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A B S T R A C T

BaTiO3eSrTiO3/(SiO2)x nanocomposites (x= 0, 0.5, 1, 2 and 5%) were produced through solid state reaction.
The morphological, structural, spectral, and optical properties were investigated by scanning electron micro-
scope, X-ray powder diffraction (XRD), Fourier transform-infrared spectroscopy and ultraviolet–visible diffuse
reflectance spectrophotometry, respectively. All XRD patterns illustrate two distinct phases of BaTiO3 and SrTiO3

with cubic structure. No impurity was noticed for x≤ 0.5% nanocomposite. However, Ba2TiSi2O8 secondary
phase starts to appear for x≥ 1%. Electrical and dielectric properties were used to analyze the dielectric con-
stant and loss, the conductivity as well as dissipation factors as functions of both frequencies and dc bias voltage
for BaTiO3eSrTiO3/(SiO2)x nanocomposites. In general, conductivity and dielectric loss obey power law ten-
dencies against frequencies. However, the dc bias was found to be less effective to conduction mechanism having
a slight change for a variety of SiO2 percentages.

1. Introduction

The investigation on ferroelectric metal oxide with the perovskite
structure ABO3 has received considerable scientific interest owing to
their excellent ferroelectric, dielectric, photoelectric, piezoelectric,
pyroelectric, and catalytic responses [1–3]. The family of perovskites
involves many titanate-based materials that are utilized in numerous
technological applications such as electronics, electro-mechanical and
electro-optical applications.

Barium titanate BaTiO3 (noted BTO hereafter) is a familiar ferro-
electric material exhibiting an important resistivity and dielectric
constant. These features make BTO a promising candidate for various
applications. BTO is largely used to produce electronic devices for ex-
ample multilayer capacitors, passive memory storage devices, nonlinear
resistors, positive temperature coefficient thermistors, thermal

switches, piezoelectric transducers and actuators, gas sensors and many
electro-optical devices [4,5]. The major concentration in BTO comes
from its ferroelectric properties at room temperature in which the Curie
temperature is about 120 ᵒC [6]. Another well-known piezoelectric and
ferroelectric compound is the SrTiO3 (noted STO hereafter) which has a
cubic structure. STO is frequently utilized in similar applications like
BTO but at much lower temperatures [7]. Moreover, the STO exhibit
band gap of 3.2 eV, superior photo-chemical and chemical stability,
high catalytic activity and better biological compatibility that make it
promising in various practical applications [8].

Nowadays, barium strontium titanate mixture has being a great
interest electronic material because of its lower dielectric loss, greater
dielectric constant, adjustable Curie temperature and higher tunability
of dielectric performances compared to BTO and STO alone [9–13]. The
barium strontium titanate (noted BT-ST hereafter) materials display
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promising ferroelectric, piezoelectric and pyroelectric characteristics
leading them to be extensively utilized in the manufacture of uncooled
infrared detectors, piezoelectric sensors, high dielectric capacitors,
dynamic random-access memories, microwave phase shifters, transdu-
cers and PTC resistors [9–13]. Two phases, one ferroelectric tetragonal
and the other paraelectric cubic, coexist at the BT-ST composition at
ambient temperature. Numerous approaches are used to synthesize
nanosized BT-ST material, such as solid-state reaction method through
high-temperature synthesis in solids or mechanochemical synthesis
[14], sol–gel process [15], hydrothermal method [16], chemical co-
precipitation [17], etc. The high-energy ball milling lead to obtain ti-
tanium-based perovskites having better dielectric properties compared
to those prepared through high-temperature synthesis [18,19].

