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ARTICLE INFO ABSTRACT
Article history: In this work, the nanocomposites of chitosan containing carbon nanotubes (CNT) and maghemite
Received: 30 August 2023 nanoparticles have been prepared by solution casting method. Techniques such as Raman
Revised: 17 December 2023 spectroscopy, SEM, TEM, dielectric relaxation spectroscopy, and VSM studies were made. The
Accepted: 18 December 2023 incorporation of CNT in to the chitosan matrix and also the interaction between the CNT and the
maghemite nanoparticles were studied using Raman spectroscopy. The dielectric constant of
Keywords: Chitosan-CNT composites turned from positive to negative at low frequency when CNT concentration
negative dielectric constant materials increased from 10 to 20wt%. Interestingly, addition of 20wt% of maghemite nanoparticles into the
chitosan Cs-CNT nanocomposites affected both the dielectric property and the conductivity of the composite.
carbon nano tubes VSM measurement shows that the prepared maghemite nanoparticles and the Cs-CNT-maghemite
maghemite nanocomposites are superparamagnetic materials. Observed dielectric characteristics and the

electrical conductivity of the samples have been explained by using a model. Tuning of negative
permittivity in the chitosan-CNT nanocomposites by using maghemite nanoparticles could be useful
as metamaterials.

1. Introduction conductivity, and high mechanical strength [9]. Carbon
nanotube filled polymers has applications such as in
transparent conductive coatings, electrostatic dissipation,
electrostatic painting, and EMI shielding applications [10].

Currently, metamaterials are studied extensively due to
their unique electromagnetic behavior such as negative

permittivity, negative permeability, negative refractive |y the polymer nanocomposite, at the percolation threshold
index, reversed Chrenkov radiation, and reversed Doppler iyt CNTs approach each other within several nanometers
effect [1]. It has wide range of application in field of super  4nq forms a continuous conductive network inside the
lens, wave filter, and improvement of antenna performance  ,5]ymer matrix which leads to the efficient electron transfer
[2-4]. It is also usefi f(?r.pr(.)ducmg new functlc.mallt%es suc.h between the nanotubes [11]. Enhancement of electrical
as the cloak for invisibility [5]. The negative dielectric conductivity has been observed in carbon nanofiber
constant characteristics of the metamaterial is observed /polytherimide composite membranes when the carbon
from the special structures ofthe materials [6]. Recently, the  panofiber loading reaches the percolation threshold limit
polymer nfmocomposrces (PNC) have been explored as ;54 itleads to the negative permittivity [12].

metamaterial [7]. . S Chitosan is the second most abundant naturally
_ The phenomenon of negative permittivity was obs.erved occurring biopolymer after cellulose, which has been shown
in CNT [8]. Carbon.nan.otubes [CNTS) have been con51der§d to be a biocompatible, low-cost, and smart polymer material
as one of the effectlye filler mat.erlals for the quymer matrix  ith excellent film forming ability [13]. It is an important
due to their high electrical conductivity, thermal ateria] in the field of advanced sensor technology [14].
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Chitosan is also a good polymeric dispersant for carbon
nanotubes in acetic acid [15]. Chitosan solution prepared
using acetic acid contains protonated -NH3* group and the
nanotubes interacts with the chitosan through this -NH3+
group [16]. Chitosan-carbon nanotubes nanocomposites
have wide range of applications such as electrochemical
actuators and biosensor [17]. Magnetic iron oxide
nanoparticles, especially maghemite have been studied for
along time, because of their interesting magnetic properties
(superparamagnetism and strong magnetic response under
external magnetic fields), easy availability, biocompatibility,
and low cost. They have wide range of applications in
spintronics, catalysis, biomedicine, and as constituents for
biosensors [18]. Maghemite has ferrimagnetic behavior at
room temperature. When its size is reduced below certain
critical limit, it exhibits superparamagnetic (SPM) behavior
associated with the formation of a single-domain state [19].
Polypyrrole-iron oxide nanoparticles have shown negative
permittivity [20]. In this research we report the dielectric
characteristics of  chitosan- CNT- maghemite
nanocomposites.

