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Abstract

Multi-walled carbon nanotubes (MWCNTs) were successfully synthesized and functional-
ized by chemical vapour deposition and acid reflux methods, respectively. Chitosan (CTS)
was prepared by a chemical extraction method from waste prawn shells. Various weight
fractions of functionalized multi-walled carbon nanotubes (f-MWCNTs) have been used as
reinforcing agent in CTS biopolymer matrix. Fourier transform infrared spectroscopy anal-
ysis was done, which confirms the presence of absorption bands of the various functional
groups of chitin, CTS, and MWCNTs. Raman spectra revealed the quality of MWCNTs,
the extent of their functionalization, and the quality of nanocomposites. The X-ray diffrac-
tion analysis showed the distinctive peaks for f-MWCNTs’ and also revealed the formation
of CTS/f-MWCNTs nanocomposites. Transmission Electron Microscopy (TEM) analy-
sis also exhibited that the CTS/f-MWCNTs nanoparticles have a well-defined crystalline
structure. The highest coercivity and magnetization (Ms) of the CTS/5%f-MWCNTs
nanocomposite are 602 Oe and 0.1202 emu/g, respectively that have been enhanced by
3.83 and 5.27 times compared to the pure CTS respectively. It showed that the conductivity
is getting higher with the addition of f-MWCNTs in the CTS matrix. CTS/5% f-MWCNTs
composites exhibit the highest conductivity than other composites and the conductivity of
CTS/5% f-MWCNTs composite is 4.0×10−4 S/m.

1 INTRODUCTION

Synthetic polymer-based composites are created by incorporat-
ing various fillers to enhance specific properties for lithium-ion
batteries [1, 2]. Recent research works are increasingly con-
centrating on the advancement and application of biopolymers
derived from natural sources [3, 4]. Biopolymers have attracted
considerable interest due to its multifaceted attributes such as
biocompatibility, biodegradability, and low toxicity [5]. Scientists
have already synthesized some composites reinforced with inor-
ganic fillers aimed at the development of specific properties for
various purposes. Researchers studied the effect of magnetite
nanoparticles on the electrical, magnetic, and thermal char-
acteristics of chitin/cashew gum biopolymer nanocomposites
[6].

Among the many available bio-based polymers, Chitosan
(CTS) bio-polymer exhibits exceptional properties. Chitin and
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CTS have also been used as absorption substances to elimi-
nate organic dyes from industrial wastewater [7]. To remove
ferrous (Fe II) and manganese (Mn II) metal ions from water,
CTS nanoparticles are considered to be an effective, econom-
ical, safe, and environmentally suitable product [8]. Several
researchers in their review article investigate the latest advance-
ments in the creation of polymeric nanocomposites based on
CTS and assess their effectiveness in eliminating a wide range
of pollutants, such as heavy metals, dyes, pesticides, pharma-
ceutical residues, and radioactive substances, from water sources
[9–11].

CTS, a naturally derived biopolymer with inherent biocom-
patibility and biodegradability, has garnered significant interest
in various advanced material applications [12]. However, its
inherent limitations, such as poor magnetic susceptibility and
low electrical conductivity, frequently prevent it from reaching
its full potential. Carbon nanotubes (CNTs) and CTS together
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offer an intriguing way to get beyond these restrictions and cre-
ate multifunctional composites with customized magnetic and
electrical properties. CTS-based nanocomposites are one of the
most valuable nanocomposites in the present world due to their
non-toxic, biocompatible, biodegradable, physical, and mechan-
ical properties [13–15]. CNTs, known for their exceptional
electrical conductivity, high aspect ratio, low density, high stiff-
ness, and diverse magnetic functionalities, can act as synergistic
reinforcements within the CTS matrix [16, 17]. This synergistic
blend creates opportunities for a wide range of potential appli-
cations, including electromagnetic interference (EMI) shielding,
bioelectronics, and magnetic materials [18].