Due to demands of peoples, the dielectric properties of ceramics
materials are increasing amazingly. However, in the diverse above-
mentioned technological applications, the control of the microstructure
is required to enhance their performances. The microstructure depends
on specific treating parameters including temperature and occurrence
of impurities or dopants. Various kinds of additives have been used and
greatly affected the dielectric properties of perovskites ceramics
[20–23]. Recently, composites of ferroelectric ceramics and glasses
have attracted a special attention in technological applications like
energy storage materials. Oxide glasses were extensively employed as
glass constituents in the ceramic-glass composites because of their low
dielectric loss and high breakdown strength [24,25]. A variety of glass
materials have been added to BTO and STO ceramics. Among them,
SiO2 is an economic and effective additive to enhance the properties of
ferroelectric ceramics. Numerous studies have been done on BTO-SiO2

[26–30] and STO-SiO2 composites [31,32]. Such content of SiO2 added
to BTO or STO ceramics showed an improvement in dielectric proper-
ties. For example, Yanjie Luo et al. [26] synthesized BaTiO3eSiO2

ceramics by microwave sintering method. The authors showed that
SiO2 has a great influence on the dielectric properties of BTO ceramics.
The permittivity reached the maximum value and the dielectric loss had
the minimum value when the SiO2 content is 0.4mol%. M. Cernea et al.
[29] prepared core–shell structured of (BT-Nb0.005)/SiO2 particles via
sol–gel technique. It was found that (BT-Nb0.005)/SiO2 core–shell
composite exhibits smaller dielectric constant and smaller dissipation
factor compared to uncoated BT-Nb0.005. The synthsized (BT-Nb0.005)/
SiO2 core–shell material is considered to be promising for application in
the composite heterostructure capacitors.

The SiO2 was added into STO by Chun-Chieh Lin et al. [32]. Their
findings show that the prepared STO-SiO2 films exhibited good elec-
trical properties, making them good candidates for alternative high-k
gate dielectric applications.

To the best of our acknowledge, the use of SiO2 as a doping in the
BT-ST ceramics has not been yet studied in the literature. In this study,
we investigate deeply the structural, microstructural, spectral, optical
and dielectric properties of BT-ST/(SiO2)x nanocomposites, where
x=0, 0.5, 1, 2 and 5%.

2. Experimental

Commercial high purity (99.99%) nanopowders of BaTiO3eSrTiO3

(noted BT-ST hereafter) with a particle size < 100 nm and SiO2 with
an average particles size of 15 nm were selected as raw materials and
purchased from Sigma Aldrich company. The raw nanopowders were
mixed stoichiometrically in accordance to the designed compositions
BT-ST/(SiO2)x where x= 0%, 0.5%, 1%, 2% and 5%. Then, the mix-
tures were sintered at 1100 °C for 4 h. The obtained nanocomposites
were grinded by planetary high energy ball milling (HEBM) as a
grinding media in ethanol for 12 h. After drying, the grinded nano-
composites were compacted into discs having a diameter of 13mm and
sintered at 1100 °C for 4 h in air atmosphere.

The phase identification was examined by X-ray powder diffraction
(XRD; Rigaku Benchtop Miniflex) using Cu-kα radiation. The

morphology was investigated by scanning electron microscope (SEM;
FEI Quanta FEG). Fourier transform-infrared (FT-IR) spectra were col-
lected using Bruker alpha-II FT-IR spectrometer in wavenumbers of
4000–400 cm−1. The diffuse reflectance spectra (DRS) were registered
using UV–Vis spectrophotometer (JASCO V-780). The electrical and
dielectric measurements were done by using Novocontrol Technologies
(Alpha-N high-resolution analyzer).

3. Results and discussion

3.1. Structural examination

XRD patterns of various synthesized BT-ST/(SiO2)x nanocomposites
(x= 0%, 0.5%, 1%, 2%, and 5%) are presented in Fig. 1. The phase
fractions and lattice parameters are determined through Rietveld re-
finement by using Match program and are listed in Table 1. All XRD
patterns illustrate two distinct phases of BTO (ICCD No. 96-150-7758)
with larger lattice parameter and STO (ICCD No. 96-721-2246) with
smaller lattice constant. The two phases crystallize in cubic structure
with Pm3m group space. No such impurity was noticed in pure BT-ST
sample (i.e. x = 0%) and x = 0.5% nanocomposite. However, some
impurity peaks (marked as ‘*’) related to the Ba2TiSi2O8 phase (ICCD
No. 96-153-0354) starts to appear with further increasing SiO2 doping
(i.e. x≥ 1%). The concentration of this secondary phase increases
gradually with increasing the SiO2 doping content.