2. Experimental

All reagents used in the experiment were analytical
grade and used as received without further purification.
Chitosan powder (99.9% purity) and acetic acid (99.9%
purity) were purchased from SRL Pvt. Ltd, Mumbai, India.
Iron nitrate nonahydrate (FeN03.9H:0 - 98% purity) and
ammonium hydroxide solution were purchased from
Merck Specialities Pvt Ltd, Mumbai, India. The Ferrous
sulphate heptahydrate (FeSO4.7H20- 98% purity) was
purchased from RFCL Limited, New Delhi, India. Deionised
water was used throughout the experiments. CNT
(multiwalled) with carbon content > 99% was purchased
from Sigma-Aldrich.

2.1. Preparation of y-Fe;03 nanoparticles

Iron oxide nanoparticles were prepared by a co-
precipitation method [21]. A stoichiometric mixture of
FeS04.7H20 (0.1M) and FeNO3.9H20 (0.2M) in an aqueous
solution was stirred for 30 minutes using magnetic stirrer
at room temperature to obtain homogeneous solution and
0.3M of NH30H solution was added to the mixture drop by
drop until formation of black precipitate. The precipitation
was formed at a pH between 8 and 14. Formed black
precipitate was collected and centrifuged five times by
giving alternate wash with distilled water, acetone, and
ethanol. Finally, the precursor was keptin oven at 100°C for
12hr. The obtained black powder was sintered at 300°C for
2hr to get the light brown y-Fez03 nanoparticles.

2.2. Preparation of Chitosan-CNT nanocomposites

First, the chitosan solution was prepared by adding
chitosan powder (1 wt%) in to the aqueous acetic acid
solution (200 mL, 1.5 wt%). The mixture was stirred using
magnetic stirrer and heated at 60°C temperature for 30-45
min. After complete dissolving of the chitosan powder, a
semitransparent thick solution was obtained. Series of
chitosan-CNT nanocomposites were prepared by adding an
appropriate amount of CNT (10, 20 and 30 wt%) into the
chitosan solution and it was ultrasonicated for 30 min for

complete dispersion of CNT into the chitosan solution. The
mixture was poured into Petri dish for drying. Finally, the
chitosan containing 10, 20, and 30 wt % of CNT were
labelled as Cs-10%CNT, Cs-20%CNT, and Cs-30%CNT,
respectively.

2.3. Preparation of Chitosan-CNT-)-Fe:03 nanocomposites

Appropriate amount maghemite nanoparticles (20
wt%) were added into each of the chitosan-CNT solution
having varying concentration of CNT (10-30wt%) and it
was ultrasonicated for 30 min for complete dispersion of
maghemite into the chitosan- CNT solution. The mixture
was poured into Petri dish for drying. The obtained films
were labelled as Cs-10%CNT-20%y-Fe203, Cs-20%CNT-
20% y-Fe203and Cs-30%CNT-20% y-Fe20s.

3. Characterization

The Raman spectra were obtained by using Confocal
scanning spectrometer (Renishaw InVIA) with 532 nm
argon ion laser excitation from 100cm-! to 2000 cm! at
room temperature. The surface morphology of the samples
was characterized by using High resolution scanning
electron microscopy (FEI Quanta FEG 200). HRTEM
imaging was carried out using TECNAI T30 G2 STWIN with
the operating voltage of 250kV. The HRTEM samples were
prepared by drying drop of the water suspension on
carbon-coated copper TEM grids. The ac conductivity and
the dielectric properties were measured at room
temperature using Novocontrol GmBH Concept 40
Broadband Dielectric  Spectrometer  (Novocontrol
Technologies, Germany) in the frequency range of 0.1 Hz to
10 MHz at ac electric signal of 1 volt. The samples were
used in the form of circular films with a diameter of 2cm
and thickness of 60-80 um. The samples were kept in-
between two gold coated circular Cu plate electrodes, one
of which was spring-loaded to maintain good electrical
contact with the sample and the measured data was
collected using  WIinDETA  software. = Magnetic
measurements were carried out by using Superconducting
Quantum Interference Device - Vibrating Sample
Magnetometer (SQUID-VSM) (Quantum design, USA) at
room temperature in the field range from -70000 Oe to
70000 Oe.

