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In this research, nanocomposite (NC) films comprising chitosan with 20% weight glycerol have been reinforced using 
three different types of nanoparticles—TiO2, Ag, and Fe2O3 at concentrations of 1%, 3%, and 5% by weight, respectively, in 
various combinations. The characteristics of these NC films have been compared with those of both pure chitosan and 
chitosan containing 20% weight glycerol. The incorporation of nanoparticles significantly altered the mechanical and barrier 
properties of the chitosan films. Notably, the tensile strength have experienced an increase ranging from 22% to 84%, while 
the water vapour transmission rate (WVTR) decreased by 16% to 56%, depending on the nanoparticle dispersion under 
consideration. The chitosan 3% Fe2O3 NC film have exhibited the lowest WVTR value and the highest tensile strength when 
compared to the chitosan/3% Ag NC film. The minimum WVTR value has been observed in the chitosan/3% Fe2O3 NC film 
compared to the chitosan film. The materials and their composites have been analyzed using wide-angle x-ray diffraction 
patterns to calculate microcrystalline characteristics. To explore the microstructural behaviour of the chitosan and TiO2, Ag, 
Fe2O3 composites and establish a connection with physical characteristics such as tensile strength and percentage elongation, 
an exponential asymmetric column length distribution function approach has been employed. 
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Introduction 
The ongoing exploration revolves around 

harnessing renewable resources to produce packaging 
materials that are either edible or biodegradable, 
aiming to enhance product quality and mitigate issues 
associated with waste disposal. One approach 
involves utilizing renewable biopolymers derived 
from plant and animal resources, including proteins, 
lipids, and their composites1-6.  

Chitosan, a de-N-acetylated form of chitin found in 
the shells of crabs, shrimp, and other creatures, has 
garnered significant interest due to its abundance, 
biocompatibility, biodegradability, non-toxicity, and 
chemical inertness. Comprising beta (1-4)-2-amino-2-
deoxy-D-glucose units with occasional N-acetyl 
glucosamine residues6, chitosan stands as the second 
most common natural polymer. Its attributes make it 
suitable for creating transparent films, with potential 
applications in various packaging needs 7, 8. In 
addition to its packaging potential, chitosan's 
antibacterial and metal binding properties have 
attracted attention from the scientific community9. 
Biopolymer films, incorporating a wide range of 

additives such as antioxidants, antifungal agents, 
antibacterial components, colorants, and other 
nutrients, hold promise for superior packaging 
materials10. Specifically, antimicrobial films based on 
biopolymers could extend the shelf life of various 
foods, including meat, fish, poultry, cereals, cheese, 
fruits, and vegetables11-13. 

However, the use of biopolymers has been limited 
due to inherent water sensitivity and relatively poor 
stiffness and strength, especially in humid 
environments10. Researchers have focused on 
enhancing the physical characteristics of biopolymer 
films through methods like, mixing, and introducing 
fillers such as nanoparticles (NPs). Nanocomposite 
(NC) films/membranes are of particular interest to 
researchers studying modern materials, as 
nanotechnology offers a means to enhance material 
qualities. In this regard, studies have been carried out 
in Preparation of nanocomposite thin film through 
interfacial polymerization process of organoclay, 
Ligninsulfonate/trimesoylchloride nanocomposite 
membrane with AgNPs,14-16 m-phenylene diamine and 
trimesoyl chloride film17, graphene oxide dots as nano 
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fillers in separation process18, cellulose nanofiber 
mediated natural dye based biodegradable bag19, 
cellulose nanocrystal based membrane20, graphene 
oxide nanocomposites thin film21, carbon nanotube 
thin film nanocomposite22, Pd-nanoparticles 
incorporated films 23, nanoclay incorporated films24, 
mutiwalled carbon nanotube thin layered film25, 
cellulose nanofiber -poly(ethylene terephthalatenano 
membranes 26. 
 

Various polymers, including polyvinyl chloride 
(PVC), polyethylene (PE), nylon, and starch, have 
been investigated as NPs in studies on NC films for 
food packaging27-31. Materials at the nanoscale exhibit 
a higher surface-to-volume ratio compared to their 
microscale counterparts, allowing for increased 
interaction with biological molecules and enhanced 
efficiency 32. Moreover, researchers have explored the 
antibacterial properties of nanostructured materials33, 
studying their potential as growth inhibitors34, killing 
agents35-39, and antibiotic transporters40. These 
advancements signify a progressive approach to 
developing sustainable and effective packaging 
solutions in the realm of food and materials science. 
 

