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Abstract
In the present study, ceramic wastes collected from the premises of industrial zone in Peshawar, KP
Pakistan were investigated. An effort has been made to recycle and use the ceramic wastes as �llers in
polymeric composites. The negative cost ceramic wastes were puri�ed and activated thermally. The
elemental composition and pellets of the wastes were investigated through SEM/EDX analysis.
Waste/Polyaniline (PANI) composite was synthesized via in-situ free radical polymerization technique.
SEM of the composites showed the uniform distribution of �llers particles in the PANI matrix. XRD studies
con�rmed that the prepared composite material had a face- centered cubic geometry with distinct
preferential orientations. Dielectric analysis showed that the materials exhibit active performance at high
frequency regions (3MHz to 3GHz) at room temperature. The results show decrease in dielectric losses
and capacitance (1.6 pF) at high frequency regions. AC conductivity of the composite has been increased
up to 37.95 Scm-1. This revealed the effect of PANI on the ceramic wastes while increasing its
conductance performance. This suggests that the composite material can be investigated for use in
photovoltaic detectors, electro-responsive capacitors and power applications. 

Introduction
Wastes generated due to human and industrial activities produce massive pollution thus affecting our
environment badly. Industries make available goods, jobs and services while contributing in
environmental pollution and wastes on the other side. Industrial pollution has many features. It infects
many sources of drinking water (water pollution), discharges surplus toxins into the air (air pollution) and
reduces soil quality (soil pollution), wildlife extinction and global warming all over the world. Huge water
pollution is also caused by industrial wastes while adding pollutants that are very much harmful for
aquatic as well as terrestrial life. Major environmental calamities happened due to industrial mishaps
while adding various types of trace metals in river water [1].

The cost of natural resources is increasing with time. Development in material skills is continually
decreasing the use of natural capitals thus reducing pollutants load due to which major focus lies now on
the recapture, reprocessing of natural capitals and search for more substitutes [2]. Industrial residues are
dumped in land�lls ignoring their capability for recycling and reprocessing. At present, large amount of
ceramic wastes are produced in ceramic industries that have a signi�cant impact on environment and
humans. One third (1/3) of the total ceramic production is waste material [3]. Reusing waste materials
results in green synthesis, eco-friendly products, green, energy saving, and pollution free environment.

Waste ceramics coming out are usually in the form of powder and tile's pellets. These are generated in
the industry during the process of dressing, cutting and polishing. Though a part of these wastes is used
near the industrial plants (e.g. in excavated pit re�ll) however, the remaining part needs open �eld for
disposal. As a result, these wastes disperse in surroundings while indulging the aesthetic scene all
around. However, the ceramic waste is durable, hard and highly resistant to biological, chemical, and
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physical changes. With increase in ceramic waste heaping up every day, there is a pressure on ceramic
producers for its useful disposal.

China, (world’s largest ceramic producers and consumers) yields over one million tons of ceramic wastes
annually [4]. These wastes are just dumped or stacked nearby every year. In India, annual ceramic’s yield
is about 100 million tons of which 15-30% wastes are generated [5]. A lot of work has been done on the
designing of comprehensive ways for the reutilization of ceramic wastes. Ceramic wastes and calcined
clays have been recycled as alternatives for cement [6, 7]. Possible applications of ceramic wastes as a
substitute for natural aggregates (gravel or sand) have also been reported [8–11]. Waste ceramics were
used for the synthesis of geopolymers [12]. Nano-silica recycled from construction and demolishing
waste has been used for the development of construction materials [13] [14]. Waste from electricity
distribution networks have been recycled and used as reinforcing materials in polymer composites [15].
Porous ceramic membrane was designed from recycled waste �y ash [16]. Thermal and electrical
properties of hybrid materials comprising of conducting PANI based waste mud were investigated [17]
[18]. Polymer composite based on waste material was proposed for possible high voltage outdoor
application [19]. Physical and mechanical properties of gypsum plaster composites affected by some
waste additives have also been studied [20]. PANI based composite materials has been used in
electrochemical sensors for the detection of explosives [21]. PANI/zeolite nanocomposites have been
investigated as photoelectrode for the catalytic hydrogen production [22]. PANI based composites have
also been widely used as adsorbents for the removal of heavy metals from wastewater [23]. However, no
work has been done for the use of waste ceramic as �ller in PANI matrix for exploring their physical and
dielectric properties. Here, we report the �rst study in this regard.