4. Results and discussion

4.1.Spectroscopy and imaging studies

4.1.1. Raman measurements

Raman spectroscopy is a powerful tool to evaluate the
interfacial interaction between carbon-based materials and
the polymer. Figure 1 shows the Raman spectra for
chitosan film, y -Fe203 nanoparticles and Cs-20%y-Fe20s.
Chitosan film (Figure 1a) does not show any Raman peaks.
It is due to low scattering cross-section of chitosan. Figure
1b shows Raman peaks for y-Fe;03 at 296, 394, 499, and
broad peak at 695 cmL. Itis reported that the characteristic
peaks of inverse spinel structure of y -Fe203 corresponds to
350, 500, and 700 cm! [22]. The broad peak around 700
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cml, correspond to the characteristic peak of y-Fe203 [23].
The Raman peaks for Cs-20%py-Fe203 (Figure 1c) are
observed at 299,386,481, and 654 cm which indicate the
incorporation of y-Fe203 nanoparticles into the chitosan
matrix. Figure 2 shows the Raman spectra for CNT and the
nanocomposites of Cs-CNT and Cs-CNT-y-Fez03 films. The
Raman spectrum of CNT (Figure 2a) shows two
characteristic peaks centered at 1313 and 1583 cm’l,
respectively which corresponds to the D and G bands of
graphite. The peak at 1313 cm! is assigned to D band (A1
symmetry) representing edge induced disordered graphite
structures and the peak at 1583 cm is assigned for G band
(E2g symmetry, graphite mode) associated with tangential
C-C band stretching motion originated from the Ezg mode
at 1580 cm'! in graphite [24]. On addition of CNT in to the
chitosan, the D as well as G band peak was blue shifted. The
blue shift of the D and G band indicates the effect of
interaction between the chitosan and CNT [25]. The Raman
shift and the corresponding ID/IG intensity ratio values are
tabulated in the Table.l. When 20 wt% vy-Fez03
nanoparticles were added in to the Cs-CNT composites, the
G band is red shifted. It indicates the strong interaction
between the CNT and y-Fe203 nanoparticles in the chitosan
matrix. Similar kind of red shift behavior of G band has been
reported for the graphene containing iron oxide
nanoparticles [26]. The Raman intensity ratio of the D and
G bands (ID/IG) are related to the density of defects in the
carbon materials as well as the edge smoothness and the
edge structures [27]. The intensity of the D band is higher
than that of the G band for all the samples, indicating a high
concentration of disordered carbon present in the sample.
The ID/IG ratio of the CNT is found to be 1.564. The ID/IG
ratio of Cs-10% CNT, Cs-20% CNT, and Cs-30% CNT was
found to be 1.153, 1.121, and 1.168, respectively. The
decrease in the intensity ratio of Cs-CNT composites (as
compared to the CNT) is possibly due to interaction
between CNT’s defects and chitosan. Figure 2 (e-g) shows
the Raman spectra for Cs-CNT nanocomposites containing
20wt% of y-Fe20s nanoparticles. No traces of y-Fez03
nanoparticles peaks were observed, however the
incorporation of y-Fe203 nanoparticles in the Cs-CNT shows
enhancement in the Raman intensity ratio. The ID/IG ratio
of Cs-20%y-Fe203 containing 10, 20, and 30 wt% CNT was
observed to be 1.202, 1.158, and 1.181, respectively. The
slight increase in the value of ID/IG indicates that y-Fe203
nanoparticles could induce some additional defects in CNTs
in the chitosan matrix [28].
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Fig. 1. Raman spectra of a) Chitosan film b) y - Fez03 nanoparticles and
c) Cs-20%y-Fe20s.
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Fig. 2. Raman spectra of a) CNT, b) Cs-10% CNT, c) Cs-20% CNT, d) Cs-
30% CNT, e) Cs-10% CNT -20%y-Fe203, f) Cs-20% CNT -20%jy-Fe20s3
and g) Cs-30% CNT -20%y-Fe20s.

