity, sorption properties, as a consequence of
porosity and surface defects of nanomaterials, their
thermal stability [6]. These properties of nanoma-
terials open wide horizons for further reducing the
limits of determining trace amounts of matter in
electroanalysis by using nanostructured electrodes,
improving separation and concentration processes
using nanotubes, nanostructured polymers as new
selective sorbents. Currently, a series of electro-
chemical studies has been published in the analy-
sis by voltammetry using various nanoparticles ap-
plied to the surface of the electrode as modifiers
using physical sorption, chemisorption, laser abla-
tion from solutions.
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Such electrodes are able to exhibit an electrocata-
lytic effect in the redox processes of both organic and
inorganic compounds by reducing the overvoltage of
various electrode processes, increase the selectivity
and sensitivity of electroanalysis. By sewing metal
nanoparticles to DNA (an electrochemically inac-

tive substance), pico- and nanomolar DNA concen-
trations can be determined [7]. Thick-film graphite
electrodes modified by ex- or insitu bismuth film
were used to determine trace amounts of zinc, cad-
mium and lead in multicomponent objects, group
vitamins in pharmaceuticals [8; 9].

Modifing method
In situ Ex situ
In solution Modification Surface
in volume modification
Surface Carbon paste Adsol‘pti?n
modification electrodts of the modifier
Thich-film Impregnated Covalent sewing
electrodes electrodes
Thin-film Composite Inclusion of modifier
electrodes — electrodes in the polymer film
Physical
modification

Fig.1. Methods of modification of electrodes

A thick-film carbon-containing electrode modified
with silver nanoparticles was used for the inversion-
voltammetric determination of sulfide ions and mer-
captans in the contents of 107-5 x 107 M, iodine in
waters, food products and biological fluids in the con-

centration range of 1 x 10— 8 x 10”7 M with a corre-
lation coeflicient of 0.9985. Gold and silver nanopar-
ticles, silica gel with enzymes deposited on them, and
nanotubes are used for electrochemical detection of
biomolecules, including DNA in biosensors [10; 11].
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Based on the specific electrochemical properties
of metal nanoparticles, a new generation of highly
sensitive sensors for environmental and medical
purposes has recently been created. Thus, enzyme-
free bio- and immunosensors based on Berlin azure
nanolayers and magnetic nanoparticles have been
tested [12].

The use of such biosensors opens up new pos-
sibilities for non-invasive methods of medical diag-
nostics [13; 14].

The main reason for the need to modify the elec-
trode is to obtain a qualitatively new sensor with the
desired, often predetermined properties. In this re-
gard, carbon pastes can undoubtedly represent one
of the most convenient materials for the manufacture
of modified electrodes.

The methodology and principles of modifica-
tion of carbon-containing pastes are illustrated by
the scheme [7, 15] presented in (Fig. 1).

Unlike relatively complex modifications of solid
substrates, the preparation of chemically modified
carbon paste electrodes is very simple, usually us-
ing various alternative procedures. The modifier can
be dissolved directly in the binder or mechanically
mixed with the paste during its homogenization.

It is also possible to soak graphite particles with
a modifier solution, and after evaporation of the
solvent, use it as an impregnated carbon powder. Fi-
nally, already prepared pastes can be modified in situ.

The advantage of in situ modification methods
is that they do not require the addition of modifier
molecules to the electrode. It is enough to clean the
surface from the products of the electrochemical
reaction before modification. However, the service
life of such electrodes is relatively short, since before
each measurement there is a need for modification
again.

As an alternative to in situ modification methods,
methods of pre-immobilization of modifiers (ex situ)
on electrodes made of various materials such as glass
carbon, metals, pyrographite, carbon-containing
composite materials, impregnated graphite, carbon

mesh, carbon paste, fabrics, fibers, etc. have been
developed and are widely used. The combination of
their properties makes it possible to create electrodes
with specified sensitivity and selectivity parameters.

Conclusion

Assessing the prospects of using modified elec-
trodes in voltammetric analysis, it can be noted that
the development of the method itself is increasingly
mixed with the development of new electrodes and
sensors that allow determining “cheaper, faster, easier
and better”. A large number of research works on the
search for ways to use and select modifiers, their im-
mobilization on the surface of electrodes, the use of
electronic transfer mediators is an indisputable proof
of interest in this problem, although the phenom-
enological stage in conducting research has not yet
ended. A number of issues that prevent the wide-
spread use of modified electrodes have not yet been
resolved. In particular, this applies to the production
of electrodes with a stable electrochemical response,
which does not depend on the methods of preparing
the electrode surface before the corresponding mea-
surements. Attempts to replace mercury with other
metals, for the most part, lead to a loss of sensitivity
and selectivity of definitions.