There are about seven big industries that produce different ceramic based products in Pakistan with an
annual installed capacity of 22 million square meter (m2) while the production �gure is 18.7 million m2

[24]. The waste produced is in the form of powder, pellets and cakes discharged from the plant at various
stages which are not recycled in any form. Near the industrial unit, some advised areas are marked for
dumping of these wastes. However, most industrial units throw their wastes in ditches or available place
carelessly. These misplace dumping cause’s immense environmental and land degradation. Therefore,
there remains a need for the proper way of disposal of these wastes rapidly. In addition, recycling them
for some useful applications is a best strategy. No dedicated work has been done about the systematic
characterization and reutilization of these wastes. Herein, waste ceramics found in the local industry site
(FORT ceramic industry, Peshawar, Khyber Pakhtunkhwa (KP), Pakistan) have been creatively presented
to investigate its portability for polymer composite formation. FORT industry bears one of the largest
ceramic manufacturing plant. PANI has been utilized as matrix due its good environmental stability, facile
synthesis and electrical conductivity. The whole process was carried out in aqueous media to make it
more environmentally friendly. The present study is novel in the sense that this is the �rst ever work
performed in the country Pakistan. Secondly, the technique (in-situ free radical polymerization has been
used for the �rst time in the production of the waste composites and the composites have been studied
for the �rst time for their dielectric and capacitance performance.
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Experimental

2.1. Materials
The ceramic used in the present study was extracted from the wastes collected from inside and
surroundings of FORT ceramic industry located in Hayatabad Peshawar Pakistan. For PANI production,
aniline (98%), hydrochloric acid (37%) and ammonium persulphate (98%) were purchased from Sharlu
(Spain) and were used as received. Millipore deionized water (doubly distilled) was used in the process of
polymerization and washing.

2.2. Devices and equipment
EDX analysis was performed for the determination of elemental composition of ceramic wastes (CW) by
X-ray Philips analytical diffractometer. Morphology and particle size of the CW and CW/PANI composite
was investigated by scanning electron microscope (JEOL JSM- 6700F). For XRD analysis, JDX-3532 X-
ray diffractometer (JEOL JAPAN) with a �xed radiation wavelength of λ-1.54Aº was used. Dielectric
properties of the samples were studied using RF Impedance/Material Analyzer (Agilent E4 997 A) at a
temperature of 300 K with frequency in the range of 1MHz - 3GHz.

2.3. Activation of ceramic wastes (CW)
The obtained ceramic samples were mostly pellets, cakes, precipitate and cracked tiles that were formed
during industrial processing. Ultrasonically, waste samples were dipped to wash in re�ned water in order
to remove contaminants for example organic matters, metals and dust etc. For drying, the humid wastes
were kept in an electric oven at 60°C for about 12 hours. After this time period, dried wastes were then
properly powdered in a mortar manually for half an hour and were passed through a mesh of 250µ pore
size.

2.4. Synthesis of ceramic waste/PANI composite
Ceramic waste/PANI composite was synthesized via in-situ free radical polymerization route which is a
suitable production method for composite materials. Similar technique has been used for the preparation
of PANI nano�bers [25], PANI/cellulose nanocrystals composites [26], well de�ned surface modi�ed PANI
nanotubes [27] and PANI/polystyrene composites [28]. A weighed amount (250 mg) of CW was dispersed
in 100 ml deionized water under magnetic stirring. A solution of 10% aniline in 1M HCl was prepared from
which 25 ml was poured drop wise in CW parent solution. The whole mixture was magnetically stirred for
about 1 hour. Subsequently, ammonium persulphate ((NH4)2S2O8) (25ml) solution prepared in IM HCl
was injected drop wise to parent solution. The whole mixture (system) was kept under magnetic stirring
at varying temperature range from 0-5°C for about 3 hours with subsequent overnight assimilation.
Thereafter, byproducts and impurities in the mixture were removed via centrifugation (4000 rpm) for 10
minutes twice. The precipitated composite was �ltered and washed three times with deionized water and
was dried in an oven at 70°C. The obtained composite was abbreviated as CW/PANI. All the
polymerization conditions were optimized before obtaining this standard composite sample.
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Results And Discussion

