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Abstract - The article provides information about starch, carboxyl methyl cellulose, methylene bis-acralamide, and the
technology of making highly elastic hydrogel based on them and their application. Brief information on the level of research on
hydrogels is given using the literature. The synthesis process of the hydrogel, the amount of starch, and carboxyl methylcellulose
were studied on the basis of percentages, and the swelling of the hydrogel was expressed in mg, and the water absorption was
expressed in ml. IR spectrum, thermal analysis, thermogravimetry, Roman spectrum, and SEM analysis of hydrogel were
obtained and analyzed. Simply put, 10 grams of the hydrogel can hold up to 2.5-4 liters of water. When used correctly, the
hydrogel can save 20-40 percent of irrigation water for most agricultural crops. Finally, the importance of hydrogel in

agricultural plants is summarized.
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1. Introduction

In our republic, a number of works are being carried out
on the development of the chemical industry and the
replacement of existing technologies in its branches with new
ones and the management of production on the basis of new
technologies, in particular, the growth of plants when used in
agriculture on the basis of local raw materials. Much attention
is being paid to the production of highly flexible polymer
hydrogels, which serve to increase their efficiency to a certain
extent, especially in the synthesis and use of polymer
hydrogels based on new approaches; great results are being
achieved. Biological polymer hydrogels are widely used in
agriculture and other areas of society to increase the efficiency
of water use. Provides the ability to retain plant nutrients and
deliver them to plants. Studying the effect of hydrogels on
productivity, saving water and mineral fertilizers, and soil
fertility is to study the effect of hydrogels in preventing
desertification and salinization of soil and groundwater [1].

2. Level of Study of the Problem

Scientific research on the production of new high-grade
swelling polymer hydrogels based on polysaccharides and
their practical application is carried out by the world's leading
scientific centers and higher education institutions, including:
Institute of Technology (USA), Sumitomo Chemical (Japan),
State University of New Jersey American Chemical Society
(USA), Beijing Forestry University (China), Russian
University of Chemistry and Technology, Center of Creative

Engineering Plastics (South Korea), School of Soil and Water
Conservation, Tashkent Research Institute of Chemical
Technology (Uzbekistan) is going In the world, a number of
researches are being conducted on the development of
technologies for obtaining high-swelling hydrogels based on
polysaccharides and their derivatives, including in the
following priority directions: obtaining environmentally
friendly and inexpensive high-swelling hydrogels based on
polysaccharides; to determine the effect of polysaccharides on
the properties of highly elastic hydrogels. S. D. Zhang, Salih
Muharam, S. K. Gulrez, Alessandro F. Martins, N. Dairi, R.
Nuisin, S. Al-Assaf, A. Abidin, M. R. Lutfor, M. Z. Rahman
on the development of the synthesis and production
technology of hydrogels with high viscosity in water., by M.
J. Zouhuriaan - Mehr, K. Kabiri, A. I. Jushman, D. E. Harley,
C. lvanov, V. V. Vasilevsky, and also in the Republic of
Uzbekistan: A. T. Djalilov, Kh. Kh. Turaev, Sh. D. Shirinov,
BA. Kholnazarovlar and others conducted scientific research
[2]. Water absorption, swelling (or shrinking) of hydrogels
and environmental factors affecting their use. Radiation
treatment of hydrogels: Radiation treatment is a very
convenient method for imparting desired effects to polymer
materials and is one of the latest aroused great interest in
several decades [3]. Polymerization of monomers is carried
out by at least three separate stages, namely, monomer chain
initiation, monomer chain growth, and monomer chain
termination, and there is a possibility that they can be modified
by additional reactions such as chain transfer [4]. Hydrogels
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are polymeric materials with a three-dimensional structure
consisting of physically and chemically interconnected
hydrophilic polymer chains. Hydrogels can hold a large
amount of water due to surface tension and capillary forces

[5].

The water absorption of hydrogels depends on the
functional groups in the chain, the state of water and the
molecular masses of polymer hydrogels [6]. A binding reagent
is used during the reaction to form a three-dimensional
structure, which increases the mass, mechanical properties,
and thermal stability of polymer hydrogels. Binders improve
the properties of elasticity, swelling and resistance to
polymers' aggressive environments [7]. In 1976, the United
States Department of Agriculture designated water-absorbing
polymers as superabsorbent polymers (SAPs) and found them
to be widely used in many fields, including horticulture,
agriculture, cosmetics, pharmaceuticals, construction, and
wastewater treatment.