The relatively short “life” of most electrodes, their
“aging” over time, which manifests itself in changes
in the composition and structure of the modifying
layer and deterioration of its analytical characteris-
tics, is another problem. The duration of operation
of the electrodes is severely limited by the need to
regenerate the surface after each measurement. It
is the surface of the electrode that is the source of
most problems. Even for a well-studied mercury film
electrode (PRE), the nature of the mercury film on
its surface is still being discussed — whether it is ho-
mogeneous with a thickness of 0.5 to 10 microns or
Hgis released in the form of small droplets with a sta-
tistical distribution on the surface of the electrode.

When creating and using modified electrodes, it
becomes necessary to answer a number of questions:
how to make the surface of the modifying layer stable
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and reproducible, how do the properties of the mod-
ifying layer affect the parameters of the response sig-
nal, how does electrochemical or mechanical surface
treatment affect the activity of the modifier and the
electrode process, how to eliminate contamination
of the electrode with interfering substances, which
worsens its analytical characteristics?

Thus, having considered various ways of modi-
fying carbon-containing electrodes, we come to the
following conclusions:

Chemical modification makes it possible to ex-
pand the analytical capabilities and scope of voltam-
metric analysis methods for the determination of var-
ious substances of inorganic and organic origin and
to limit the use of mercury-containing electrodes.
In the near future, the main task of electrochemical
analysis methods is to improve the analytical param-
eters of electrodes with modification of their surface
and the possibility of a catalytic response.
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TRITERPENE GLYCOSIDES ASTRAGALUS AND THEIR GENINS
XCV. CYCLOASCIDOSIDE B FROM ASTRAGALUS MUCIDUS

Abstract. Structure of the novel cycloartane glycoside, cycloascidoside B isolated from the aerial

parts of Astragalus mucidus Bunge (Leguminosae) is determined as 3-O-B-D-(2-OAc)-xylopyranoside,
6,25-di-O-B-D-glycopyranosides-24R-cycloartan-33,6a,163,24,25-pentanol.  Structure of this
glycoside had been proven based on chemical transformations and spectral data of NMR1H, “C.

Keywords: Astragalus mucidus Bunge, Leguminosae, cycloartan triterpenoids, cycloascidoside A,
B and E, cycloasgenin C, spectra NMR'H, “C, DEPT.

Continuing of our investigation of isoprenoid
compounds from Astragalus (Leguminosae) plants
and their chemical transformation [1], from the
aerial part of Astragalus mucidus Bunge we have iso-
lated a novel cycloarrtane glycoside named by us as
cycloascidoside B (1). In the article we give proof
of the chemical structure of the isolated glycoside.

NMR'H spectrum of the novel glycoside 1 in
high field at § 0.07 and 0.45 have two single-proton
doublets is discernible with specific germinal spin-
spin coupling constant (SSCC) 2] = 4 hz and signal
of seven methyl groups at § 0.83 — 1.86. These data
indicate that the isolated compound is cycloartane
type triterpene glycoside [2-5].

NMR'H and "*C spectrum have singlet signal of
three proton units at 1.91 and signals of carbon atoms

at21.18 and 170.07. These data confirm that cycloas-
cidoside B contains one acetyl group (table 2).

Acidic hydrolysis of glycoside 1 gives genine (2)
identified with cycloasgenin C [ 1-8]. Sugar fraction
of the yield of acidic hydrolysis contains D- glucose
and D- xylose (lyxosazone) which are determined by
paper chromatography method (PC) in the presence
of samples of different carbohydrates.

Alkaline hydrolysis of cycloascidoside B (1)
gives glycoside 3 identified with cycloascidoside
E (3). Consequently, cycloascidoside B (1) is mono-
acetate of cycloascidoside E (figure 1) [8].

Partial hydrolysis of glycoside 3 gives cycloas-
genin 2 and progenins 4 and §.

On basis of physical and chemical constants,
spectral data and results of TLC analysis monoside
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$ was identified as 3-O-B-D- xylopyranoside of cy-
cloasgenin C [3], and bioside 4 was identified as cy-
cloascidoside A (figure 1) [1].

NMR'H and **C spectra of cycloascidoside B (1)
have signals of three protons at 4.67; 4.81; 5.08 and
signals of three anomeric carbon atoms of monosac-
charide residue at 104.96; 104.62 and 98.57.

Thereby, the above mentioned datum confirm
that the cycloascidoside B (1) is trioside.

Comparative analysis of * C NMR spectrum data
of cycloasgenin C (2) and cycloascidoside B (1)
gives evidence that carbon atom C-3, C-6 and C-25
of cycloascidoside B (1) are endured glycosilation
and resonate at 88.90; 79.14 and 80.86. These data
shows that sugar residues are connected to genin
through hydroxyl groups at C-3, C-6 and C-25 car-

bon atoms.

