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Abstract: In the present work we report the synthesis of PANI-Fe203 composites by ex situ polymerization technique. The Fe203 content
in the composites was varied from 10 to 50 wt%. Morphological and structural characterization of the synthesized composites was carried
out using scanning electron microscope and X-ray diffraction technique. The AC conductivity and dielectric constant of composites were
studied as a function of frequency. With the increase in Fe,O3; content in composites from 10% to 50% the conductivity is found to
increase at higher frequencies. The dielectric constant measurements showed that with the increase in Fe,0O5; concentration the dielectric
constant was found to be increasing and was highest for composite with 50% Fe,O3 content.
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| .INTRODUCTION:

For wide variety of electronic and electric applications, conducting polymers with five membered heterocycles such as polyacetalene and
polyaniline are quite popular as they can be substitute for semiconductors and conductors. Out of all these conducting polymers,
polyaniline(PANI) is quite popular because of its ease in synthesis, good environmental stability, availability in film form and reversibility.
Along with these properties this conducting polymer has very good electrical conductivity and its low cost make it probable candidate for
many applications. Because of its low density, low operational voltage and high conductivity make PANI a good candidate material for
actuator applications. These properties of PANI are mainly due to their unique structure composed of alternate arrangement of benzene ring
and nitrogen atoms [1]. The polymer composites are synthesized by two general techniques which include direct compounding or known as
ex situ and in situ technique. The PANI is usually synthesized by using either chemical or electrochemical techniques such as in situ
polymerization [2], solution blending [3] or dispersion technique [4]. It is well known that PANI has three stable oxidation states which are
referred as leucoemeraldine (fully reduced state), pernigraniline form (fully oxidized state) and emeraldine (partially oxidized state). Here the
emeraldine base can be doped with protonic acid to obtain emeraldine salt whose conductivity can be increased by charge delocalization by
doping with H". However PANI alone cannot be used for many applications and in order to use it, it must be incorporated with metal or
metal oxide particles.

It is well known that the conductivity of PANI and its composites can be tuned with various dopants to meet the requirements of an
application. In order to obtain better properties of PANI, metal and metal oxide particles are incorporated in many works. By incorporating
such particles in PANI can be used in anticorrosion coatings, lithium ion batteries, electromagnetic shielding and dye sensitized solar cells
[5-7]. On the other hand metal oxide particle like Fe,O3 are quite popular due to their electrochemical, magnetic and photo catalytic
properties. It is available in large quantity at very low cost and is nontoxic in nature. This metal oxide is used as chemical sensors to detect
the toxic gases as well as other gases like liquid petroleum gases and hydrogen. Apart from these, ferrite particles are added to conducting
polymers so that the resulting composite material will have both electrical and magnetic properties. Likewise lot of work has been carried out
on development of composites based on Fe,O; and PANI for gas sensing and drug carrier applications. In addition to this PANI composites
composing of ferrite particles are also being tried out for microwave shielding applications.

Much attention has been paid on development of PANI-Fe,O; composites keep various properties like electrical, drug carrier and gas
sensing properties in mind. In their work, Bashir et al [8] developed the polyaniline-Fe,O; nanocomposites by chemical oxidative
polymerization technique by varying the content of Fe,O3 from 5 and 30%.The X-ray diffraction analysis of Fe,Osand polyaniline-Fe,O3
showed an average size of 25 and 31 nm respectively. The dispersion of Fe,Osin PANI was uniform and had regular shape with an average
size of 29-33 nm. Further the electrical conductivity of composites was found to be increasing with increase Fe,Oscontent up to 5% while it
started decreasing beyond that. The increase in conductivity was attributed to alignment of PANI chains on the surface of Fe,O5 particles. Li
et al [9] studied the gas sensing properties and sensing mechanism of Fe,Os/PANI nanocomposite. Initially the Fe,Osnanosheets were
synthesized by combined method of electrospinning and hydrothermal techniques which was followed by coating these sheets with PANI.
The developed composite displayed better response magnitude for NH3 concentration of as low as 0.5-10.7 ppm when compared to that of
sensors of PANI and Fe,O; alone. The excellent selectivity of the composite towards NH3 was mainly attributed to p/n heterojunction
established between PANI and Fe,Os.

In the present we report the synthesis of polyaniline-Fe,0; composites prepared by ex situ polymerization technique with varying Fe,O3
content. X-ray diffraction and Scanning electron microscopy studies were conducted on the developed composites. The AC conductivity and
dielectric properties of composites as function of frequency with varying Fe,O; concentration was also studied.

I1. MATERIALS AND METHODS:

A. Synthesis:

Synthesis of the PANI-Fe,O3 composites was carried out by ex situ polymerization. Aniline (0.2 M) was dissolved in 1 M HCI and stirred
for 2hrs to form aniline hydrochloride. Iron oxide was added in the mass fraction to the above solution with vigorous stirring in order to keep
the Fe,O3 homogeneously suspended in the solution. To this mixture, 0.2 M of ammonium persulphate, which acts as an oxidant was slowly
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added drop-wise with continuous stirring at room temperature for 8 hrs to completely polymerize the monomer aniline. The precipitate was
filtered, washed with demonized water and finally dried in a hot air oven for 24 hrs to achieve a constant mass. In this way, PANI-Fe,03;
composites containing various mass fractions of Fe,Os3 (5%, 15%, 25%, 35% and 45%) in PANI were synthesized.