These unusual polymeric materials consist of chains with
hydrophilic groups and strongly interconnected chains, which
allow them to absorb water up to a thousand times more than
their own mass [8]. Starch-based hydrogels are rich in
hydrophilic groups, biodegradable, inexpensive and non-toxic
in nature. Therefore, starch-based hydrogels are used in tissue
engineering, drug delivery systems, and blood purification [9].
Many scientific research works have been carried out on
crosslinking and chemical modification of polysaccharides.

Modification of polysaccharides was carried out with
various synthetic monomers, such as acrylic acid, acrylamide,
methacrylamide, vinyl alcohol, 2-acrylamido-2-
methylpropanesulfonic acid, styrene, vinylimidazole [10].
Hydrogels based on polysaccharides are environmentally
friendly and cheap, and hydrogels based on petroleum
products will replace hydrogels in the near future [11]. The
above-mentioned scientists synthesized hydrogels with high
swelling in water based on synthetic materials, natural
polysaccharides and various gelatins used in agriculture,
construction, packaging, medicine, the food industry and a
number of other industries.

Carboxymethylation of polysaccharides is a widely
studied transformation that leads to products with simple and
diverse promising properties. As a rule, the polysaccharide is
activated with various solutions of aqueous metal hydroxide,
mainly  sodium hydroxide. It is converted into
monochloroacetic acid or its sodium salt according to the
Williamson Yester synthesis, and the polysaccharide
derivative gives carboxymethylcellulose (KMS) [12].

KMS is also the simplest cellulose ether that behaves like
a typical polyelectrolyte. Although the commonly used form
of KMS sodium salt is soluble in water, the conversion by
treating the polymer with mineral acid leads to the free
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carboxylic acid of the polymer that is insoluble in water [13].
Based on the above, obtaining a new type of water-saving and
environmentally friendly hydrogels based on local raw
materials includes the following issues: studying the
mechanism and optimal conditions of the interaction between
polysaccharides, vinyl monomers and minerals; synthesizing
hydrogels based on local raw materials, determining the
dependence of physical-mechanical, technological and
swelling properties on the nature and mass of reagents; to
create a technology for obtaining inexpensive and effective
environmentally friendly polymer materials based on
copolymers of natural polysaccharides, to carry out research
on their practical application on a large scale.

Six types of hydrogels were synthesized as a result of the
copolymerization of resin with polyvinyl alcohol, salts, and
vinyl monomers - acrylic acid, acrylamide, acrylonitrile, N, N-
methylene bis-acrylamide, bentonite, kaolin and three
montmorillonites and minerals [14]. Hydrogels based on
cellulose and starches have many favorable properties such as
hydrophilicity, biodegradability, biocompatibility,
transparency, low cost and non-toxicity.

Thus, hydrogels based on cellulose and starch are widely
used in tissue engineering [15], controlled delivery systems
[16], through blood purification [17], sensors [18],
agricultural plants [19], as well as in water treatment projects
and chromatographic supports [20] various application
prospects of cellulose- and starch-based hydrogels are shown
[3]. It was found that the production of hydrogel contains
several chemicals such as starch, polyacryl, dichlorohydrin,
hippan, acrylinite, urea, and acrylic acid available in our
country [21]. Hydrogels from copolymerization of starch with
glutaraldehyde, citric acid and sodium
carboxymethylcellulose.

During alkaline hydrolysis of hydrogels synthesized on
the basis of starch copolymers with vinyl monomers, it was
found that new hydrophilic groups are formed in the polymer
chain: -ON, -SOONa, -CONH, -COOH, -CONH, -COO and
because of these groups, the water absorption properties of
hydrogels are improved. It was found that if bentonite, kaolin
and montmorillonite minerals are added to the production of
hydrogel, the water absorption properties of hydrogels
increase by up to 30%, and the water retention time increases
by up to 26%, and the water resistance of hydrogels increases
up to 22% the effect of hydrogels on heat and mechanical
effects increases, and the cost of the product decreases; it was
found that with the increase in the concentration of NaCl,
CaCly, and Na;SO4 salts in the solution, the swelling of
hydrogels formed due to the high density of ions decreases.
The technology of obtaining hydrogels based on starch,
acrylic monomers, minerals and binding reagents has been
developed. The degree of swelling depends on the local
climate and soil conditions [22].
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3. Experimental Part
3.1. Material and Methods

The study of natural gas-drying sorbent hydrogel shows
that hydrogels based on carboxymethyl cellulose and starch
have been confirmed to have natural gas-drying properties.
Composition and physical properties of the hydrogel.
Hydrogel does not lose its properties for up to five years; 40-
50 kg of hydrogel was used on 1 hectare; as a result, the water
deficit of plants was greatly reduced, and the productivity and
yield of plants were greatly improved, and mineral fertilizers