The existing body of literature reveals a scarcity of 
research on natural bio-polymer-based nanocomposite 
(NC) films specifically designed for food 
packaging40–41. Additionally, limited investigations 
have been identified regarding natural biopolymer 
nanocomposites and their potential application in 
antimicrobial films10, 42–44. In light of these gaps, the 
current study aims to address this research void by 
focusing on the development of biodegradable NC 
antimicrobial films. Chitosan, along with nano TiO2, 
nano Ag, and Fe2O3, will be employed with the 
ultimate goal of creating films possessing desirable 
qualities suitable for food packaging applications. 
 
Experimental Section 

The chitosan powder used in this study was 
supplied by India Sea Food in Cochin, India, with a 
batch number of BX 12AN-24. The chitosan had an 
88% deacetylation percentage and a viscosity of  
195 mPa. To verify the viscosity of the chitosan, 
Rheology International's RI: 3: M viscometer was 
utilized in a laboratory setting, maintaining an 
ambient temperature of 25 ± 2 ℃. Nanoparticles of 
TiO2, Ag, and Fe2O3, each less than 100 nm in size, 
were obtained from Sigma Aldrich in St. Louis, 
Missouri, and were employed in the experimental 
setup. All other chemicals utilized in the study were 

procured from S D Fine Chemicals in India and met 
analytical quality standards. 
 
Preparation of nanocomposite films 

2 g of chitosan powder was dissolved in 100 mL of 
1% acetic acid solution and 20 wt% glycerol (on the 
weight basis of the total polymer) while being 
continuously stirred for 20 min at 90 °C to create 
chitosan films. To get rid of insoluble contaminants, a 
homogenous, viscous solution was created and then 
filtered using cheese cloth. 200 mL of the solution 
were filtered through cotton and then put onto a 
separate glass plate measuring 27 cm x 20 cm that 
was covered in a polyethylene film. After allowing 
the solution to gradually dry out at room temperature 
for 3 to 4 days, a translucent film with a consistent 
thickness was produced. The films were removed 
after drying and stored at room temperature (25 °C, 
50% RH). Additionally, using the solvent 
intercalation method, chitosan-based NC films were 
created by combining three different NP types in 
varying amounts, including 1, 3, and 5 wt% of TiO2, 
Ag, and Fe2O3. 
 

Each type of nanoparticle (w/w, relative to chitosan 
on a dry weight basis) was dispersed in a 200 mL 1% 
acetic acid solution by vigorous mixing for an hour 
using a magnetic stirrer. Next, NP solution was 
obtained by sonicating the mixture for 30 min at 60°C 
with an amplitude of 30% and 0.5 pulses using a 
probe type ultrasonic processor (VC 750 model, 
Sonics and Materials Inc., Following the addition of 
20% glycerol (on the weight basis of the total 
polymer) and four grammes of chitosan powder, the 
NP solution was then agitated for 20 min at 90 °C 
using a hot plate. The solution was then sonicated for 
an additional 10 min at 60 °C, and then it was dried 
using the same process as for casting chitosan films10, 45. 
 
Physico-mechanical properties 

After equilibrating at 65% RH at 27 °C, the 
physical and mechanical characteristics of chitosan 
NC films, including as their tensile qualities, rip 
strength, and burst strength, were assessed. 
 
Tensile properties 

Using LLOYD's universal testing machine, the 
tensile strength and elongation at break of NC films 
were tested in accordance with ASTM D - 882. 
(LLOYDS-50K London, UK). The test was run with a 
50 mm initial grip separation and a 200 mm/min cross 
head speed. At a temperature of 28 °C, tensile 
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strength and elongation at break values were tested 
both in the machine direction and the cross direction. 
Five measurements were taken for each property, and 
an average value with a standard deviation was 
reported. 
 
Water vapour transmission rate  

Aluminum dishes were used to measure the water 
vapour transmission rate (WVTR) of NC films in 
accordance with ASTM E-96 46. A sample with a 
diameter of 50 cm2 was sealed on a cup with a very 
hydroscopic substance, such as anhydrous CaCl2. 
After being placed on the cup, the specimen was 
completely sealed, leaving a 50 cm2 circular surface 
area for the exposure using hot wax. The wax-sealed 
cups were given some rest time to get to room 
temperature. The humidity chamber, which was kept 
at 38 °C with 90% RH gradient, was filled with the 
prepared cups after they had been weighed. As a 
result, weight increased as a result of CaCl2 absorbing 
moisture that seeped through the coating. The 
following equation, which uses the linear least square 
method, was used to determine WVTR after weight 
gain graphs were plotted against time; 
 
WVTR = Slope (wt gain/day)/Film area (m2) 
 
Optical properties 

After equilibrating the samples at 65% RH at  
27 °C, the optical characteristics of chitosan NC films 
were assessed using a Suga test, Digital Hazemeter 
(model HGM-2DP Japan). According to the ASTM 
D-1003-61 technique, the haze behaviour of dust- and 
grease-free films was observed. 
 
