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ABSTRACT 

With more than 100 million tonnes of fly ash produced in India, use of fly ash for the preparation of polyaniline – fly 

ash composites will in no way help in its bulk utilization. Still the authors have made an effort towards the better utility 

of fly ash by synthesizing polyaniline –fly ash composites for electronic devices where the requirement of dielectric 

materials with good electrical conductivity. There is great challenge to use the waste of thermal power stations in the 

form of fly ash as reinforcement for the conducting polymers to be good dielectric materials. In this paper, we report the 

use of fly ash to prepare conducting polymer composite materials. In-situ polymerization of aniline was carried out in 

the presence of fly ash (FA) to synthesize conducting polyaniline–fly ash composites (PANI-FA) by chemical oxidation 

method.   The PANI-FA composites have been synthesized with various compositions (10, 20, 30, 40 and 50 wt %) of 

fly ash in conducting polymer matrix. The surface morphology of these composites was studied by scanning electron 

microscopy (SEM). These composites were characterized by Scanning Electron Microscopy (SEM), X-Ray 

Diffractometry (XRD), Fourier Transform Infra-Red (FTIR) Spectroscopy to investigate surface morphology and 

structure of the composites. Thermal and frequency dependence dielectric properties of all the synthesized composites 

have been studied with the help of impedance analyzer. By incorporating fly ash into conducting polymers, dielectric 

constant of the composites was found to be improved as compared to that of pure conducting polymers. It was also 

noticed that the dielectric constant of all the composites found to be decreased with increasing frequency but increased 

with increasing temperature. The results obtained for these composites are of greater scientific and technological 

interest for good quality capacitors. Copyright © 2014 VBRI press. 
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Introduction 

Conducting polymers have received considerable 

attention because of their interesting electronic, 

physical properties, chemical stability and their 

potential technological applications [1-4]. Polyaniline 

(PANI) is one of the most promising conducting 

polymers because of its unique properties like ease of 

preparation in aqueous medium, good stability in air, 

simplicity in doping, improved electronic properties, 

controllable by oxidation and protonation state, 

excellent environmental stability, moderately high 

conductivity in the doped state and Potential 

applications in electronic devices [5, 6]. Polymers are 

typically utilized in electrical, optical and electronic 

devices as insulators because of their very high 

electrical resistivity. The dielectric properties of 

heterogeneous polymers [7] play an important role in 

device applications such as high performance 

capacitors, electrical cable insulation, electronic 

packaging etc. Polymers are usually polyconjugated 

structures, which are insulators in their pure state; but 

when treated with oxidizing or reducing agents they 

can be converted into polymer salts having reasonable 

electrical conductivity. Conjugated polymers are 

plastic semiconductors [8]. They have wide 

applications in devices such as solar cells, rechargeable 

batteries, light emitting diodes, micro-actuators, 

electrochromic displays, field effect transistors, sensors 

[9].  

Polyaniline (PANI) can be synthesized chemically 

or electrochemically in an acidic medium. For 

chemical synthesis, an appropriate oxidant is required. 

There are three forms of PANI, namely fully oxidized 

pernigraniline, half-oxidized emeraldine base (EB) and 

fully reduced leucoemeraldine base (LB). Emeraldine 

is said to be the most stable form of PANI and also the 

most conductive form when doped (emeraldine salt) 

[10, 11]. Incorporation of a new component into 

polymer matrix enhances the properties of the polymer. 

Kondawar et al have reported the enhancement of 

electrical properties of various conducting polymer 

composites [12-15]. The incorporation of FA into the 

polymeric network introduces uniform porosity and is 

expected to be advantageous for gas sensing and 

biosensing applications. Thermal studies of PANI 

conducting polymers are particularly important when 

one considers the use of elevated temperature to 

process PANI and its blends into technologically useful 

forms.   

In India, substantial part of electric power (about 

65%) is generated from coal or lignite fired thermal 

power stations. One of the major pollutants generated 

in a coal based thermal power plant is fly ash (FA). 

Silica (SiO2), alumina (Al2O3), iron oxide (Fe2O3) and 

titanium oxide (TiO2) are major constituents of FA. 

These metal oxides have been used in one way or the 

other in the preparation of nanocomposites. For 

example, Al2O3 and Fe2O3 have been used as catalyst 

support for the production of organic-inorganic porous 

nanocomposites. In this paper we are using natural 

composition of metal oxides for the preparation of 

PANI-FA composite, which forms morphologically 

porous matrix and have improved thermal stability.  