3.1. SEM/EDX Analysis
Elemental composition of the ceramic powder was obtained by using EDX analysis and the results are
given in Fig. 1 and Table 1. The main constituents of ceramic powder are silicon, aluminum, calcium, iron
and magnesium in the form of their oxides [24].

 
Table 1

Elemental composition with respect to atomic and weight percent measures of CW.
S.No Name of Element symbol Atomic % Weight %

1 Oxygen O 69.72 55.14

2 Sodium Na 00.31 00.35

3 Magnesium Mg 02.05 02.46

4 Aluminum Al 06.48 08.64

5

6

7

8

9

Silicon

Potassium

Calcium

Titanium

Iron

Si

K

Ca

Ti

Fe

17.04

00.70

02.25

00.17

01.29

23.65

01.36

04.46

00.40

03.55

Morphology of CW and CW/PANI was analyzed via SEM micrographs as shown in Fig. 2 (a) and (b)
respectively. It was found that powder contains entirely irregular, angular pellets and coarse particles. The
average particles size measured was 1.75µm. The major crystalline phases in the powder sample are
seen to be that of SiO2 (quartz) and NaAlSi3O8 (albite). CW/PANI composite displays smooth morphology
which indicates the homogenous diffusion of wastes aggregates in the PANI matrix. This results in the
�rm immobilization of waste particles over the surface [29]. Such a plane surface of the composite
represents its enhanced capacitance characteristics with better cycling stability [30]. It is also apparent
that waste particles are not agglomerated and spread in the polymer environment separately in a
compact manner which infer self-connection among the �ller particles. Materials with these surface
characteristics offer applications in media require density of high energy and energy storage equipment
e.g., capacitors [31]. Some cracks and pores were also observed in the composite surface (Fig. 2b) which
are considered to be produced during heat treatment (sintering) of the material as well as the low
concentration of the �ller particles [32].

3.2. XRD Analysis
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XRD analysis was performed to identify the phase distribution and crystallinity of the prepared
composite. In Fig. 3, the XRD pattern (2θ = 13-70°) represents two phase system of the material where
initial peaks are for the PANI polymer while the rest of the peaks determine the CW phase of the
composite. There occurs coexistence between CW particles and PANI polymer which con�rms the
composite production between the two partners [33]. This is due the interfacial interactions between PANI
matrix and CW particles. Characteristic peaks of PANI polymer appear at 2θ = 13-24° which correspond to
(110) and (200) lattice planes of the polymer [29]. Sharp peak at 2θ = 26.65° corresponds to (311) spinel
crystallographic plane of AB2O4 type with a cubic geometry having a face-centered lattice which is
usually found in ferrites [33]. The average crystallite size of CW/PANI was measured while using famous
Scherer’s equation [34] and was found to be 85.28nm with a 0.0018 lattice strain. Broad and sharp peaks
in XRD pattern of CW/PANI determined its semi-crystalline nature as reported in literature [29].

3.3. Dielectric Properties
Different dielectric properties of CW and CW/PANI were investigated to determine the charge and energy
storage capacity of materials understudy at a speci�c frequency (3MHz to 3GHz) at ambient
temperature.

3.3.1. Dielectric constant (ε′)
The dielectric parameter ε′ was measured using the following formula

ϵ' = Cd/ϵ0A

1
In the expression, C is the capacitance, d id the pellet thickness, ϵ0is permittivity of free space and A is
the pellet cross section area.

