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Abstract— In this study, carrageenan/acrylic acid-co-itaconic acid 

(C/(A-co-I)) hydrogel was prepared with two-step method. Swelling 

tests of hydrogel were conducted against time, temperature, and pH. 

The prepared hydrogel showed high swelling values. The chemical 

structure of the hydrogel was examined via FTIR (Fourier 

Transformed Infrared Spectroscopy) analysis. SEM (Scanning 

Electron Microscope) analysis of the hydrogel was performed to 

examine its morphological characteristics. It has been proven that 

hydrogel has a porous and layered structure. Thermal stability of the 

hydrogel was also analyzed using TGA (Thermogravimetric Analysis). 

Based on the results obtained, it can be said that the synthesized 

hydrogel is superabsorbent. 
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I. INTRODUCTION 

The rapid pace of industrial growth has led to significant 

environmental problems, including pollution of the air, soil, and 

water [1]. Superabsorbents, with their extraordinary ability to 

absorb and retain large amounts of water and pollutants, offer a 

promising solution to this problem. Innovative technologies 

employing superabsorbents must be developed and utilized to 

effectively reduce pollutant discharge and mitigate their impact 

on ecosystems. Hydrogels are among the materials employed 

for this purpose. Due to their inherent structure, 

superabsorbents are widely used in applications requiring 

significant moisture retention and control, such as in 

agricultural soils, wound dressings, and personal hygiene 

products. Their hydrophilic nature allows hydrogels to swell 

[2]. The swelling properties of hydrogels can vary based on 

their contents, as well as factors such as pH and temperature. 

[2]. 

Acrylic acid (A) is a vinyl monomer known for its 

hydrophilic nature and pH sensitivity, widely utilized in the 

synthesis of superabsorbent hydrogels [3]. Sometimes, using a 

single monomer in hydrogels does not yield optimal swelling 

properties; hence, acrylic acid is frequently copolymerized with 

other monomers. Copolymerization can improve the 

characteristics of hydrogels. Itaconic acid (I), a non-toxic 

monomer derived from microbial fermentation of renewable 

non-petroleum sources, also has hydrophilic properties [3]. This 
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monomer, similar to acrylic acid, can significantly enhance the 

swelling capacity of hydrogels [3]. Carrageenan (C) is a 

polysaccharide derived from red seaweed through an alkali 

extraction method [1]. It can be classified into various subtypes 

[1].  This study utilized the kappa subtype. Carrageenan's key 

properties, such as its hydrophilicity, biodegradability, 

environmental friendliness, and biocompatibility, make it a 

valuable component for synthesizing superabsorbent [1]. The 

aim of this study is to prepare the superabsorbent 

carrageenan/acrylic acid-co-itaconic acid  (C/(A-co-I)) 

hydrogel. The swelling behavior were investigated against time, 

pH and temperature. Morphological and thermal properties 

were also researched. 

II.  EXPERIMENTAL 

A. Hydrogel Preparation 
 

The hydrogel preparation method consists of two stages. The 

first stage is the preparation of the copolymerization method. 

This method has been performed according to the literature [2]. 

Solutions of 5 ml (10 M) itaconic acid (Sigma-Aldrich) and 5 

ml (10 M) acrylic acid (Sigma-Aldrich) monomers were 

prepared and added to glass tubes. After the tubes were placed 

in a hot water bath, 400 µl of EGDMA (Sigma-Aldrich) was 

added as a cross-linker for copolymer formation. 

(NH4)2S2O8/Na2S2O5 (0.05g/0.05g) were utilized as an 

initiators [2]. The synthesized A-co-I copolymer was removed 

from the tube. The process has advanced to the second stage. 

This stage is the spraying and vacuum drying method. 5% 

carrageenan solution was sprayed onto the copolymer surface 

using a spray technique and then vacuum-dried at 30°C. C/(A-

co-I) hydrogel was kept for 12 h. After the hydrogel was cut 

into several pieces.  

A schematic representation of the preparation of C/(A-co-I) 

hydrogel is given in Scheme 1. The photo of dried and swollen 

of cut C/(A-co-I) hydrogel is given Fig. 1. 
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Scheme 1. Schematic representation of the preparation of C/(A-

co-I) hydrogel 

 

 

Fig. 1. The dried (left) and swollen (right) cut C/(A-co-I) hydrogel  

B. Water absorption experiments 
 

To measure the water absorption capacity of C/(A-co-I) and 

(A-co-I) samples, the percentage swelling values of the 

hydrogels in water were determined under different pH, 

temperature and time conditions [5]. Swelling tests were 

performed gravimetrically. In the initial stage, dried samples 

were placed in distilled water at room temperature to allow 

swelling. At regular intervals, the swollen gels were removed 

from the water, blotted dry with filter paper, weighed, and then 

returned to the same bath [2]. This procedure continued until 

each sample reached a stable weight. Equation (1) was used for 

determining the swelling (%): 

 

𝑆𝑤𝑒𝑙𝑙𝑖𝑛𝑔 (%) =
𝑊𝑤−𝑊𝑑

𝑊𝑑
                                                  (1) 

 

where Ww represents the wet weight of the sample, and Wd is 

the dry weight prior to swelling. The swelling period for all 

samples was roughly 24 h. 

