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Abstract: The aim of this study is to obtain a biodegradable, inexpensive and highly water- swellable agricultural hydrogel by 

radical copolymerization of a starch-chitosan (St-g-CTS) hybrid with acrylic acid (AA). When examining the synthesized 

((St/СTS)/PAA) based hydrogel using a scanning electron microscope (SEM), it was found that it has pores necessary for 

absorption and desorption. IR spectroscopy and differential thermogravimetric analyzes of the obtained hydrogels are investigated. 

The water absorption of the resulting hydrogels in distilled water and saline solutions of various concentrations was determined. 

Swelling in distilled water was 550 g/g, in saline solutions 60 to 127 g/g (0.9% saline solution). The dependence of the degree of 

swelling of the synthesized superabsorbent hydrogels on the molar ratio of starch, chitosan and acrylic acid, the amount of initiator 

and binder, the duration and temperature of the reaction has been determined. The use of synthesized hydrogel in agriculture helps 

to reduce the consumption of irrigation water, reduces the drying of plants, ensures the retention of fertilizers in the soil around the 

roots, and increases the growth rate and productivity of plants. 
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INTRODUCTION 

An important feature of superabsorbent hydrogels is that they 

absorb water at a high level in a short time and return it when 

needed (1,2). This expands the possibilities of their use in 

various fields - medicine, food industry, agriculture and other 

areas. (3,4). One of the most important methods for 

synthesizing superabsorbent hydrogels by copolymerizing 

vinyl monomers with natural polysaccharides such as starch (5), 

chitosan (6,7,8,9), and cellulose (10) is radical polymerization 

(11). This method makes it possible to obtain a non-toxic, 

antibacterial, biodegradable and inexpensive product. Chitosan 

contains free amino acids and hydroxyl groups, which allow it 

for cross-linking and chelation reactions. Interest in chitosan is 

due to its unique chemical nature (partially deacetylated form 

of chitin), which has several advantages. The use of chitosan for 

acrylic acid grafting made it possible to obtain materials with 

high swelling properties. However, the low mechanical 

properties of such materials limit their sectors of application 

(12). To overcome these shortcomings, chitosan should be 

grafted with cellulose, hydroxypropyl cellulose and other 

natural polymer materials. Cellulose is a natural polymer 

material and is the most abundant biopolymer found mainly in 

wood, cotton and other sources (13). The performance of 

agricultural hydrogels depends on temperature, relative 

humidity, soil type and various other factors. The advantage of 

hydrogels based on the cellulose-chitosan hybrid is that they are 

environmentally friendly, retain a large amount of water, are 

inexpensive, and are biodegradable. Starch-chitosan-based 

hydrogels can be reused several times due to good adsorption 

and desorption properties (14). Rapid population growth and 

per capita spending will further increase the demand for fresh 

water in the world, which may cause irreparable events in a few 

years. Therefore, in this research work, a new agricultural 

hydrogel was synthesized, which absorbs a large amount of 

water and returns it to plants through the root system when 

necessary. Starch- chitosan hybrid (St/СTS) and acrylic acid 

were used in the synthesis of superabsorbent hydrogel 

((St/СTS)/PAA). Hydrogel based on ((St/STS)/PAA) increases 

the efficiency of water use and prevents plants from drying out 

under stress. Also, this hydrogel increases the porosity of the 

soil and reduces its pressure. Also, the ((St/STS)/PAA)-based 

hydrogel reduces water evaporation, allows it to penetrate 

deeper, and prevents leaching of nutrients. 

MATERIALS AND METHODS 

Materials 

Potato starch (St), chitosan (CTS) (purity 85%), acrylic acid 

(AA) and ammonium persulfate (APS), N,N'-

methylenebisacrylamide (MBA). Also, chemicals such as 

thiourea, formaldehyde and acetic acid were purchased from the 

local market. 

mailto:baxodir.xolnazarov@rambler.ru


Synthesis Of Superabsorbent Hydrogels Based On Starch- Chitosan Section A-Research paper 

Hybrid 

Eur. Chem. Bull. 2022,11(11), 152 – 161                                              153 

Fourier Transform Infrared (FTIR) Analysis 

The IR-spectrum of the samples was obtained on a Shimadzu 

Fure infrared spectrometer (range 400-4000 cm-1, dimensions 4 

cm-1) manufactured in Japan. The interactions between reagents 

were studied. 

