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Abstract  

 In this present work the preparation of Chitosan –Nanosilica (CS- NSi) hybrid advanced 

material by sol-gel method. Nanosilica is obtained from the agricultural waste material of 

coconut husk ash. Nanosilica is a wonderful material because of its large surface area, low 

toxicity and good mechanical properties. Chitosan is a naturally occurring biopolymer and 

effective adsorbent for the removal of heavy metal ions from wastewater.  The prepared 

composite of CS-NSi was characterized by analytical techniques like Fourier transform infrared 

(FTIR) spectroscopy, X-ray diffraction (XRD), scanning electron microscopy (SEM), 

transmission electron microscopy (TEM) and thermogravimetric analysis (TGA). An 

investigation of the CS-NSi can be applied for removing as effective adsorption of Cu(II), Cr 

(VI), Pb(II) from the aqueous solution the experimental conditions which include adsorbent 

dosage, contact time, initial concentration and pH of the solution. The removal percentage was 

found to be higher for Cu(II) when compared with Cr(VI) and Pb(II). 
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1. Introduction 

 Many researchers research an interesting biologically macromolecule of chitosan 

combined with inorganic material of silica to form biopolymer-silica hybrid materials [1]. Silica 

nanoparticles (SiO2 NPs) are considered to be a potential material in the adsorption field because 

of their chemical and thermal stability, small particle size, high porous volume, and large 

specific surface area [2]. Several methods for the synthesis of SiO2 NPs have been reported 
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including sol-gel, hydrothermal procedure, flame from silica precursors (SiCl4, sodium silicate, 

alkoxysilanes) and agricultural wastes (sugarcane bagasse ash, rice husk ash, corn cobs, etc) 

[3,4].  

Imaginative and innovative approaches to reduce agro solid waste and the contamination 

of the environment minimizing environmental impacts have been focused on in the 21st century 

[5]. The largest agro by-products of the world are rice husk, rice straw, corn cobs, wheat straw, 

sugarcane bagasse and coconut husk [6]. Coconut husk (CH) is an agricultural waste material 

abundantly available in Southern Asian countries [7]. Coconut husk ash (CHA) contains mainly 

silica and that silica may be used for a variety of applications. Silica may be either crystalline or 

amorphous depending on the burning temperature [8]. Chitosan has a variety of potential 

applications in the areas of biotechnology, biomedicine, wastewater treatment, agriculture, 

cosmetics and food processing [9]. Chitosan has the lone pair of electrons on the amino and 

hydroxyl functional groups which act as active sites for the removal of heavy metal ions from 

aqueous solution [10]. 

Adsorption is an effective and low-cost method for heavy metal removal in wastewater 

treatment. Metal pollution of water is great attention due to the increasing amount of industrial 

pollution and these heavy metals possess high toxicity and cause health hazards to living beings 

[11,12]. Chitosan and chitosan-based nanocomposites act as adsorbents to remove both anions 

and cations [13]. Chitosan- Nanosilica based biopolymer composites are used to remove heavy 

metals and have been many applications due to their biocompatibility, biodegradability, less-

toxic and eco-friendly nature [14,15]. Silica contains various silanol groups (Si-OH) on its outer 

shell, which act as suitable nucleation and anchor points for the natural functionalization of 

silica. Chitosan has many attractive properties and the presence of very reactive functional 

groups of -OH and -NH2 in its backbone so chitosan can interact with heavy metal ions by 

chelation or ion exchange [16,17]. CS-NSi nanocomposite due to its characteristic functional 

groups can bind to the metals by donating the lone pair to the metal and forming chelate to the 

metals and removing metals from the water [18]. 
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2. Materials and methods 

2.1. Materials  

Sodium hydroxide (NaOH), sulphuric acid (H2SO4), hydrochloric acid (HCl), ammonia 

solution, chitosan with a deacetylation degree of 85% (molecular weight 1526.464 g/mol) was 

prepared in the laboratory scale by hydrothermal-chemical extraction from the shrimp shell and 

acetic acid (CH3COOH) were purchased from Merck. 

