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This paper describes the preparation and study of thermally stimulated discharge conductivity (TSDC) study of cel-
lulose triacetate (CTA) - multiwalled carbon nanotubes (MWNTs) film thermoelectrets. TSDC has been carried out 
in the temperature range 308 - 503 K and at four different polarizing fields. The conductivity of the polymer blends 
increased with increase in temperature showing a semi-conducting behavior. The apparent activation energy also 
showed a pronounced effect with the increase in the content of MWNTs.
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Introduction

There has been increasing interest in the development of 
electronic circuits on flexible substrates to meet the growing 
demand for low-cost, large-area, flexible and lightweight de-
vices, such as roll-up displays, e-papers, connectors, and key-
boards. Organic/polymer and nanocomposite materials have 
attracted a lot of attention for building large-area, mechanically 
flexible electronic devices.1,2 These materials are widely pur-
sued since they offer numerous advantages in terms of ease of 
processing, good compatibility with a variety of substrates, and 
great opportunity for structural modifications. Organic light- 
emitting diodes for flat-panel displays appear ready for mass 
production,3,4 and significant progress has also been made in 
organic thin-film transistors 5 and solar cells.6,7 There is also a 
strong desire to develop new, large-scale advanced materials 
that can meet the growing demand for miniaturization, high- 
speed performance, and flexibility for microelectronic products.

In this regard, natural fibers have emerged as renewable and 
biodegradable natural materials. They are becoming increa-
singly useful as raw materials for the preparation of cost-effec-
tive and environment-friendly composite materials. In fact, 
despite their relatively modest strength and low density, plant 
fibers have been found to be capable of producing fibrous com-
posites with high-specific strength.8-17 Cellulose acetate and 
cellulose triacetate (CTA) are extensively used in the prepara-
tion of hemodialysis and desalination membranes.10 Acetate and 
triacetate fibers of cellulose have lower strength and abrasion 
resistance than most man-made fibers, so these are frequently 
used in combination with synthetic polymers.10-15 Furthermore, 
it has been found that among the cellulose esters, CTA has the 
highest thermal stability.16 It is known to have better hydrolytic 
stability and greater resistance to reactions with free chlorine 
and biodegradation. Therefore, CTA is used in a wide range of 
applications for the reason, including hemodialysis, reverse 
osmosis membranes, and liquid crystal displays.17

Carbon nanotubes (CNTs) possessing unique structure and 
properties are attractive building blocks for novel materials and 
devices of important practical interest.18 However, the insolu-

bility or poor dispersibility of pristine CNTs in common solvents 
poses a serious obstacle to their further development. Various 
attempts have been made to obtain homogeneous CNT disper-
sions in both aqueous and organic media.19, 20-24

In this work, we have fabricated CTA-MWNTs composite 
films with different wt % of MWNTs. The temperature-depen-
dent DC conductivity of the composite films were studied in 
the temperature range 308 - 503 K at different polarizing fields, 
which indicates a semi-conducting behavior with the increase 
of temperature and increase of conductivity with the enhance-
ment of the contents of MWNTs.

Experimental Details

All the raw materials used in the experiments were analytical 
reagents obtained from Sigma-Aldrich and did not receive fur-
ther purification processing. The films of polymer composites 
of CTA and MWNTs were prepared in the laboratory by 
weight percent method. About 1 g of CTA was initially taken 
in a beaker along with 10 mL of CHCl3 and stirred for about 1 h 
to dissolve CTA completely in CHCl3. With continues stirring 
10% of MWNTs was added into the CHCl3 solution containing 
CTA and continued stirring for 1 h. After then the solution was 
transferred on a cleaned optically plane glass plate and the solu-
tion was allowed to evaporate at room temperature. Then after 
complete evaporation, the film was detached from glass surface. 
In this way the films were prepared by solution evaporation 
technique. Same procedure was adopted for 20, 30 and 40 
weight percent MWNTs. These films were subjected to 12 h 
heating at a constant temperature of 80 oC and for another 12 h 
at room temperature to remove the traces of solvent. The CTA 
film was prepared under the same conditions for comparison 
purposes with the composite film.

The different weight percentage of MWNTs was 10, 20, 30 
and 40% in CTA to obtain CTA-MWNT composite film and 
in the following section the composite films are abbreviated as 
CMT-10, CMT-20, CMT-30, and CMT-40 respectively. For 
measuring the thickness, micrometer screw gauge with a least 
count of 0.01 mm was used. A small section of the sample was 
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Figure 1. Temperature dependent conductivity for CTA and the com-
posites CMT-10, CMT-30 and CMT-40.
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Figure 2. Conductivity versus inverses temperature for CTA and the 
composites CMT-10, CMT-30 and CMT-40.
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Figure 3. Log (σ) versus inverse temperature for CTA at different 
polarizing fields.

taken and mounted vertically to get clear sectional view. The 
thickness of the film was about 1.0 mm. 

Electrode coating and electret preparation. The parallel sur-
faces of the films were coated with gold by means of vacuum 
evaporation, and silver electrodes were placed on both surfaces 
with the help of silver paste to obtain better contact which acts 
as electrodes. The sample holder forming metal-polymer-metal 
system was placed in a furnace and heated up to the poling 
temperature of 350 K. The sample was allowed to remain at 
that temperature for about 30 min. Then electric field of desired 
strength was applied for 1 h at poling temperature with the 
applied electric field. The sample was allowed to cool down at 
room temperature, 298 K in the presence of applied field. Total 
time of polarization was adjusted to be 2 h in each case. On 
attaining room temperature, the samples were kept shorted for 
30 min to eliminate the stray charges. The electrets were pre-
pared at approximately different DC polarizing fields: E = 0.25 
kV/cm, 0.5 kV/cm, 1.0 kV/cm, and 1.5 kV/cm, respectively.