3. R;=Xylp, R,=R,=Glcp
4. R =Xylp, R,=Glcp, R,=H
5. R;=Xylp, R,=R,=H

Figure 1. Acidic and alkaline hydrolysis of cyclolastioside B (1)

Position of acetyl group in the molecule of iso-
lated glycoside were found on basis of comparative
analysis of 'H and *C NMR spectra of compounds
1 and 3. Comparative analysis of chemical shifts of
anomeric carbon atoms in *C NMR spectra con-
firms position of acetyl group in the molecule of
cycloascidoside B (1) at C-2! atom of xylose (table
2).In B C NMR spectrum of cycloascidoside B (1)

anomeric carbon atom C-1' resonates at 104.96.
Comparing of these data in cycloascidoside E (3)
shows that atom C-1" of xylose in cycloascidoside B
(1) have endured diamagnetic displacement (shift)
to 1.41. This data shows that acetyl residue is located
in molecule of xylose. Value of upfield shift of carbon
atom C-1'indicates that acetyl group attached to car-
bon atom C-2'. This conclusion is also proved out by
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upfield shift of signal C-3'to 2,93. Abovementioned
data let us to make conclusion that acetyl group in
cycloascidoside B (1) is attached at C-2! of xylose.

Analysis of '"H and *C NMR spectra (table 2) of
glycoside 1 shows, that it has three monosaccharide
residue and is trioside.

Table 1.- '*C NMR data of aglycone part of cycloascidoside B (1), cycloasgenin C (2), cycloascidoside
E (3), cycloascidoside A (4) and 3-O-B-D- xylopyranoside of cycloasgenin C (3) (C,D.N, 6, J/Hz)

Atom C DEPT 1 2[3] 3 4 5([3]
1 CH, 32.01 32.83 32.20 32.20 32.97
2 CH, 29.83 3145 30.22 30.18 30.85
3 CH 88.90 78.41 88.55 88.55 89.20
4 C 42.18 42.45 42.65 42.64 43.20
5 CH 52.37 54.05 52.48 52.49 54.61
6 CH 79.14 68.35 79.16 79.16 68.40
7 CH, 34.35 38.62 34.23 34.24 38.93
8 CH 45.64 4727 45.62 45.59 47.50
9 C 21.40 21.34 21.38 21.41 21.84
10 C 28.63 29.67 28.71 28.73 29.71
11 CH, 26.17 26.43 26.26 26.29 26.79
12 CH, 33.08 33.28 33.14 33.14 33.64
13 C 45.74 45.78 45.66 45.75 46.19
14 C 46.80 47.00 46.89 46.99 47.41
15 CH, 48.00 48.83 48.05 48.19 49.20
16 CH 71.70 71.83 71.75 71.69 72.20
17 CH 57.17 57.31 57.15 57.02 57.70
18 CH, 18.51 18.80 18.47 18.50 19.27
19 CH, 30.02 30.40 30.33 28.16 30.46
20 CH 31.46 31.66 31.55 31.63 32.11
21 CH, 18.72 19.10 18.80 18.82 19.46
22 CH, 34.86 34.86 34.96 34.82 35.31
23 CH, 29.18 29.43 29.25 29.32 29.86
24 CH 78.88 80.58 78.94 80.58 81.07
25 C 80.86 72.71 80.56 72.67 73.16
26 CH, 21.58 25.86 21.50 25.95 26.41
27 CH, 24.13 26.22 24.22 26.10 26.64
28 CH, 19.80 20.31 19.83 19.86 20.70
29 CH, 28.44 29.34 28.52 28.53 29.36
30 CH, 16.49 16.12 16.63 16.64 17.18

Anomeric protons of monosaccharide residue are
resonated in '"H NMR spectra of glycoside 1 at § 4.67
(H-1 of residue of p-D-xylopyranoses, d,*] = 8 Hz),
§4.81 (H-1 of residue of -D- glucopyranose, d,*] =7.5
Hz) and § 5.08 (H-1 of residue of p-D-glucopyranose,
d,’J=7.6 Hz) (table 2). It means that monosaccharide
residues in the glycoside have pyranose form, *C - con-

formation and -configuration of chemical structure.
This conclusion is also confirmed by chemical shift
value of carbon atoms of monosaccharide residues in
BC NMR spectra of cycloascidoside B. Mentioned
values of *C NMR also point at terminal character of
both monosaccharide residues. Accordingly, cycloas-
cidoside B is trisdesmoside glycoside.
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Table 2.- '*C NMR data of carbohydrate part of cycloascidoside B (1), cycloascidoside E (3),
cycloascidoside A (4) and 3-O-B-D- xylopyranoside of cycloasgenin C (5) (C,.D.N, 6, J/Hz)