2.2.  Nanosilica Particles Synthesis 

Coconut husk was collected, cleaned, dried and treated by thermal combustion under the 

controlled conditions at 600°C for 5h. The coconut husk ash is treated with alkali extraction 

followed by acid treatment. The precipitate was washed several times with boiled distilled water 

to remove sulfate impurities and dried in a hot air oven. The powdered silica was refluxed with 6 

N HCl for 3h using the sand bath. Then it was dissolved in 2 N NaOH by continuous stirring for 

24h on a magnetic stirrer and then drop by drop added concentrated H2SO4 to adjust the pH in 

the range of 7.5-8.5. The precipitated nanosilica was washed with warm water after the washing 

process nanosilica was dried at 50°C for 48 h in the oven. Figure 1 illustrates the graphical 

representation of nanosilica synthesis from coconut husk. 

 

 

Figure. 1. Schematic representation of nanosilica synthesis 

2.3. Chitosan - nanosilica (CS-NSi) composite Preparation 

 Nanosilica 3 g was immersed into 100 ml of water and 3 ml of ammonia solution. Then 

the mixer was dispersed in an ultrasonic bath for 60 min. At that time 3 g of chitosan was 

completely dissolved by using 3% of 100 ml acetic acid and stirred for 4h. The prepared solution 

of nanosilica was drop-wise added into the dissolved chitosan. The mixture was stirred for 3h by 
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using a magnetic stirrer then the hydrogel was applied at 60oC for 3 min to catalyze the 

hydrolysis and condensation reaction then dried in an oven at 50oC. 

2.4.  Characterization techniques 

 FT-IR spectra were recorded by Bruker TENSOR-27 in the range between 4000 cm-1 and 

400 cm-1 to study the functional groups. X-ray diffraction Bruker D8 Advance was used to know 

the nature of the composite. The surface morphology of the chitosan-nanosilica composite was 

studied by using a scanning electron microscope (Tescan VEGA 3SBH with BrukerEasy EDS). 

TEM images were recorded using a Jeol/JEM 2100 instrument. The thermal stability of the 

sample was evaluated by using thermogravimetric analysis (TGA) Perkin-Elmer STA 600 heat 

from 40oC to 750oC at 20oC/min. 

3. Results and discussion 

The present work is aimed at the synthesis of CS-NSi composite material and is 

characterized by using sophisticated analytical techniques like FT- IR, XRD, SEM, TEM and 

TGA.  The CS-NSi composite can be applied for removing as effective adsorption of Cu(II), Cr 

(VI), Pb(II) from the aqueous solution the experimental conditions which include adsorbent 

dosage, contact time, initial concentration and pH of the solution. 

3.1. Fourier transform infrared (FT-IR) spectrum 

FT-IR spectroscopy was used to characterize the initial nanosilica (Si) and Chitosan-

nanosilica composite. Figure 2(a) shows infrared spectra of nanosilica the characteristics peaks 

at 3431 and 1634, cm-1 in the nanosilica were due to the O-H stretching vibration of the Si-OH 

and bending vibration of the Si-OH. The asymmetric stretching vibration band Si-O-Si at 1099 

cm-1 shows a stoichiometric silicon dioxide structure. The bending vibration peak was observed 

at 802cm-1. The IR band is corresponding to 467 cm-1 can be assigned due to O-Si-O bending 

vibration. 

Figure 2(b) shows that the FT-IR spectrum of chitosan-nanosilica composite. It revealed 

that the presence of a peak at 3398 cm-1 corresponds to the stretching vibrations of the O-H 

group. The peak at 2899 cm-1 is corresponding to the stretching vibration of the C-H group. The 

specific peaks at 1650 cm-1 and 1389 cm-1 are related to the amide (NH- CO) C=0 stretching 
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vibration and CH2 stretching vibration. The large intensity of the peak at 1093 cm-1 is due to the 

overlapping of the Si-O-Si and the -C-O-C- of the glycosidic linkage. The bending vibration 

peak observed at 598 cm-1 indicated symmetry stretch vibration of –Si-O from–Si-O-C. The IR 

band is corresponding to 462 cm-1can be assigned due to O-Si-O bending vibration.  