To explore how pH affects swelling behavior, dried 

hydrogels were immersed in phosphate buffer solutions (PBS) 

with pH values ranging from 2 to 12 during the second stage 

[2]. Room temperature and a swelling period of 24 hours were 

consistently maintained. Once swollen, the samples were taken 

out of the buffer solutions, dried with filter paper, and weighed. 

Equation (1) was used to calculate the swelling (%). 

The effect of temperature on swelling behavior was 

examined in the final phase by placing dried samples in distilled 

water at temperatures between 4°C and 50°C [2]. After a 24-

hour period, the swollen samples were removed, dried with 

filter paper, and weighed. Equation (1) was employed to 

determine the swelling (%). 

 

C. ATR-FTIR Analysis 

     C/(A-co-I) and A-co-I samples were positioned to cover the 

laser for ATR-FTIR analysis (FTIR Shimadzu IR-Prestige 2) 

[4,6]. By securely fastening the device with its clip, complete 

interaction between the infrared beams from the laser and the 

sample was ensured. The spectra of samples were recorded. 

D. TGA Analysis 

      A Shimadzu DTG 60 H analyzer was used to perform 

thermogravimetric analysis of C/(A-co-I) and A-co-I hydrogels 

under a dynamic nitrogen atmosphere. To generate TGA and 

DTA curves, the dried hydrogels were subjected to heating 

from 0 to 900 °C at a rate of 10 °C/min. [6]. 

E. SEM Analysis 

    Surface analysis was determined using a HITACHI SU500 

SEM device. Prior to placement in the SEM device, C/(A-co-I) 

hydrogel was lyophilized. The dry hydrogel was first swollen, 

then the swollen hydrogel was kept at -80°C for 24 hours before 

being placed in a freeze-dryer (Christ Alfa2-4LD Plus) for 

freeze-drying. The lyophilized hydrogel was coated with gold 

using a sputter coater, then placed on SEM stubs. The images 

of hydrogel was recorded at 3.0 and 5.0 kV voltage. 

III. RESULTS AND DISCUSSION  

    Fig. 2 represents the variation of swelling (%) with time at 

room temperature. By examining the swelling behavior of the 

hydrogel samples over time, it was observed that both samples 

reached equilibrium in approximately 24 hours. The C/(A-co-I) 

sample exhibited a swelling value nearly three times greater 

than that of the A-co-I sample. This indicates that the 

incorporation of carrageenan into the structure positively 

influenced the swelling capacity. Carrageenan, a sulfonated 

biopolymer with ionic groups, is known to enhance swelling 

[7]. According to the literature, the ionic sulfate anions present 

in carrageenan content can increase the swelling value [7]. In 

other words, the increasing presence of anionic groups in 

structure can enhance the swelling values [7]. 

 

 
Fig. 2. The swelling (%) with time  

 

    Fig. 3 illustrates the variation in swelling (%) values with pH. 

When examining the swelling values, it was found that as the 

pH rose, the swelling values also increased. The least swelling 

was detected in acidic conditions, while the greatest swelling 

was recorded in alkaline conditions. In an acidic environment, 

the enhanced formation of hydrogen bonds among hydroxyl 

groups in the structure may result in more compact networks, 
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leading to reduced swelling [8]. Hence, the swelling value may 

have diminished under acidic conditions. In an alkaline 

environment, the swelling may have increased due to the 

repulsion between ionized groups following ionization [8]. 

 

 
Fig.3. The swelling (%) with pH 

 

 
Fig. 4. The swelling (%) with temperature 

 

    Fig. 4 shows the change in swelling (%) values with 

temperature. As the temperature increases, the swelling values 

of the hydrogels increase. When the temperature rises, the 

polymer chains can become more mobile, causing the hydrogel 

network to expand or relax. This relaxation facilitates easier 

penetration of the solution into the hydrogel, which can enhance 

the diffusion rate [9]. Consequently, the swelling values may 

also increase correspondingly with the heightened diffusion. 

