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Introduction 

Increasing water pollution is one of the serious concerns leading to the potential research in the different ways and 

techniques which can help to improve the quality of water. Pesticides are generally used to increase the food 

production by decreasing the effect of pests on crop. The conventional formulations of pesticides are not only 

dangerous to the target pests but also for the whole ecosystem. The overuse of pesticides causes deterioration of 

aquatic as well as terrestrial life leading to the imbalance in ecosystem [1]. These pesticides are classified into 

extremely, highly, moderately and slightly dangerous pesticides [2]. Thiomethoxam is one of the moderately 

dangerous neonicotenoid pesticide. The toxic effects of pesticides attracted the attention of researchers towards the 

development of cost effective and economically compatible way to remove them. The development of composites has 

attracted great attention in development of material to remove the pesticide from water resources via adsorption. 

In this study, chitosan polymer was chosen as the macromolecular intercalant for the bentonite clay particles. 

Chitosan is a natural polysaccharide obtained by the N-deacetylation of chitin [3]. It is easily available, 

biodegaradable, highly biocompatible, low-cost polymer, and can be chemically modified.  

Bentonite is a clay mineral which is abundantly available in whole of the continent. Clays also show non toxicity, 

good biocompatibility, high mechanical strength etc. It was reported that clays can improve all the physical and 

chemical properties of the polymers [4]. 

The aim of this study was to synthesize chitosan bentonite composites, and evaluation of its adsorptive capacity 

towards thiomethoxam.  

Experimental 

Materials 

Chitosan, Bentonite powder and Glacial Acetic Acid were procured from Central Drug House (P) Ltd. Sodium 

Hydroxide Pellets (extrapure AR) were supplied by Sisco research laboratories Pvt. Ltd. Thiomethoxam pesticide was 

provided by Residual Lab, Entomology Department, College of Agriculture, Chaudhary Charan Singh Haryana 

Agricultural University, Hisar. Thiomethoxam concentrations were determined using the maximum absorbance (at 

245 nm) through UV-Vis spectrophotometer, Shimadzu 2600i.  
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Synthesis of Chitosan/Bentonite composite 

The synthesis of chitosan/bentonite composite was carried out by sonication assisted technique. Firstly, 5 g of 

bentonite was dispersed within 50 mL of distilled water under continuous stirring for 2 h. Then 100 mL of 0.75% 

(w/v) chitosan solution prepared using 0.2% v/v acetic solution was added to bentonite solution and stirring was 

provided for further 2 h. After addition of 0.1 M NaOH, the obtained solution was sonicated for 4 h and the product 

was filtered.  

Characterization of composite 

FTIR was employed for the identification of inorganic and organic species. The Infrared induced vibrations were 

recorded on a Thermo Scientific spectrometer (Nicolet-is 50), in the range of 400-4000 cm-1 at a scan speed of 4 cm-1. 

The XRD analysis was performed on Bruker AXS D8 diffractometer equipped with CuKα radiation (λ= 0.154 nm). 

The diffractogram was collected in the 2θ range of 20-80°, at a scanning rate of 2° min-1. FE-SEM study was carried 

out using a Quanta 200F microscope with an accelerating voltage of 20 kV. N2 sorption analysis was performed using 

Quantachrome IQ-XR-XR (2 Stat.) BET analyser for the estimation of surface area and the pore volume using 

Brunauer-Emmett-Teller (BET) and Barrett, Joyner and Halenda (BJH) method, respectively. 

Adsorption experiments 

Adsorptive removal of pesticide was studied through batch experiments by using chitosan- bentonite composite as the 

adsorbent at room temperature of about 30 °C.  

Results and Discussion 
X-ray diffraction  

XRD patterns of bentonite Figure 1(a) possess different peaks corresponding to different constituents of clay i.e. 

montmorillonite (M), quartz (Q) and calcite (Ca) at 20.02º, 22.16º, 27.8º, 29.52º 36.08º, 50.09º and 61.96º while in the 

chitosan-bentonite composite Figure 1(b), some of the peaks are shifted to some lower angles at 18.06º, 28.22º and 

35.38º, with decreased intensity [5]. The peak at 50.09º and 29.52º are not available in case of composite, indicating 

the formation of intercalated composite with chitosan.  
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Figure 1 XRD of (a) Bentonite (b) Chitosan/Bentonite composite 