 

Figure. 2. FT-IR spectrum of (a) nanosilica and (b) CS-NSi nanocomposite 

3.2. X-ray diffraction (XRD)  

XRD technique can be used to determine the nature of the structural information (or 

chain aggregation) of polymer nanocomposites. Nanosilica was prepared from the agricultural 

raw material of coconut husk ash and chitosan was prepared from shrimp shell waste. The 

crystalline or amorphous nature and interlayer spacing of nanocomposite were studied by XRD 

analysis and the obtained result is shown in Figure 3. A characteristic broad peak appears at an 

angle 2θ = 23o is assigned to the amorphous structure of CS. A highly discrete crystalline 

projection found at a 2θ angle of 32o and 34o shows the contribution of the anhydrous crystalline 

chitosan phase and the silica phase.  
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Figure. 3. XRD data of CS-NSi nanocomposite 

3.3. Scanning electron microscopy 

Figure 4(a) SEM image of nanosilica particles was distributed uniformly and tendency to 

arrange inhomogeneously. Silica nanoparticles are spherical in shape it is due to the even 

distribution during the process of composite preparation. The specific surface area increases with 

decreasing the particle size silica nanoparticles have small in size greater the surface area to 

volume ratio. Pure chitosan the surface morphology is commonly uneven texture and porous 

cavities. Figure 4(b) the SEM image of CS-NSi composite showed that the composite was 

uniformly distributed and interaction between the nanosilica and chitosan. 

 

Figure. 4. SEM images of (a) nanosilica and (b) CS-NSi nanocomposite 
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3.4. Transmission electron microscopy (TEM) 

The transmission electron microscopy (TEM) morphologies of CS-NSi composite was 

shown in Figure 5. SiO2 nanoparticles are uniformly distributed with chitosan. It shows the 

interfacial interaction of silica nanoparticles within the polymer matrix’s successful dispersion of 

the reinforcement material. Chitosan was tightly connected with nanosilica present in a spherical 

shape.  

 

 

Figure. 5. TEM images of CS-NSi nanocomposite 

3.4. Thermogravimetric analysis (TGA) 

 The thermal properties of samples were analyzed using a thermogravimetric analyzer 

(TGA), (Model- Perkin Elmer STA 600, STIC- Cochin). Samples were heated from 40 to 750 °C 

under a nitrogen atmosphere at a heating rate of 20°C/min. TGA is the most preferable method 

of thermal analysis in which the mass of a sample is measured over time as the temperature 

changes. TGA analysis of synthesized hybrid nanocomposite was determined the thermal 

behavior of the CS-NSi shown in Figure 6.  The first weight loss (3%) appeared at around 

100°C, which was associated with evaporation of the absorbed water moisture from the surface 

due to physical absorption. In the second stage, a rapid weight loss from 220 to 370°C and a 

slow degradation from 370 to 600°C representative of thermal degradation of deposited chitosan 

on the surface of the SiO2 nanospheres were observed with the weight loss of 60%. The 
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significant increase in the weight residues at 600°C illustrates the successful incorporation of 

silica into the chitosan−nanosilica and ultimately increases in thermal stability. 

 

Figure.6. TGA analysis of CS-NSi nanocomposite 

3.5. Adsorption studies 

CS-NSi nanocomposite was used as an adsorbent for the removal of heavy metal ions. 

The effects of various parameters on the rate of adsorption process were observed by varying 

contact time 30, 60, 90, 120 and 150 min, adsorbent dose change 10 to 50 mg, initial 

concentration of Cu(II), Cr(VI), Pb (II) from 0.01 to 0.05 N, adsorbent concentration and initial 

pH of the solution (2, 4, 6, 7 and 9). The percentage of metal ions removal from the aqueous 

solution was calculated using the following equation. 

𝐴𝑑𝑠𝑜𝑟𝑝𝑡𝑖𝑜𝑛 % (𝑜𝑟) 𝑀𝑒𝑡𝑎𝑙 𝑖𝑜𝑛 𝑟𝑒𝑚𝑜𝑣𝑒𝑑 % =
(𝐶𝑜 − 𝐶𝑒)

𝐶𝑜
× 100 

Where, Co – the initial concentration of the metal ion in the solution  

            Ce – equilibrium concentrations of the metal ions 

3.6. Effect of contact time change on adsorption 

The effect of contact time on the adsorption of metal was studied Figure 7 shows the 

metal ion removal for time. Contact time is one of the effective factors in the adsorption process. 