CTS and pure CNT-based nanocomposites have demon-
strated essential mechanical and electrical characteristics [19,
20]. According to published research, CTS can aid to prevent
f-MWCNT clumping by allowing for the uniform distribution
of functionalized multi-walled carbon nanotubes (f-MWCNTs)
inside the matrix [21]. The electrical conductivity of these
composites has increased when CTS is added together with
f-MWCNTs. This characteristic is essential for applications
such as electromagnetic shielding, flexible electronics, and con-
ductive polymers. Due to their superior thermal conductivity,
f-MWCNTs can enhance heat dissipation in materials [22].
Their electrical conductivity and biocompatibility render them
appropriate for a multitude of sensor applications, encom-
passing healthcare and environmental monitoring. Because
CTS-MWCNT composites are robust and lightweight, they are
useful in applications where reducing weight without sacrificing
structural integrity is essential [23, 24]. The automotive, sport-
ing goods, and aerospace industries can benefit from this. There
are a lot of opportunities in many industries when CTS and
f-MWCNTs are combined [21]. Good strength, light weight,
and occasionally electrical conductivity are necessary for the
composite to be used in biological applications so that it can
self-heal. f-MWCNTs have excellent properties that can be
utilized to make these composites.

A significant advance in the field of cutting-edge scientific
study has given rise to the intriguing domain of prawn-derived
CTS biopolymer-based nanocomposites. These unique mate-
rials, which are loaded with aligned domains of f-MWCNTs,
are carefully prepared using an advanced chemical technique.
This innovation promises to reshape the landscape of materi-
als science, as the ratios of CTS to f-MWCNTs employed in the
fabrication of these nanocomposites wield a profound influence
over their magnetic and electrical properties. This combination
combines the exceptional electrical and magnetic character-
istics of carbon nanotubes with the biopolymer CTS. The
final product has improved magnetic sensitivity and electrical
conductivity.

2 MATERIALS AND METHOD

2.1 Materials

In this study, sodium hydroxide 99.97% (CAS-1310-73-
2/106462) hydrochloric acid (HCl) having strength of 37 %

(CAS-100317) and acetic acid (glacial) 100% (CAS- 64-19-
7/137000), all from Merck KGaA, Germany, were used. They
were diluted with distilled water to the concentration necessary
for the different procedures. On quartz substrates, MWCNTs
were created using the chemical vapour deposition (CVD) tech-
nique at 760◦C [25]. In order to functionalize the MWCNT,
sulfuric acid (H2SO4) and nitric acid (HNO3) of analytical grade
were purchased from Merck, Germany.

2.2 Sample preparation

Functionalization of MWCNTs: Previous investigations [26,
28] demonstrated that MWCNTs were acid-functionalized
in a variety of circumstances, including high reflux tem-
peratures of 80 to 150◦C for 8 to 48 h. MWCNTs were
functionalized in this work using the following steps sonica-
tion with the acid mixture and acid reflux of the dispersed
solution.

Sonication with H2SO4 and HNO3: In an Erlenmeyer
flask, concentrated H2SO4 and HNO3 were combined at a 3:1
(V/V) ratio, along with 500 mg of MWCNT. This combina-
tion was then sonicated for 4 h at a standard temperature in
an ultrasonication bath. After being sonicated, the mixture was
left alone for a full 12 h.

