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Abstract 

In the last decade, there is an increased interest to use biodegradable materials. In the present study, new composites based on activated bentonite 

(BNA)/appa-Carrageenan (-C)/acrylamide (AM) have been prepared by graft copolymerization of AM and appa-Carrageenan (-C) in the 

presence of activated bentonite (BNA) clay powder, and   ammonium persulfate (APS) as an initiator. Different component concentrations of AM 

and -C were used by maintaining 1 g of BNA in all types of composites. 

We focused on the interactions between mineral clay structure and polymer matrices. 

The structure and morphology of these materials were investigated by FT-IR and XRD, while the thermal properties were tested using TGA.  

Evidence of grafting and BNA interaction was obtained by comparison of FTIR and TGA spectra of the initial substrates and the composites. The 

apparition of new absorption bands at 1256 cm-1, 922 cm-1, and 843 cm-1 confirmed the presence of sulfate groups and correspond to the sulfonic 

acid group, C-O stretching band, 3, 6-anhydro-D-galactose and glycosidic linkages of -C backbone, in the composite structure. Electrostatic 

interactions and/or hydrogen bonds may have occurred between BNA and (-C/AM) copolymer. 

TGA analysis showed the thermal stability improved by adding BNA clay particles. 

The formation of intercalated nanocomposites in the case of C1 ((BNA/-C/AM) (1/0.5/0.5)), C2 ((BNA/-C/AM) (1/1/0.5)), C3 ((BNA/-C/AM) 

(1/0.5/1)) and C4(BNA/-C/AM) (1/1/1) samples was confirmed by XRD analysis. The shift of peak attributed to montmorillonite in the several 

composites except C4 to lower angles in XRD diffractometer suggests the formation of intercalated nanocomposites. 

The absence of the basal peak corresponding to montmorillonite phase in the case of C4 composite suggests a high dispersion of clay platelets, 

named exfoliation in the nanocomposite material.  

The obtained results from this study suggest that the prepared composites could be effectively applied for removing cationic dyes from aqueous 

solutions. 

Keywords:  Acrylamide, activated bentonite, carrageenan, composite 

1. Introduction

The treatment of contaminated wastewater is one of the 

most serious environmental problems faced by chemical, 

pharmaceutical, textile, polymer, plastic, and leather 

industries. Recently, much attention has been focused on 

the use of a new generation of absorbent composites. 

These materials are essentially prepared by including 

inorganic clays into the polymeric matrix.  

Due to their large surface area and high cation 

exchange capacity, clays such as montmorillonite [1,2] 

and bentonite [3], have been studied for potential 

applications as environmental remediation adsorbent 

for heavy metals and organic compounds adsorption. 

The addition of these types of minerals in a composite 

mixture not only improves some properties such as 

swelling ability, gel strength, mechanical, and thermal 

stability but also significantly reduces production cost 

[4–6]. However, for extensive process utilization, most of 

these materials are not suitable. To resolve these issues, 

modification of conventional adsorbents by using a 

polysaccharide matrix is an ideal alternative.  

Among the most abundant polysaccharides, 

carrageenans are soluble polysaccharides extracted from 
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red seaweeds. They have strong gel-forming ability and 

are biocompatible. They consist of long linear chains of 

D-anhydrogalactose and D-galactose with anionic 

sulfate groups (-OSO3-) [7]. There are three types of 

carrageenans: kappa (κ), iota (ι), and lambda (λ) which 

differ in sulfate ester and 3,6-anhydro-α-D-

galactopyranosyl content. Their water solubility is 

strongly related to the content of sulfate groups and 

associated ions. 

The structure of κ-carrageenan consists of the 4-

sulfate-O-β-D-galactopyranosyl-(1,4)-3,6-anhydro-α-D-

galactose units [8]. It is commonly used as a thickening 

and stabilizing agent in prepared foods, cosmetics, and 

pharmaceuticals. κ-Carrageenan has also been used to 

prepare biodegradable films for biomedical applications 

[9].  

Due to their high biodegradability, biocompatibility, 

and nontoxicity, hydrogels based on carrageenans have 

been also used as potential adsorbents for eliminating 

pollution like dyes from aqueous solutions [10,11]. 

Moreover, the combination of diverse structures like 

bentonite nanoclay [12], montmorillonite clay [13] and 

other nanomaterials with carrageenan has paved the 

way for scientists to prepare new materials with 

interesting properties. 

Including inorganic clays into a polymeric matrix 

improves some properties of plastics and gels [14]. A 

new generation of adsorbent composites was prepared 

by incorporating montmorillonite [15], attapulgite [16–

18], kaolin [19–21], hydrotalcite [22,23], mica [24], 

bentonite [25,26] and laponite [27] into polymeric 

matrices. OH reactive groups contained on layered 

aluminosilicate surface are anabled to interact with 

reactive sites of natural polymers and monomers and 

lead to the formation of composites with high adsorption 

capacities.  

The aim of this study was to develop new composites 

based on κ-carrageenan, acrylamide and activated 

bentonite.  

