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This paper presents some aspects concerning the possibilities of using chitosan films for sensor
development. The proposed approaches consist of the development of the experimental samples
using 100% cotton fabrics (plain weave) coated with a conductive paste based on chitosan (low,
medium, and high molecular weight) and copper microparticles. Our samples were obtained using
the scraping method and free drying (24 h), followed by crosslinking 2-3 minutes at 150-160°C.
Surface resistance was investigated using the resistance tester based on two parallel electrodes.
The results showed that textile coated with chitosan paste with metallic particle content has a
poorly conductive character. Based on the surface resistivity, was calculated the surface
conductivity. Using the VCA Optima device was investigated the surface wettability by contact
angle to conclude if the samples present a hydrophilic or hydrophobic character. After these tests,
we concluded that almost all samples have a hydrophilic character due in large part to the fact that
this polymer (chitosan) has hydrophilic nature.
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INTRODUCTION

The scientific interest in developing chitosan films for medicine due to the
antimicrobial properties, sensors, food packaging, or heavy metals collecting, was
increased because chitosan is a natural mucopolysaccharide of marine origin and is
considered a friendly, biodegradable and biocompatible polymer. It is already known
the antibacterial effect, heavy metal adsorption effect, antioxidation effect, and film
development of the chitosan. Several studies on the mechanical properties of chitosan
films reinforced with the cellulose of coconut fibers found that the tensile strength of
the film was increased (Bhuvaneshwari et al., 2011).

Some scientific researches show the interest in using chitosan film for the acetone-
based gas sensor in order to detect acetone concentrations in human breath in case of the
diagnosis of diabetes mellitus in patients (Nasution et al., 2013) or to detect heavy
metals from water (Sugunan et al., 2005; Ahmed and Fekry, 2013).

However, chitosan blended with polyethylene oxide (PEO) showed lower water
vapor permeability values than chitosan/poly (N-vinyl-2-pyrrolidone) (PVP) films (Li,
2008). In the case of the chitosan, films were prepared by casting method, and
neutralization treatment with sodium hydroxide (10% NaOH) solution was observed
that the increasing in mechanical property and a reduction in swelling property, water
vapor permeability, and oxygen permeability is a directly proportional relationship with
the NaOH concentration increasing (Chang et al., 2019). A flexible chitosan film
developed using lactic acid solutions as solvent was reported with an increased
wettability directly depending on the lactic acid ratio used (Niamsa and Baimark, 2009).

Also, some scientific papers show the concerns in the development of the
multifunctional nanocomposites of chitosan with silver nanoparticles, copper
nanoparticles, and carbon nanotubes because of increased antimicrobial activity, in
approximatively 10 minutes, against bacteria such as Gram-negative and Gram-positive
bacteria, E. coli, Staphylococcus aureus (Morsi et al., 2017; Haldorai and Shim, 2013).
Chitosan (CS) based copper oxide (CuO) hybrid material has reported a material with
high photocatalytic activity and antibacterial activity against Escherichia coli (Haldorai
and Shim, 2013).
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EXPERIMENTAL PART

In our experimental part, 12 samples from 100% cotton (plain weave) were coated
with thin films based 1-2% chitosan with low (chitosan 1), medium (chitosan 2) and
high molecular (chitosan 3) weight and copper microparticles (size dimension 14-25
um), being followed by drying for 24 hours at room temperature and crosslinking at
150-160°C for 3-5 minutes (Table 1). In order to obtain the paste, the chitosan powder
was dissolved in a 0.5-2% acetic acid solution. The chitosan film was deposited by the
scraping method. In Table 1, the surface resistance was measured before (Rs1) and after
(Rs2) crosslinking. Besides, the electroconductive behavior was appreciated before
(electroconductive effect;) and after (electroconductive effecty) crosslinking. The
wettability of fabric coated was investigated through contact angles for the 12 samples
developed were measured by using the device VCA Optima (AST — Figure 1) and is
presented in Table 2. In Figure 2 are presented images showing the canvas - surface
morphology before and after chitosan-copper pasta deposition for sample no. 2.

Table 1. Electrical characterization of the experimental samples functionalized by
chitosan and Cu microparticles
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1 X X X x 10° antistatic 1012 antistatic
2 X X X x 108 conductive 10*  conductive
3 X X X x 104 conductive 10*  conductive
4 X X X x 107 semiconductor 10°  antistatic
5 X X X x 10 conductive 100 antistatic
6 X X X X 107 semiconductor  10° antistatic
7 X X X x 108 antistatic 10 antistatic
8 X X X x  10* conductive 10 antistatic
9 X X X X 1010 antistatic 10 antistatic
10 X X X x 101 antistatic 1012 antistatic
11 X X X x 107 semiconductor 102  antistatic
12 X X X x  10% semiconductor 10'2  antistatic
Table 2. Contact angles - VCA Optima
No.  View - Textile material after Chitosan - Contact Hydrophobic/hydrophilic
Cu film deposition angle [] character
1 Hydrophilic
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No.  View - Textile material after Chitosan - Contact Hydrophobic/hydrophilic
Cu film deposition angle [*] character
2 0 Hydrophilic
3 46.90 Hydrophilic
4 43.50 Hydrophilic
5 107.40 Hydrophobic
6 0 Hydrophilic
7 0 Hydrophilic
8 0 Hydrophilic
9 0 Hydrophilic
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No.  View - Textile material after Chitosan - Contact Hydrophobic/hydrophilic
Cu film deposition angle [*] character

10 102.30 Hydrophobic

11 0 Hydrophilic

12 113.40 Hydrophobic

. Y e /}h r? ..
a. Sample 2 - raw fabric b. Sample 2 coated c¢. Sample 2 coated
(magnitude 2000X) (magnitude 2000X) (magnitude 4000X)

Figure 2. SEM images showing the canvas - surface morphology before and after
chitosan-copper paste deposition

https://doi.org/10.24264/icams-2020.1.1

32



ICAMS 2020 — 8" International Conference on Advanced Materials and Systems

DISCUSSIONS

Following the wettability test using the VCA Optima device, we can appreciate that
for samples 5, 9, and 12, the values of the contact angles are in the range [102.3-
113.40], but after 60 seconds, the distilled water drop (4 ul) is absorbed, and the textile
material sample is restored to initial condition.

From Table 1, it is evident that from the initial conductive samples (2, 3, 5, and 8),
after the crosslinking only samples 2 and 3 are still conductive. In the case of the
samples, 2 and 3 were observed minor changes in the surface resistance, such as: for
sample 2, the surface resistance was increased with 1%, respective for sample 3, the
surface resistance was not changed. After crosslinking, samples 5 and 8 become
antistatic, and the surface resistances were increased with 150% for sample 5, respective
with 175% for sample 8.

Besides, it was investigated the correlation between contact angle and values of the
surface resistance and because of the correlation coefficient RRgesistance, Contact angle 1S
0.2756. This means that between the contact angle values and the surface resistance (1),
it is a low correlation.

R _ |1.0000 0.2756 1
Resistance,Contact angle — 0.2756 1.0000 ( )

Overall, the other samples after free drying or crosslinking become antistatic by
increasing the surface resistance with 1%-100%.

CONCLUSIONS

We can conclude that samples 2 and 3 obtained by chitosan low molecular weight
and copper microparticles have the potential to be used in sensors application because
they are conductive before and after crosslinking.

The surface resistance is not dependent on the wetting capacity of the fabric, and
crosslinking involving a supplementary drying generates moisture loss and leads to
increasing the surface resistance and decreasing the conductivity.
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