4.1.2. FE-SEM measurements

Fig. 3 shows the surface microstructure of chitosan and
the nanocomposites of chitosan containing 10 and 20 wt%
of CNT. The surface of the chitosan film [Figure 3(A & B)]
was observed to be crack free and smooth. Some small
aggregates were observed in the film which is due to the
undissolved chitosan powder. Cs-10%CNT [Figure 3 (C &
D)] shows distribution of CNT throughout the chitosan
matrix along with small aggregates. The size of CNT [Figure
3(D)] was found to be ~33 nm to ~81 nm. Cs-20% CNT
[Figure 3(E&F)] shows uniform distribution of CNT
throughout the chitosan matrix. It is also observed that the
CNTs touched. The FE-SEM images for the Cs-10%CNT-
20%y-Fe203 [Figure 3(G&H)] and Cs-20%CNT-20% y-Fe203
[Figure 3(I&])] shows CNT inside the chitosan matrix. In
order to clearly observe the presence of y-Fez203
nanoparticles in the Cs-CNT matrix, HR-TEM
measurements were taken.
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Fig. 3. FE-SEM images of (A) chitosan flim (B) chitosan flim (C) Cs-10% CNT, (D) Cs-10% CNT, (E) Cs-20% CNT, (F) Cs-20% CNT, (G) Cs-10%CNT-
20%Yy-Fe203, (H) Cs-10% CNT-20% y-Fe203, (I) Cs-20% CNT-20% y- Fe203 and (J) Cs-20% CNT-20% y-Fe20s.

4.1.3.

The HR-TEM images of chitosan containing 10 wt% CNT
and 20 wt% y-Fe203 nanoparticles (Figure 4A) show some
v-Fe203 nanoparticles attached to the walls of the CNT and
also dispersed in the chitosan film. The size of the
nanoparticles was observed to be ~16 nm. The size of the
individual CNT was found to be in the range of ~13nm to
~31nm. The size of the CNT observed from the FESEM
measurements (33 nm to 81 nm) is different from HR-TEM
measurements (13nm to 31nm). It is due to difference in

HR-TEM measurement

their resolutions. In the film form, CNT was completely
coated by the chitosan but in the solution form CNT can be
individually seen. The electron diffraction image (Figure
4B) shows the diffused diffraction spots in the ring which is
due to the presence of y-Fe203 nanoparticles in the chitosan
polymer. This result confirms the presence of y-Fez203
nanoparticles and they are coated on side walls of CNT.
Further, these coatings by maghemite nanoparticles could
affect the dielectric properties. Hence the dielectric
measurements were made and the results are as under.
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Fig. 4. HR—TEM‘ifnz;ges of‘A] Cs- 10% CNT-20% y-Fe203 and corresponding B) selected area electron diffraction image (SAED).