Atom C 3-0-B-D-Xylp
1 104.96 106.37 107.63 108.12
2 76.13 75.57 75.59 76.13
3 75.52 78.45 78.51 79.02
4 71.23 71.22 71.23 71.74
N 66.98 66.99 67.03 67.55
21.18
Ac 170.07
6-0O-B-D-Glcp
1 104.62 105.54 105.18
2 75.52 75.57 75.59
3 79.00 79.13 79.16
4 71.70 71.77 71.83
N 77.95 78.14 78.09
6 63.02 63.07 63.12
25-0-B-D-Glep
1 98.57 98.45
2 75.23 75.40
3 78.57 78.54
4 71.79 71.77
S 78.05 78.24
6 62.69 62.66

According to comparative analysis of *C NMR
spectra of compounds 1 and 2 location of residue of
D-xylopyranose found be at C-3, and location of D-
glucopyranose residues at C-6 and C-25. From table
1, signal of carbon atom C-3 have downfield shift
to 10.49, and signals of C-6 and C-25 carbon atoms
have downfield shift to 10.79 and 8.15 comparatively
with cycloasgenin C.

Anomeric carbon atoms of monosaccharide resi-
duesresonateat §104.96 (C-1 of B-D-xylopyranoses),
104.62 (C-1 of p-D-glucopyranose) and 98.57 (C-1
of B-D-glucopyranose) in '* C NMR spectra of cyclo-
ascidoside E. Chemical shift values of anomeric car-
bon atoms show that residue of D-xylose is attached
to C-3, and residues of D-glucose are attached to C-6
and C-25 of genin.

Thereby, on basis of above described experimen-
tal data the chemical structure of isolated novel cy-
cloartane line triterpene glycoside, cycloascidoside

B is 3-O-B-D-(2-OAc)- xylopyranoside, 6,25- di-O-
B-D-glycopyranosides-24R-cycloartan-3f3, 6a,16p,
24, 25-pentaol.

Experimental part. General Experimental
Procedures [1]. Following solvent systems were
used: chloroform —methanol —water, 70:12:1 (1), chlo-
roform—methanol, 9: 1 (2), chloroform —methanol —wa-
ter, 70: 23 : 3 (3). NMR spectrum of the compounds
were recorded on Unityplus 400 (Varian) referenced
with respect to the residual solvent signal of C.D N.
BC NMR spectrum were recorded at complete sup-
pression of C-H interaction and under DEPT condi-
tions. Chemical shifts of protons of compositions 1,
3 were described in reference to HMDS.

Extraction and isolation. Isolation method
of isoprenoids from aerial part Astragalus mucidus
Bunge were given in [1]. 150 mg (0.01%) of cyclo-
ascidoside B was isolated by elution of silica gel col-
umn with the system 3.

45



Section 4. Chemistry

Cycloascidoside B (1), C o, 0, melt-
ing point. 280-282°C (from methanol). Spectra
NMRI1H (400 MHz, C.D.N, d, ppm., J/hz): 0.07,
0.45 (each 1H, d, J=4, H-19), 0.83 (3H, ¢, Me-28),
0.95 (3H, d, J=6.4, Me-21), 1.24, 1.25, 1.37, 1.38,
1.86 (each 3H, ¢, Me-30, 18, 27, 26, 29), 1.91 (3H,
s, OAc), 3.41 (1H, dd, J=11.6,4.9, H-3), 3.57 (1H,
dd, J=11.3, 10, H-Sa, Xylp), 3.68 (1H, td, J=9, 3.8,
H-6),3.78 (1H, ddd, J=9.2, 5.1, 2.7, H-5 Glcp), 3.84
(1H, m, H-S, Glcp,), 3.86 (1H, dd, J=8.4, 7.8, H*
-2, Glep), 3.93 (1H, dd, J=8.9, 7.8, H-2, Glcp), 4.00
(1H, t, J=8.5, H-3, Xylp), 4.04 (1H, t, J=8.8, H-3,
Glep), 4.06 (1H, t, J=8.9, H-4, Glcp), 4.08 (1H, t,
J=8.9, H-4, Xylp), 4.09 (1H, t, J=8.7, H*4, Glcp),
4.11 (1H,t,J=8.9, H-3, Glcp), 4.20 (1H, dd, J=11.7,
5.5,H-6,Glep), 4.20 (1H, dd, J=11, 5.1, H-Se, Xylp),
438 (1H, dd, J=11.7, 3.1, H-6, Glcp), 4.40 (1H, dd,
J=11.6, 2.6, H-6, Glcp), 4.52 (1H, td, J=7.6, 5.2,
H-16), 3.76 (1H, dd, J=10.5, 2, H-24), 4.67 (1H,
d,J=8, H-1, Xylp), 4.81 (1H, d, J=7.5, H-1, Glcp),
5.08 (1H, d, J=7.5, Glep, H-1), 5.40 (1H, dd, J=8.8,
8, Xylp, H-2). For Spectra *C refer to table 1, 2.