Fig. 5 shows the FTIR spectra of C/(A-co-I) and A-co-I 

samples. Although the peaks are mostly similar, there are some 

minor differences. A broad absorption band in the range of 3000 

to 3500 cm−1 is indicative of the stretching vibration of the 

hydroxyl group [3]. However, there is band broadening 

between 2300-4000 cm-1 in C/(A-co-I) hydrogel. This can be 

attributed to the increase in the -OH group in the structure with 

the addition of carrageenan. The findings align with the 

literature. According to literature, the broad band at nearly 

3600–3200 cm−1 was also observed due to O-H stretching in the 

polysaccharide [10]. In both spectra, the characteristic -C-O 

vibration of itaconic acid can be represented by the bands at 

1714 and 1695 cm−1 [1]. According to the literature, the 

characteristic peaks of carrageenan at nearly 1228, 1033, 924, 

and 848 cm−1 corresponded to sulfate ester, glycosidic linkage, 

3,6-anhydro-D-galactose, and D-galactose-4-sulfate groups, 

respectively [10, 11]. The stretching vibration of the -C-O-C- 

band is likely related to the peak observed around 1068–1035 

cm−1 [3]. Additionally, C-H stretching, bridge C-O stretching, 

and C-O stretching are indicated by the peaks near 2927 cm−1, 

1188 cm−1, and 970 cm−1, respectively [1]. These findings show 

that the presence of carrageenan in the structure was 

successfully proven. 

 

Fig. 5. The FTIR spectra of C/(A-co-I) and A-co-I  

 

 

 
Fig.6. The TGA curves of C/(A-co-I) and A-co-I  

 
 

 
Fig.7. The DTA curves of C/(A-co-I) and A-co-I  

     Fig. 6 and Fig. 7 display TGA and DTA curves againts the 

time and temperature of samples. Thermal treatment of a 

substance can lead to changes in its physico-chemical 
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characteristics, such as breakdown, phase shifts, structural 

alterations, and variations in volume [3, 12]. As illustrated in 

Fig. 6, the breakdown of both C/(A-co-I) and A-co-I samples 

took place in four distinct stages as the temperature ranged from 

0-900°C. Thermal decomposition occurred later in the C/(A-co-

I) compared to the A-co-I. The first weight loss (up to nearly 15 

min for A-co-I and up to nearly 20 min for C/(A-co-I)) can be 

attributed to the evaporation of moisture from the samples. The 

initial degradation of the C/(A-co-I) sample took slightly 

longer. The second phase of weight loss occurring in 

approximately 20-30 min may be associated with the breaking 

of single bonds like C-O, -C–O–C etc. [3]. In the third and 

fourth stages, the weight loss observed between 300–430°C 

(approximately 30-42 min) and 430-550°C (approximately 42-

55 min) may be attributed to the thermal decomposition of 

carboxyl groups and the breaking of hydrogel chains, 

respectively [3]. In the DTA curves, both samples showed 

similar thermal behavior and exhibited three smaller peaks and 

a distinct maximum peak around 498-500°C. The smaller peaks 

are not very prominent because they are overshadowed by the 

maximum peak. This exothermic peak is higher in the C/(A-co-

I) compared to A-co-I, indicating a more pronounced 

exothermic reaction during the thermal process. This may 

suggest that this sample releases more energy or undergoes 

more significant phase changes.In contrast, the peak height in 

the other sample (A-co-I) is slightly lower and broader, 

indicating a more gradual or less energetic reaction. In Fig. 8, 

the SEM images of the C/(A-co-I) hydrogel clearly show that 

the surface is not uniform (homogeneous) and consists of 

different regions. In some areas, the porosity is smaller, while 

in others it is larger. When examining the images, especially in 

Fig. 8(a) and Fig. 8(b), it can be observed that the surfaces are 

layered in certain regions. This layering can be explained by the 

spray method applied during the preparation. The surface 

application might have led to the formation of a layered 

structure. 

 
A 

 
B 

 
C 

 
D 

                    

Fig.8. SEM images of C/(A-co-I) hydrogel 

IV. CONCLUSION 

    In this study, carrageenan/acrylic acid-co-itaconic acid 

(C/(A-co-I)) hydrogel was prepared using a two-step synthesis 

method. Its properties were investigated by comparing it with 

the A-co-I copolymer. Due to the significant differences 

between the two samples, carrageenan is an important 

component of the C/(A-co-I) hydrogel, which can also be 

referred to as a carrageenan-based hydrogel. The swelling 

behavior of the carrageenan-based hydrogel, assessed across 

variations in time, temperature, and pH, revealed high swelling 

values, indicating its superabsorbent properties. FTIR analysis 

confirmed the chemical structure, while SEM analysis 

illustrated its porous and layered morphology.Additionally, the 

thermal stability was verified by TGA analysis. These findings 

suggest that the hydrogel may be highly effective as a 

superabsorbent in various fields (agricultural, biomedical, and 

environmental). Future research can further improve the 

properties of this hydrogel and explore its use in various 

application areas, thus realizing its full potential. 
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