Table 1. Physical properties of the hydrogel

Content | Swelling(mm) | Density
Composition of corn-based hydrogel
Starch\KMS (50\50) 0.0460 0.012
Starch\KMS (25\75) 0.0425 0.016
Starch\KMS (75\25) 0.0315 0.033
The composition of hydrogel obtained on the basis of
potatoes
Starch\KMS (50\50) 0.0450 0.011
Starch\KMS (25\75) 0.0400 0.015
Starch\KMS (75\25) 0.0310 0.030

The composition of the hydrogel obtained on the
basis of rice starch

Starch\KMS (50\50) 0.0440 0.012
Starch\KMS (25\75) 0.0410 0.014
Starch\KMS (75\25) 0.0317 0.031

The composition of the hydrogel obtained
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Fig. 1 Physical properties of corn starch-based hydrogel
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were used. The need is much reduced. For example, 10g of
polyacrylic has been found to retain up to 2.5-3.0 liters of
water through experiments. One ton of it today is 50-60
thousand soums.

So, it was found that when the hydrogel obtained on the
basis of rice starch and KMS is 50/50, its swelling properties
are much higher. Also, the hydrogel obtained on the basis of
potato and corn starch and KMS in a ratio of 50/50 has been
found to have high swelling properties.
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Fig. 2 Physical properties of hydrogel based on potato starch
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3.2. Hydrogels  Derived  from
Starch/NaKMS/Bent/MBA/KPS

To obtain a hydrogel based on rice starch, 15 g of starch
and 15 g of carboxyl methyl cellulose are mixed in 100 ml of
water at a temperature of 70° C for 45 minutes, then bentonin,
polyvinyl chloride, polyvinyl acetate and potassium salts of
polyphosphoric acid, N-N-methylenebisacrylamide is added
to the mixture in turn. The semi-finished product is mixed
vigorously. Slowly raise the temperature to 70° C. It is worth
noting that the change of potassium salt of polyphosphate acid
and starch gels of polyvinyl acetate increases significantly.

Polysaccharides

For example, 6% starch - potassium salt of polyphosphoric
acid - increases the viscosity of polyvinyl acetate by at least
one factor. This process takes 150 minutes. Then, it is
hydrolyzed for 90 minutes at a temperature of 95° C and
placed in an oven to dry. The water absorption of the prepared
hydrogel has been studied, and it has been found that it can
absorb several times its own weight.

3.3. Starch/NaKMS/Bent/MBA/KPS Hydrogel

According to the IR spectra, the hydrogel obtained from
Starch/NaKMS/Bent/MBA/KPS asymmetric valence v (OH)
3412 cm™? belongs to the hydrogen bond to the valence
vibration of the group. 2960.73 -2872.10 cm™ symmetric
valence (CHs) bands belonging to the valence vibration of the
methyl bond are located. The 2450 cm valence vibration
belongs to the V1716.65 cm™ valence vibration of the
potassium salt of polyphosphate acid and polyvinyl acetate
unit in the superabsorbent.V.(C = O) group. V(CO)-ketone
belongs to the valence vibration of the 1672.21 cm™ group.

The plane strain vibrations of V(1276.88cm™ (C-H)
symmetric valence associated with starch changed absorption

peak at 1496 cm™ and 1456 cm*; during this reaction, OH in
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starch is OH and — The characteristic absorption peak of
CONH_;shows a shift due to the stretching of the C = O groups.
Changed from  to 1044 cm™.The absorption peaks at 1496
cm? and 1456 cm are associated with starch change, which
is characteristic of the OH and —-CONH; groups in starch and
shows a shift in the absorption reaction.

3.4. Analysis of Hydrogel Thermal Analysis

The differential thermal analysis of the rapid weight loss
of the starch-based hydrogel due to the evaporation of water
was proved by the analysis. The first weight loss stage starts
at 27,86° C at a rate of 0.24%/min and ends at 127,25°C at a
rate of 11.11 min. The weight loss in the first stage is -
0.293mg or -3.793%, which is due to the low moisture content
of the hydrogel.

The second stage of weight loss starts at a temperature of
126.820 C at a speed of 11.07 min and ends at a temperature
of 306.62° C at a speed of 29.18 min. In the second step, the
weight loss decomposition shows that the superabsorbent
retains water even at high temperatures, with a mass loss of -
3.306 mg or -42.857%.