Acidic hydrolysis of cycloascidoside B. Gly-
coside 1 (30 mg) was dissolved in 10 ml of metha-
nol that contains 0.5% of sulfuric acid, and boiled
it in boiling-water bath for 1 hour. Then the reac-
tion mixture was diluted with water up to 30 ml and
MeOH was evaporated. Formed sediment was fil-
tered, washed with water and dried. Filtrate was neu-
tralized with BaCO,. After removing of precipitate
the solvent was concentrated and analyzed by TLC
method using solvent system 3 and in comparison
with samples D-glucose and D- xylose were found.

Residue was rechromatographed silica gel col-
umn by eluating with system 2. Genin 2 (15 mg)
identified with cycloasgenin C in comparison with
samples by TLC analysis and on basis of "H NMR
spectrum.

Cycloasgenin C. '"H NMR spectra (400 MHz,
C.D\N, §, ppm, J/hz): 0.21, 0.49 (each 1H, d, J=4,
H-19), 0.92 (3H, s, Me-28), 1.00 (3H, d, J=6.4,
Me-21), 1.25, 1.30, 1.36, 1.39, 1.77 (3H, ¢, Me-30,

Me-18, Me-27, Me-26, Me-29), 3.55 (1H, dd,
J=11.4,4.7,H-3), 3.67 (1H, dd, J=10.4, 2.3, H-24),
3.69 (1H, td, J=9.4, 3.7, H-6), 4.60 (1H, td, J=7.8,
5.0,H-16).

Alkaline hydrolysis of cycloascidoside B. Cy-
cloascidoside B (1) 50 mg was saponified in 20 ml
of 0,5% methanol solution of potassium hydroxide.
Reaction mixture was set at room temperature dur-
ing 24 hour, then diluted with 25 ml of water. Then
the mixture was neutralized with acetic acid. MeOH
was evaporated and extracted with BuOH. The ob-
tained residue was rechromatographed with silica
gel. 30 mg of cycloascidoside E (3) was isolated by
eluating with system 3, C_H, O, mp 276-278 °C
(from MeOH). '"H NMR spectra of cycloascidoside
E (400 MHz, C D.N, 8, ppm, ]/ Hz): 0.06,0.45 (each
1H, d, J=4, H-19), 0.84 (3H, s, Me-28), 0.96 (3H,
d, J=6.4, Me-21,), 1.23, 1.25, 1.38, 1.39, 1.91 (3H,
s, Me-30, Me-18, Me-27, Me-26, Me-29), 3.40 (1H,
dd, J=11.6,4.3,H-3,), 3.56 (1H, dd, J=11.3, 10, H-
-SaXylp),3.67 (1H,td,]=8.4,4.3,H-6,),3.77 (1H,dd,
J=10.5,2,H-24,),3.78 (1H, ddd, J=9.2, 5.1,2.7, Glep
H-5),3.85 (1H, m, Glep H-S),3.87 (1H, dd, ] =8.4,
7.9, Glep H-2), 3.92 (1H, dd, J=8.6, 7.5, Glcp H-
2),3.93 (1H, dd, J=8.6,7.5, Xylp H-2), 4.03 (1H, t,
J=8.6, Xylp H-3),4.05 (1H, 1, ]=8.9, Glcp H-4), 4.06
(1H, t, J=8.8, Glcp H3), 4.09 (1H, t, J=8.9, Xylp
H-4), 4.10 (1H, t, J=8.7, Glcp H-4), 4.11 (1H, t,
J=8.9, Glep H-3),4.20 (1H, dd, J=11.7, 5.5, Glep H-
-6),4.21 (1H,dd,J=11.5, 5.1, Xylp H-Se), 4.35 (1H,
dd, J=11.6, 3, Glcp H-6), 4.38 (1H, dd, J=11.6, 2.6,
Glep H-6),4.54 (1H, td, J=7.7, 5.3, H-16),4.76 (1H,
d,J=7.8, Glep H-1). 4.79 (1H, d, J=7.5, Xylp H-1),
5.06 (1H, d, J=7.8, Glcp H-1). *C NMR spectrum
of cycloascidoside E is given in tables 1, 2.

