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Abstract:- Nanocomposites: modern material are 

multiphase martial composed of one or many phases of 

less than 100 nm dimensions. Polymer –matrix 

nanocomposites are composed of polymer matrix 

reinforced with nanoscale fillers. Chitosan is the most 

abundant biopolymer after cellulose, extracted from 

chitin present in insect exoskeleton fungal cell wall, and 

crustaceans. Chitosan gains the attention of many 

researcher because of its unique properties like 

biodegradable, plant growth regulator, biocompatible, 

antimicrobial agent and nontoxic. Chitosan 

nanocomposites combine the benefits of chitosan with 

enhanced properties provided by nanoparticles making 

them versatile and high performing material. Chitosan 

nanocomposites has numerous application in industries, 

biomedical, food packaging, and environmental 

remediation. This review focuses on the Chitosan 

nanocomposites synthesis, their characterization and 

applications in various fields.  
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I. INTRODUCTION 

 

Nanocomposites are multiphase solid material made up 

of two or more component like polymer and nanostructured 

materials with at least one dimension in nanoscale (less than 

100 nm. Nanocomposites are the solid combination of matrix 

and nanostructed phase and markedly differ in their 

mechanical, thermal, electrical, optical and catalytic properties 

from that of component material due to dissimilarities in 

structure and chemistry. Nanocomposites are designed to 

improve the efficiency of  matrix by refining its 
physicochemical and biological properties Different types of 

nanocomposites like a) ceramic –matrix nanocomposites 

which composed of ceramic fibers implanted in ceramic 

matrix possessing optical, magnetic, electrical, corrosion 

resistance and protective properties [1,2] b) Metal-matrix 

nanocomposites made up of carbon nanotube with high tensile 

strength and electrical conductivity.[3] c) Polymer-matrix 

nanocomposites prepared by embedding nanoadditives to 

polymer matrix to enhance its properties[4] d) Heat resistant 

nanocomposites  designed to withstand high temperature by 

carbon dots addition in polymer matrix. Chitosan becomes 
centre of attraction of researchers as alternative to synthetic 

plastic due its biodegradability, antimicrobial and film making 

properties also its abundance in nature after cellulose [5] 

 

Chitin present in crustaceans, fungal cell wall. By 

treating chitin with alkali (deacetylation) chitosan is 

obtained. It is polysaccharide made up of β-(1 → 4) D-

Glucosamine and β-(1→4)-N-acetyl-D-glucosamine units,. 

Chitosan exhibit remarkable mechanical strength flexibility 

and thermal stability. It has chemical ability to form 

complexes with transition metals and ions [6] Charged 

nanostructure can bind electrostatically with chitosan [7] 
Addition of nanoparticle enhances its mechanical properties 

and thermal stability making them suitable for structural 

applications and thermal conductivity and resistivity. Also 

becomes excellent barrier against moisture, gases and 

radiation. Different types of chitosan nanocomposites are 1) 

Chitosan-metal nanocomposites composed of metal 

nanoparticles and chitosan possessing antimicrobial 

properties, catalysis and used as a sensors. 2) Chitosan-

carbon nanotube 3) Chitosan polymer nanocompsites. 
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II. SYNTHESIS OF NANOCOMPOSITES 
 

Chitosan based nanocomposites are prepared using 

various methods like sol-gel method, solution casting, electro 

spinning, freeze-drying, in situ synthesis, layer-by-layer 

assembly, emulsion techniques. [6] By dissolving chitosan 

and nanoparticles in solvent which then casted into mold and 

dried to obtained nanocomposites used for fabrication of 

films, membranes and coatings. They are also prepared by in 

situ polymerisation which involves simultaneous formation of 

polymer matrix and nanoparticles dispersion within the 

solution. Chitosan and nanoparticles are electrostatically spun 

into nanofiber. Sol-gel method is apply for the formation of 
colloidal suspension containing chitosan and nanoparticles 

which undergoes gelation to form solid matrix. Chitosan, due 

to its biocompatibility, cost effectiveness, biodegradability 

and antimicrobial properties becomes polymer under high 

concern.  Green approach for synthesis of silver nanoparticles 

with chitosan reported for its antibacterial activity [8].Silver-

based chitosan bionanocomposites synthesized by green 

approach [9]. 

 

III. CHARACTERIZATION 
 

Different characterization techniques used for 
nanocomposites as follows; 

 

 Transmission Electron Microscopy (TEM) :  

In this technique high magnification measurement of 

that images transmission of beam of electrons through a 

sample. It has higher resolution than light based imaging 

techniques. 
 

 Scanning Electron Microscopy(SEM) : 

It measures the electron scattered from the sample, used 

for determining the size, shape and morphology of 

nanoparticles in the form of images of surface of the sample. 

 

 Thermogravimetric analysis (TGA) : 

This techniques measures the weight change in sample 

when heated or kept constant, to distinguish materials by their 

composition.  

 

 

 UV Visible Spectroscopy:  

This is an optical analysis technique used to quantify li 

absorption of photon in sample in UV range.  

 

 X-ray Diffraction (XRD):  

Diffraction pattern obtained when directing X-ray beam 

onto the sample reveals information about the lattice spacing 

and crystal orientation. XRD can be employed to determine 

the composition, phase purity, and crystallinity of 

nanocomposites. 

 
 Fourier Transform Infrared Spectroscopy (FTIR):  

FTIR used infrared radiation for identification of 

functional groups and chemical bonds in nanocoposites.  

