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Abstract The current study aims to investigate the microstructural and dielectric properties of the composite
based on Polyvinyl alcohol-CaCu;Ti40;, (CCTO-PVA) containing 0, 10, 30, and 70 wt % ceramic phase as the
dielectric promoter. To this end, CCTO particles were first prepared by calcination of CuO, TiO,, and CaCOs
mixture at 1000 °C to fabricate the composite. Then, solutions with adequate amounts of PVA in water were
provided, and the CCTO was added to solutions considering the composite weight percentage. Finally, the
mixtures were dried at 60 °C. The X-Ray Diffraction (XRD) results of the powder indicated that upon increasing
the amount of CCTO considerably, the semi-crystal peak height of the PVA would decrease. In addition,
according to Scanning Electron Microscopy (SEM), the CCTO particles were dispersed preferably well in the
polymeric phase. Dielectric properties were measured at 1 KHz, and the findings revealed that the dielectric
constant and dissipation factors of the CCTO were measured as 1360 and 0.04, respectively. Moreover, these
parameters of the PVA were obtained as 4 and 0.15, respectively. Increasing the CCTO weight percent of
composites from zero to 70 % would increase the dielectric constant from 4 to 68 and reduce the dissipation
factor from 0.17 to 0.04. The comparison of the dielectric constants with the results from different models

indicated that the composite behavior was in good agreement with the logarithm model output.
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1. INTRODUCTION

Rapid progress in the storage of the electrical energy,
miniaturization of electronic devices, and development
of the microelectronics industry has led to a surge in
demand for dielectric materials characterized by a huge
dielectric constant and dissipation factor less than 0.1
[1]. In recent years, CaCu3TisO12 (CCTO) has been
introduced as a non-ferroelectric ceramic with unique
properties such as high dielectric constant and stability
[2]. However, it has some notable drawbacks namely its
brittleness, fragility, and low malleability [3]. In order to
mitigate them, synthesis of the CCTO composite and a
polymer such as thermoplastic polyurethane was
reported in [4]. Polyvinyl Alcohol (PVA), as a polar and
flexible polymer with proper properties can be used to
build composites. The main objective of this study was
to fabricate thick-layered composites based on CCTO-
PVA through the aqueous solution method and
investigate its microstructural and dielectric properties
in the frequency range up to 1 MHz. To this end,
different models were studied to evaluate the dielectric
behavior of the composite.

2. MATERIALS AND METHODS

In order to synthesize the CCTO, some particles
including copper oxide (Aldridge, 99.99 %), titanium

oxide (Aldridge, 99.99 %), and calcium carbonate
(Merck, 99.5 %) were used. Based on CaCusTisO1
stoichiometry, the raw materials were added to a
zirconia ball-mill and agitated for three hours at the
rotation speed of 150 rpm in an ethanol environment.
Followed by drying, powder calcination was conducted
at 1000 °C for 12 hours. Then, predetermined amount of
CCTO was added to an aqueous solution containing
PV A and mixed at 60 °C. Finally, the solution was dried
at 60 °C to provide a thick composite film. The sample
surfaces were covered with Ag paste to provide a
connection between the composites and electrodes.
Next, the samples were dried at 60 °C for 60 minutes.
Dielectric properties were measured at ambient
temperature using impedance Analyzer (Agilent HP
model 4291) in the frequency range of 100 Hz to 1 MHz.

3. RESULTS AND DISCUSSION

Figure 1 demonstrates the XRD pattern of a powder
mixture of ceramic raw materials followed by
calcination at 1000 °C. This pattern is compatible with
the standard card of 2188-075-01, corresponding to the
CCTO with cubic structure and IM3 space group. The
SEM image of the CCTO particles in Figure 1 shows
that these particles are smaller than 2 microns in size;
however, the particles in some areas are partially
sintered, thus forming larger clusters.
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Figure 1. CCTO particles XRD patern and XRD images

The XRD pattern of pure PVA and different PVA-
CCTO composite samples are presented in Figure 2. A
wide peak with a high intensity at a diffraction angle of
20° is observed in the XRD pattern of the PVA. This
PVA diffraction behavior is attributed to the semi-
crystalline nature of this polymer which has a higher
amorphous phase. The specified peak corresponds to
pages (101). The crystalline phase observed in the PVA,
which is an organic substance, results from the

intermolecular hydrogen bonds between the hydroxyl
groups and PVA chains [5, 6]. According to the data
shown in Figure 2, upon adding the CCTO particles to
the composite, the main peaks of this phase will appear.
On the contarary, upon adding the ceramic phase, the
peaks of this phase will augment, and the intensity of
PVA peaks will decrease until the PVA phase is
invisible in the sample containing 70 % CCTO particles.
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Figure 2. XRD patterns of neat PVA and composite

Figure 3a shows the dielectric properties of the CCTO
tablets followed by sintering at 1000 °C. The dielectric
constant, first, decreases upon increasing the frequency
to 10* Hz and then stabilizes. Of note, at frequencies
higher than 10° Hz, the dielectric constant decreases
again. As a criterion for comparison, the dielectric
constant of the bulk CCTO at the frequency of 1 kHz is
equal to 1360, and the dissipation factor is equal to
0.045. The dielectric constant versus frequency for pure
PVA and composites are demonstrated in Figure 3b.
According to this figure, the dielectric constant value for
pure PVA is small. For instance, at the frequency of 1
kHz, this constant value is equal to 4. Moreover, its
variations with frequency are negligible. As a matter of

fact, the dielectric constant value of pure PVA at the
frequency of 1 MHz is very low, i.e., about 4, indicating
that the mechanisms active in creating the dielectric
constant of this polymer are definitely the mechanism of
electron polarization, and other mechanisms such as
space charge, ionic or permanent dipole are not active in
this regard [7]. The obtained results indicated that
addition of CCTO made the dielectric constant curve to
shift to higher values at all frequencies. Moreover, the
dielectric constant did not change significantly with
frequency variations. Further, addition of CCTV
improved the composite dielectric constant value from 4
(pure PVA) to 68 (PVA-70 wt % CCTO).
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Figure 3. a) CCTO dieletric constant versus frequency, b) PVA and composites dielectic constant versus frequency
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