Figure 4 shows that dielectric constant (ε′) for both CW (inset plot) and CW/PANI composite has higher
values at low frequency range. With increase in frequency, the dielectric constant decreases and pursue a
constant value of 1.6 GHz and further increase in frequency causes resonance. The reason for high ε′
value at low frequency dispersion can be due to the space charge effects representing the charge carriers
hopping between different metal ions present in the CW [35]. The presence of possible metallic electrodes
in CW accumulates charges at CW/PANI interface which ultimately increases ε′ at initial frequency region
[36]. It has been found that at high frequency, polar sites in the composite system cannot adjust
themselves so rapidly to respond. This results in dielectric relaxation and interfaces in the composite,
consequently ε′ decreases. In gigahertz frequency regions, dielectric relaxation produces due to the
alternation of electric and elastic behavior and the movement of domain walls [36]. The dispersion of ε′
as a function of frequency is attributed to the creation of Maxwell-Wagner kind of interfacial polarities
[37]. From CW/PANI plot, it is clear that the composite has much higher ε′ = 137 compared to pure CW ε′
= 6.5 (inset plot) at low frequency (1.5 MHz) region. This is attributed to higher polarity of PANI matrix in
the composite. Conversely, ε′ of CW/PANI composite decrease considerably (ε′ = 1.70 - 0.10) with
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increasing frequency and by 2.38 GHz, PANI based CW composite exhibit similar ε′ value just like pure
CW. This shows that at high frequency, the mobility of polar groups in PANI chains is too slow to
contribute to ε′ [38]. It seems that at high frequency, ceramic component dominates the ε′ of CW/PANI
composite. Concluding the summary, ε′ of the CW/PANI depends on the dielectric characteristics of both
ceramic and polymer constituents, while at high frequencies ε′ depends primarily on the ceramic �ller
component of the composite.

3.3.2. Dielectric loss (tanδ)
For designing capacitors, the magnitude of tanδ acts as a signi�cant factor. According to the literature
[24] for a perfect capacitor, tanδ should have the smallest possible value. The tanδ was measured using
the following expression 2.

tanδ =
1

2πfRpCp

2
where f is the frequency of applied electric �eld and Cp and Rp are equivalent parallel capacitance and
resistance respectively.

The variations of tanδ as a function of frequency at room temperature for CW and CW/PANI are given in
Fig. 5 (a) and (b).

It is evident that tanδ for CW is decreasing linearly with frequency sweep indicating insulation activity in
ceramic powder. Slight increase at 1.8 and 2.4 GHz is caused by polarization loss in CW. CW/PANI
composite does not show any signi�cant dielectric loss with increasing applied �eld frequency. The
abrupt tanδ upshift at 2.37 GHz of the composite is an indication of the onset of CW contribution [38].
Dipole relaxation at high frequency regions also causes increase in loss tangent. Both CW powder and
CW/PANI composite have stable value of tanδ and ε′ in between 1MHz - 2GHz range which is very
signi�cant in a number of applications. The low and stable dielectric loss of CW/PANI renders the
composite to be one of the more active scaffolds for use in high frequency applications such as high
range capacitors, UV detectors and microwave signal processing at high frequency [35].

3.3.3. Capacitance
Frequency dependent capacitance was also measured at room temperature as shown in Fig. 6. For both
CW and CW/PANI, a slight decrease in capacitance indicates the space region reduction near electrodes
surface [39]. Capacitance value from 3.7 pF to 1.6 pF at 1.6 GHz for CW/PANI is due to charge carriers
that are comparatively blocked adjacent to electrodes surfaces. A consistency in the magnitude of
capacitance supports the results of dielectric losses of the composite.

3.3.4. AC conductivity
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AC (alternating current) conductivity of CW powder as well as CW/PANI composite was studied at room
temperature. Following equation 3 was used to determine AC conductivity.