Adsorption rate initially increased rapidly and the optimal removal efficiency was reached after 

60 min. Further, increase in contact time that the ratio of adsorption of heavy metal ions is 

approximately constant it means adsorption phase reached equilibrium due to the decrease in the 

number of active sites after this time.  
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Figure. 7. Effect of the contact time change 

3.7. Effect of Dose Change on adsorption 

The effect of adsorbent dose of synthesized CS-NSi composite was investigated on the 

adsorption of the heavy metal ions copper, chromium and lead. The concentration of heavy 

metals in the aqueous solution was reduced by 80 % (Cu), 74 % (Cr), and 70 % (Pb) after 

treatment. The metal’s adsorption capacity was increased with an increase in adsorbent dosage. 

This revealed that the adsorption percentage increase with adsorbent dose arises because the sites 

remain unsaturated during the adsorption reaction whereas the number of sites available for 

adsorption site increases by increasing the adsorbent dose.  

 

Figure. 8. Effect of Dose Change 
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3.8. Effect of concentration change on adsorption 

Effect of concentration change was examined by the various amounts of metal ion 

concentration. The amount of metal ion concentration was increased with a decrease in the 

amount of metal ion removal shown in Figure 9.  

 

Figure. 9. Effect of concentration change 

In lower metal ion concentrations the percentage take-up was higher because of the large 

surface area of adsorbent being available for adsorption. At higher concentrations, the percentage 

removal decreased because the available sites for adsorption became less due to the saturation of 

adsorption sites. 

3.9. Effect of pH change on adsorption 

The pH of a solution is a significant parameter in the adsorption process. In this study, 

results revealed that the removal of metal ions was strongly dependent on the pH of the solution. 

The effect of pH on the adsorption of metal ions onto CS-NSi nanocomposite was studied at pH 

2, 4, 6, 7 and 9. The maximum removal capacity of CS-NSi was found to be at pH 9. Removal of 

metal ion percentage is increased rapidly with the increase in pH this is due to the adsorbents 

surface having functional groups affinity of ionic species towards it is strongly affected by pH 

value. 
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Figure. 10. Effect of pH change 

4. Conclusion 

Adsorption processes of heavy metals removed from agricultural byproducts used as an 

adsorbent derived from coconut husk (nanosilica). The composite of CS-NSi was prepared and 

characterized by FT-IR, XRD, SEM, TEM and TGA. The past few years required safe and 

economical methods for the elimination of heavy metals from contaminated water. In this 

research, the bio-adsorbent of CS-NSi composite was used for the elimination of copper, 

chromium and lead ions from an aqueous solution. Results from this study showed that the 

factors in which contact time, adsorbent dose and pH increase the % of adsorption also increase 

but the concentration of the solution increases the % of adsorption process decreases. Because 

the available active centers occupied specific sites on the adsorbent (CS-NSi) and there are no 

further sites for adsorption became less due to saturation of adsorption sites. The utilization of 

low-cost adsorbent and has a considerable high adsorption capacity, may be treated as 

economically viable for the removal of metal ions.  

Acknowledgments  

 I would like to thank the Council of Scientific and Industrial - Research Central Electro 

Chemical Research Institute (CSIR-CECRI), Karaikudi, Tamilnadu, India and Sophisticated Test 

Tierärztliche Praxis

ISSN: 0303-6286

Vol 42, Issue 3, 2022

105



and Instrumentation Centre Cochin University of Science and Technology, Cochin, Kerala, India 

for the material characterization analysis. 

References 

[1] N Agoudjil, C Sicard, V Jaouen, C Garnier, E Bonnin, N Steunou and T Coradin, 

“Design and properties of biopolymer–silica hybrid materials: The example of pectin-

based biodegradable hydrogels”, Pure and Applied Chemistry, vol. 84, no. 12, (2012), 

pp. 2521-2529.  

[2] S Rovani, JJ Santos, P Corio and DA Fungaro, “Highly pure silica nanoparticles with 

high adsorption capacity obtained from sugarcane waste ash”,  ACS omega,  vol. 3, no. 

3, (2018), pp. 2627. 

[3] MJ Kao, FC Hsu and DX Peng, “Synthesis and characterization of SiO2 nanoparticles 

and their efficacy in chemical mechanical polishing steel substrate”,  Advances in 

Materials Science and Engineering, vol. 2014, (2014). 