4.2. Dielectric Studies

4.2.1. Dielectric Constant (€')

Fig. 5A shows the frequency dependent variation of
dielectric constant (¢’) for y-Fez03 nanoparticles, chitosan
film, Cs-20%y-Fe203, and the Cs-10%CNT. While the ¢’ of
chitosan containing 10 % of CNT is positive in the
frequency range 0.1 - 1 M Hz, the ¢’ of chitosan containing
20 and 30wt% of CNT (Figure 5B) shows negative values in
the low frequency region and it becomes positive with
increase in frequency. When the CNT content exceeds the
percolation threshold limit, the CNTs approach each other
and form conducting network of CNTs in the chitosan
matrix. The dielectric constant becomes negative with the
formation of conducting network of CNTs in the chitosan
matrix. The frequencies at which the dielectric constant
becomes 0 for Cs-20% CNT and Cs-30%y-Fez203 are 5 and
11 Hz respectively. The effect of y-Fe203 nanoparticles on
the €& of Cs/CNT nanocomposites with varying
concentrations of CNT is shown in Figure 5(C). The ¢’ of the
Cs-CNT-20% y-Fe20s filled with 10, 20, and 30 wt% of CNT
exhibits ¢ wvalues of -9.3, -27.3, and -48.5 at 1MHz,
respectively. When increasing the CNT loadings in the Cs-
CNT-y-Fe203 nanocomposites large negative values of €’
were observed. The y-Fe203 nanoparticles introduce lots of
active interfaces between conductive CNT and
nonconductive chitosan matrix within the composites.
Under an electric field, a large number of charge carriers
are accumulated at the interfaces and result in the sharp
increase in permittivity, which is often called “Maxwell-
Wagner-Sillars effect” [29]. Especially in the low frequency
region, the dielectric constant of the Cs-CNT-y-Fez203
nanocomposite showed enormously large negative values.
The huge negative dielectric constant in the low frequency
region can be due to accumulation of large number of y-
Fe203 nanoparticles around the CNTs in the chitosan
matrix. For Cs-10% CNT-20%y-Fe203, Cs-20% CNT-20%y-
Fe203,and Cs-30% CNT-20%y-Fe203 the dielectric constant
was negative in the measured frequency range (0.1-1 M

400 1/0w

Hz). The observed dielectric constant values at selected
frequency for all the samples is listed in the Table.1.

4.2.2. Dielectric loss (£”)

The Dielectric loss (¢”) indicates the energy loss of the
material during the polarization [30]. Figure 6A shows the
frequency dependent ¢” for -chitosan film, y-Fe203
nanoparticles, Cs-20%y-Fe203, and Cs-CNT- maghemite
nanocomposites. It is observed that the &” for all the
samples decreased with increase in frequency. When the
concentration of CNT reaches 20 wt%, the ¢” is enhanced
abruptly. It is due to formation of continuous conducting
network of CNTs in the chitosan matrix. The effect of 20
wt% of y-Fe203 nanoparticles loading on the &” of Cs-CNT-
maghemite nanocomposites is shown in Figure 6(B). Here
also, the dielectric loss decreased with an increasing of
frequency. The dielectric loss is increased with increasing
the CNT from 10-30wt%. This is due to higher dissipation
of heat by the CNTs. It orders to suppress the electrode
polarization effect; electric modulus has been studied and
is as follows.

4.2.3. Electric modulus studies

The real (M") and imaginary (M”) parts of the electrical
modulus are obtained from the dielectric constant (¢’) and
dielectric loss (&”) as follows.

M’ =¢'/ [e2+ €"2] (1)
M” =¢"/[e%+ ¢ (2)