σac= ε'ϵ ω tanδ 

3
where σ denotes conductivity, ε' is dielectric constant, ϵ  represents permittivity (8.85 x 10−12 Fm−1), ω =
2πƒ and  tanδ. By putting all the given and calculated values in equation 3, σac was measured for the
materials under study (Fig. 7 (a) and (b)). At about 2GHz, σac increases for both samples that infers the
conductivity dominant dispersion regions at low frequency regions. However, further going onward from
2GHz, a match in frequency (resonance) of the induced and applied �elds happens.

It is evident that the conductivity of CW is smaller (0.037 - 0.098 Scm−1) which has been enhanced by its
insertion in the polymer matrix. The increase in σac for both CW (0.037-0.098 Scm−1) and CW/PANI (6.73

- 7.55 Scm−1) with frequency is attributed to electronic polarization and hooping of charge carriers
between the localized states. With this space charge �uctuation occurs through the interface which
results in intrinsic conduction [40]. It means that σac dominates at high frequency regions. Moreover,
PANI polarons play a considerable part in enhancing the conductive property in the composite.
Comparative analysis of σac and other dielectric properties of the two materials is given in Table 2.

The increase in conductivity with frequency is also supported by frequency versus resistance plots for CW
and CW/PANI as shown in Fig. 8. Resistance (Rs) decreases with frequency sweep linearly which in turn
re�ects increase in conductivity of the materials. The enhanced conductivity of CW/APNI suggests that
the composite could be prominent candidate for those technologies that require better conductivity for
suppressing charge injection [41].

3.3.5. Complex impedance (Cole-Cole plot)
Figure 9 (a, b) represents Cole-Cole plot (complex impedance) for CW and CW/PANI respectively at 300K.
Real and imaginary impedance (Ζ′ Ζ  respectively) were extracted from the following equation
considering magnitudes of |Ζ| and phase angle θ.

Z' = |Z|cosθ, Z "= |Z|sinθ
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4
The shape of the plot in both cases is a semi-circle that is usually noticed in materials having super-ionic
characteristics [42]. At high frequency regions, the formation of semi-circle is due to interfacial effects
that re�ect single conduction mechanism in the samples. Here, the curves denote vast dipole relaxation
while intercepts on x-axis display the resistance of material in bulk (Rb). Complex impedance shows
decrease in Rb for the composite (Rb = 4.490 Ω) as compared to the ceramic (Rb = 8.492 Ω). This veri�es
that the resistance phenomenon in the composite is decreasing with ceramic loading in the PANI matrix
[43].

Conclusions
The present study is novel in the context of Peshawar Pakistan as the ceramic industries here are
producing huge amount of solid wastes causing various types of environmental pollution. No work has
been done here at Pakistan in respect of the incorporation of ceramic wastes in PANI matrix which
con�rms its originality. Industrial ceramic wastes were effectively encapsulated in PANI polymer media
using in-situ (addition) free radical polymerization route to obtain CW/PANI composite. Instead of strong
organic solvents, water was used as solvent for making solutions to make synthesis procedures more
eco-friendly. Elemental composition of CW was done by EDX analysis. Morphology of CW powder and
CW/PANI composite was obtained by using SEM analysis. Extensive dielectric analysis was carried out
and it was found that the composite could serve as a satisfying source in electro-responsive technologies
for better conductivity demand as well as photo detector materials. 
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Figures

Figure 1

EDX spectrum of CW.
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Figure 2

SEM micrographs of (a) CW (b) CW/PANI.
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Figure 3

XRD patterns of CW/PANI composite material.
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Figure 4

Dielectric constant as a function of frequency at 300K for CW/PANI. (The inset plot shows dielectric
constant for CW)

Figure 5

Frequency dependent dielectric loss at 300K (a) CW (b) CW/PANI.
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Figure 6

Variation in capacitance of CW and CW/PANI with frequency.

Figure 7

AC conductivity as function of frequency at 300K (a) CW (b) CW/PANI.
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Figure 8

Frequency versus resistance plot for CW and CW/PANI samples.

Figure 9

Cole-Cole plots of complex impedance (Z  vs. Z ) of the samples as a function of frequency.