3.2. Morphological investigation

SEM micrographs of the selected BT-ST/(SiO2)x nanocomposites
with x= 0%, 1%, 2% and 5% are showed in Fig. 2. Pure BT-ST sample
(Fig. 2(a)) illustrated a morphology with homogeneous nanosized
grains. No noticeable variation in the microstructure was observed with
SiO2. Elemental mapping analyses were performed for the two selected

Fig. 1. XRD patterns of various synthesized BT-ST/(SiO2)x nanocomposites.

Table 1
Phase fractions and lattice parameters of different prepared BT-ST/(SiO2)x na-
nocomposites.

x % of SiO2 Phase fractions (%) Lattice parameters

BTO STO Impurity aBTO (Å) aSTO (Å)

0 53.1 46.9 0.0 4.0083 3.9058
0.5 52.9 47.1 0.0 4.0057 3.9059
1 49.0 47.4 3.6 4.0070 3.9057
2 44.9 48.0 7.2 4.0075 3.9057
5 33.8 49.3 16.9 4.0079 3.9056
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x=0% and 2% samples and presented in Fig. 3. The analysis of x= 0%
sample confirmed the existence of the elements of barium (Ba), stron-
tium (Sr), titanium (Ti), and oxygen (O). The analysis of x= 2%
showed the presence of silicium (Si) in addition to Ba, Sr, Ti and O
elements.

3.3. FT-IR analysis

Fig. 4 illustrates the FT-IR spectra of BT-ST/(SiO2)x nanocomposites
(x= 0%, 0.5%, 1%, 2%, and 5%). The absorption band at 545 cm−1 is
corresponding to the metal-oxygen stretching vibrations of TieO bonds,

Fig. 2. SEM micrographs of synthesized BT-ST/(SiO2)x nanocomposites where x=0, 1, 2 and 5%.

Fig. 3. Elemental mapping for the two selected (a) x= 0% and (b) x= 2% nanocomposites.
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which confirmed the formation of BT-ST [33,34]. It is well-known that
the existence of absorption bands around 3440 and 1630 cm−1 are
associated to the HeOeH stretching modes and the bending vibrations
of the absorbed water, respectively [33,34]. Furthermore, it is reported
that the peaks corresponding to carbonate groups appear around
1440 cm−1 [33,34]. In the present study, no such peak is found around
3440, 1630 and 1440 cm−1 for all samples, indicating that the mole-
cules of water and carbon are disappeared owing to the calcination
effect at high temperatures. This confirms the high purity of obtained
nanocomposites. Compared to pure BT-ST one, new bonds are per-
ceived in the range between 860 and 1050 cm−1 for BT-ST samples
doped with SiO2 (x≥ 0.5%), which are assigned to the SiO2 compo-
nents [35,36]. The characteristic absorption bands at 970 and
1050 cm−1 are ascribed to the vibrations of SieOeSi stretching bonds,
while those at 920 and 860 cm−1 are assigned to the SieO bending
vibrations. It is obvious that the intensity of these peaks (between 860
and 1050 cm−1) enhances with increasing x, showing that the silica
content increases. The obtained FT-IR results verify the formation of the
desired BT-ST/(SiO2)x nanocomposites.