In this paper, we report the synthesis of PANI-FA 

composites with various weight percentage of fly ash 

by chemical oxidization method and characterization 

using SEM, XRD and FTIR to find the utilization of 

such multifunctional composites as dielectrics and to 

solve the problem of dumping of fly ash in coal 

industries. 

 

Experimental 

Materials  

The monomer aniline was purchased from Sigma-

Aldrich (purity 99.5%) and purified through distillation 

under reduced pressure and stored refrigerated before 

use. A fine fresh clean and pure FA powder was 

collected from the Thermal Power Station, Chandrapur, 

India. The cenosphere type FA was grounded and 

sintered at 600°C to remove moisture content and 

impurities present. Chemically, the FA was silica to an 

extent of 55–70% followed by alumina, 10–18%, iron 

oxide, 6–20% and lime magnesia and alkalis varied 

between 1 and 5% each. FA also contains elements like 

Cu, Pb, Cd, Ag, Mn, Ti, Na, Mo, S, P, Zn and Cl in 

different concentrations [16]. All other chemicals like 

ammonium peroxydisulfate with molecular weight 

228.2gm/mole (APS, 98%), ethanol (99.9%), sulphuric 

acid with molecular weight 98.08gm/mole (98%) were 

bought from S. D. Fine-Chem. Ltd. and used as 

received without further purification. All chemicals 

were of analytical grade. Solutions were prepared in 

de-ionized water. 

Analytical methods  

The surface morphology was studied with the help of 

Scanning Electron Microscope (JEOL Model JSM - 

6390LV). X-ray diffraction (XRD) was carried on 

Philips PW1710 automatic X-ray diffractometer with 

Cu-Kα radiation (λ=1.5404Å), with a scanning speed 

of 10° min
−1

. FTIR spectra were performed on 

Shimatzu FTIR-8101A Spectrophotometer in the 

wavelength range of 400–4000cm
−1

. The pellets were 

prepared with the help of hydraulic press (Kimaya 

Engineers, India) by applying a pressure of 5000 

kg/cm
2
. The variation of impedance with frequency 

and temperature has been studied for all samples .The 

dielectric constant and dielectric loss were measured in 

frequency range from 100 Hz to 1 MHz using Hewlett-

Packard impedance analyser 4192-A at room 

temperature.  
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Preparation of PANI-FA composites 

0.1 M aniline was dissolved in 100 ml of 1M HCl to 

form polyaniline (PANI). The varied wt% of fly ash 

powder (10, 20, 30, 40 and 50%) was added to the 

PANI solution with vigorous stirring in order to keep 

the FA powder suspended in the solution. 0.1 M 

[(NH4)2S2O8] was added drop wise with continuous 

stirring, which acts as the oxidant. The reaction 

mixture was stirred continuously for another 8 h. The 

precipitate formed was collected by filtration and 

washed with distilled water and acetone until the 

filtrate became colourless. After washing, the 

precipitate was dried at 70
o
C in vacuum oven for 12 h. 

Pure PANI was also synthesized without the use of FA 

in the similar process to compare the dielectric 

properties between the composites and pure PANI.  

 

 

 

Fig. 1. SEM images of (a) FA, (b) PANI, (c) PANI-FA(10%), (d) 

PANI-FA(20%), (e) PANI-FA(30%) and (f) PANI-FA(40%) 
composites. 

 

Results and discussion 

SEM images of PANI, FA and PANI-FA composites 

are shown in Fig. 1(a-f). It can be seen from SEM 

image of FA (a) that the fly ash is mainly constituted 

by compact or hollowed spheres but with a regular 

smooth texture. Also, some quartz particles, residue of 

un-burnt coal or some vitreous unshaped fragments 

could be seen. SEM image of PANI (b) shows porous, 

non-uniform structure. PANI-FA (c-f) composites 

shows the formation of dine base form of PANI 

significantly changes the aggregate state of polymeric 

molecular chain. The incorporation of metal oxides 

into the polymeric network induces uniform porosity 

and is expected to be advantageous for gas and 

biosensing applications. A very high magnification 

reveals the homogeneous distribution of fly ash 

(cenosphere) particles. It is seen from the micrograph 

that cluster and granular structure of polyaniline is 

maintained even after the addition of fly ash in 

polyaniline. Hence, a network of fly ash and granular 

polyaniline has been formed in case of composites 

[17]. 

Fig. 2 shows the XRD pattern of pure PANI and 

PANI-FA composites. It has been observed from XRD 

that PANI undergoes interfacial interaction with FA 

crystallites and exhibits semi-crystalline behaviour. 