Partial hydrolysis of cycloascidoside E. Glyco-
side 3 (30 mg) was dissolved in 100 ml of methanol
that contains 0.5% of sulfuric acid, and boiled it in
boiling-water bath for 1 hour. The reaction mixture
was diluted with water up to 30 ml and MeOH was
removed by evaporation. Formed precipitation was
filtered, washed with water and dried. Filtrate was
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neutralized with BaCO,. Filtrate was analyzed by
TLC method using system 3 in comparison with
samples and found D-glucose and D-xylose.
Residue was set to column with silica gel and was
eluated with system 2. Genin 2 (7 mg) was isolated
and identified with cycloasgenin C by TLC method
and according to information of 'H NMR spectrum.
Monoside § (8 mg) (3-O-p-D- xylopyranoside
of cycloasgenin C), C, H O, mp 252-254°C (from
MeOH) and bioside 4 were isolated by eluting the
silica gel column with system 1 [1; 3]. 'H NMR spec-
tra of progenin § (400 MHz, C_D N, §, ppm, J/Hz):
: 0.30, 0.58 (each 1H, d, J=4, H-19), 1.0S (3H, s,
Me-28),1.13 (3H, d,J=6.4, Me-21), 1.36,1.42, 1.51,
1.53, 2.02 (3H, s, Me-30, Me-18, Me-27, Me-26,
Me-29),3.60 (1H, dd, J=11.2,9.8, Xylp H-5a), 3.64
(1H,dd,J=11.7,4.6,H-3),3.67 (1H,td,]=9.7,3.6 H-
-6),3.75 (1H, dd, J=10.5, 2.4, H-24), 3.83 (1H, dd,
J=8.8,7.5,XylpH-2),4.06 (1H,t,]=8.6, XylpH-3),4.15
(1H, m, Xylp H-4),4.36 (1H, dd, J=11.3, 5, Xylp H-

-Se), 4.71 (1H, td, J=7.7, 4.9, H-16), 4.92 (1H, d,
J=7.5, Xylp H-1). For spectra *C NMR spectra of
progenin S is given in the (table 1).

Progenin 4. '"H NMR spectra (400 MHz, C DN,
§, ppm, J/Hz): 0.06, 0.45 (each 1H, d,J=4.3, H-19),
0.85 (3H, s, Me-28), 0.97 (3H, s, J=6.4, Me-21,),
1.24, 1.26, 1.36, 1.39, 1.90 (3H, s, Me-30, Me-18,
Me-27, Me-26, Me-29), 3.40 (1H, dd, ] =11.6, 4.3,
H-3), 3.56 (1H, dd, J=11.3, 10, Xylp H-5a), 3.67
(1H, dd, J=10.5, 2.4, H-24), 3.68 (1H, td, ]=8.4,
4.3,H-6),4.57 (1H, td,J=7.5,4.9, H-16), 3.77 (1H,
ddd,J=9.2, 5.1,2.7, Glep H-5), 3.91 (1H, dd, J=8.9,
7.8, Glep H-2), 3.92 (1H, dd, J=8.6, 7.5, Xylp H-2),
4.02 (1H, t, J=8.6, Xylp H-3), 4.09 (1H, m, Xylp H-
-4), 4.11 (1H, t, J=8.9, Glcp H-3), 4.19 (1H, dd,
J=11.6, 5.4, Glcp H-6), 4.22 (1H, dd, J=11.5, 5.1,
Xylp H-Se), 4.35 (1H, dd, J=11.6, 3, Glcp H-6'), 4.71
(1H,d,J=7.5, Xylp H-1),4.79 (1H, d,]=7.8, Glcp H-
-1). 3C NMR spectra of the progenin 4 is given in
the (table 1).
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STUDY OF PHYSICO-CHEMICAL PROPERTIES OF BIOMATERIAL
OBTAINED BASED ON STRUCTURED COLLAGEN

Abstract. The article presents the results of the study of the physicochemical properties of
the biomaterial in the form of a film based on collagen, obtained from the hide of cattle with the
preservation of the original fibrous structure, and Na-CMC. The temperature dependence of the
rheological properties of collagen, as well as compositions based on collagen and Na-CMC in
different mass ratios, was studied. To study the preservation of the three-helix structure of col-
lagen, the dynamic viscosity of aqueous solutions of collagen and compositions based on it were
studied at temperatures of 30 and 35°C. It has been established that at a temperature of 35 °C
the native structure of collagen is destroyed. The optimum temperature for the formation of a
biomaterial based on an aqueous composition of collagen/polysaccharide in the form of a film is
less than 30 °C. It is shown that the presence of a plasticizer significantly affects the mechanical
properties of the films. When glycerol was added as a plasticizer to aqueous solutions of the col-
lagen/Na-CMC composition, the formation of a highly elastic film was observed. When studying
the dissolution time of the experimental samples, it was shown that with an increase in the mass
fraction of Na-CMC in the composition of the film, a decrease in swelling and an increase in the
dissolution time are observed due to the formation of intermolecular hydrogen bonds between
the functional groups of collagen molecules and Na-CMC.