 

IV. CHITOSAN BASED NANOCOMPOSITES APPLICATION 

 

 
Fig. 1. Chitosan based Nanocomposites Applications in Various Fields 
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Chitosan nanocomposites are the composites of chitosan 

with nanoparticles, nanofillers or nanofibres with improved 
properties such as mechanical strength, barrier properties, 

thermal stability making them appropriate for wide range of 

applications [10,11] Fig. 1. Shows the applications of chitosan 

based nanocomposites in various fields like medicine, food 

and packaging, waste water treatment and many more.  

 

Many researchers [12, 13] reported food packaging 

application of chitosan-octadecylammonium and zinc oxide 

nanoparticles.  Applications of these nanocomposites in 

wound and burn treatment, tissue engineering, and drug 

delivery systems. [13] Yu et al. [11] reported the plant growth 
stimulator and microbial activity of these nanocomposites in 

agricultural field. Multipurpose sunscreen for protecting skin 

surface from UV rays and inhibiting growth of bacteria     was 

described using chitosan/TiO2 nanocomposite by Petrick et al. 

[14] also useful in lip care products for its long lasting effect 

of color adhesion. Chitosan has ability to inhibit activity of 

enzyme producing bacteria hence used as an active ingredient 

in deodorizers, antimicrobial agents. [15] Improve the 

inhibition of dental biofilm [16]. The application ZnO-

chitosan nanocomposites as a powerful adsorbent for the 

removal of Congo red from aqueous solutions in wastewater 

treatment.[17] A drug delivery system aims to deliver the dose 
of drug to its right target within time, thus increasing 

therapeutic efficacy, bioavailability and decreasing adverse 

effects[18,19] Chitosan-based devices are used for the 

delivery of proteins and peptides, growth promoters, anti-

inflammatory agents, antibiotics, and vaccines, also in gene 

therapy and bioimaging applications[15]  Nanocomposites of 

Chitosan possesses chitosan with wide range of physical and 

chemical modification to enhance its function henceforth can 

used as an active and promising packaging for food 

preservation. [20] Also with improved physical properties of 

the biopolymer, used in the food packaging industry. The 
preparation of curcumin-loaded Chitosan-NPs has been 

described to increase the drug solubility and stability in the 

gastro intestinal tract. [21] Transmucosal delivery of two 

hydrophobic drugs, triclosan and furosemide, has been 

accomplished by emerging drug-loaded Ch-NPs 

[22].Enhanced oral absorption and comparative 

bioavailability, of heparin (LMWH) when loaded into Ch NPs 

[23]. Chitosan nanocomposites gained the attention in the 

field of oncology due its enhanced tumor targeting, ability to 

load different hydrophobic anticancer drugs, and the ability to 

control the release of anticancer drug [24, 25]. Chitosan-
loaded paclitaxel NPs revealed excellent tumor-homing ability 

in tumor-bearing mice [26–30]. Authors reported genetic 

immunization using Ch NPs-loaded plasmid DNA. It shows 

quantifiable levels of gene expression and significant antigen 

titer [31]. Researchers reported the potential of Chitosan 

nanoparticles as carriers for antigens by using recombinant 

hepatitis B surface antigen [32]. A novel scaffold composed 

of chitosan (CS), poly (2-hydroxyetyl methacrylate) 

(PHEMA), and SiO2 nanoparticles (NPs) was fabricated for 

bone Tissue engineering application. [33] The fabricated 

scaffold showed proper physicochemical and biological 

properties. [34] Beenish Khanzada, et al reported the 
improved shelf life of packaged food due synergistic effect 

with enhanced thermo-mechanical and barrier properties of 

CNC, nano-keratin and extracts in chitosan films.  Roy, S et 

al. described [35] strong antioxidant and antibacterial activity 
of pullulan/chitosan-based binary composite film used in meat 

packaging. Muhammad Tariq Saeed Chani [36] reported 

chitosan-cerium oxide-cadmium oxide nanocomposites used 

as humidity sensors. Alireza Foroughnia et al synthesized 

chitosan Schiff base and its Fe2O3 nanocomposites showing 

antibacterial activity and used as a catalyst for removal of 

methyl orange from aqueous solution. [37]. Organic dyes used 

in many industries are hazardous to environment due to 

toxicity and carcinogenic nature. Chitosan based 

nanocomposites develop as a potential material to endorse 

sustainable and efficient dye removal [38] chitosan binding 
semiconductor metals can be used as photo catalysts which 

can improve the quality degradation of organic pollutants or 

dye removal [39-41] Zhao et al reported AuNR-based NCs 

showing multiple smart responsivenesses at tumors due 

combined effect of chemoembolization and photothermal 

therapy for solid tumor treatment [42] Geeta et al. devised 

smart Chitosan – TiO2 nanobiocomposite films for extending   

white bread shelf life to 10 days.[43] 

 

V. CONCLUSION 

 

Chitosan because of its unique properties like 
biodegradable, biocompatible, non-toxic possessing 

antimicrobial activity becomes an attractive, ecofriendly 

alternative to other polymers. Introduction of nanoadditives 

into chitosan enhances its mechanical strength, thermal 

stability and biological activity. Such chitosan based 

nanocomposites with enhanced physicochemical and 

biological properties possessing wide range of applications in 

food packaging, medicine, tissue engineering, textiles, pulp 

and paper industries, cosmetics, agriculture and waste water 

treatment. 

 
The development of novel chitosan based 

nanocomposites will drive novelty in assorted applications.  
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