FTIR Analysis 

The FT-IR spectra of pristine chitosan, bentonite and chitosan/bentonite composite are shown in Figure 2. The 

spectrum of chitosan shows peaks at 3283 cm-1 due to overlapping of O-H and N-H stretching vibrations, at 2875 cm-1 

due to aliphatic C-H stretching, at 1437 cm-1 due to N-H bending and at 1026 cm-1 due to C-O stretching [6]. The 

spectrum of bentonite shows peaks at 3630 and 3445 cm-1 due to inter-layer and intra-layer H-bonding, at 1638 cm-1 

due to H-O-H bending, at 1040 cm-1 due to Si-O stretching, at 795 cm-1 due to (Al, Mg)-OH vibration modes, at 626 

cm-1 for Al-OH and at 471 cm-1 due to Si-O bending [7, 8]. The spectrum of chitosan/bentonite composite revealed 
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the creation of hybrid material having various functional groups related to both bentonite and chitosan. The 

broadening of band corresponding to the hydroxyl groups at 3420 cm-1 with decreased intensity confirmed the 

integration between bentonite and chitosan. The peak at 1660 cm-1 confirms the presence of water within the 

interlayers [9]. The characteristic peaks of bentonite are also present at 1043 cm-1 and 400-1000 cm-1 corresponding to 

Si-O, Mg-Fe-OH, Si-O-Al and Si-O-Mg groups.  
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Figure 2 FTIR spectrum of chitosan, bentonite and chitosan bentonite composite 

FE-SEM Analysis 

The FE-SEM micrographs are present in Figure 3. The micrograph of bentonite shows that the surface possesses 

some layered structures which is probably due to the montmorillonite component of clay, while the image of bare 

chitosan indicates the presence sheet like morphology due to the polymeric nature of chitosan [10]. In the image of 

composite, it was found that the modification of bentonite with chitosan resulted into partially rounded particles of 

irregular topography over the sheet like structure [11].  

 
Figure 3 FESEM of (a) bentonite (b) chitosan (c) chitosan-bentonite composite 

N2 Sorption Analysis 

The results indicate that the BET surface area of the chitosan/bentonite composite is 20.792 m2 g-1 and the BJH pore 

volume is 0.115 cc g-1. The curve obtained from the BET analysis is shown in Figure 4 it follows the adsorption 

isotherm of type IV with H3 type hysteresis loop [12-13]. This type of isotherm indicates finite monolayer to 

multilayer adsorption on mesoporous materials with increase in the gas pressure while the type of hysteresis loop is 

associated with the capillary condensation in the mesopores [14].  
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Figure 4 N2 Sorption Analysis curve 

Adsorption studies 

Effect of pH 

In order to get the most favourable pH for the removal of pesticide from water, the pH of thiomethoxam solution was 

optimized in the range of 3 to 9 by taking 10 mL solution of pesticide having concentration of 25 ppm added with 20 

mg of the adsorbent. The results indicated that maximum percent removal of about 47.5% is at pH 7. This percent 

removal first increase with the pH and then starts to decrease again after pH 7, shown in Figure 5(a). As the change in 

pH can affect the speciations of the dissolved pesticide particles and also the surface properties of the adsorbent 

surface [15]. 
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Figure 5 Effect of (a) pH of pesticide solution (b) dose of adsorbent (c) initial concentration pesticide and (d) contact 

time  
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Effect of amount of adsorbent 

For this 10 mL solution of 25 ppm concentration at pH 7 was taken and stirred for 30 minutes having different doses 

as 0.01, 0.02, 0.03, 0.04, 0.05 and 0.1 g of the composite. Here, it can be seen in Figure 5(b) that removal percentage 

increases with the increase in adsorbent dose and after a particular point it becomes almost constant. The maximum 

removal efficiency was found almost equal to 65 %. This may be due to the increase in effective surface area and 

adsorption sites with increase in dose of the adsorbent and after that the concentration of pesticide being the limiting 

factor showing almost constant removal efficiency [16]. 

Effect of initial concentration of pesticide 

The initial concentration of pesticide used was optimized at optimized pH, contact time and dose. For this, pesticide 

solutions having different concentrations in the range of 15 to 35 ppm were used and stirred for 30 minutes at other 

optimized conditions. The maximum percent removal of about 65 % is found at 25 ppm concentration and decreases 

with increase in concentration (Figure 5(c)). This is probably due to the reason of fully covered adsorption sites at 25 

ppm concentration, making the adsorbent dose as the limiting factor [17, 18]. 