 

SEM Analysis 

The surface morphology of the sample was studied using a 

scanning electron microscope (SEM- EDS-JSM-5500LV, 

JEOL, Ltd.). The analytical settings included a vacuum of 40 

Pascals, a working distance of 8.5 mm, and an accelerating 

voltage of 20 KV. 

 

Differential Scanning Calorimetry (DSC) Analysis 

The thermal stability of the sample was analyzed by differential 

scanning calorimetry (DTG-60, SIMULTANEOUS DTA-TG 

APPARATUS SHIMADZU, Japan). For DSC analysis, the 

sample (2-3mg) was coated with a gold coating. The test was 

carried out in the temperature range of 25- 600 ◦C, at a heating 

rate of 10 ◦C min−1. 

 

Water absorption analysis (Q) 

1g of the hydrogel dried in a vacuum drying cabinet at 60 oC to 

a constant mass was taken and immersed in 1L of distilled water 

and various salt solutions for 24 hours. Then, the pores of the 

water-soaked hydrogel (M2) were filtered through a 0.1 mm 

nylon mesh and held until no water remained on the surface. In 

this case, the water absorption capacity of the hydrogel 

(Qeq,g/g) was calculated according to the following equation.                                                              

M1
Qeq = 

M2

M1                            (1)         
Where: Qeq (g/g) is the water absorption capacity per gram of 

dry sample, M1 is the weight of the dry sample, and M2 (g) is 

the weight of the swollen sample (15). 

 

Determination of water retention time of superabsorbent 

hydrogel. 

The water-retention property of hydrogel was determined at 35 

oC temperature. The hydrogel was fist immersed in deionized 

water and brine, respectively, till the swelling equilibrium was 

reached. Next, the samples were taken out and placed in a 

drying box at 35 oC to be ventilated and dried. 

WRV = 
M2

M3
x 100

                              (2) 
Where: WRV water retention value M2 is the weight of the 

sample remaining after a certain time and M3 is the weight of 

the sample completely immersed in water (16). 

 

Preparation of cross-linked starch-chitosan (St/CTS) 

hybrid. 

8.05 g of chitosan was dissolved in 200 ml of a 3% aqueous 

solution of acetic acid. Also, 8.1 g of potato starch was mixed 

in 100 ml of water at 80 oC for 25 minutes using a mechanical 

mixer to form gelatin. Then, the chitosan solution was filtered. 

Filtered chitosan and starch gelatin were mixed in 250 mL of 

distilled water at room temperature for 12 h. The resulting 

solution was poured into a peter cup and dried at 35 oC for 4 

days. During this period, chitosan completely adheres to starch. 

Thiourea-formaldehyde resin was used as a binder to cross-link 

the starch- chitosan (St/CTS) hybrid. To prepare thiourea-

formaldehyde resin, 1.52 g of thiourea was dissolved in 25 ml 

of distilled water and 1.62 ml of 37% formaldehyde solution 

was added to it, and the solution medium was adjusted to pH-4 

using acetic acid and the reaction was carried out at 90 oC for 6 

conducted for hours. A colorless viscous product, thiourea-

formaldehyde resin, was formed. So’ngra unga kraxmal va 

xitozandan iborat 16 g aralashma aralashtirildi. After that, the 

reaction to obtain the starch-chitosan (St/CTS) hybrid was 

carried out at 90 ◦C for 4 hours. The reaction was carried out in 

an aqueous solution medium. The obtained product was dried 

at a temperature of 45 oC for two days and it was crushed to a 

size of 0.1 mm. A cross-linked starch- chitosan (St-g-CTS) 

hybrid was formed. 

