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Abstract

In the present study, we fabricated Chitosan and metal oxide doped Chitosan
nanocomposite film by sol-gel and solution cast method. The synthesized nanocomposite films
were characterized by TG-DTA analysis. Further, the mechanical properties (Tensile strength
and Elongation) were determined using Universal Testing Machine. From the obtained results, it
was concluded that the metal oxide doped Chitosan nanocomposite film exhibits higher

mechanical properties than Chitosan film.

Keywords: Composites, Sol-gel method, Semiconductivity, Antibacterial activity,

spectroscopical studies.

1. Introduction
Over the recent years, hybrid materials based on chitosan have been developed,
including conducting polymers[1-5], metal nanoparticles and oxide agents due to
excellent properties of individual components and outstanding synergistic effects
simultaneously.”®In this regard, Chitosan[6-9], a linear cationic, pH sensitive, non-
toxic, biodegradable and biocompatible polysaccharide prepared from the
deacetylation of chitin seems to offer numerous distinct advantages.?" It is the second

most abundant biopolymer widely present as the basic components of exoskeletons of
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crustaceans and insects. The structure of chitosan is similar to that of cellulose; it
consists of B (1-4)-linked D-Glucosamine residue with 2-hydroxyl group being
substituted by an amino or acetylated amino group. The structures of cellulose, chitin
and chitosan are shown in the figure 1[10-16]. Chitosan is soluble in diverse acids
and able to interact with polyanions to form complexes and gels.It has the adsorption
capacity of 1000-1100 g Kg™ which is higher than activated carbon, that is, it is a
super high-capacity adsorbent for contaminant removal in water.?? This high
adsorption capacity of chitosan gives rise to the binding ability of chitosan with
contaminants in water through hydroxyl and amino groups present on the surface.
Currently, researchers have been devoted to fabricate the combination of chitosan and

metal oxide nanomaterials for the environmental remediation process[17-21].

In this regard, Chitosan, a linear cationic, pH sensitive, non-toxic, biodegradable
and biocompatible polysaccharide prepared from the deacetylation of chitin seems to
offer numerous distinct advantages. This study is mainly focused on (i) fabrication of
chitosan and Chitosan-doped TiO, nanocomposite film by sol-gel and solution cast
method. Further the mechanical properties (Tensile strength and Elongation) were

determined using Universal Testing Machine[22-29].
2. Materials and methods
2.1. Materials

Titanium Tetra IsoPropoxide (TTIP) and Tween-80 were purchased from
Spectrochem[30-36]. Crab shells were collected from Kasimedu Seafood Market,

Sodium hydroxide, hydrochloric acid was purchased from Merck. Glacial acetic acid
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was obtained from Qualigens were purchased and used as received. Freshly prepared

de-ionized water was used in all the experiments[37-42].

2.2. Synthesis of Chitosan from Crab shell

The Crab shells were collected from Kasimedu Seafood Market, Chennai, Tamil
Nadu, India. The Crabs exoskeletons collected were placed in Ziploc bags and
refrigerated overnight. The synthesis of chitosan can be achieved by performing the

following four steps[43-45];

(i) Coarse purification: Approximately 500 g of crab shells were coarsely cleaned
with running water until sand and other impurities like soils were removed. The
cleaned crab shells were dried overnight in the hot air oven at 110°C.

(i) Deproteinization: The dried shell samples were groundedby using a
mortar and transferred to a beaker. 2% of NaOH was added to the beaker containing
the shell samples and heated under stirring at 60—70 °C for 30 minutes. The shell
samples were filtered off with a strainer and the process was repeated for few times
until the filtrate become clear and colorless. The samples were washed with
demineralized water to remove the unreacted NaOH. For time-saving the shells
samples may be soaked in NaOH solution for overnight after first NaOH treatment,
again it was filtered and washed.

(iii)Demineralization: 7% of HCI was slowly added to the shells and the mixture
was stirred at room temperature until the effervescence. The mixture was filtered off

and washed with excess distilled water. The samples were dried overnight in a hot air
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oven at 60 °C to get around 100 g of chitin was obtained from crab shells. This step
was known as demineralization.

(iv) Synthesis of chitosan from chitin by partial deacetylation: Chitin was
loaded in a RB flask and 50% NaOH. The samples were heated at 125 °C for 2 h and
then allowed to cool down followed by the addition of 250 mL of water. The next day
the sample was filtered off and the residue was washed with excess water and dried in

the hot air oven at 60 °C for 2 hr.

2.3. Casting of Chitosan film

Chitosan film was synthesized by solution cast method. 1 g of chitosan was
dissolved in 100 mL of 1% (v/v) acetic acid solution and allowed to stirring for 24 hours.
Later, it was sonicated for 15 min for well dispersion. Further, it was casted in a petri-
dish and kept in an oven at 50-60 °C for overnight to get a homogeneous film.
2.5. Casting of metal oxide doped Chitosan film

1 g of prepared TiO, composites was added into the chitosan solution (1 g of
chitosan in 100 mL of 1% (v/v) acetic acid) and sonicated for 30 minutes and stirred
continuously for 12 hrs until the clear solution was obtained. The mixture solution was
cast onto the petri plates and dried at room temperature for 48 hrs to obtain the composite

film.

2.8. Instrumentation and Analysis

The following physiochemical techniques have been used to characterize the

prepared catalysts. Thermogravimetric-differential thermal analysis (TG-DTA) of the
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nanocomposites was taken on WATERS SDT Q 600 TA model instrument. Mechanical
properties (Tensile strength and Elongation) of the films were determined according to
ASTM standard method with Universal Testing Machine (TNUM-5900). The film was

cut into (7x3 cm) rectangular shapes and measured.

3. Results and discussion

3.1. TG-DTA Analysis

TG-DTA analysis was carried out to study the thermal decomposition behavior of
the fabricated chitosan and metal oxide doped TiO nanocomposite film are shown in the
figure 6. The synthesized chitosan film shows two weight loss curves, first stage of
weight loss was due to evaporation of water and the second stage of weight loss was due
to the degradation of the polymer chain. In chitosan- doped TiO, film, three weight losses
were observed. At 100 °C, first weight loss was observed which was due to the
evaporation of water and the second weight loss around 150 °C was due to polymer
degradation and the last and final weight loss at 400 °C was The weight loss at 400 °C

may be due to the decomposition of organic matter and the compound remain stable.
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3.9. Mechanical property

Mechanical studies of the synthesized chitosan film and chitosan doped blended
TiO, films were carried out, through which their tensile strength and elongation were
measured and shown in the figure 12. Pure chitosan film has low tensile strength of 65

MPa when compared to chitosan blended TiO, film whose strength was found to be 76
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MPa. Nanoparticle doped chitosan film has higher strength due to the strong interaction
of nanoparticles and the NH, group present in the chitosan molecules. Elongation of the
films were found in which chitosan film has low elongation of 10% while chitosan doped
TiO; film has high elongation of 28 % because of the well dispersion of metal oxide into

the polymer film.

4. Conclusions

In summary, a chitosan film and metal oxide doped Chitosan
nanocomposite films were fabricated by a simple method. The synthesized
nanocomposite films were characterized by TG-DTA and exhibit higher mechanical
properties. It is cost effective and environment-friendly materials for engineering

applications for the removal of contaminants in water from the textile industries.
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