Acid reflux procedure: After that, the evenly distributed
mixture was poured into a flask with three necks, a thermome-
ter, a round bottom, and a reflux condenser. Utilizing a heating
mantle, 8 h was spent refluxing the mixture at 80◦C. The dis-
tributed solution was cooled after that, and a centrifuge was
used to separate the nanotubes from the acidic solution. The
nanotubes were dried for 12 h at 100◦C after being rinsed
in deionized water until the pH was neutral. The dehydrated
f-MWCNTs were characterized and prepared for applications
in the fabrication of nanocomposites. The product was then
baked for 24 h at 105◦C. Chitin was produced from prawn
shell powder by the process of deproteination and deminer-
alization methods [29, 30]. The prepared chitin is a phased
product used to make CTS. The chitin was deacetylated using
1 N NaOH (chitin: NaOH = 1:20, w/v) at 100◦C for 4 h to
produce CTS. The resulting solid CTS was then dried in a vac-
uum oven for 24 h at 50◦C. The as-prepared CTS powders were
analyzed using Fourier transform infrared spectroscopy (FT-IR)
(Section 2.3) for confirmation of their preparation (compared
with standard FT-IR scans of CTS) [31, 32]. The pristine multi-
walled carbon nanotubes (p-MWCNTs) were functionalized by
HNO3 using a method established by Zaman et al. and Mon-
toro and Rosolen [33, 34]. The p-MWCNTs, with an average
size of 1 nm and 1.2 µm, were sonicated in a beaker filled with
concentrated HNO3 (65%, 30 mL) for 30 min. The carboxyl
functional groups (MWCNT-COOH) were then added to the
dispersed solution by heating it to 90◦C and refluxing it for
4 h. The resulting p-MWCNTs-COOH was washed until the
pH = 6.0, followed by 2n acetone wash, and then dried at 65◦C
for 24 h. The nanocomposites of f-MWCNTs and CTS, with
compositions CTS/1%f-MWCNTs, CTS/3%f-MWCNTs, and
CTS/5%f-MWCNTs, were produced using a modified version
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FIGURE 1 Flowchart for the sample preparation process.

of the method described by Wang et al. [35]. The f-MWCNTs
were homogenized in an ultrasonic bath for 60 min after being
initially swollen in 100 mL of distilled water. This f-MWCNT
suspension was then mixed with 1 g of CTS and 1 mL of an
acetic acid solution, followed by sonication for 20 min to elimi-
nate bubbles. The CTS/f-MWCNTs solutions were then filtered
in a vacuum membrane filter unit utilizing a 0.2-µm membrane
(nylon 6:6). The resultant filtrate was next heated at 60◦C for
24 h, dried, and processed by hand for roughly an hour to pro-
duce powders. Figure 1 depicts the flowchart for the sample
preparation process.

2.3 Characterization techniques

The MWCNTs, f-MWCNTs, and as-prepared nanocomposite
powders were studied directly by an ATR (attenuated total
reflection) method using an IR Ptrestige-21 FT-IR (Bara Scien-
tific Co., Ltd., Japan) for the confirmation of the chemical and
structural nature of the samples with scanning over a spectral
range of 4000 to 350 cm−1 at a best resolution of 0.5 cm−1 per
5 s.

X-ray diffraction (XRD) (X’pert PRO x-ray diffractometer
(PW3040), Philips Pan Analytical Co., Ltd.) was used to ana-
lyze the physical structure and phase of the powder samples
(The Netherlands), using Cu K∝ source of x-ray wavelength
of 0.15406 nm and all samples were continuously scanned (1D
mode) at a rate of 2◦/min with a width of 0.02◦over a 2θ range
of 5◦ to 90◦.

To examine the vibrational frequency of a bond in a
molecule, the samples underwent characterization through
Raman spectroscopy using the MonoVista CRS + confocal
Raman microscope within the suitable range.

Transmission Electron Microscopy (TEM) (TALOS F200
G2, Thermo Fisher Scientific, USA) technique was used to
study the internal structure of a wide range of materials at
the nanoscale. By using vibrting-sample magnetometer (VMS)
(EV-9, Microsense Co., Ltd. USA) analysis, magnetic proper-
ties including magnetization, coercive force, and hysteresis loop
were investigated. Using an impedance analyzer (6500B series,
Wayne Kerr Electronics Co., Ltd., UK), electrical characteristics
including frequency-dependent conductivity and resistivity of all
samples were examined.

FIGURE 2 FT-IR spectrum of chitin and chitosan. FT-IR, Fourier
transform infrared spectroscopy.

3 RESULT AND DISCUSSION

3.1 FTIR analysis

3.1.1 FTIR absorption studies of chitin and
CTS

Many researchers have investigated the absorption bands of the
functional groups in chitin and CTS and compared them with
their standard absorption bands [32]. Figure 2 shows the FT-IR
spectra of chitin and CTS.