Fig. 6 (C) gives the real part (M) of electric modulus
with respect to frequency for the chitosan, y-Fez03
nanoparticles, Cs-20%y-Fez03, and Cs-CNT-maghemite
nanocomposites. The M’ plot for all the samples show a
frequency independent behaviour up to 103 Hz and then it
increases with increase in frequency. The frequency
independent behaviour at low frequency is due to the high
value of capacitance associated with the sample and it
completely suppresses the electrode polarization effect
[31]. The y-Fe203 nanoparticles and Cs-20%y-Fe203 show
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the frequency independent behaviour up to 107 Hz. In the
high frequency region, the value of M’ decreases with an
increasing concentration of CNT. Figure 6D shows the
effect of y-Fe203 loading on the M’ of Cs-CNT composites
containing varying concentration of CNT. The M’ of all the
sample shows frequency independent behaviour up to 103
Hz and then it increases with an increase in frequency. At
high frequency region, the value of M’ is decreased with an
increase of CNT concentration from 10 to 30%. Figure 6 (E)
shows the frequency dependent variations of imaginary
part of the electric modulus (M”) for chitosan, y-Fez203
nanoparticles, Cs-20%y-Fez0s3, and the nanocomposites of
Cs-CNT. Chitosan film shows the relaxation at ~2853 Hz
and it is shifted towards high frequency with an increasing
concentration of CNT. The relaxation peak shift towards
high frequency indicates the enhancement of DC
conductivity of the material. Similar kind of peak shift
behaviour towards high frequency side was observed for
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the epoxy resin containing BaTiOs particles [32]. Figure 6F
shows the effect of y-Fe203 nanoparticles loading on the M”
of Cs-CNT nanocomposites containing varying
concentration of CNT. The frequency independent
behaviour of M” of all the samples were observed up to 102
Hz. It is observed that as the CNT concentration increases
the peak position shifts to the right indicating increase in
conductivity, whereas when ¢y-Fe203 nanoparticles are
incorporated the peak shifts to the left indicating decrease
in conductivity.
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Fig.5. Frequency dependent plot for €’ of (A) chitosan, y-Fe203 nanoparticles and Cs-10%CNT; (B) Cs/CNT nanocomposites; (C) Cs/CNT/y-Fez03

nanocomposites.
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Table 1. The dielectric permittivity (¢') values at selected frequencies.

A. Saravanan / Progress in Physics of Applied Materials 3 (2023) 147-158

S.No Sample

1. Chitosan

2. y-Fe203 nanoparticles

3. Cs-20%y-Fe203

4. Cs-10% CNT

5. Cs-20% CNT

6. Cs-30% CNT

7. Cs-10% CNT-20%y-Fe203
8. Cs-20% CNT-20%y-Fe203
9. Cs-30% CNT-20%y-Fe203

€’ values at €’ values at ¢’ values at
0.1Hz 1KHz 1MHz
9986 25 3.8
1.6x108 15521 248
6573 19 6.4
62810 60 1.6
-69518 58 2.3
-3494 11 9.8
-4.1x107 -51 9
-1.7x107 -20 -27
-7.5x106 -2192 -48

4.2.4. Electrical conductivity studies

Percolation model has been successfully applied to
describe the electrical conductivity of Cs-CNT composite
systems in which a distinct insulator to conductor
transition is observed with an increasing concentration of
CNT in the chitosan matrix [33]. Figure 7(A) shows the
frequency dependence of electrical conductivity measured
at room temperature for chitosan, y-Fe203 nanoparticles,
Cs-20%y-Fe203, and the Cs-CNT nanocomposites. It is
observed that the electrical conductivity (o) of the chitosan
film is increased with increase in concentration of CNT and
exhibited an abrupt increase as the CNT content reached
20%. When the loading of CNT is less, the o of the
nanocomposite shows the frequency dependent behaviour
which increased with frequency. However, the o of
nanocomposites drastically enhanced by several orders of
magnitude as the CNT content increased to 20wt%. In a
mixture between a dielectric (chitosan) and a conducting
component (CNT), the conductivity of this mixture shows a
critical behaviour if the fraction of the conducting
component (CNT) reaches the percolation threshold [34].
Above the percolation threshold limit, the ¢ of composites
rapidly increased due to the formation of an electrical
conducting network of CNTs on the chitosan matrix. The
effect of y-Fe203 nanoparticles content on the electrical
conductivity of Cs-CNT composites is shown in Figure 7B.
Figure 7C shows the DC electrical conductivity measured at
0.1Hz for all the samples. It is observed that as the CNT
concentration increases the conductivity also increases.
Also, it is observed that y-Fez03 reduces the conductivity.
This is because y-Fez03 nanoparticles may accumulate at
the structural inter phase between the CNT and affect the
electrical conductivity.