The third stage of weight loss starts at a temperature of
306.62° C at a speed of 29.18 min and ends at a temperature
of 306.62° C at a speed of 48.86 min. In the third stage, the
mass loss is -3.306 mg or -42.857%. In this case, the complete
decomposition of amine, carboxyl and carbonyl groups is
observed due to the breakdown of polymer chains. The
thermal analysis shows that the natural mineral bentonite is of
great importance in the synthesis of highly flexible hydrogels,
and the temperature resistance increased when we added
bentonite to the hydrogel. As a result of thermogravimetric
analysis, it was found that the thermal stability of hydrogel is
very high.
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Fig. 4 Infrared spectrum of starch/NaKMS/Bent/MBA/KPS hydrogel
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Table 2. Starch/NaKMS/Bent/ MBA/KPS

Fluctuation in IR spectra frequencies, cm-1 Analysis
3412 sm V(OH) belongs to the hydrogen bond
2960,73-2872,10 sm™ V(CH3) belongs to the methyl bond
2450 sm™? V(C = 0O) potassium salt of polyphosphoric acid and polyvinyl acetate
1672,21 sm* V(CO)-ketone belongs to the valence vibration of the group
1496 smtva 1456 sm™ V (C-H) deformation vibrations are related to starch
1120,64 sm™ C=C=0 refers to the valence vibration of the ketone group
TGA DTA
m uV
Start 33.53min
8.00 I 349.86C
e = End 37.52min
389.89C
Start 11.07min Peak 3638min ] 20.00
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155.18C 27.86C End 29.18min Onset 36324C
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Fig. 5 Analysis of differential scanning calorimetric hydrogel thermal analysis

The exothermic process of the starch-based hydrogel is a
chemical reaction with the release of heat proved by analysis
of differential thermal analysis. Energy release takes place in
two stages.

During the first differential thermal analysis, the energy
absorption phase is completed at 13.95 min at 155° C and
21.92 min at 233.86° C. The highest completion is at 198.92
C, where a sharp weight loss is observed due to the low
moisture content of the hydrogel, depending on what happens.
In the second stage, the energy output starts at 349.86s at a
speed of 33.53 min, ends at 389.89C at a speed of 37.52 min,
and the peak is 36.38 min at 378.87C. As a result of the
thermal analysis, it means that the natural mineral bentonite is
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of great importance in the synthesis of high-performance
hydrogels, when we add bentonite to the hydrogel.

The 2626.65 and 2526.13 cm™ bands in the spectrum
belong to the asymmetric and symmetric vibrations of the
methylene group, respectively. 2421 cm* valence vibration of
potassium salt of polyphosphate acid and unit of polyvinyl
acetate in superabsorbent. N=C=N belongs to 2134.10 cm
valence symmetric vibrations of carbamide. S=S Valence
symmetric vibrations of vinyl ether are 1920 cm™ and 1806
cm™ respectively. Vibration involving the H-O bond. The
deformation vibration O=N-O 1625.59 cm™* and 1497.37 cm-
1 is due to nitrites. The O-N strain vibration was associated
with 491.39 cm™* and 324.56 cm™* of plain starch.
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Fig. 6 Hydrogel thermogravimetry analysis
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Table 3. Hydrogel Synthesis based on Starch, Polyacryl, Acrylamide, Potassium Persulfate and Bentanite. Water absorption properties of hydrogel

Hydrogel sorption in water sources
No Hydrogel % of water overall speed
guantity amount Distilled water Rainwater River water

pH 7 pH7 pH 8.5

1 0.5 100 70% 60% 30%

2 1 100 100% 80% 40%

3 15 100 120% 100% 70%

4 2 100 130% 120% 90%

5 2.5 100 150% 140% 100%

SEM observations showed a change in the surface of
the macromolecule formed after the crosslinking reaction.
When studying the SEM images, we found a change in the
pore size of the examined hydrogels, which indicates an
increase in branching and crosslinking density. The denser
network structures can be explained on the basis of the
formation of intermolecular hydrogen bonds as a result of
the increase in MBA content, as well as the formation of
hydrogen bonds. That can clearly be seen in the analysis.

The polar oxygen-containing parts on the surface of the
minerals can participate in the swelling by adsorption with
the polymer, and the rest of the minerals are evenly
distributed throughout the polymer to form small pores, as
a result of which the water permeability, water return, and
mechanical properties of hydrogels are improved.
Epichlorohydrin and methylenebisacrylamide added during
the polymerization of freeze-dried hydrogels have been
proven to increase the molecular mass of the polymer
product and prevent it from dissolving in water. Both
samples are characterized by a sponge-like surface
morphology, the presence of open channels interspersed
with smoother interconnected domains, probably due to the
growth of relatively large ice crystals during freeze-drying
from water.