The chitin spectrum proved its successive extraction from
the shrimp shells. The investigation confirmed the chitin char-
acteristic absorption bands at 1551 (amide II), 1674 cm−1

(C═O) stretch, and C═O and NH stretching vibrations in the
NHCOCH side groups were observed at 3085 and 3265 cm−1,
respectively. The stretching vibrations of C─H at 2916 cm−1

and its bending vibrations at 1415 and 1375 cm−1 in CTS were
found by Teli and Sheikh [31]. According to Al-Sagheer et al.
[36] the major absorption bands of CTS are at 3444, 2919, 1659,
1420, 1080, and 1033 cm−1. In Figure 2, the major absorption
bands of our CTS were observed at 3446,2924, 1657, 1416,
1076, and 1030 cm−1 all nearly identical to theirs. From the
comparison of our FT-IR spectra with other researchers, it was
found that most of the absorption bands of our synthesized
CTS are similar.

3.1.2 FT-IR study of p-MWCNTs and
f-MWCNTs

FT-IR spectroscopy was used to determine the p-
MWCNTs and f-MWCNTs’ chemical and structural
properties (Figure 3). A large peak at 3464 cm−1 was
observed for the O-H stretching of the hydroxyl group
from carboxyl groups (O═C─OH and C─OH). The
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FIGURE 3 FT-IR spectra of MWCNT (curve a) and f-MWCNT (curve
b). f-MWCNTs, functionalized multi-walled carbon nanotubes; FT-IR, Fourier
transform infrared spectroscopy; MWCNT, multi-walled carbon nanotubes.

partial oxidation that occurred during the purification
p-MWCNTs left them with carboxyl groups on their sur-
face [37]. The occurrence of the C═O and C─O stretching
modes of vibration was explained by the presence of two extra
peaks at 1745 and 1163 cm−1 in the f-MWCNTs spectra shown
in Figure 3 (curve b) [38]. The absorption peak at 1636 cm−1

was attributed to the stretching of the ─CH2─ group in the
hexagonal lattice of the carbon nanotube backbone, and the
peak at 2922 cm−1, which denoted the presence of a long-chain
alkyl molecule, to the C─H stretch modes of the H─C═O in
the carbonyl group [37].

3.1.3 FT-IR study of CTS/f-MWCNTs
composites

The FT-IR spectra of CTS and f-MWCNTs were subjected to
individual analysis, revealing distinct vibration bands. In the case
of CTS, the characteristic vibration bands were identified at
3446, 3115, 2960, 2924, 2892, 2145, 1657, 1557, 1416, 1380,
1316, 1076, and 1030 cm−1 (as shown in Figure 2, curve a).
Conversely, for all f-MWCNTs, the vibration bands appeared
at 3444, 2922, 2853, 1745, 1632, 1464, 1383, and 1163 cm−1 (as
depicted in Figure 3, curve b). Absorption bands of 3450, 3267,
3112, 2962, 2928, 2892, 1657, 1626, 1557, 1416, 1380, 1315,
1073, and 1027 cm−1 were observed in the prepared CTS/f-
MWCNTs composites (Figure 4) which are close to the absorp-
tion bands determined by Thou et al. and Osler et al. [39, 40].

3.2 Raman analysis

The spectral response of MWCNT and f-MWCNT is shown in
Figure 6, with the three common characteristic bands D-band,
G-band, and G′ band displayed. The D-band is shown at
1355 cm−1 in Figure 5a, which is seen in the results from an
augmented vibrational mode connected to graphene edges and
suggests that the graphene structure is somewhat disordered.

The breathing mode of the sp3 sites that are present in rings in
carbon tubes is associated with this band, which is also known
as the disorder band [40]. The G-band, which is observed
to be at 1581 cm−1 in Figure 5a and results from the sp2
bonds in graphene sheets being stretched in-plane tangentially,
indicates the distinctive graphitic structure of carbon allotropes
[41]. The two TO phonons involved in the double resonance-
enhanced two-phonon process close to the K point are what
causes the noticeable G′-band at 2666 and 2681 cm−1 in
Figures 5a and 5b, respectively. As demonstrated in Figure 5b,
the f-MWCNT’s Raman spectra exhibit bands at 1356 (D-band)
and 1582 cm−1 (G-band). The D-band to G-band intensity
ratio (ID/IG) serves as a proxy for the disorder and defect
density present in nanotube structures. Functionalization has
caused the ID/IG ratio to increase from 0.82 to 0.88. After
functionalization, the defect density increased, and the fact
that this ratio did to indicate that the tubes were properly
functionalized by adding various functional groups.