PANI-FA composites show peaks of fly ash as well as 

polyaniline indicating that fly ash crystallites have 

been uniformly mixed within the polymer chain. 

PANI-FA shows more crystalline for higher percentage 

of FA in PANI matrix. No structural change has been 

observed in fly ash due to its dispersion in 

polymerization reaction of polyaniline [18].  

 

 

Fig. 2.  XRD pattern of pure PANI and PANI-FA composites. 

 

FTIR spectra of PANI and PANI-FA composites 

are shown in Fig. 3.  The characteristic bands observed 

at 1567 and 1482 cm
−1

 in PANI are assigned 

respectively to the non-symmetric vibration mode of 

C=C in quinoid and benzenoid ring system in 

polyaniline. The C-N stretching vibration mode in 

aromatic amine nitrogen (quinoid system) in doped 

polyaniline was found at 1290 cm
−1

 corresponding to 

the oxidation or protonation state. The peak at 1233 

cm
−1

 is attributed to C-N stretching vibration mode in 

benzenoid ring system of polyaniline due to the 

(a) (b)

(c) (d)

(e) (f)
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conducting protonated form. In plane vibration of C-H 

bending mode in N = Q = N, Q-N+H-B or B-N+H-B 

(where Q = quinoid and B = benzenoid) was observed 

at 1146 cm
−1

. The presence of this band is expected 

due to the polymerization of PANI, i.e., polar structure 

of the conducting protonated form. The bands at 874 

and 799 cm
−1

 are attributed to the aromatic ring and out 

of plane C-H deformation vibrations for 1, 4-

disubstituted aromatic ring system [19]. The 

characteristic band observed for PANI-fly ash at 3440 

cm
−1

 and 1107 cm
−1

 are assigned to the N-H stretching 

vibration mode, and NH2 deformation in aniline unit 

respectively.   

 

 

Fig. 3. FTIR spectra of pure PANI and PANI-FA composites. 

 

In FTIR spectrum of purified FA, the characteristic 

3440 cm
−1

 band indicating the stretching vibration of 

the -OH group appears due to some components with 

an -OH group or crystal lattice water on the surface of 

FA. The decrease in broadening of FTIR bands in the 

range 1560 - 3440 cm
−1

 was due to covalent and 

hydrogen bonding between –NH2 and –OH group of 

PANI and FA respectively. The very sharp FTIR peak 

at 1560 cm
−1

 was associated with C = O stretch in –

HNCOCH3 group of PANI-FA matrix. The IR spectra 

of PANI composite in presence of FA exhibit new 

peaks distinctly at 1578, 1447, 1111, 1196 and 617 cm
–

1
 which could be assigned to the presence of various 

metal oxides in the composite. The peak around 1107 

cm
−1

 may be attributed to the presence of silica within 

the composite. The FTIR peaks at 1068 cm
−1

 for the 

FA corresponds to the internal SiO4 tetrahedra, 

especially the Si-O-Si chain structure. The peaks at 

1068 - 1111 cm
−1

 of the FA correspond to a cyclic Si-

O-Si structure. The FA indicates the FTIR spectra of 

Fe2O3, where the bands around 617-426 cm
−1

 are 

assigned to Fe-O stretch. It can be seen that the FTIR 

spectra of the PANI-FA composites are similar to that 

of pure PANI where the bands for C=N, C=C and C-N 

are all shifted to lower wave numbers, i.e. 1578, 1444, 

1400 and 1111 cm
−1

 due to strong interaction of  Fe2O3 

and PANI  [20]. 

 

Fig. 4 (a). Dielectric constant vs temperature and (b) Dielectric loss 

vs temperature of PANI and PANI-FA composites. 

 

Fig. 4(a) and (b) shows variation of dielectric 

constant (ε’) and dielectric loss (ε’’) as a function of 

temperature at constant frequency 1000Hz of 

polyaniline and polyaniline fly ash composites (10 to 

50 wt%) respectively. It is observed that dielectric 

constant (ε’) and dielectric loss (ε’’) increases with 

increasing temperature. As the temperature of the 

sample increased there is no dispersion in dielectric 

constant. This is because of tight binding forces 

between the number of ions or atoms. As temperature 

increases the dipoles comparatively become free and 

they respond to the applied electric field. Thus 
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polarization increased and hence the dielectric constant 