4. Results

In the experiment, the amount spent for 100% sorption
of the hydrogel in distilled, rain and sewage water was
determined. Accordingly, in the first variant, complete
sorption was observed when 1 g of hydrogel was added to
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200 ml of distilled water with a neutral pH of 7. 1.5 g of
hydrogel was used in water with a pH of 8.5 and in rainwater
with a pH of 7. The optimal hydrogel concentration in
relation to the amount of water was determined. When 0.5
0,19, 15¢, and 2.5 g of hydrogel were added to 100 ml of
water, thick gels were formed from 50% sorption to 150%.

Due to the use of a small amount of hydrogel, apple,
cotton, wheat, and barley fields gave very effective results
and successfully passed the tests. As a result, it was
observed that the experimental batches for apples, wheat,
barley and cotton significantly reduced soil moisture
retention and consumption of water and mineral fertilizers.
During the experiment, we studied the availability of water,
mineral fertilizers, agricultural resources, and plant growth;
changes in the productivity reduction of soil hardening due
to the effect, depending on the hydrogel, were studied.
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Fig. 9 Water absorption properties of hydrogel
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180 minutes (a 240 minutes (b)

Fig. 10 Hydrogel's water absorption processes and applications
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Fig. 11 Water absorption of hydrogel
Table 4. Water absorption of hydrogel
Hydrogel (g) Dis.water (ml) Time (min) Water absorption (%)
19 100 ml 30min 30%
19 100 ml 90min 50%
19 100 ml 180min 70%
19 100 ml 240min 90%
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Fg.

Rice starch, acrylamide and bentonite are placed in the
three vessels obtained, and everything is mixed in a reactor to
obtain a hydrogel based on these. Then, they are supplied with
water from the bunker, and the heater is started. 12% rice
starch solution is heated to 100°C for half an hour. Then, the
starch solution is cooled to 20-24°C. First, acrylamide
monomer is added, then bentonite is added, mixed thoroughly,
heated to 50-60°C and mixed. Potassium persulfate (KPS) was
prepared in an aqueous solution as an initiator, and
methylenebisacrylamide (MBA) in water was added to the
mixture. The mixture is kept under regular stirring at room
temperature. The reaction temperature was gradually
increased to 70°C.

The reaction process was carried out at 70°C for 3 hours.
After the copolymerization process, the product is hydrolyzed
in 1 M sodium hydroxide solution at a temperature of 100°C
for 120 minutes. Then, the product is washed several times in
water, neutralized in a constant weight column and dried in a
vacuum drying oven. The product is crushed using a grinder
and placed in special plastic bags to prevent moisture and dust.
Technical and economic efficiency of the development As
shown, according to the research results, it is proposed to
obtain hydrogels based on starch, acrylamide and kaolin, as
well as based on starch, acrylic acid and bentonite.

Hydrogels based on starch, acrylic and minerals are
widely used in agriculture, industry, construction and other
fields. The specific and general economic efficiency of the
introduction of the obtained hydrogels was calculated.

5. Discussion

Hydrogels make it possible to obtain crops from lands that
are suitable for irrigation, but it is impossible to use water and
increase the yield of plants. It reduces the consumption of
mineral fertilizers due to keeping them in the fertile layer of
the soil, water due to the fact that the atmospheric precipitation
on the soil through rain, snow or irrigation keeps the water in
a state where it can easily pass to the roots of plants saves a lot
of money. If hydrogel is used, it will not completely lose its
properties for 2 years. The products formed from the
destruction of expired hydrogels do not damage the earth's
infrastructure but are easily absorbed by plants as a nitrogen
fertilizer.
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Farmers in some regions of China get 65-67 s of cotton
per hectare. This is a much higher indicator compared to other
countries. For example, in Uzbekistan in 2016, the average is
26.2 s per hectare, and in Kazakhstan, this indicator is 17 -18
s. For this reason, water-saving technologies, namely
hydrogels, are used in China. 1. Saves up to 50% of water
needed for crops. 2. Plants meet their need for water in drought
conditions, are resistant to stress, and, as a result, increase
productivity by 25-32%. 3. Ensures bigger crops and improves
taste. It preserves nutrients in the soil, and as a result, it
reduces the need for fertilizers by 22-28%. It keeps the soil
from becoming lumpy and prevents it from being washed
away.

6. Conclusion

The demand for these hydrogels is more than 12,000 tons
in the Surkhandarya and Kashkadarya regions alone. Due to
the fact that the average annual rainfall in the Surkhandarya,
Bukhara, Kashkadarya, Khorezm regions and the Republic of
Karakalpakstan is much less than the norm, there is no
possibility of planting plants on dry lands on more than 6.6
million hectares of land.