2. Experimental 

2.1. Materials and methods 

Acrylamide (AM), ammonium persulfate [APS], and 

appa-Carrageenan (-C) were supplied by Merck. In 

our earlier work, we prepared activated bentonite (BNA) 

by modifying raw clay (RC) particles [28]. The solid 

phase of RC was dispersed in a sodium chloride solution 

(1M). This operation was repeated three times. To 

remove excess salt, the resulting solid after saturation 

was washed with bidistilled water several times; the 

final product was BNA. The hexamminecobalt(III) 

chloride was used to determine the cation exchange 

capacity (CEC), which was found to be equal to 85 meq 

g/100 g.  

A series of BNA/-C/AM with different contents of -

C and AM was simply prepared. A constant mass weight 

of BNA was used (Table 1).  

The -C solution has been prepared by slow addition 

of a weighted amount of -C powder to bidistilled water 

in a 100-mL three-necked flask equipped with a 

mechanical stirrer and a reflux condenser. The solution 

was heated to 65 °C. After complete dissolution of -C, 

APS initiator (0.1 g dissolved in 3 mL distilled water) 

was added and kept at 65 °C for 10 min to generate 

radicals. 1 g of BNA particles was dispersed separately 

in 12 mL of distilled water and 5 mL of monomer 

solution containing pre-weighted amount of AM was 

added. This mixture was poured into the flask 

containing -C radicals. The temperature was raised to 

80 °C and maintained for 1 hour to complete the reaction.   

After 24 hours, the obtained composite was 

precipitated by pouring it into the water/absolute 

ethanol mixture (ratio 1:5). The precipitate was filtered 

and subsequently dried in an oven at 75 °C for 24 hours.  

The codes and the composition of composites are 

presented in Table 1.    

 

Table 1. Sample codes and composition 

 Code 
-Carrageenan 

mass (g) 

Acrylamide 

mass (g) 

BNA 

mass (g) 

C1  (BNA/-C/AM) (1/0.5/0.5) 0.5 0.5 1 

C2  (BNA/-C/AM) (1/1/0.5) 1 0.5 1 

C3  (BNA/-C/AM) (1/0.5/1) 0.5 1 1 

C4  (BNA/-C/AM) (1/1/1) 1 1 1 

2.1.1. Fourier transform infrared spectroscopy (FTIR) 

The ATR-FT-IR spectra of the samples were measured at 

4 cm-1 resolution and a mirror velocity of 0.6329 cm/s in 

the 4000-500 cm-1 region, on an Agilent Cary 600 Series 

FTIR Spectrometer equipped with DRIFT (Diffuse 

Reflectance Infra-red Fourier Transform) accessories. 

Five recordings were performed for each sample, and 

the evaluations were made based on the average 

spectrum. 

2.1.2. Thermogravimetric analysis measurements  

Thermogravimetric analyses of the samples were 

performed by high-resolution TGA (TA Instruments Q 

Series Q600 SDT). 10 mg of finely ground sample was 

heated in an open platinum crucible with a heating rate 

of 10 °C min-1 and temperature from 50 to 800 °C under 

nitrogen atmosphere flow rate of 100 mL/min. 

2.1.3. X-ray diffraction (XRD) 

The measurements were performed on an X-ray 

diffractometer ULTIMA IV (Rigaku, Tokyo, Japan), 

using the CuKα radiation (λ = 1.54 Å) at 40 kV and 30 

mA. All diffractograms were recorded in the 5-80 2θ 

degrees range at room temperature. A scan speed of 

2°/min and a step size of 0.02° were considered to 

achieve measurements. 
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3. Results and discussion 

The composite was prepared by graft copolymerization 

of acrylamide onto κ-C in the presence of bentonite 

particles (Scheme 1). 

Ammonium persulfate was used as an initiator. The 

persulfate is decomposed under heating and generates 

sulfate anion radicals that abstract hydrogen from OH 

groups of κ-C backbones. So, this persulfate-saccharide 

redox system results in active centers capable of 

radically initiating the polymerization of acrylamide, 

leading to a graft copolymer. 

3.1. FTIR analysis 

FTIR spectroscopy was used for identification of the 

composites. Fig. 1(a) and Fig. 1(b) represent the spectra 

of κ-carrageenan and the different BNA/κ-C/AM 

composites, respectively. 

The spectra of κ-carrageenan showed a broad 
absorption at 3440 cm-1 and 2954 cm-1 due to the 
stretching frequency of the O-H and C-H. The bands at, 
1256 cm-1, 922 cm-1, and 843 cm-1 are attributed to the 
presence of sulfate groups and correspond to the 
sulfonic acid group, C-O stretching band, 3, 6-anhydro-
D-galactose and glycosidic linkages of -C backbone, 
respectively [29]. 

On IR spectra of BNA/-C/AM composites, it was 

observed that the signal hydroxyl peak between 3450 cm-

1 and 3627 cm-1 became stronger, which could be 

explained by the superposition of the stretching 

vibration of O–H groups in all materials. 

The intensities of those FTIR characteristic peaks 
corresponding to -C in various BNA/-C/AM 
composites increased with the increase in κ-C mass.  

