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Polypyrrole and polypyrrole/copper zinc iron oxide (copper zinc ferrite) nanocomposites were synthe-
sized by in-situ polymerization using Ammonium Persulphate as oxidising agent. The nanocomposites
were synthesized by mixing polypyrrole and copper zinc iron oxide in different weight percentages. The
formation of nanocomposites and changes in the structural properties were investigated by character-
izing the samples using XRD, FTIR, SEM and EDX analysis. The size of the particle was analysed by XRD
using Scherrer equation and found to be in 20 nm range. DC conductivity was measured in the temper-
ature range 300 K-473 K. The DC conductivity was found to be constant for the temperature range from
300 K-433 K. But the conductivity showed an exponential increase for the temperature 433 K-473 K, and
it obeys Arrhenius relation. Activation energies were evaluated from Arrhenius plots for all compositions.
Results show that incorporation of additive material significantly reduces the activation energy for the
DC conductivity of the composites, and the decrease in the activation energy is also dependent on the
amount of the nanoparticles in the composites. As the polymers are used in the various manufacturing
products, this study indicates the possibility of using such polymers in the form of composites as superior

insulating material in the fields of electrical or electronic insulation and allied areas.
© 2017 The Ceramic Society of Japan and the Korean Ceramic Society. Production and hosting by
Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).

1. Introduction

In the past two decades nanocomposites have become one of
the most extensively studied materials all over the world due to
their unusual properties and wide range of applications in effective
electronic devices, conductive paints, drug delivery, recharge-
able batteries, food packaging, sensors etc: Conducting polymers
possess good tunable electrical conductivity, but they are chemi-
cally sensitive and have poor mechanical properties; on the other
hand, oxide nanoparticles possess good mechanical properties. The
mechanical properties are also found to be strain-rate dependent
[1,2].

The state of dispersion of nanoparticles in the polymeric matrix
has often a large impact on the properties of polymers [3]. In poly-
mer nanocomposites conductivity depends on various factors such
as filler morphology, size, loading concentration, and interfacial
interaction. The dramatically larger chain-particle interface area
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in the case of nanocomposites makes effects appearing negligi-
ble in microcomposites very prominent in nanocomposites [3,4].
The conductivity varies with the addition of nanoparticles into
the polypyrrole. In polypyrrole/silver nanocomposite, electrical
conductivity measurements were carried and it was found that
functionalized silver nanoparticles can act as efficient gas sensor
for ammonia. The conductivity increases with ammonia exposure
[5].In another report the effect of polypyrrole on nickel oxide (NiO)
anodes for lithium ion batteries was investigated. It is reported that,
the electrochemical performance were significantly improved for
the NiO-PPy composite compared with the NiO [6,7]

Polypyrrole (Ppy) is one of the most attractive conducting poly-
mers due toits special transport properties, facile synthesis, tunable
conductivity and good environmental stability [8]. Nano crystalline
ferrites are materials of considerable interest due to their unique
dielectric, magnetic and optical properties. Nanocrystalline Spinel
copper zinc ferrites (CuZnFe,04) have been extensively investi-
gated due to their potential applications in non-resonant device,
radio frequency circuits, rod antennas, high quality filters and
transformer core [9].

In this paper we report synthesis of PPy/CuZnFe,04 nanocom-
posites of different compositions and the influence of nanoparticles

2187-0764/© 2017 The Ceramic Society of Japan and the Korean Ceramic Society. Production and hosting by Elsevier B.V. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Please cite this article in press as: V.S. Shanthala, et al., Synthesis, characterization and DC conductivity studies of polypyrrole/copper
zinc iron oxide nanocomposites, J. Asian Ceram. Soc. (2017), http://dx.doi.org/10.1016/j.jascer.2017.02.005

41
42
43
44
45
46

47


dx.doi.org/10.1016/j.jascer.2017.02.005
dx.doi.org/10.1016/j.jascer.2017.02.005
http://www.sciencedirect.com/science/journal/21870764
http://www.elsevier.com/locate/jascer
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:shanthalasastry@gmail.com
mailto:drshobhasn@gmail.com
mailto:murugeshbms@gmail.com
dx.doi.org/10.1016/j.jascer.2017.02.005
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

G Model
JASCER287 1-8

2

V.S. Shanthala et al. / Journal of Asian Ceramic Societies xxx (2017) xXX-Xxx

—_—
Q
'

1200 Ppy
|| i
1000 | ‘*\
— I W“‘
5 800 uM“ MM ‘ i
é 1 w MM W(M\w N
= 600 il MR ]
£ 'W‘M | %w\ )
<= 400 - ‘ ‘“"‘\‘”Wa ol
‘ MMM\L‘ “h,‘h N 1
] wwwL‘WWWMW .
10 20 30 40 50 60 70 80
(b) 26(degree)
3000 . , : : : , : :

2500

2000

1500

Intensity(counts)

1000 +

500 +

0 T T T K T T T T T T T T T
20 30 40 50 60 70 80
20 (Degree)
(c)
(3,1,1)
3000 i
I
i
] i
2500
0 ]
[
3
S 2000
=
= i
c
Qo
£ 1500 A
1000 -
T T T T T T T T T T T T T
20 30 40 50 60 70 80
20 (Degree)

Fig. 1. (a-c) X-ray diffraction pattern of PPy, PPy/CuZnFe,04 and CuZnFe,04. (a) X-ray diffraction pattern of Ppy. (b) X-ray diffraction pattern of Ppy/CuZnFe,04-40%. (c)
X-ray diffraction pattern of CuZnFe,04.
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