Another 12 million hectares are suitable for irrigation but
are not used due to water scarcity. Therefore, in the Republic
of Uzbekistan, hydrogels that hold a lot of water and store
mineral resources are very necessary. As the technical and
economic efficiency of the development is shown, according
to the research results, it is proposed to obtain hydrogels based
on starch, acrylamide and kaolin, as well as based on starch,
acrylic acid and bentonite. Starch, acryliccalculated. Simply
put, 10 grams of polymer can hold up to 2.5-4 liters of water.
If we talk about its effectiveness, if it is used correctly, it can
save 20-40 percent of the water used for irrigation of most
agricultural crops. As a result of the obtained experiments,
2450 m® of water was saved from 1 ha of cotton planted, and
4900 m?® of water was saved from 1 ha of winter wheat.

In addition, 200 kg of mineral fertilizers were saved, and
plant productivity increased by 10-14%. It also saves fuel and
time. 10 kg of hydrogels were saved for the next season.
Saturated from rain or irrigation water, the hydrogel gradually
transfers moisture to the roots of plants, absorbing up to 250-
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400 times its own weight in water. The study of natural gas Acknowledgements

drying sorbent hydrogel shows that hydrogels based on Many thanks to Termez State University and Tashkent
carboxymethyl cellulose and starch have been confirmed to  scientific Research Institute of Chemical Technology, which
have the properties of drying natural gas. closely support this.

References

[1] M.A. Askarov, and I.1. Ismailov, Chemistry and Physics of Polymers, 2004. [Publisher Link]

[2] Andrzej G. Chmielewski, Mohammad Haji-Sacid, and Shamshad Ahmed, “Progress in Radiation Processing of Polymers,” Nuclear
Instruments and Methods in Physics Research Section B: Beam Interactions with Materials and Atoms, vol. 236, no. 1-4, pp. 44-54, 2005.
[CrossRef] [Google Scholar] [Publisher Link]

[3] Xiaopeng Xiong, Lina Zhang, and Yifeng Wang, “Polymer Fractionation Using Chromatographic Column Packed With Novel Regenerated
Cellulose Beads Modified With Silane,” Journal of Chromatography A, vol. 1063, no. 1-2, pp. 71-77, 2005. [CrossRef] [Google Scholar]
[Publisher Link]

[4] M.J. Zohuriaan-Mehr et al., “Advances in Non-Hygienic Applications of Superabsorbent Hydrogel Materials,” Journal of Materials
Science, vol. 45, pp. 5711-5735, 2010. [CrossRef] [Google Scholar] [Publisher Link]

[6] Waham Ashaier Laftah, Shahrir Hashim, and Akos N. Ibrahim “Polymer Hydrogels: A Review,” Polymer-Plastics Technology and
Engineering, vol. 50, no. 14, pp. 1475-1486, 2011. [CrossRef] [Google Scholar] [Publisher Link]

[6] Elzbieta Czarnecka, and Jacek Nowaczyk, “Semi-Natural Superabsorbents Based on Starch-g-Poly (Acrylic Acid): Modification, Synthesis
and Application,” Polymers, vol. 12, no. 8, pp. 1-19, 2020. [CrossRef] [Google Scholar] [Publisher Link]

[7] Bakhodir Kholnazarov, Khayit Turaev, and Abdulakhad Djalilov, “Synthesis of Superabsorbent Hydrogels Based on Starch
Copolymer/Minerals Powder,” International Journal of Engineering Trends and Technology, vol. 70, no. 12, pp. 351-358, 2022. [CrossRef]
[Publisher Link]

[8] Khadiga Alharbi et al., “Controlled Release of Phosphorous Fertilizer Bound to Carboxymethyl Starch-G-Polyacrylamide and Maintaining
a Hydration Level for the Plant,” International Journal of Biological Macromolecules, vol. 116, pp. 224-231, 2018. [CrossRef] [Google
Scholar] [Publisher Link]

[9] V. Singh et al., “Peroxydisulfate Initiated Synthesis of Potato Starch-Graft-Poly (Acrylonitrile) Under Microwave Irradiation,” Express
Polymer Letters, vol. 1, no. 1, pp. 51-58, 2007. [CrossRef] [Google Scholar] [Publisher Link]

[10] EI-Refaie Kenawy et al., “Physically Crosslinked Poly(Vinyl Alcohol)-Hydroxyethyl Starch Blend Hydrogel Membranes: Synthesis And
Characterization For Biomedical Applications,” Arabian Journal of Chemistry, vol. 7, no. 3, pp. 372-380, 2014. [CrossRef] [Google
Scholar] [Publisher Link]

[11] Iman Dankar et al., “Characterization of Food Additive-Potato Starch by FTIR and X-Ray Diffraction,” Food Chemistry, vol. 260, pp. 7-
12. 2018. [CrossRef] [Google Scholar] [Publisher Link]