3.4. Optical analysis

Optical properties of BT-ST/(SiO2)x nanocomposites were studied in
the range 200–800 nm and obtained DRS spectra are shown in the
Fig. 5. We used Kubelka-Munk approach to estimate the band gap

energy (Eg) of BT-ST/(SiO2)x nanocomposites [37]. Tauc plots ((αhv)2

vs. photon energy (hv)) lead to determine the Eg values of BT-ST/
(SiO2)x nanocomposites as shown in Fig. 6. The Eg values for x= 0%,
0.5%, 1%, 2% and 5% are equal to 3.22, 3.30, 3.30, 3.38, 3.33 eV,
respectively. The obtained Eg values are higher for various BT-ST/
(SiO2) nanocomposites compared to the pristine one. The value of band
gap is increased with increasing x content up to x=2%. The increased
in Eg value could be ascribed to the development of energy level or
interface defects in BT-ST/(SiO2)x nanocomposites [38]. For higher
content of SiO2 (x= 5%), the Eg value decreased. This reduction is
possibly resulting from the formation of sub-bands in between the en-
ergy band gaps and merging of their sub-bands with the conduction
bands to form a continuous band [39]. Other various factors such
presence of impurities, lattice strain and crystallites size could be the
reason of reduction of band gap [40].

3.5. Analysis of impedance spectroscopy, electrical conductivity and
dielectric properties

The investigation of complex impedance spectra is a powerful
method employed effectively to evaluate the dielectric and electrical
properties of many electroceramics including conductivity, dielectric
behavior and relaxation properties. These analyzes make it possible to
realize the contributions of various processes, for example grain size
effect and interface properties, or functional grain-grain boundaries.
This also contains a variety of properties such as conductivity, di-
electrics, for the function of frequency, external electric field as well as
level and distribution of various additives. Based on spectroscopic
analysis, the impedance of sub-micron-sized grains could be isolated
from that of grain boundaries, which is more apparent at low frequency
as well as electrode effects [41]. Thus, an equivalent circuit on the basis
of complex impedance spectra provides some perspectives on physical
development in the BT-ST/(SiO2)x nanocomposites. That is, the
equivalent arrangement consists of a series of two sub-systems; one
leads to grain effects, and the other to grain boundaries [42]. For the
typical assessment of complex impedance spectra, the signal response to
stimuli ac electric field is synchronized with an informative regulation
of Fourier transformation. Therefore, it is emphasized that the complex
dielectric mechanism is represented with the following expression as:

=x x i*( , ) ( , ) ( ,r)r r

So, the complex conductivity is given as:

=x x i x*( , ) ( , ) ( , )

where ω=2πf is the angular frequency.
The dielectric constant ( r ) and dielectric loss ( r ), dielectric tangent

loss (tanδ) and ac conductivity (σac) are deduced by the following
standard expression;

=x C x d
A

( , ) ( , )
0

where C stands for the measured capacitance, A is the cross-sectional
overlapping area of pellet, d is the gap among two coupled electrodes,
and ε0 is dielectric permittivity of the vacuum. It is clear to note that ac
conductivity is acquired from dielectric loss ε″( ) as follows;

= =x x x tan( , ) ( , ) ( , )ac 0 0

in relation to a tangent formulation of

=x x tan( , ) ( )

It is emphasized firmly that the frequency-dependent characteriza-
tion for conduction mechanism is a convenient evaluation to evaluate
transport progression in a variety of NPs additives. In most of compo-
sitional NPs, a comprehensive conductivity could be assigned into two
parts; the dc conductivity owing to “band conduction” and the ac con-
ductivity owing to “hopping mechanism” caused by transitional charge

Fig. 4. FT-IR spectra of BT-ST/(SiO2)x nanocomposites where x= 0, 0.5, 1, 2
and 5%.

Fig. 5. Diffuse reflectance spectra of BT-ST/(SiO2)x nanocomposites.
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carriers among the same ions of a certain element emerging in several
valence states. This can be attributable to a tendency of the power law
dependency as explained in the next sections [43].

Considering the above theoretical interpretations, ac, , , tan ,
and dissipation factor were examined as functions of SiO2 content,
frequency, and dc bias voltage. So, these parameters could be con-
sidered to be very important for the application of BT-ST ceramics or
films in microelectronic devices [41,42].