3.3 X-ray diffraction analysis

Figure 6 displays the XRD patterns of pure CTS, f-MWCNTs,
and CTS/f-MWCNT composites. The diffraction pattern of
pure CTS shows peaks at 2θ = 20◦, 24◦, 26◦, and 39◦

indicating the ordered crystalline structure of CTS [42]. The f-
MWCNTs have the characteristic peaks of carbon at 26◦ and
42◦ (PAN-ICSD Ref. code 98- 008–5678). Because the sam-
ple’s carbon atoms have (002) planes arranged in a tubular
form, the peak at 26◦ is the typical graphitic peak. The (101)
planes of the nanotube structure are thought to be respon-
sible for the peak at about 42◦ [43]. The CTS/f-MWCNTs
composite has good crystallinity, as seen by the main peak
2θ = 20◦ for the CST/f-MWCNTs pattern, which is a char-
acteristic peak of raw-CTS and is still intense and crisp. In
composites, the reduction of the intensities of correspond-
ing peaks of CTS and f-MWCNTs indicates the formation of
CTS/f-MWCNTs composites [44]. The more the loading of f-
MWCNTS increases in the composites the characteristic peaks
(2θ = 26◦ and 42◦) of carbon nanotubes are more evident in
Figure 6.

3.4 TEM analysis

Figure 7 presents TEM, high-resolution TEM (HRTEM)
images, and selected area electron diffraction (SAED) pat-
terns of CTS and the CTS/f-MWCNTs composite. In
Figures 7a and 7d show the TEM images of CTS and CTS/f-
MWCNTs. In Figure 7b, the HRTEM image of CTS indicates
a d-spacing of approximately 4.50 Å, corresponding to the
(110) plane. For f-MWCNTs, shown in Figure 7e, the d-spacing
measures 3.51 Å, corresponding to the (002) plane [44]. The
HRTEM image of the CTS/f-MWCNTs composite in Figure 7e
shows d-spacings of 4.50 and 3.51 Å, corresponding to the crys-
tal planes (110) and (002), respectively. This is further validated
by the SAED pattern of the CTS/f-MWCNTs composite in
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FIGURE 4 FT-IR spectrum of chitosan/f-MWCNT
composites. f-MWCNTs, functionalized multi-walled carbon
nanotubes; FT-IR, Fourier transform infrared spectroscopy.

FIGURE 5 Raman spectra of a. MWCNTs and b.
f-MWCNTs. f-MWCNTs, functionalized multi-walled
carbon nanotubes; MWCNTs, pristine multi-walled
carbon nanotubes.

FIGURE 6 Displays the XRD patterns of pure CTS, f-MWCNTs, and
CTS/f-MWCNT composites. CTS, chitosan; f-MWCNTs, functionalized
multi-walled carbon nanotubes; XRD, X-ray diffraction.

Figure 7f. In the SAED pattern of the CTS composite, concen-
tric circles are observed, indexed as (110), (120), (002), (130),
and (004) lattice planes. These circles correspond well with
the XRD data. Therefore, the SAED pattern indicates that the
CTS/f-MWCNTs nanoparticles possess a fully crystalline struc-
ture. An agglomeration of nanoparticles within the polymer
occurs as a result of the blend matrix’s developing stress due
to particle-to-particle interactions [6].