[12]Hany El-Hamshary et al., “Synthesis and Antibacterial of Carboxymethyl Starch-Grafted Poly (Vinyl Imidazole) against Some Plant
Pathogens,” International Journal of Biological Macromolecules, vol. 72, pp. 1466-1472, 2015. [CrossRef] [Google Scholar] [Publisher
Link]

[13] Thomas Heinze, and Andreas Koschella, “Carboxylmethyl Ethers of Cellulose and Starch - A Review,” Macromolecular Symposia, vol.
223, no. 1, pp. 13-40, 2005. [CrossRef] [Google Scholar] [Publisher Link]

[14]C.W. Hoogendam et al., “Persistence Length of Carboxymethyl Cellulose as Evaluated From Size Exclusion Chromatography and
Potentiometric Titrations,” Macromolecules, vol. 31, no. 18, pp. 6297-6309, 1998. [CrossRef] [Google Scholar] [Publisher Link]

[15] C. Vinatier et al., “An Injectable Cellulose-Based Hydrogel for Transfer of Autologous Nasal Chondrocytes in Articular Cartilage Defects,”
Biotechnology and Bioengineering, vol. 102, no. 4, pp.1259-1267, 2009. [CrossRef] [Google Scholar] [Publisher Link]

[16] Chunyu Chang et al., “Superabsorbent Hydrogels Based on Cellulose for Smart Swelling and Controllable Delivery,” European Polymer
Journal, vol. 46, no. 1, pp. 92-100, 2010. [CrossRef] [Google Scholar] [Publisher Link]

[17]1Sang Ho Ye et al., “Antifouling Blood Purification Membrane Composed of Cellulose Acetate and Phospholipid Polymer,” Biomaterials,
vol. 24, no. 23, pp. 4143-4152, 2003. [CrossRef] [Google Scholar] [Publisher Link]

[18] A. Sannino et al., “Spin Coating Cellulose Derivatives on Quartz Crystal Microbalance Plates to Obtain Hydrogelbased Fast Sensors and
Actuators,” Journal of Applied Polymer Science, vol. 106, no. 5, pp. 3040-3050, 2007. [CrossRef] [Google Scholar] [Publisher Link]
[19]1C. Ivanov et al., “Synthesis of Poly(Vinylalcohol)- Methyl Cellulose Hydrogel as Possible Scaffolds in Tissue Engineering,” Journal of

Optoelectronics and Advanced Materials, vol. 9, pp. 344-3444, 2007. [Google Scholar]

[20]Dao Zhou, Lina Zhang, and Shenglian Guo, “Mechanism of Lead Biosorption on Cellulose/Chitin Beads,” Water Research, vol. 39, no.
16, pp. 3755-3762, 2005. [CrossRef] [Google Scholar] [Publisher Link]

[21]Istvan Siro, and David Plackett, “Microfibrillated Cellulose and New Nanocomposite Materials: A Review,” Cellulose, vol. 17, pp. 459-
494, 2010. [CrossRef] [Google Scholar] [Publisher Link]

