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Abstract

Polypyrrole systems having nanocrystalline ZnO and Li-O with different compositions (PPy50 + Li,Ox
+ ZnO(50-x), where x =0, 2, 4, 6, 8, and 10) have been produced by ball milling. compositions of the
type The temperature-dependent DC conductivity of each sample was determined in the temperature
range of 313 K to 363 K. The conductivity studies show that Polaron hopping was the conducting
mechanism in the material composites. The weight proportion of Li,Ox + ZnO (50-x) NPs was
discovered to increase the conductivity and activation energy of the PPy, indicating that the hopping
distance between the charged particles is reduced, improving the metallic character and charge carrier
particle density.
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INTRODUCTION

Corrosion protection layers, electrodes for
batteries and capacitors, energy storage devices,
sensors and electrocatalysts are produced by
semiconductor polymers drawn attention to
scientists and engineers in recent years [1-2].
Polymers are typically assumed to be non-
conducting [3]. Conjugated polymers with two
bonds display semiconducting characteristics [3].
When properly doped, polypyrrole possesses
semiconducting characteristics [3]. The use of
conducting  polymers and their typical
representative are indicators of their properties [4].
A selective metal oxide doping causes
augmentation of conductivity of poly-conjugated
polymers from 10° S/m to 10° S/m [5-8].
Improved  fabricability —and  other PPy
characteristics have recently been the focus of study
[9-11].

Conducting polymers using nanofillers enhance
the conducting qualities of composite composites
[12]. ZnO nanoparticles (NPs) serve as
reinforcement fillers in PPy and other polymers
[13-14]. Non-toxic, cheap, efficient absorbent and
size dependent electrical and optical characteristics,
ZnO NPs have attracted a lot of interest as a
semiconductor recently [15-19]. ZnO NPs have
been discovered to be easily generated in metals
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and have a wide range of applications in the electronic and medical industries [20]. The host materials'
electrical and mechanical characteristics are improved by the second of the nanocomposite's metal and
organic components, while the mechanical properties are improved by the first [21].

Nanocrystalline ZnO sensors and Li,O based energy storage components have been developed due
to their unique electrical and electronic properties [22-29]. Utilization of polymers which are produced
by in-situ polymerization process as fillers have reported [30-31].

Lithium oxide and ZnO NPs are both often utilized as dopants. Lithium oxide is used to implant ZnO
NP crystallite clusters, whereas ZnO NPs are used to decorate PPy amorphous structures [11]. In
addition to offering superior electrical, chemical, and mechanical qualities for industrial production [32-
33]. as well as application in sensors and lithium-ion batteries [34-35]. the mechanical mixing procedure
is appropriate for large-scale production.

The goal of this study is to determine the effect of incorporating ZnO NPs and bulk Li,O into pristine
PPy matrix in varied compositions. Polypyrrole nanocomposites with nanocrystalline ZnO particles and
Li,O (PPy50 + Li.Ox + ZnO (50-x), where x = 0, 2, 4, 6, 8, and 10) have been synthesized and the
samples of various compositions are referred as HCO, HC2, HC4, HC6, HC8, and HC10.

EXPERIMENTAL DETAILS

Metal oxide nanoparticles, Ammonium Persulphate (APS) and Acetone purchased from Sigma
Aldrich. Pyrrole, a doubly distilled monomer, is polymerized in situ in a beaker with a 0.3 M
concentration of ammonium persulphate (APS). The beaker is held in place by a magnetic stirrer. In
100 ml of water, 0.6 M ammonium persulphate is added. APS is gradually dissolved in 0.3 M
Polypyrrole. The obtained precipitate was washed several times with deionized water and dried. The
byproduct was heated to 373 K in a muffle furnace, yielding 2.25 g of black Polypyrrole powder, which
was then considered 100%.

A mechanical vibration mill (Make: Techno search instrument Mumbai, India) used to produce the
polymer composites. The milling was done for 15— 20 min and wt.% of metal oxides varies for different
samples [36]. Further, each sample composite was added to an agate mortar and thoroughly hand mixed
in presence of acetone. Crushing the powder with an 80 MPa hydraulic press resulted in pellets with
varying weight percentages. The pellets were 10 mm in diameter and about 2 mm in thickness.

By applying silver paste onto two major surfaces of the HC pellet, the electrical contacts have been
established. The DC conductivity of these nanocomposites as a function of temperature, in the
temperatures of 313 K and 463 K, has been measured using two-probe method (SES Make Instruments,
Roorkee, India) [34-35]. The current flowing through samples were measured using a digital Pico
ammeter. A temperature control unit with a Chromel Alumel thermocouple and a high-quality PID
Controller with a maximum temperature range of 200 ‘C was used to measure the temperature of the

sample. The conductivity was determined for all the composites using the formula o= % where

resistivity p = %, d is the thickness, A is the surface area and R is the resistance of the sample. The

predicted conductivity inaccuracy was estimated to be between 2 and 3%. Scanning Electron
Microscope Model-EVVO-18 Special Edison Zein Germany drew sketches of the sample morphologies
(Flow chart 1).