also increases with temperature. The polyaniine 

particles generally act as minute capacitors which 

decrease due to increases in content of fly ash in PANI 

matrix. Increment fly ash content decreases number of 

such capacitors of PANI which is turn decrease the 

magnitude of dielectric constant. The dielectric 

constant for PANI is about 4x10
6
 and for FA is about 

10. The addition of various weight percentage of FA 

i.e. (10% to 50%) shows deceases in dielectric constant 

from 4.04x10
6 

to 0.40x10
3
 at 100 Hz. Therefore, use of 

FA in PANI matrix leads to decrease in dielectric 

constant as compared to that of pure PANI. The 

dielectric loss (ε’’) of PANI-FA composites is due to 

the tubular PANI phase, interfacial polarization 

between PANI and FA phase. Further, the dielectric 

losses by SiO2, 3Al2O3, 2SiO2 and Fe2O3 constituents of 

FA and multiple scattering play a crucial role for 

dielectric loss. The percentage dielectric loss of the 

PANIFA shows similar trend as that of dielectric 

constant [21]. 

 

 

Fig. 5. (a) Dielectric constant vs frequency and (b) dielectric loss vs 

frequency of PANI and PANI-FA composites.  

 

Fig. 5(a) and (b) shows the variation of dielectric 

constant (ε’) and dielectric loss of (ε’’) as a function of 

frequency of pure polyaniline and polyaniline fly ash 

composites (different wt%). It is observed that at low 

frequency dielectric constant was found to be 

decreased with increasing the frequency. This could be 

due to fact that ions are unable to oppose the effect of 

the field and/or tightly pinned to the polymer chain. 

Both polyaniline and its composites exhibit small value 

of dielectric loss at higher frequency, therefore these 

samples of polyaline and its composites are used in 

present study. The real part of the dielectric 

permittivity or dielectric constant (ε’) and imaginary 

part of dielectric permittivity or dielectric loss (ε’’) for 

PANI-FA sample measured in the frequency range 100 

Hz to 1MHz room temperatures. It is observed that the 

dielectric constant ε’ is decreased rapidly at lower 

frequencies and showed almost frequency independent 

behavior at higher frequency region [22]. The bulk 

polarization of the sample results from the presence of 

electrodes, which do not allow transfer of the charge 

species into the external circuit.  The behavior of the 

dielectric permittivity with frequency is related to the 

applied field, which assists electron hopping between 

two different sites of the sample. At higher frequency 

region, the charge carriers will no longer be able to 

rotate sufficiently rapidly, so their oscillation will 

begin to lay behind this field resulting in a decrease of 

dielectric permittivity, ε’. Generally, the relaxation 

phenomena in dielectric materials are associated with 

frequency dependent orientation polarization. At low 

frequency region, the permanent dipoles align 

themselves along the field and contribute fully to the 

total polarization of the dielectric. At higher frequency 

region, the variation in the field is very rapid for the 

dipoles to align themselves, so their contribution to the 

polarization and hence, to dielectric permittivity can 

become negligible. Therefore, the dielectric 

permittivity, ε’ decreases with increasing frequency. 

The decrease of the dielectric constant ε’ can also 

explain from interfacial polarization. The interfacial 

polarization arises as a result of difference in 

conducting phase, but is interrupted at grain boundary 

due to lower conductivity. Generally in polycrystalline 

materials, the grains exhibits semi conducting behavior 

while the grain boundary are insulators. The maximum 

in the ε’’ peak is shifts towards higher frequency 

region as the temperature increase indicating a 

thermally activated behavior. Generally, the dielectric 

losses at high frequencies are much lower than those 

occurring at lower frequencies at specific temperature. 

This kind of dependence of ε’’ on frequency is 

typically associated with losses by conduction [23]. 

 

Conclusion 

With more than 100 million tonnes of fly ash produced 

in India, use of fly ash for the preparation of 

polyaniline – fly ash composites will in no way help in 

its bulk utilization. Still the authors have made an 

effort towards the better utility of fly ash by 

synthesizing polyaniline–fly ash composites for 
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electronic devices where the requirement of dielectric 

materials with good electrical conductivity. Conducting 

polyaniline and polyaniline / fly ash were synthesized 

successfully by using an in-situ chemical oxidation 

polymerization method. The interaction of FA with the 

polymer was confirmed from their XRD, SEM and 

FTIR. The results of dielectric constant show strong 

dependence on the weight per cent of fly ash in 

polyaniline. The dielectric constant and loss was found 

to be decreased with weight percent of FA in 

composites. Further the dielectric constant of all the 

composites was found to be decreased with increasing 

frequency but increased with increasing temperature. 
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