[4] P Musigapong, SM Briffa, I Lynch, S Soontaranon, N Chanlek and E Valsami-Jones. 

Silica Nanoparticle Synthesis and Multi-Method Characterisation. In Materials Science 

Forum, vol. 947, (2019), pp. 82-90. 

[5] PK Sadh, S Duhan and JS Duhan, “Agro-industrial wastes and their utilization using 

solid state fermentation: a review”, Bioresources and Bioprocessing, vol.5, no. 1, (2018), 

pp. 1-15. 

[6] N Permatasari, TN Sucahya and ABD Nandiyanto, “Agricultural wastes as a source of 

silica material”, Indonesian journal of science and technology, vol. 1, no. 1, (2016), pp. 

82-106. 

[7] MM Tun, D Juchelkova, MM Win, AM Thu and T Puchor, “Biomass energy: An overview 

of biomass sources, energy potential, and management in Southeast Asian 

countries”, Resources, vol. 8, no. 2, (2019), pp. 82.  

[8] VI Pavlenko, NI Cherkashina and LN  Demkina, “Influence of hydrothermal treatment on 

crystalline form of SiO2 synthesized by sol-gel method”, In IOP Conference Series: 

Materials Science and Engineering, vol. 327, no. 5, (2018), pp. 052026.  

[9] TC Yadav, P Saxena, AK Srivastava, AK Singh, RK Yadav, Harish, R Prasad and V 

Pruthi, “Potential applications of chitosan nanocomposites: recent trends and 

Tierärztliche Praxis

ISSN: 0303-6286

Vol 42, Issue 3, 2022

106



challenges”, Advanced Functional Textiles and Polymers: Fabrication, Processing and 

Applications, (2019), pp. 365-403. 

[10] FW Mahatmanti, N Nuryono and N Narsito, “Physical characteristics of chitosan based 

film modified with silica and polyethylene glycol”, Indonesian Journal of Chemistry, vol. 

14, no. 2, (2014), pp. 131-137. 

[11] Q Gao, L Wang, Z Li, Y Xie, Q He and Y Wang, “Adsorptive removal of pyridine in 

simulation wastewater using coke powder”, Processes, vol. 7, no.7, (2019), pp. 459.  

[12] SF Lo, SY Wang, MJ Tsai and LD Lin, “Adsorption capacity and removal efficiency of 

heavy metal ions by Moso and Ma bamboo activated carbons”, Chemical Engineering 

Research and Design, vol. 90, no. 9, (2012),pp. 1396-1406. 

[13] N Ahmad, S Sultana, MZ Khan and S Sabir, “Chitosan based nanocomposites as efficient 

adsorbents for water treatment”, In Modern age waste water problems, (2020), pp. 69-

83.                       

[14] S Joshi and RK Srivastava, “Adsorptive removal of lead (Pb), copper (Cu), nickel (Ni) 

and mercury (Hg) ions from water using chitosan silica gel composite”, Environmental 

monitoring and assessment, vol. 191, no. 615, (2019).  

[15] SM Rafigh and A Heydarinasab,  “Mesoporous chitosan–SiO2 nanoparticles: synthesis, 

characterization, and CO2 adsorption capacity”,  ACS Sustainable Chemistry & 

Engineering,  vol. 5, no. 11, (2017), pp. 10379-10386. 

[16] RG Azrak and CL Angell, “Study of alcohol-silica surface reactions via infrared 

spectroscopy”,  The Journal of Physical Chemistry, vol. 77, no. 26, (1973), pp. 3048-

3052.  

[17] MR Gandhi and S Meenakshi,  “Preparation and characterization of silica gel/chitosan 

composite for the removal of Cu (II) and Pb (II)”, International Journal of Biological 

Macromolecules, vol. 50, no. 3, (2012),  pp.  650-657. 

[18] MI Mohammed, MK Ismael and M Gönen, "Synthesis of Chitosan-Silica Nanocomposite 

for Removal of Methyl Orange from Water: Composite Characterization and Adsorption 

Performance”, Materials Science and Engineering, vol. 745, no. 1, (2020), pp. 012084.   

 

 

Tierärztliche Praxis

ISSN: 0303-6286

Vol 42, Issue 3, 2022

107