RESULTS AND DISCUSSIONS
Sem Analysis

The analysis of the SEM micrographs confirmed the hexagonal crystal structure of the present ZnO
nanocrystallites (Figures. 1a to f). These figures also depict that the ZnO NPs are embedded into the
amorphous structure of PPy. The increase in weight percentage ZnO NPs in the ratio (0, 2, 4, 6, 8 & 10)
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has yielded in a systematic and consistent structural change in the present composites. A granular
morphology of the polypyrrole particle structures is measured from SEM images and found to be of the
order of 200 nm.

The diameters of HCO, HC2, HC4, HC6, HC8 and HC10 respectively varied from 128.6 to 196.99
nm, 215.5 to 220.5 nm, 177.2 to 191.8 nm, 108 to 216.8 nm, 161.6 to 183.9 nm and 121.9 to 145 nm.
This data confirms that with the increase in weight percentage of Li>O into the composite there is a
decrement in the size of particle.

The cluster of polypyrrole embedded ZnO NPs is observed in Figure la. There is agglomerated
particle bounded to PPy as weight percentage of Li2O is increased (Figure 1b - f). The observable voids
may be attributed to weak interparticles interactions.

P
Synthesis of materials ]
.
v
P
Characterization of samples }
&
v
Preparation of pellets ]
( )
Conductivity studies at different temp.
|\ J
(" ¢ )

Mott's SPH model is used the analyze the
conductivity of the sample
- J

Flow chart 1. The steps involved in the process of synthesis, characterization of ZnO - LiO, Composite
material.

Dc Conductivity Studies

The temperature dependent Conductivity is explained by Mott's small polaron hopping model. The
high temperature activation energy was determined by applying Mott’s small polaron hopping (SPH)
model [37-39] according to the following equation,
oT=c0 exp(-Ea/(kB T) (@)

Where o is the conductivity of the composites, o, is the pre-exponential factor and is constant, E, is
the activation energy, kg is the Boltzmann’s Constant, T is the absolute temperature of the samples.

A graph was fitted to equation (4) and Inc versus 1/T plotted for all the material composites using
origin 8.5. The curve is linear at high temperature region and nonlinear at low temperature region.

The high temperature activation energy was calculated at linear portion of the curve by using
estimated slope as follows

Fa = —-100mk (5)

e
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E is high temperature activation energy, m is the slope of the linear portion of the line which was
negative, k is Boltzmann constant and is equal to 138 x 10723, /k, 1000 was multiplication factor used
to plot the graph, and e is the charge of the electron equal to 1.603 x 10~%¢
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Figure 1. Showing SEM images of Figure 1 (a) HCO, (b) HC2, (c) HC4, (d) HC6, (e) HC8 and ()
HC10.
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Figure 2. Showing In ¢ versus 1/T conductivity of (Ppy, HCO, HC2, HC4, HC6, HCS, and HC10).

The calculated activation energies for the material composites increases with increase weight
percentage of ZnO NPs in Ppy. The calculated activation energy for different material composites at
depicted in Table 1.

As shown in Tablel, the observed conductivity for all PPy + Li,O + ZnO NP composites at various
temperatures ranges from 2.164 X 107 S/m to 9.135 X 10® S/m. The curve of conductivity at various
temperatures for various weight percentages of Li.O + ZnO NPs added in PPy was shown in Figure. 3.
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The nano composites' conductivity increased nonlinearly with temperature and showed semiconducting
behavior [37,38]. The addition of Li,O + ZnO NPs increases the conductivity of ppy and indicates that
the hopping distance between charged particles is decreasing, which improves the metallic character
and charge carrier particle density [39]. The conductivity of composites improves as the concentration
of Li.O + ZnO NPs increases, depending on the loading of fillers [40-42].

In Figure.2, the deviation of dc conductivity curves in low temperature region is attributed to the
variable range hopping of the polarons. The same can be analyzed in line with the Variable Range
Hopping Theories due to N.F. Mott and N. Greaves.

Table 1. Showing Activation energy, wt% at different composites at temperature 313 and 363 K.

Wit% | o6inS/mat313K | ¢in S/mat363K | Energy activation (ev)
0 9.14 X 108 7.56 X 108 0.430
2 2.51 X 1097 3.18 X 107 0.980
4 2.44 X 1008 1.46 X 1007 0.286
6 2.16 X 107 3.73 X107 0.653
8 5.45 X 1007 6.35 X 10 1.700
10 7.49 X 107 1.36 X 1005 1.087
8.510 7]
8.010 7] — —1.8
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7.5107 —m— Activation ener 4]
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Figure 3. Showing dc conductivity and activation energy, Eqc, for different wi% at temp. 313K.

CONCLUSION

The novel Polypyrrole/ZnO NPs-Li>O ternary composites were synthesized. The morphological
changes due to the incorporation of Li»O in the composites were studied using SEM technique. The DC
electrical conductivity of the PPy/Zno- Li,O composites was determined in the temperatures 313 and
363 K using two-probe method. SEM micrographs demonstrated that the agglomeration of particles
enhanced for 10 wt.% sample in comparison with other samples. The dc conductivity increased with
increase in the temperature. The variation of conductivity with temperature has been analyzed using
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Mott’s small polaron hopping model. As the weight percentage of Li-O + ZnO NPs increased, the
activation energy and conductivity also found to increase in the present composites.
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