Effect of temperature and contact time 

Finally, the percent removal of pesticide was calculated for different time intervals of 15, 30, 45, 60, 75 and 90 

minutes. For this 10 mL solution of 25 ppm concentration at pH 7 having 30 mg of the composite were stirred for 

different time intervals and their absorbance was checked to calculate removal efficiency. The percentage of removal 

of the pesticide is found increasing upto approximately 75 % with the increase in contact time for the removal (Figure 

5(d)). This is due to the increase in exposure time which further leads to increased interactions between the adsorbate 

and adsorbent. There is little increase in the percent removal after 60 minutes leading towards the slight equilibrium 

condition [19, 20]. 

Adsorption isotherm  

The adsorption isotherms explain the type of interaction between adsorbate and adsorbent.  

Langmuir Adsorption Isotherm 

Data was fitted to Linear and Non-linear Langmuir Adsorption Isotherm equations and the obtained graphs are shown 

in Figure 6. The calculated values of Qmax (mg/g), Langmuir constant and R2 in the linear curve fitting are 5.6705, 

0.2538 and 0.9980, respectively while in non-linear curve fitting the values are 5.6975, 0.2507 and 0.9973, 

respectively. 
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Figure 6 Fitting of data into (a) linear and (b) non-linear Langmuir adsorption isotherm 

Freundlich Adsorption Isotherm  

Data was fitted to Linear and Non-linear Freundlich Adsorption Isotherm equations and the graphs obtained are 

shown in Figure 7. The calculated values of Freundlich constant, 1/n and R2 in the linear curve fitting are 14.791083, 
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3.5641 and 0.9788, respectively while in non-linear curve fitting the values are 20.58818, 3.6471 and 0.9807, 

respectively. 
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Figure 7 Fitting of data into (a) linear and (b) non-linear Freundlich adsorption isotherm 

From above observations, it was revealed that the adsorption of thiomethoxam over chitosan/bentonite composite 

follows linear Langmuir plots. As value of R2 (0.998) for Langmuir linear isotherm revealed the Langmuir behaviour 

for adsorption i.e. monolayer adsorption of thiomethoxam over chitosan/bentonite composite sites [21]. 

Kinetics Study 

The data obtained from experiments was fitted into Pseudo Second Order (PSO) kinetic equations and the curves 

obtained are shown in the Figure 8. The kinetic parameters were calculated by using Pseudo second order models. It 

was found that the experimental data was fitted best to linear pseudo second order model with R2 equal to 0.99953 

and the closest approaching value of experimental and calculated adsorptive capacity (qe) which is approximately 

equal to 4.0 mg/g. This data for adsorption indicates that there is chemical interaction between the pesticide and the 

composite surface [22].  
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Figure 8 Pseudo second order (a) Linear and (b)Non-linear graph 

Earlier, Ramos et al. [23] studied the adsorptive removal of Thiomethoxam from water matrix by utilizing the 

activated carbon magnetic nanocomposite. They reported 42 and 52% sorption of Thiomethoxam by nanocomposite 

under different operating conditions. Gámiz et al. [24] prepared a novel functional material by the modification of 

montmorillonite clay (SAz-1) with a cationic polymer hexadimethrine (SA-HEXAD). The prepared SA-HEXAD 

displayed a high affinity towards anionic pesticides where adsorption percentages were found to be 54 to 75%. In 

present study, around 75% removal of thiomethoxam was observed by utilizing the inexpensive and environment 

friendly material. 
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Conclusion 

In this study, we have synthesized chitosan/bentonite composite by sonication assisted technique and its pysico-

chemical properties were analyzed using FTIR, XRD, FE-SEM and N2-sorption techniques. The results indicated the 

successful synthesis of chitosan/bentonite composite with good adsorption properties. The synthesized composite was 

used as an adsorbent for the removal of thiomethoxam pesticide from water. The optimization of various reaction 

parameters affecting adsorption process was done in order to establish its efficiency. The obtained data was found 

best fitted for the Langmuir (linear) adsorption isotherm and pseudo second order (linear) kinetic model, showing the 

monolayered chemisorption of the pesticide over the surface of chitosan/bentonite composite. Thus the use of 

chitosan/bentonite composite was found as an efficient way for the removal of thiomethoxam pesticide from water. 
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