Statistical analysis 

Microsoft Excel's "t" test was used to evaluate 
whether there were any significant differences 
between the sample means. Differences were 
considered significant at p 0.05. 
 
XRD analysis  

The Rigaku Miniflex II diffractometer was used to 
record the wide angle X-ray diffraction (WAXS) 
patterns of chitosan and its composites (TiO2, Ag, and 
Fe2O3) using Ni-filtered light with a wavelength of 
1.5406 (CuK). Composite films were scanned in 
continuous mode at a speed of 5 degrees per minute in 
steps of 0.02°. The evaluation of microstructural 
characteristics was done using the obtained patterns 
for line profile analysis11,46. Fourier method of Warren 
and Averbach47, where an analytical expression for 

the crystallite size distribution is used also referred to 
as single order method for line profile analysis. 
Essentially, intensity profile I versus 2θ was 
converted into I versus sin θ/λ and then used to 
compute Fourier coefficients which are functions of 
the size Fourier coefficient and strain Fourier 
coefficient. An exponential analytical distribution was 
used to calculate size Fourier coefficient and hence 
the intensity profile. This simulated intensity profile 
was compared with the experimental profile. The 
input parameters were varied to the effect that one has 
a set of parameters such as crystallite size (<N>) and 
strain (g in %) which give a good convergence. For 
the analysis, X-ray diffraction data was used to 
simulate the intensity profile by varying the necessary 
parameters using the equations given in the literature 
48,49. Wide angle XRD patterns of chitosan and 
glycerol-chitosan based films with nanoparticles like 
TiO2, Ag and Fe2O3 of different concentrations are 
used for line profile analysis to estimate 
microstructural parameters like crystallite size (<N>), 
percentage lattice strain (g) and surface weighted 
crystallite size (Ds). Three prominent peaks around 6°, 
11° and 20° were used for line profile analysis. 
Taking into account the presence of intrinsic strain in 
these films when they are formed, we carried out 
modelling of the X-ray profiles of the reflections 
observed.  
 
Results and Discussion 
 
Physico-mechanical properties 

Chitosan and nanocomposite films based on 
chitosan were strong, flexible, semitransparent, and 
self-standing. The chitosan/TiO2 nano composite film 
had a pale yellow appearance, while the 
chitosan/Fe2O3 version had a red appearance. The 
surface hue of the chitosan/Nano-Silver sheet, 
however, was grey. 

Table 1 displays the tensile strength and percentage 
elongation values for nano composite films made of 
chitosan and chitosan-based materials. A 45 MPa 
tensile strength for ordinary chitosan film was 
observed. 20% glycerol was added to the chitosan, 
and it was found that the tensile strength was 
drastically reduced by 45%, dropping to 24.72 MPa. 
When compared to glycerol-added chitosan films, 
tensile strength was shown to have grown to  
38.91 MPa for 1% TiO2 and decreased gradually up to 
30.31 MPa for 5% TiO2 by the reinforcement with 
three distinct types of nanoparticles in varied 
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proportions to the chitosan and 20% glycerol 
combination. Similar to how the tensile strength of 
Silver-based nanofilms rose, they reached a maximum 
of 45.54 MPa in 3% Ag, which is nearly, if not quite, 
higher than that of plain chitosan. Additionally, 
tensile strength increased similarly in nanofilms made 
of Fe2O3 that contained chitosan. Tensile strength 
increased to 37.31 MPa at 1% Fe2O3 and steadily 
decreased as Fe2O3 nanoparticle concentration 
increased. The maximum values of tensile strength for 
chitosan-based nano composite films occur at 1% 
TiO2, 3% Ag, and 1% Fe2O3 incorporation to the 
chitosan polymer matrix. These films exhibit a 
tendency to grow and then decline with increasing 
nano particle content. This was caused by the polymer 
matrix's polymer matrix's high interfacial adhesion 
and dispersion of nanoparticles. When subjected to 
tensile stress, the force was transmitted to 
nanoparticles through the interphase, where they then 
served as the receptor for the force, raising the tensile 
strength. Additionally, it was shown that tensile 
strength reduced when nanoparticle concentrations in 
the polymer matrix exceeded 1 wt% (in the cases of 
TiO2 and Fe2O3) and 3 wt% (in the case of Ag). The 
degradation of the interphase and nanoparticles was 
attributed to the greater propensity of nanoparticles to 
form agglomerates at higher concentrations. 