 

Preparation of superabsorbent hydrogel based on cross-

linked starch-chitosan (St-g-CTS) hybrid. 

6.46 g of the cross-linked starch-chitosan (St-g-CTS) hybrid 

was weighed and added to 100ml of distilled water in a 250 ml 

three-necked flask equipped with a mechanical stirrer, nitrogen 

gas and a reflux condenser. The oxygen present in the solution 

was removed from the solution for 15 minutes under nitrogen 

gas atmosphere. Then, 0.13 g of APS was added to form 

radicals on the surface of (St-g-CTS) hybrid. (The initiator first 

attacks the hydroxyl group on the outside of the polymer chain 

and forms free radicals, which are active sites and lead to the 

formation of a long polymer chain). After 20 minutes, 5.76 mL 

of 70% neutralized acrylic acid was added to the flask, along 

with 0.06 g of N,N'-methylenebisacrylamide as a binder. The 

polymerization reaction was carried out at 70 °C for 6 hours 

with stirring. Then, to remove unreacted residues, the sample 

was washed with 50% ethyl alcohol, then dried in a drying oven 

at 60°C. 

RESULTS AND DISCUSSION 

Fourier Transmission Infrared spectroscopy (FTIR) 

analysis. 

The double bond and COOH groups of acrylic acid interact with 

NH2 and OH groups of chitosan and OH groups of starch to 

form a polymer chain. Figure 1 shows (a) the spectrum of 

starch, (b) the spectrum of chitosan, (c) the spectrum of the 

cross-linked (St-g-CTS) hybrid, and (d) the IR spectra of 

((St/CTS)PAA). 
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Fig. 1. FTIR of a) starch, b) (CTS), c) St-g-CTS-, d) ((St/CTS)-g-PAA) 

 

Figure 1 (c) it can be seen that the 3334.92 cm-1 absorption 

region belonging to the OH group of starch extends to 1638 and 

1111 cm-1 absorption regions in its obtained hybrid (St-g-

CTS).  

Areas that reveal the stretching of the 2922.16-2918.30 cm–1 

areas belonging to the CH2 and CH groups of starch and 

chitosan appear, which can be seen in the 1371,1 and 896.36 

cm–1 areas. The spectra of 3429.43-3101.54 cm–1 belonging to 

OH and NH groups of chitosan are represented by bands 

extending to 1421.6 cm–1 area. The spectral change is mainly 

caused by the reaction between hydroxyl groups and urea 

methylol. The absorption areas of 3000.9 and 3856 cm-1 in 

cross-linked (St-g-CTS) (c) hybrid are attributed to unreacted 

OH and NH functional groups. ((St/CTS)PAA) 

(d) absorption areas at 1637.03, 1037.16 and 1119.47 cm-1 are 

due to the stretching of the OH group. One can see lines 

belonging to C-O-C in the region of 1186 cm-1. 

First, radical centers were formed in the initiator effect for 

grafting starch and chitosan using a binder. The cross-linked 

first network is a starch-chitosan hybrid, while 

methylenebisacrylamide MBA (cross-linker) cross-linked with 

grafted PAA chains forms the second network. It can be seen 

that the COOH group of acrylic acid is bonded to each other 

and to the NH2 groups in chitosan and the OH groups in starch. 

(Fig. 2). 
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Fig. 2. A simplified scheme for starch–chitosan combination via chemical crosslinking using thiourea formaldehyde 

and reactions to obtain a superabsorbent hydrogel by copolymerizing their hybrid with acrylic acid in the presence 

of MBA. 

 

Water absorption of the superabsorbent polymers 

Figure 3 shows the swelling potential of superabsorbent 

composites in distilled water. It can be seen that the distilled 

water absorption capacity of the hydrogel is 550 g/g. This 

indicates that there are enough hydrophilic groups such as  

COO-, -COOH, -NH, NH2 and OH in the polymer chain of the 

hydrogel. It can be seen that the number of such hydrophilic 

groups increased especially when starch and chitosan were 

grafted. 
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Fig. 3. Water absorption of the superabsorbent polymers. 