3.5 Analysis of magnetic properties:
vibrating sample magnetometer analysis

Figures 8 and 9 depict the relationship between magnetization
(M) and applied magnetic field (H) for f-MWCNTs, CTS, and
the composites CTS/1% f-MWCNTs, CTS/3% f-MWCNTs,
and CTS/5% f-MWCNTs. In Figure 8, the hysteresis curve
of f-MWCNT reveals a paramagnetic nature, showcasing a
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FIGURE 7 TEM images of (a) chitosan, (d) chitosan/f-MWCNTs composite; HRTEM images of (b) chitosan, (e) chitosan/f-MWCNTs composite; SAED
pattern of (c) chitosan, (f) chitosan/f-MWCNTs composite. f-MWCNTs, functionalized multi-walled carbon nanotubes; HRTEM, high-resolution transmission
electron microscopy; SAED, selected area electron diffraction; TEM, transmission electron microscopy.

FIGURE 8 Magnetic hysteresis loop of f-MWCNTs. f-MWCNTs,
functionalized multi-walled carbon nanotubes.

saturation magnetization of the nanotube [45, 46]. When 1% of
f-MWCNTs were added to the CTS, this composite’s hysteresis
curve was very different from the pure CTS’s (Figure 8). This
sample exhibited twice as much magnetization as CTS and it
was also observed that the shape of the magnetization curve was
changed by the applied field up to 10KOe at room temperature.
As also shown in Figure 9, with a rise in f-MWCNT content,
the compositions’ magnetic characteristics, saturation magne-
tization, and coercivity increased. All three compositions had
large hysteresis loops after adding f-MWCNTs. The magnetic

FIGURE 9 Comparison of hysteresis curves of pure chitosan and
CTS/1% f-MWCNTs (a), CTS/3% f-MWCNTs (b), and CTS/5% f-MWCNTs
(c) composites. CTS, chitosan; f-MWCNTs, functionalized multi-walled carbon
nanotubes.

hysteresis curves were used to determine the coercivity (Hc
(Oe), saturation magnetization (Ms (emu/g), and remanence
(Mr (emu/g), which are all shown in Table 1. This phenomenon
can be ascribed to the correlation between Ms, which represents
the saturation magnetization of an individual particle, and the
volume fraction, denoted as Ms = Φ ms [47].

It was observed that Hc of CTS was 157 Oe, for
f-MWCNTs Hc = 690 Oe, CTS/1%f-MWCNTs was
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TABLE 1 Magnetic properties obtained from VSM measurements.

Sample name

Coercivity

Hc (Oe)

Magnetization

Ms (emu/g)

Remanence

Mr (emu/g)

Chitosan (CTS) 157 0.0228 0.0055

f-MWCNTs 690 4.96 1.45

CTS and 1% f-MWCNTs 391 0.0289 0.0117

CTS and 3% f-MWCNTs 438 0.0524 0.0181

CTS and 5% f-MWCNTs 602 0.1202 0.0484

Abbreviations: CTS, chitosan; f-MWCNTs, functionalized multi-walled carbon nanotubes.

Hc = 391 Oe, for 3%f-MWCNts Hc = 438 Oe,
and for 5% f-MWCNTs Hc = 602 Oe. These magnetic
measurements clearly show that the magnetic parameters were
affected by the reinforcing of f-MWCNTs onto the low mag-
netic CTS matrix [48]. Coercivity irregularities can be related
to numerous reasons, including magneto crystalline anisotropy,
CTS- f-MWCNTs content ratio, distinct types of domain
development, and particle size [45]. The Hc increased with the
increase of f-MWCNTs. Such a composite material with high
Hc and Ms would be ideal for electromagnetic waves absorption
application and water filtration of magnetic contaminants such
as iron, cobalt, nickel, and their oxides.