Keywords: collagen; polysaccharide; composition; viscosity; film.
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1. Introduction

Collagen contains a significant number of diverse
functional groups that can interact with medicinal
substances and form complexes, the stability of
which is determined by many factors. In addition,
collagen macromolecules with an asymmetric three-
helical conformation are prone to aggregation with
the formation of supramolecular fibrous structures
built from fibrillar elements, which can also cause the
inclusion of various drugs in their composition [1].

Collagen has long been used in wound care as
a wound dressing in various forms such as powder,
amorphous gels/pastes, gel-impregnated dressings,
and pads. In the skin, collagen peptides act as false
collagen degradation peptides that send a false signal
to fibroblast cells to synthesize new collagen fibers. In
addition, collagen peptides have chemotactic prop-
erties; they can promote cell migration and prolifera-
tion, which is an important process in wound heal-
ing [2-4]. Abroad in 1959, for the first time, films
reconstructed from a collagen solution were used for
the treatment of wounds [5]. Subsequently, several
researchers in the experiment and clinic showed the
effectiveness of the use of film materials from bo-
vine skin collagen in the treatment of wounds of the
skin and internal organs [6-7]. Employees of the 1st
Moscow Medical Institute. THEM. Sechenov and
the Institute of Light Industry 1963 began research
on the study of plastic materials based on type I col-
lagen obtained from the dermis of cattle [8-10].

Biocompatibility and biodegradability are two
important parameters to consider when choosing
a polymer for its biomedical use. Biocompatibility
refers to the specific properties of a material that
does not have toxic or harmful effects on biological
systems. Biocompatible polymers for pharmaceuti-
cal dosage forms have allowed the advancement of
pharmaceuticals, providing better therapy [11-13].

When developing new medical biomaterials and
improving formulations and technology, pharma-
ceutical factors are of particular importance. One of
them is the biomaterial shapers, which can provide

the structural and mechanical properties of the dos-
age form, create an optimal microenvironment for
wound regeneration, have an absorption capacity for
excess wound exudate, contribute to the creation of
optimal wound surface moisture, and have sufficient
mechanical performance [14].

To obtain a medical biomaterial in the form of
a film based on collagen, it is necessary to choose a
biocompatible polysaccharide with collagen. Since
due to the high viscosity of the water mass of col-
lagen, it is impossible to obtain a biomaterial in the
form of a film, we have conducted studies on the
preparation of an aqueous composition of collagen
and Na-CMC.

The purpose of this work is to study the physico-
chemical properties of a biomaterial obtained based
on structured collagen.

2. Materials and Methods

2.1. Material

The object of the study was the aqueous mass
of neutral collagen isolated from the skin of cattle
(dry residue 4.5-5%) [15] and sodium salt of car-
boxymethylcellulose (Na-CMC) with a degree of
polymerization of 530 and a degree of substitution
for -CH,COONa groups of 85%.

2.2. Obtain a composition

Distilled water was added to the neutral aqueous
mass of collagen (dry residue 4.5-5%), up to a col-
lagen concentration of 1.5%, and Na-CMC powder
was added by stirring in different mass ratios. Mix-
ing was carried out at room temperature for 30 min
until the components were completely dissolved and
a homogeneous dough-like mass was formed.

2.3. Obtain the film

Glycerol was added to the aqueous composi-
tion as a plasticizer and mixed on a magnetic stirrer
at room temperature for 10 min, the mixture was
poured into a mold and dried at room temperature
not exceeding 30 °C.

2.4. Studies of the rheological properties

Studies of the rheological properties of aque-
ous solutions of collagen and the composition were
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carried out on a rotational viscometer HAAKE Visco-
tester 2 plus, at temperatures of 20, 25, 30, and 35 °C.

2.5. Determination elasticity of film

The elasticity of the film was determined visually
by the absence of adhesion or brittle fracture when
the film was folded 180° (“++” — elastic; “+” — elastic,
but elastic when folded; “-” - no elasticity).

2.6. Determination of geometric dimensions

The geometric dimensions of the film were mea-
sured with a micrometer with a division value 0f 0.01
mm according to OST 64-072-89.

2.7. Film dissolution time determination

The dissolution time of the film was evaluated by
dissolving with continuous stirring film samples of 2
x 2 cm in 20 ml of purified water (temperature 37 +
+ 2 °C) and measured the time of complete dissolu-
tion in minutes.

2.8. Determination of the pH of the aqueous ex-
tract

The pH of the aqueous extract of the film was de-
termined potentiometrically at a temperature of 20 °C.