4.3. Magnetic studies

Fig. 8 shows the M-H curves of y-Fe203 nanoparticles
and Cs-CNT-20% y-Fe203 contains varying concentration of
CNT measured at room temperature. The hysteresis loops
of all the samples were showing zero values of both
coercivity (Hc) and remanent magnetization (Mg),
indicating a superparamagnetic behaviour [35]. The
saturation magnetization (Ms) of y-Fe:03 NP’s (32.098
emu/g) is found to be lower than that of the reported bulk
maghemite (76emu/g) [36]. It is because of the small size
of y-Fe203 nanoparticles (~16 nm) [37]. The M-H curve of
chitosan film shows the diamagnetic behaviour with room
temperature magnetization of ~ 0.0326 emu/g [38]. After
subtracting the diamagnetic contribution, the saturation
magnetization (Ms) of Cs-20% y-Fe203 and Cs-CNT-20% v-
Fe203 with a CNT loading of 10, 20, and 30wt% were found
to be 4.674, 4.534, 3.891, and 3.421 emu/g, respectively. It
is observed that saturation magnetization (Ms) decreases
with increasing the concentration of CNT. The saturation
magnetization of polymer nanocomposites is found to be
lower than that of the y-Fe203 nanoparticles (32 emu/g). It
is due to encapsulation of y-Fe203 nanoparticles by
chitosan.

4.4. Model

A model is shown in Figure 9. When 10wt % of CNT was
added into the chitosan, no continuous conducting network
of CNTs formed. The electrical conductivity is slightly
higher than that of the chitosan film and the dielectric
constant is observed to be positive. When increasing the
CNT concentration from 10 to 20wt%, continuous
conducting networks of CNTs formed in the chitosan
matrix. The electrical conductivity is highly enhanced and
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the dielectric constant was observed to be negative at low
frequency. When the CNT content exceeds the percolation
threshold limit, the CNTs are interconnected to each other
and it leads to the higher level of charge delocalization. The
delocalization of charge carriers in the interconnected
CNTs in the chitosan matrix leads to the negative
permittivity at low frequency. When 20 wt% of y-Fe203
nanoparticles were added in to the Cs-CNT composite, its

107 10 10 100 10 100 100 10 10
Frequeney (Hz)

2.3x10

2.0x10

)

E1.5x10

S 1.0x10

fen

3.0x10

electric conductivity and the dielectric constant is
modified. The electrical conductivity of Cs-CNT- y-Fe203
was observed to be slightly less than that of the Cs-CNT
because the conduction through CNT to CNT is high
compared to the CNT - y-Fe203- CNT in the chitosan matrix.

100 10 10 100 100 10 10 10 10
Frequency (Hz)

-

[
=

e o fCNT (%)

Fig.7. (A and B) Frequency dependence plot for electrical conductivity for chitosan, y-Fe203 nanoparticles and the nanocomposites. (C) Dependence
of DC conductivity (at 0.1 Hz) upon concentration of CNT and - nanoparticles in the nanocomposites at room temperature.
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5. Conclusion

In this investigation, chitosan containing CNTs were
prepared by a simple solution casting method. Negative
permittivity behaviour was observed at low frequency
when chitosan contained more than 20wt% of CNT. The
electrical conductivity of the chitosan is transformed from
insulating region to conducting region when the CNT
content reached the percolation threshold limit. In that
limit, continuous conducting networks were formed due to
the interconnection of CNT. The delocalization of the
charge carriers along the interconnected CNT networks
leads to the negative permittivity. The relaxation peak of
M” was shifted to high frequency with an increasing loading
concentration of CNT. The shifting of the relaxation peaks
towards high frequency indicates enhancements of dc
conductivity. Also, addition of y-Fe203 nanoparticles in to
the Cs-CNT decreased the electrical conductivity. Magnetic
properties of synthesized y-Fe:03 nanoparticles and the
PNC’s of Cs-CNT-y-Fe203 showed superparamagnetic
behaviour. These materials could be very useful for the
preparation and development of metacomposites.
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