3.6 Analysis of electrical properties

The resistivity of CTS biopolymer is very high being equiva-
lent to 105 ohm-m. Hu et al. [49] showed that the resistivity
of chitosan-reinforced Ti3C2X films was increased gradually
with the increase of CTS. Even dispersing small amounts
of CNTs into insulating polymers can effectively reduce the
electrical resistivity of polymeric matrices [50]. The frequency-
dependent resistivity (ρ) was measured at room temperature for
the CTS/1%f-MWCNTs, CTS/3%f-MWCNTs, and CTS/5%f-
MWCNTs composites sintered at 150◦C for 1 h in an oven
in the form of sheets about 0.5 to 1.0 mm thick. The varia-
tion of resistivity through the sheets with the applied frequency
is shown in Figure 10. In this study, the resistivity of the
CTS/1%f-MWCNTs sample at low frequencies was very high,
and as soon as the frequency increased, the resistivity began to
decrease. Up to a frequency of 600 kHz, the resistivity decreased
at a high rate. On the other hand, the decay of the resistivi-
ties of the samples doped with 3% and 5% f-MWCNTs was
very small with the increase of frequency (Figure 10). The
resistivities of CTS/1%f-MWCNTs, CTS/3%f-MWCNTs, and
CTS/5%f-MWCNTs composites at a frequency of 9.0× 105 Hz
are 7.5 × 103, 3.0 × 103, and 2.5 × 103 ohm-m, respec-
tively as shown in Figure 10. The saturation of resistivity was
exhibited at the higher percentage of f-MWCNTs within the
composites. Thus, they were very different from the CTS/1%f-
MWCNTs for which the resistivity decreased sharply with
the increase in frequency. The reciprocal of resistivity gives
the conductivity. The conductivities of CTS/1%f-MWCNTs,
CTS/3%f-MWCNTs, and CTS/5%f-MWCNTs composites at

FIGURE 10 Variation of resistivity (ρ) with frequency (log f) for
CTS/1%f-MWCNTs, CTS/3%f-MWCNTs, and CTS/5%f-MWCNTs
composites. CTS, chitosan; MWCNTs, multi-walled carbon nanotubes.

a frequency of 9.0 × 105 Hz are 1.33 × 10−4, 3.33 × 10−4, and
4.0 × 10−4 S/m, respectively, and these values were compared
to the other studies [51, 52].

4 CONCLUSIONS

CTS is one of the useful biopolymers that have most of the
valuable properties of polysaccharides such as non-toxicity,
biocompatibility, and biodegradability. In the ongoing study,
CTS was purified as a white powder from prawn shells.
After adding f-MWCNTs in three different ratios (1, 3, and
5)% to the CTS, the properties of CTS powder incorporated
with f-MWCNT were explored. A modest amount (5%) of
f-MWCNTs was added to the CTS composites, specifically
altering their magnetic and electrical properties. To thoroughly
analyze these composites, detailed examinations were con-
ducted on CTS/1%f-MWCNTs using FT-IR and XRD, while
VSM and impedance analysis were employed for CTS/1%f-
MWCNTs, CTS/3%f-MWCNTs, and CTS/5%f-MWCNTs. It
was determined from the FT-IR investigation that our chitin’s
absorption bands, which were extracted from prawn shells,
were similar to those of standard chitin and it was also con-
firmed that the CTS vibration bands resembled those of the
standard CTS. The MWCNTs treated with nitric acid for 6 h
had carboxyl functional groups produced, according to the FT-
IR study. HRTEM images reveal specific d-spacing values for
CTS and f-MWCNTs, and the composite, indicating their crystal
planes. The SAED pattern for the CTS/f-MWCNTs compos-
ite confirms a fully crystalline structure with concentric circles
corresponding to specific lattice planes, consistent with XRD
data. The VSM data showed a saturation point in the mag-
netic field at less than 10,000 Oe; Ms was 0.1202 emu/g and
the Hc was 602 Oe for the CTS/5% f-MWCNTs sample, much
higher than that for the other samples. Thus, the magnetic prop-
erties of this composite were higher than those of the other
samples. For the CTS/1%f-MWCNTs, CTS/3%f-MWCNTs,
and CTS/5%f-MWCNTs composites, the conductivities are
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1.33 × 10−4, 3.33 × 10−4, and 4.0 × 10−4 S/m at a fre-
quency of 9.0 × 105 Hz, respectively. Finally, the incorporation
of f-MWCNTs into CTS resulted in composite materials with
altered magnetic and electrical properties, with notable enhance-
ments observed at specific compositions, providing insights for
potential applications in various fields.
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