00 1

Gk 0% 0 1 1,25 15 174

a) concentration, %

3. Results

It is known from the literature data that an in-
crease in temperature to 30 °C leads to a conforma-
tional change in the structure of collagen helices,
accompanied by a “helix-coil” transition, as a result
of which the supramolecular structure of collagen
solutions also changes, and the viscosity and struc-
tural parameters drop sharply [16]. When aqueous
solutions of collagen are heated to 30 °C and higher,
asharp irreversible decrease in viscosity is observed,
a change in the structure of the collagen molecule,
and denaturation also occurs. Therefore, during our
research, the temperature dependence of the rheo-
logical properties of collagen, as well as composi-
tions based on collagen and Na-CMC in different
mass ratios, were studied (Figures 1,2).

4. Discussion

As can be seen from figure 1, at temperatures of
20 and 25 °C, there are no sharp changes in the dy-
namic viscosity of collagen and compositions based
on collagen/Na-CMC.
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Figure 1. Dynamic viscosity at temperatures, a) 20°C; b) 25°C: 1 - collagen, 2 — collagen/
Na-CMC80/20, 3 — collagen/Na-CMC75/25, 4 — collagen/Na-CMC70/30

To study the preservation of the three-helix
structure of collagen, we studied the dynamic vis-
cosity of aqueous solutions of collagen and compo-

sitions based on it at temperatures of 30 and 35 °C
(Figure 2).
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Figure 2. Dynamic viscosity at temperatures, a) 30°C; b) 35°C: 1 - collagen, 2 — collagen/
Na-CMC80/20, 3 — collagen/Na-CMC75/25, 4 — collagen/Na-CMC70/30

As can be seen from figure 2, at temperatures of
30 and 35 °C there is a sharp change in the dynamic
viscosity of collagen and compositions based on
collagen/Na-CMC. However, at a temperature of
35 °C, the dynamic viscosity of an aqueous solution
of collagen in all studied concentrations is equal to
zero. These data indicate that at a temperature of
35 °C, the native structure of collagen is destroyed.
The data obtained indicate that for the formation
of biomaterial-based on collagen/polysaccharide
in the form of a film, the optimum temperature is
less than 30 °C.

To obtain a biomaterial based on collagen in the
form of a film, glycerol was added to ahomogeneous
aqueous solution of the collagen/Na-CMC compo-

sition with stirring and poured into a mold at room
temperature. The presence of a plasticizer significant-
ly affects the mechanical properties of the films. It
turned out that when glycerol is added as a plasticizer
to aqueous solutions of the collagen/Na-CMC com-
position, the elasticity of the film increases. Glycerin
conformed to the compositions and showed good
plasticizing properties, which led to the formation
of a highly elastic film.

Elasticity is one of the indicators of physiology,
the ability of the coating to take the shape of the
human body and come into contact with the entire
surface of the tissues. All obtained film samples have
good elasticity. The physical and mechanical proper-
ties of the studied films are shown in (Table 1).

Table 1.-Physical and mechanical properties of biopolymer films

. . Flastic- Thick- Density, Dissolution |the pH of wa-
Ne Film composition K . i
ity ness, mm g/cm? time, min ter extract
1 | Collagen-Na-CMC80/20 + + 0,11 1,09 180 6.8
2 | Collagen-Na-CMC75/25 + + 0,11 1,07 over 200 6.9
3 | Collagen-Na-CMC70/30 ++ 0,11 1,04 over 200 6.9

The study of the dissolution time of experimen-
tal film samples showed that with an increase in the
mass fraction of Na-CMC in the composition of the
film, a decrease in swelling and an increase in the
dissolution time are observed, respectively. This is

explained by the fact that intermolecular hydrogen
bonds are formed between the functional groups of
the collagen molecule and Na-CMC, and films based
on them become stronger.
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S. Conclusions

The temperature dependence of the rheological
properties of collagen, as well as compositions based
on collagen and Na-CMC in different mass ratios,
was studied. It has been established that at a tem-
perature of 35 °C the native structure of collagen is
destroyed. The optimum temperature for forming
a biomaterial based on collagen/polysaccharide in
the form of a film is less than 30 °C. It is shown that
the presence of a plasticizer significantly affects the

mechanical properties of the films. When glycerol
was added as a plasticizer to aqueous solutions of
the collagen/Na-CMC composition, the formation
of a highly elastic film was observed. It has been es-
tablished that with an increase in the mass fraction
of Na-CMC in the film composition, a decrease in
swelling and an increase in the dissolution time are
observed due to the formation of intermolecular
hydrogen bonds between the functional groups of
collagen molecules and Na-CMC.

10.
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