250


https://namdu.uz/media/Books/pdf/2024/06/07/NamDU-ARM-4932-%D0%9F%D0%BE%D0%BB%D0%B8%D0%BC%D0%B5%D1%80%D0%BB%D0%B0%D1%80_%D0%BA%D0%B8%D0%BC%D1%91%D1%81%D0%B8_%D0%B2%D0%B0_%D1%84%D0%B8%D0%B7%D0%B8%D0%BA%D0%B0%D1%81%D0%B8.pdf
https://doi.org/10.1016/j.nimb.2005.03.247
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Progress+in+radiation+processing+of+polymers&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0168583X0500474X
https://doi.org/10.1016/j.chroma.2004.12.002
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Polymer+fractionation+using+chromatographic+column+packed+with+novel+regenerated+cellulose+beads+modified+with+silane&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0021967304022423
https://doi.org/10.1007/s10853-010-4780-1
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Advances+in+non-hygienic+applications+of+superabsorbent+hydrogel+materials&btnG=
https://link.springer.com/article/10.1007/S10853-010-4780-1
https://doi.org/10.1080/03602559.2011.593082
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=WA+Laftah%2C+Polymer+hydrogels.+A+review&btnG=
https://www.tandfonline.com/doi/abs/10.1080/03602559.2011.593082
https://doi.org/10.3390/polym12081794
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Semi-Natural+Superabsorbents+Based+on+Starch-g-poly+%28acrylic+acid%29%3A+Modification%2C+Synthesis+and+Application&btnG=
https://www.mdpi.com/2073-4360/12/8/1794
https://doi.org/10.14445/22315381/IJETT-V70I12P234
https://ijettjournal.org/archive/ijett-v70i12p234
https://doi.org/10.1016/j.ijbiomac.2018.04.182
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Controlled+release+of+phosphorous+fertilizer+bound+to+carboxymethyl+starch-g-polyacrylamide+and+maintaining+a+hydration+level+for+the+plant&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Controlled+release+of+phosphorous+fertilizer+bound+to+carboxymethyl+starch-g-polyacrylamide+and+maintaining+a+hydration+level+for+the+plant&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0141813018309048
https://doi.org/10.3144/expresspolymlett.2007.10
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Peroxydisulfate+initiated+synthesis+of+potato+starch-graft-poly%28acrylonitrile%29+under+microwave+irradiation&btnG=
http://www.expresspolymlett.com/issue.php?y=2007&n=1
https://doi.org/10.1016/j.arabjc.2013.05.026
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Physically+crosslinked+poly%28vinyl+alcohol%29-hydroxyethyl+starch+blend+hydrogel+membranes%3A+Synthesis+and+characterization+for+biomedical+applications&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Physically+crosslinked+poly%28vinyl+alcohol%29-hydroxyethyl+starch+blend+hydrogel+membranes%3A+Synthesis+and+characterization+for+biomedical+applications&btnG=
https://www.sciencedirect.com/science/article/pii/S1878535213001603
https://doi.org/10.1016/j.foodchem.2018.03.138
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Characterization+of+food+additive-potato+starch+by+FTIR+and+X-ray+diffraction&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S030881461830579X
https://doi.org/10.1016/j.ijbiomac.2014.10.051
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Synthesis+and+antibacterial+of+carboxymethyl+starch-grafted+poly+%28vinyl+imidazole%29+against+some+plant+pathogens&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0141813014007314
https://www.sciencedirect.com/science/article/abs/pii/S0141813014007314
https://doi.org/10.1002/masy.200550502
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Carboxylmethyl+ethers+of+cellulose+and+starch+-+a+review&btnG=
https://onlinelibrary.wiley.com/doi/abs/10.1002/masy.200550502
https://doi.org/10.1021/ma971032i
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Persistence+length+of+carboxymethyl+cellulose+as+evaluated+from+size+exclusion+chromatography+and+potentiometric+titrations&btnG=
https://pubs.acs.org/doi/abs/10.1021/ma971032i
https://doi.org/10.1002/bit.22137
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=An+injectable+cellulose-based+hydrogel+for+transfer+of+autologous+nasal+chondrocytes+in+articular+cartilage+defects&btnG=
https://analyticalsciencejournals.onlinelibrary.wiley.com/doi/abs/10.1002/bit.22137
https://doi.org/10.1016/j.eurpolymj.2009.04.033
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Superabsorbent+Hydrogels+Based+on+Cellulose+for+Smart+Swelling+and+Controllable+Delivery&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0014305709001864
https://doi.org/10.1016/S0142-9612(03)00296-5
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Antifouling+Blood+Purification+Membrane+Composed+of+Cellulose+Acetate+and+Phospholipid+Polymer&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0142961203002965
https://doi.org/10.1002/app.25899
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Spin+Coating+Cellulose+Derivatives+on+Quartz+Crystal+Microbalance+Plates+to+Obtain+Hydrogelbased+Fast+Sensors+and+Actuators&btnG=
https://onlinelibrary.wiley.com/doi/abs/10.1002/app.25899
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Synthesis+of+Poly%28Vinylalcohol%29-+Methyl+Cellulose+Hydrogel+As+possible+Scaffolds+in+Tissue+Yengineering&btnG=
https://doi.org/10.1016/j.watres.2005.06.033
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Mechanism+of+Lead+Biosorption+on+Cellulose%2FChitin+Beads&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0043135405003702
https://doi.org/10.1007/s10570-010-9405-y
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Microfibrillated+Cellulose+and+New+Nanocomposite+Materials%3A+A+Review&btnG=
https://link.springer.com/article/10.1007/S10570-010-9405-Y

Shukurov D.Kh et al. / IJETT, 72(9), 241-251, 2024

[22]V.D. Athawale, and Vidyagauri Lele, “Graft Copolymerization onto Starch. II. Grafting of Acrylic Acid and Preparation of Ithydrogels,”
Carbohydrate Polymers, vol. 35, no. 1-2, pp. 21-27, 1998. [CrossRef] [Google Scholar] [Publisher Link]

251


https://doi.org/10.1016/S0144-8617(97)00138-0
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Graft+Copolymerization+onto+Starch.+II.+Grafting+of+Acrylic+Acid+and+Preparation+of+Ithydrogels&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0144861797001380