The presence of PAM polymer in different 

composites is also confirmed by the apparition of a new 

band at 3193 cm-1 corresponding to N-H (sym). This 

band is more pronounced in C3 and C4 composites. The 

bands at 1607 and 1453 cm-1 are ascribed to δN-H (amide 

II) and νC-N (amide III), respectively [30]. These 

findings confirmed that BNA/-C/AM composites 

structure was prepared successfully. 

 

 
Figure 1. FTIR spectrum of -C (a), and BNA/-C/AM composites (b) 

3.2. Thermogravimetric analysis 

The thermal stabilities of κ-carrageenan and its various 

composites were analyzed using thermogravimetric 

analysis (TGA), and the obtained resulting TGA curves 

are presented in Fig. 2. 

Scheme 1. BNA/-C/AM composite structure 
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Figure 2. TGA curves of BNA, -C and BNA/-C /AM composites 

It is seen from the Fig. 2 that the weight loss of pure 

κ-carrageenan occurred in three different stages. The 

first one, located in the temperature range of 45-150 °C, 

was due to the adsorbed water by κ-carrageenan. The 

decomposition of κ-carrageenan started at 203 °C. For κ-

carrageenan, the second weight loss of 21.04% in the 

temperature range of 209–262 °C and the third weight 

loss of 38.4% in the temperature range of 262-785 °C were 

observed. The residual weight observed in pure κ-

carrageenan is 25.35%. A similar thermal decomposition 

behavior was previously reported [31]. 

For BNA/-C/AM composites, the first degradation 

stage (50–150 °C) is also observed. This could be 

attributed to the loss of moisture content as hydrogen-

bound water as well as the dehydration of BNA clay. 

With increasing temperature, both of the second and 

third degradation stages took place beyond 200 °C. 

The second stage of decomposition occurred between 

200 and 650 °C and corresponds to weight losses of 6.47, 

6.64, 32.65, and 38.19% for C1 C2, C3, and C4 composites 

samples, respectively. These values are probably due to 

the degradations of -C and polyacrylamide. The 

random breaking chains of polysaccharide occur 

between 200 and 350 °C. In the range of temperature 

between 220 and 440 °C, the degradation is also due to 

both weight losses of NH2 of amide side groups in 

ammonia form and to chain breakdown of 

polyacrylamide [32].    

On the other hand, the different BNA/-C/AM 

composites were found to be more thermally stable with 

increasing temperature than the pure polymer.  

These observations could be related to the stability of 

BNA at higher temperatures since the dehydroxylation 

of the aluminosilicates within the BNA clay layers occurs 

at temperatures beyond 650 °C. As a result, BNA 

enhanced the stability of the developed composites and 

to the interaction between BNA particles and -C/AM 

mixture. 

 
Figure 3. XRD patterns BNA and BNA/-C/AM composites 

The obtained results are consistent with other studies 

that focused on studying the effect of clay encapsulation 

on the thermal behavior of beads prepared from other 

natural polysaccharides [33,34]. 

3.3. X-ray diffraction analysis 

To reveal the state of the BNA sheets in the prepared 

composites, XRD measurements were carried out on the 

dried materials with various -C and AM contents. The 

XRD patterns of the different BNA/-C/AM composites 

with various weight ratios of κ-C and AM to BNA are 

shown in Fig. 3.      

For κ-C, two signals were observed [35,36]: one at 

4.5°, indicating the crystalline region , and a broad signal 

in the range of 12° to 25°, which reflects its 

semicrystalline nature. 

The XRD of BNA contains a well-pronounced 

reflection at 2 = 7.15° (d spacing of 12.34Å), 

corresponding to the spacing between BNA sheets.  

With increasing -C and AM content, the diffraction 

signals were shifted to lower values corresponding to 

basal spacings from 12.34Å to 16.3Å, 14.66Å and 15.87Å 

for C1, C2, and C3 composites, respectively. These 

results suggest the intercalation of polymer chains 

between BNA sheets [37,38]. 

The absence of the basal peak corresponding to 

montmorillonite phase in the case of C4 composite 

suggests a high dispersion of clay platelets, named 

exfoliation in the nanocomposite material.  

4. Conclusion 

A new composite material was prepared by graft 

copolymerization of AM onto -C in the presence of 

ammonium persulfate as the initiator and BNA particles. 

A series of composites were prepared by varying -C 

and AM amounts. The obtained materials were 
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evaluated for their thermal stability, structural features, 

and interactions. 

Infrared spectroscopy showed the presence of 

interactions between -C, AM, and BNA, especially via 

electrostatic interactions and/or hydrogen bonding. 

The thermal stability of the resultant composites was 

significantly improved by the presence of BNA. The 

moisture adsorption of the prepared composites was 

reduced. This behavior is probably attributed to the 

interfacial interaction between the κ-C/AM mixture 

matrix and BNA. 

X-ray diffraction revealed that the incorporation of 

BNA into the κ-C and AM enhances the formation of an 

intercalated nanocomposite structure in the case of C1, 

C2, and C3 samples, where the polymer chains were 

intercalated between the clay sheets. The formation of 

exfoliated nanocomposite structure in the case of the C4 

sample is clear when κ-C and AM amounts were 1 g for 

each component.  
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