3.5.1. Electrical conduction mechanism
The ac conductivity measurements at room temperature of BT-ST/

(SiO2)x nanocomposites were performed versus frequency in the bias
range of −20 V – +20 V. The dependences of ac on frequency up to
10MHz and dc bias ranging from −20V to 20 V presented in Fig. 7
were given by means of the following expression [44,45]:

= =x x x( , ) ( , ) ( , )ac r 0

It is also seen clearly from the graphs that all the conductivities

illustrate almost linear variation in log-log plot while less influences are
observed for dc bias application. This means that conductivity obeys a
power law against frequency with a certain exponent value, n as fol-
lows:

=T x T x( , , ) ( , ) n

where ‘n’ varies slightly with a SiO2 weight percentages (%), but leads
to a less dependency on the applied dc bias. Fig. 7 also shows that the
conductivity at frequencies up to 100 kHz has less influence, but in-
dicates that a sharp escalation is recorded over it for all SiO2 contents. It
can be clearly seen that tendencies are depicted a discernible variation
in conductivity against the SiO2 concentration. Here the x=1% curve
gives us a higher conductive tendency than the one in the x=2%
curve, while the x=0.5% and 5% curves own a similar tendency for
frequencies ranging up to 10MHz. It is obvious to emphasize that two
types of the attitude in conductivity variation are clearly seen at fre-
quencies below and above 200 kHz. This can be the reason of the re-
active effect leading over conductivity at higher frequencies.

Fig. 6. Plots of (αhυ)2 versus photon energy of prepared BT-ST/(SiO2)x nanocomposites for estimating the band gap energy.
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Last graph in Fig. 7 shows that conductivity varies with both SiO2%,
and dc bias at room temperature. It can be noted that conductivity for
higher percentages such as x= 2% and 5% has a regular symmetric

variation for both positive and negative dc bias while the one for the
rest fluctuates with applied dc bias. This means that absolute dc bias
causes an increase in conductivity because of the assistance of the

Fig. 7. 3D and 2D characteristic plots of conductivity for BT-ST/(SiO2)x nanocomposites as functions of frequency up to 10MHz, and dc bias ranging between −20 V
and 20 V at room temperature.

Y. Slimani, et al. Ceramics International 45 (2019) 11989–12000

11994



electric field to conduction mechanism.

3.5.2. Complex impedance and logartmic Nyquist plotting
The dielectric properties for any doped BT-ST ceramics can be ty-

pically realized by the volumetric ratio of grains/grain boundaries. At
low frequency, the effect of the grain boundaries on conduction me-
chanism is more dominant than that within grains. Since the grain
boundaries are less conductive than grains, the movement of the charge
carriers is lowered due to poorer electrical conduction at the grain
boundaries. BT-ST/(SiO2)x nanocomposites are of considerable interest
in a similar characteristic pattern because it has been found that grain
boundaries are larger than volumetric grains. This usually involves that
the grain boundaries in BT-ST/(SiO2)x nanocomposites serve as barriers
in the mechanism of conduction.

As a characteristic analysis of both micro- and nano-structures,
Nyquist plot is a powerful method to explore the effect of BT-ST/(SiO2)x
nanocomposites on conduction mechanisms. The characteristic 3D
Nyquist plots of BT-ST/(SiO2)x nanocomposites as frequency up to
10MHz are shown in Fig. 8 for a variety of SiO2 percentages at room
temperature without any applied dc bias. As can be seen from all the 3D
graphs, the Nyquist plots provide some important parameters linked to
non-Debye relaxation behavior. Figs. 7 and 8 show that the resistance
(ReZ) depends weakly on frequency while reactance (ImZ) leads to a
strong dependency. So, ImZ decreases with an elavated frequency as ReZ