It was observed that the simple chitosan film had a 
16.31% elongation. The % elongation increased to 
42.27 with the addition of 20% glycerol to the 
chitosan, resulting in a significant increase in the 
flexibility of chitosan films. In TiO2, Ag, and Fe2O3 
based chitosan nano films, the percentage elongation 
was shown to have dropped from 39.16 to 20.21, 
41.24 to 37.22, and 39.79 to 34.27, respectively, with 

the addition of three different types of nanoparticles 
in various amounts. The final film was discovered to 
have good flexibility and tensile strength, both of 
which are required for food packing50-52. 
 
Barrier properties 

Table 1 displays the water vapour transmission rate 
(WVTR) values for chitosan, chitosan 20% glycerol, 
and chitosan-based nano composite films. Chitosan 
and chitosan with 20% glycerol were found to have 
WVTR values of 4410.73 g/m2/day and 4895.25 
g/m2/day, respectively. The WVTR rises by around 
10% with the addition of glycerol. The WVTR was 
found to have dropped by 25.32% for 1% TiO2, 
41.36% for 3% TiO2, and 16.26 for 5% TiO2 when 
three different nanoparticles were introduced to the 
chitosan and 20% glycerol combination, respectively. 
Similarly, the WVTR of nanofilms based on Ag 
declined by up to 49.13% for 1%Ag and then steadily 
decreased to 38.71% for 5%Ag. Additionally, 
chitosan-based nanofilms with Fe2O3 incorporation 
showed a similar decrease in WVTR. Maximum 
WVTR reduction of 56.07% occurred at 3% Fe2O3. 
Depending on the nanoparticles utilized, the WVTR 
of chitosan-based nanocomposite films considerably 
lowered by 16–56%. It is thought that the existence of 
ordered dispersed nanoparticle layers with large 
aspect ratios in the polymer matrix is what causes the 
decrease in WVTR of chitosan-based nano composite 
films. This lengthens the effective path length for 
diffusion by forcing water vapour moving through the 
film to take a roundabout route through the polymer 
matrix surrounding the nanoparticles. The emergence 
of a polymeric composite structure containing 
nanoparticles may also be to blame for the observed 

Table 1 — Physico-mechanical, barrierand optical properties of chitosan and chitosan based nano composites 

Materials Films Tensile strength (MPa) % Elongation WVTR (g/m2/days) at  
90% RH gradient at 38 ℃ 

Haze 

Plain chitosan (C) 45±0.79 16.31±0.92 4410.73±20.12 11.0 
Chitosan + Glycerol(CG) 24.74±0.87 42.27±1.04 4895.25±16.10 9.1 
CG+ 1 % TiO2 38.91±0.72 39.16±0.76 3655.68±27.32 64.9 
CG+ 3 % TiO2 34.23±0.89 22.08±0.96 2870.40±22.06 93.4 
CG+ 5 % TiO2 30.31±0.54 20.21±1.11 4099.20±25.51 94.7 
CG+ 1 % Ag 39.05±0.84 41.24±1.41 2489.76±29.08 11.9 
CG+ 3 % Ag 45.54±0.43 39.72±0.84 2851.20±28.98 13.1 
CG+ 5 % Ag 41.57±0.65 37.22±0.70 3000.00±12.57 17.4 
CG+1% Fe2O3 37.31±0.95 39.79±0.74 3398.40±23.09 57.0 
CG+3% Fe2O3 34.69±0.76 38.06±0.66 2150.40±28.79 76.7 
CG+5% Fe2O3 33.03±0.48 34.27±0.65 3727.68±11.54 89.7 

Mean±SD, n=5 for Tensile strength & %elongation, n=3 for WVTR and Haze properties 
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drop in WVTR. When assessing nano composite films 
for use in food packaging, protective coatings, and 
other applications where effective polymer barriers 
are required, the reduction in WVTR is crucial. This 
may improve the potential for such films to be used as 
breathing films in the packing of fresh products. 
 