Measurement of electrical conductivity. The DC electric 
measurements of the obtained composite films were performed 
within the temperature range of 308 - 503 K using the four-probe 
technique using a Keithly 224 constant current source and a 
Keithly 617 digital electrometer. The temperature was recorded 
by a digital thermometer having an accuracy of ±1 oC. A digital 
multimeter (systronics, 435) having an accuracy of ±1 mV was 
used for the measurement of voltage drop across high resistance.

Results and Discussion

Electrical properties of CTA and CMT composite films. 
Temperature dependent conductivity for CTA and CMT com-
posite films was investigated within the temperature range of 
308 - 503 K which as shown in Figure 1, and Figure 2 is con-
ductivity with inverse temperature. The figures show that con-
ductivity increases with an increase in temperature for all com-
positions, and it likewise increases with an increase in the wt % 
of MWNTs in CTA. The increase in conductivity with the 
increase in temperature indicates the semi-conducting behavior 
of the composites. The results of conductivity in the composite 
films suggest that MWNTs possesses a positive influence on 
the conducting property of the composites, which is triggered 
by the mobility of CTA counter ions at a higher temperature. 
Figures 3, 4, and 5 represents logarithm of the conductivity 
versus inverse temperature plot for the films of CTA, CMT-10, 
and CMT-40 thermoelectrets at different polarizing fields of 
0.25 kV/cm, 0.5 kV/cm, 1.0 kV/cm, and 1.5 kV/cm, respect-
ively. The conductivity versus the inverse temperature for CTA 
as indicated in Figure 3 shows a decreasing trend with polariz-
ing field. This may be due to the polymeric structure of CTA. 
Whereas the similar plots for CMT-10 and CMT-40 as shown 
in Figure 4 and Figure 5 show an increasing trend by polarizing 
field. The increasing in conductivity in the composite films is 
attributed to MWNTs which has been incorporated during the 
mixing process. At the present state we do not have an exact 
information regarding the interaction between CTA and MW-
NTs. The study is under progressing to understand the type of 
interaction which responsible for the enhancement of conduct-
ing behavior as well as the activation energy in these com-

posite films. The conductivity data obtained in this study are 
similar to those of our earlier reports.25-29

Our experimental study revealed that electrical conductivity 
increases with the increase in temperature. The reason for the 
increase in the conductivity is attributed to the thermal energy 
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Table 1. Conductivity at different temperature and activation energy at different polarizing field for the films of CTA, CMT-10, and CMT-40

Polymer/
Composite

Conductivity (S/cm) at different temperature (K) Activation energy (kcal) at different polarizing field (kV/cm)

308 408 503 0.25 0.50 1.0 1.5

CTA   1.5 × 10‒6 8.4 × 10‒4 1.1 × 10‒4 3.75   3.72   3.66   3.64
CMT-10 2.97 × 10‒4 1.5 × 10‒3 4.28 × 10‒2 6.60   8.00 11.55 17.14
CMT-40 9.41 × 10‒4 2.6 × 10‒3 0.13 8.92 11.56 19.26 21.34
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Figure 4. Log (σ) versus inverse temperature for CMT-10 at different 
polarizing fields.
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Figure 5. Log (σ) versus inverse temperature for CMT-40 at different 
polarizing fields.

at higher temperature to excite electrons to the conduction band 
(thermal process). Such behavior can be expressed by the fol-
lowing Arrhenius equation:

σ = σo exp(-Ea/KT ) (1)

where σ is the conductivity, σo is the pre-exponential factor, Ea 

is the activation energy of conduction and K the Boltzmann’s 
constant. In Table 1, the conductivity at different temperature 
and activation energy using the equation at the polarizing fields 
for the films CTA, CMT-10 and CMT-40 are given. By the 
Table 1, both the conductivity and the activation energy for CTA 
are smaller as compared to the composite films and remain more 

or less same even after increasing the temperature. The con-
ductivity and the activation energy for the composites CMT-10 
and CMT-40 have increased in a larger quantity as compared 
to CTA with temperature.

MWNTs possess a highly conductive graphite structure 
which is highly responsible for the increase in the conductivity 
for the above composites.30 Their highly conductive graphitic 
structure should be efficient enough to establish an effective 
conducting network inside the matrix of these polymers. It 
appears the alignment of MWNTs in the composites films is 
more established as the temperature is increased, therefore an 
increase in the activation energy and so as the conductivity. This 
behavior is likely resulted from the three-dimensional network 
of nanotubes present in the composite films.31,24

Conclusion

The fabricated CTA-MWNTs composite films with different 
wt % of MWNTs were fabricated and studied for the tem-
perature-dependent DC conductivity in the temperature range 
308 - 503 K at different polarizing fields. The composite films 
indicate a semi-conducting behavior with an increase in the 
activation energy and conductivity. It may be concluded that the 
enhancement in conducting behavior of these composite films 
is due to the presence of MWNTs. More detailed work is under 
progress to understand the interaction of CTA and CNT in the 
composites responsible for the improved conductivity. The com-
posites may find applications such as anti-static materials, in 
electrostatic painting, or as protective coatings for electronic 
components.
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