 

Determination of water absorption of hydrogel in different salt solutions 

Hydrogel water absorption in different salt solutions (NaCl, KCl, NH4Cl, MgCl2, CaCl2) was tested under the same conditions. 

(Fig. 4. 

 

Fig. 4. Determination of water absorption of hydrogel in different salt solutions. 
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Water retention analysis 

The water retention time of 1g of hydrogel soaked in distilled 

water was studied at 35°C. The amount of water evaporation 

was monitored every 3 days. In figure 5, we can see that the 

water stored in the hydrogel slowly evaporated completely over 

36 days. Due to the fact that this hydrogel retains water for a 

long time, it prevents excessive watering in agriculture and 

drying of plants due to lack of water. 

 

 

Fig. 5. Determination of water retention time of (St/CTS)/PAA) hydrogel 

 

Morphology of superabsorbent polimer 

Figure 6 morphological analysis of starch (a), chitosan (b), 

starch/chitosan ((St-g-CTS) (c) and starch/chitosan/poliacrilic 

acid (St/CTS)-g-PAA) hydrogel was studied using a scanning 

electron microscope. Joints and pores can be seen in the 

hydrogel based on (St-g-CTS) (c) hybrid and (St/CTS)-g-PAA) 

(d). This means that a hybrid was formed on the basis of starch 

and chitosan and that the hybrid reacted with acrylic acid. These 

pores serve to absorb and release water. Also, through the pores, 

the fertilizers contained in the hydrogels easily pass to the plant 

stem. When the hybrid (St-g-CTS) reacts with acrylic acid 

(AA), it can be seen that the pores are larger and there is a 

change in the color of the product. 

In the synthesis of superabsorbent hydrogel, the O-Si-O and -

OH groups in the added bentonite participate in the reaction. 

therefore, bentonite can increase the hydrophilic groups in the 

superabsorbent hydrogel (13). 
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Fig.6. SEM micrograph of starch (a), chitosan (b), (St-g-CTS) c), and ((St/CTS)-g-PAA) (d) based synthesized 

hydrogel 

 

Thermal stability of superabsorbent composites 

To investigate the thermal stability of the synthesized 

((St/CTS)-g-PAA)-based hydrogel, it was analyzed by 

differential-thermal and thermogravimetric methods (Fig. 7). In 

this case, the increase in temperature from 27.81 to 231.20 oC 

is due to a very small amount of water evaporation, where the 

mass loss is 1.435 mg or 15.184%. It can be seen that 

superabsorbent has the ability to retain water even at high  

temperatures. At temperatures from 231.20 to 512.79 oC, it 

indicates the decomposition of carboxyl groups in the chain, 

where the mass loss is 3.819 mg or 40.408%. The next mass 

loss refers to the breaking of bonds in the polymer chain at 

temperatures between 512.79 and 601.07 oC, where the mass 

loss is 0.108 mg or 1.143%. In general, as a result of the 

differential- thermal method, it was found that ((St/CTS)-g-

PAA)-based hydrogel is resistant to heat. 
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Fig. 7. Thermal analysis superabsorbent hydrogel ((St/CTS)-g-PAA) 

CONCLUSION 

It was found that the superabsorbent hydrogel obtained on the 

basis of starch and chitosan hybrids is more resistant to saline, 

acidic and alkaline environments and has better morphological 

properties than hydrogels obtained from starch or chitosan. 

Also, it was found that the hydrogel obtained on the basis of a 

hybrid of polysaccharides is more effective than other types of 

hydrogels due to its high water absorption in distilled and saline 

water, long-term retention of water in the soil, and water 

evaporation properties. During the research, it was found that 

the hydrogel (St/CTS)-g-PAA absorbs water and after the 

evaporation process is repeated 5-6 times, its water absorption 

decreases. The main feature of this synthesized superabsorbent 

hydrogel is to retain, conserve and return water to the roots of 

plants when needed. This property helps to improve the quality 

of the soil, prolong the life of plants, increase the growth of 

plants and their productivity.  
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