Optical properties 

Table 1 displays the haze values of chitosan and 
chitosan-based nano composite films. The simple 
chitosan film was found to have a hazy value of 11. It 
was found that the haze value dropped to 9.1 after 20% 
glycerol was added to chitosan. In comparison to 
chitosan films with glycerol added, haze values 
increased for TiO2, Ag, and Fe2O3-based chitosan 
nanofilms from 64.9 to 94.7, 11.9 to 17.4, and 57 to 
89.7, respectively, by the integration of three different 
types of nanoparticles in varying quantities. The rise in 
haze following the addition of nanoparticles to the 
chitosan polymer matrix with additional glycerol could 
be caused by scattering or diffusion of light radiation by 
nanoparticles. 
 
XRD analysis 

Figs 1, 2 and 3 depict the XRD patterns of glycerol-
based chitosan films with nanoparticles like TiO2,  
Ag, and Fe2O3 and glycerol-chitosan-based nano-
composites films with TiO2, Ag, and Fe2O3 of  

various concentrations. To calculate microstructural 
characteristics such crystallite size and lattice disorder, 
line profile analysis of all patterns has been done using 
an exponential distribution function. Table 2 provides 
the values of the microstructural parameters for all the 
notable XRD Bragg reflections. Lattice disorder varies 
between 0.1% and 0.3%. 
 

As a result of the large number of experimentally 
established factors, including microstructural 
parameters, tensile strength, elongation, and haze, we 
have employed multivariate analysis to compare and 
analyse nanocomposite films quantitatively. Each of 
these parameters is given weightage "w" in this 
approach, and the relevant criterion index has been 
obtained. The microstructural parameters in XRD 
analysis are calculated for different Bragg angles, and 
we have created a sub-sectional index P that is 
provided by 
 


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w
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Here wi’s are the weightage attributed to individual 
Bragg’s reflections and their value is decided on the 
basis of their significant presence in the XRD pattern.  

We have defined the overall criterion index Q for 
individual samples and given by 

 
 

Fig. 1 — X-ray diffraction patterns for chitosan based TiO2nano composite films: (a) Chitosan with glycerol (CG), b) Pure TiO2(c) CG 
+1% TiO2 (d) CG +3% TiO2 and (e) CG+5% TiO2 
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Where, w1 and w2 are assigned weights depending 
on the sample. Table 2 provides the P and Q values 
for each sample. Q is now a single index that was 
determined by taking into accounts all of the 
measured and computed quantities. 

As can be shown from Table 3, nearly all nano-
composite films have higher Q indices than the 
Glycerol-Chitosan film alone. Particularly, the Q 
values of 1% TiO2 (39.68), 3% Ag (37.12), 5% Ag 
(37.47), and 3% Fe2O3 (49.78) show that all the 
physical attributes are evenly distributed across the 
films. These studies suggest that nanoparticle-based 
chitosan composite films with 1% TiO2, 3% Ag, 5% 

 
 
Fig. 2 — X-ray diffraction patterns for chitosan based Ag nanocomposite films: (a) Chitosan with glycerol (CG), b) Pure Ag, (c) CG +1% 
Ag, (d) CG +3% Ag and (e) CG+5% Ag 
 

 
 

Fig. 3 — X-ray diffraction patterns for chitosan based Fe2O3 nanocomposite films: (a) Chitosan with glycerol (CG), (b) Pure Fe2O3, (c) 
CG +1% Fe2O3, (d) CG +3% Fe2O3 and (e) CG+5% Fe2O3 
 



INDIAN J. CHEM. TECHNOL., MARCH 2024 
 
 

254

Ag, and 3% Fe2O3 (especially with high Q index 
values) have well tensile and flexible (% elongation) 
properties that are very noteworthy and crucial. 
 
Conclusion 

Through the intercalation of nanoparticles in the 
chitosan matrix, the physical, mechanical, and barrier 
properties of chitosan films were influenced. 
Depending on the nanoparticle material examined, 
tensile strength rose by 22–84% while the water vapour 
transfer rate dropped by 16–56%. Maximum tensile 
strength of 84% was found in 3% Ag-incorporated 
chitosan nanofilms, which represents a significant 

improvement in strength properties. Water barrier 
properties have also significantly improved, with the 
maximum extent of WVTR (56%) decreasing in 3% 
Fe2O3-incorporated nanofilms when compared to 
chitosan glycerol-based films. Further X-ray 
experiments reveal that nanoparticle-based chitosan 
composite films made of 1% TiO2, 3% Ag, 5% Ag, and 
3% Fe2O3 (particularly with high Q index values) exhibit 
good tensile and flexible (% elongation) capabilities that 
are very notable. These modified chitosan based nano 
films are biodegradable films with suitable qualities for 
fresh products (greens) and food packaging applications. 
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