B. Characterization:

The as synthesized PANI-Fe,O; composite powder morphology and the structures were studied using scanning electron microscopy
(SEM, JSM-6360LYV, Japan) and X-ray diffraction (XRD). The X-ray diffraction patterns of the powders were taken using Philips XPERT
diffractometer using Cu Ko radiation (A = 1.54 A°). The AC conductivity of all the composites with different Fe,O3 content was studied in
the frequency range of 0.2 to 10 MHz using LCR-Q meter (Wayne Kerr, 4300) analyzer. The thermal behavior of the polymer samples was
examined by simultaneous differential scanning calorimeter (DSC) and thermo gravimetric analysis (TGA) up to 1000°C using Thermal
Analyzer STA PT 1600 (Linseis make, Germany) in nitrogen atmosphere at heating rate at 2 ° C /min.

I11. RESULTS AND DISCUSSION:

A.. Characterization: SEM and X-ray diffraction:

SEM micrographs of PANI-Fe,0; composites synthesized by ex situ technique with varying Fe,O3 content from 5% to 45% is shown in
figure 1 a-e. From the SEM micrographs it can be observed that the composite is in the form of grains and have porous morphology. All
Fe,03 particles are embedded in the lumps in the polyaniline matrix of the composite. The dispersion of Fe,O5 particle is found to be uniform
and all these particles are attached to the PANI chain. Further these composite particles seem to have capillary pores which can help in
adsorption of gas due to their large surface area. On the other hand the composites with 5% and 35% Fe,O; particles had crystalline flake
like morphology. Similar observations were reported by Patil et al [10] in their work on polyaniline—zinc ferrite composite, where the
composite had granular flake like networking structure.

Figure 2 shows the X-ray diffraction patterns of PANI-Fe,O3; composites with different Fe,O; content. Here the broad peak observed in
between the 20 = 20° to 30° is related to PANI exhibiting the amorphous behavior. The other sharp peaks observed at 26 = 32.78°, 35.66°,
48.92°, 53.62°, 62.16° and 64.28° were related to reported values for a-Fe,O3 as according to JCPDS No. 89-596. It can be observed the
sharp peaks are more in case of the composites which has more than 25% of Fe,O; content. These sharp peaks refer to crystalline nature of
the composites while no such peaks were observed for the composites having Fe,O3 content less than 25%. The suppressed peak intensity in
these composites is mainly due to formation of PANI on the surface of Fe,O; particles [11].

Figure 2: X-ray diffraction patterns of PANI-Fe,O3; composites with different Fe,O; content.
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B. AC conductivity of PANI-Fe,Oscomposites:

The AC conductivity of PANI-Fe,O; composites as a function of frequency with varying Fe,O; content is shown in figure 3. It can be
observed that the composites show similar behavior up to a frequency of 6x10° Hz and after that the conductivity increases significantly for
composite with 45% of Fe,Oscontent. The increase in the conductivity of composites with 5, 10 and 15% of Fe,O; was minimal while in
case of composites with 35 and 45% it was very high. The increase in AC conductivity with respect to the frequency can be attributed to the
presence of various types of in homogeneities in the PANI-Fe,O3; composites. Along with this the hopping of the charge carriers from one
localized state to another also contribute to the high conductivity values in the composites. This implies that the composites obey the
universal power law which is in line with the other work carried out on polyaniline composites [12, 13]. On the other hand the low
conductivity in case of composites with 5, 15 and 25% Fe,Oscontent can be due to the blockage of charge carriers because of large interface.

C. Thermal analysis:
Figure 4 shows the thermo grams of synthesized PANI-Fe,O5; composites with varying Fe,O3; content. The thermo grams were obtained
from room temperature to 1000°C to study the thermal stability of all the composites using thermo gravimetric analysis. It can be seen that
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there is decrease in weight loss from room temperature to 200°C of the all composites. Most of the water molecules are entrapped in the
PANI matrix. So at this temperature range the formation of water vapour and evaporation of moisture takes place which is reflected in the
weight loss. For the temperature range of 200 to 600°C, the weight loss is not so significant but thereafter we can see the degradation of
composite. Here the weight loss in this temperature range can be due to oxidative degradation of PANI matrix. The decomposition rates of
composites with Fe,0; content of 35% and 45% were slower than that of composites with 5% to 25%Fe,0s. In general the weight loss
reaches a maximum of 7% of total weight of the composite samples with low Fe,0; content (5 & 15%) [14].
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Figure 3: AC conductivity of PANI-Fe,O3 composites with varying Fe,O3 content.
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Figure 4: Thermo grams of PANI-Fe,O; composites: (2) 5, (b) 15, (c) 25, (d) 35 and (e) 45 wt% -Fe,O3 content.
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D. Dielectric behavior of PANI Fe,0scomposites:
Figure 5 shows the dielectric behavior (&) as a function of frequency for PANI-Fe,O3 composites with varying Fe,O5 content. It can be

observed that the dielectric constant €' up to 4x10° Hz for all the composites is constant. Later the dielectric constant tends to increase with
the increase in frequency as well as with the increase in Fe,O5 content. Incorporation of Fe,O3 resulted in significant increase in dielectric
constant of the composite and 35 wt% is showing higher than the other doped concentration. The deviation in the dielectric constant is

mainly due to the concentration of Fe** ions in the composites.
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Figure 5 Variation of &' for PANI-Fe,03 composites as a function of frequency for different Fe,O5 content.

IV. Conclusions
The following conclusions were drawn from the current study, PANI-Fe,O; composites with varying Fe,O3 content from 5% to 45% (in

the steps of 10%) have been successfully synthesized by ex situ polymerization technique. X-ray diffraction results suggest the mixture of
crystalline Fe,O3 phase and amorphous phase of PANI in composites. The composites showed increase in AC conductivity values with the
increase in frequencies which is mainly attributed to hopping of the charge carriers from one localized state to another. The thermal analysis
revealed that the composites with lower Fe,O3 content (5 & 15%) showed higher decomposition rates when compared to that of composites

with higher Fe,O; content.
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