shows a small effect because of the dominant reactive influence on con-
duction mechanism. 3D Nyquist plots of ln(ReZ)-ln(ImZ)-ln(f) of BT-ST/
(SiO2)x nanocomposites shows that ImZ obey somehow power law de-
pendence on frequency ( n) for a variety of SiO2 percentages. How-
ever, ReZ illustrates opposite tendencies, but irregular and less effective
against lower frequency with some degree of SiO2 content dependencies.
At higher frequencies, both ReZ and ImZ showed some decrease ten-
dencies in the frequency-dependency related to the exponent power law.
This can be attributable to the volumetric ratio of grain/grain boundries
as mention earlier. In most cases, BT-ST NPs may comprise of some
heterogeneous granular structures. Thus, some kind of semicircular arc
caused by a variety of electrically active regions can originate from grains,
grain boundaries, and electrode polarization effects. The semicircular arc
can be relevant to formation of grains at higher frequencies. There would
be some acceptable explanations based on the appearance of a relevant
arc induced by the effect of grains and grain boundaries [48]. The other
important tendencies could be based on SiO2 levels and type within BT-ST
NPs. It can be clearly seen that ReZ is lower for grains but higher for grain
boundaries. So, it is supposed that tendencies of conductivity at lower
frequency are attributable to the charge polarization on grain boundaries.

3.5.3. Dielectric properties
3.5.3.1. Dielectric constant. The dielectric constant of BT-ST/(SiO2)x
nanocomposites is shown in both the 3D and 2D plots of Fig. 9 versus

Fig. 8. The resistance-reactance characteristic 3D plots of BT-ST/(SiO2)x nanocomposites versus frequency up to 10MHz.
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Fig. 9. 3D and 2D characteristic plots of dielectric constant of BT-ST/(SiO2)x nanocomposites as functions of frequency up to 10MHz, and dc bias ranging between
−20 V and 20 V at room temperature.
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Fig. 10. 3D and 2D characteristic plots of dielectric loss of BT-ST/(SiO2)x nanocomposites as functions of frequency up to 10MHz, and dc bias ranging between
−20 V and 20 V at room temperature.
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Fig. 11. 3D and 2D characteristic plots of dielectric tangent loss of BT-ST/(SiO2)x nanocomposites as functions of frequency up to 10MHz, and dc bias ranging
between −20 V and 20 V at room temperature.

Y. Slimani, et al. Ceramics International 45 (2019) 11989–12000

11998



frequency up to 10MHz and dc bias varying from −20V to 20 V at
room temperature for various SiO2 content. It is evident to note that dc
bias set develops a similar tendency for each content of SiO2 with a
slight fluctuation. So, the dielectric constant increases with a sequential
order such as x= 2%, 0.5%, 5% and 1% at medium frequencies as it
shows an almost steady reduction in the entire frequency range, except
for some fluctuations, with a sudden boost at about 200 kHz. It is also
observed that SiO2 percentages provide a highly influential
contribution with dielectric constant resulting in a considerable range
of variations between 198.8 and 1040.3 at lowest frequency of 10 Hz.
Former values decrease with a kind of power law tendencies down to 50
and 180 at a frequency of 200 kHz, respectively, and then it increases
sharply over a value 100, finally, all of them as a set decline softly with
a power law at a frequency up to 10MHz. Furthermore, a slight change
of dielectric constant with dc biases between -20V and 20V can also be
noticed except for some slight fluctuations. It is also emphasized that
the lowest SiO2 content of x= 0.5% gives us the highest dielectric
constant of about 1040 while the BT-ST/(SiO2)2 nanocomposite leads
us a value of about 200 (five times lower) [46]. It should be noticed that
power law exponent is strongly dependent on a certain SiO2 content.
So, it is a non-linearity dependency on SiO2 content (Fig. 9). In addition
to all above explanations, one of our purpose of the investigation for
BT-ST/(SiO2)x nanocomposites is for surveying the possibility to
develop its high dielectric constant by a kind of modifications of SiO2

content level in BT-ST. It is obvious to comprehend how to overwhelm
the formation of grain-grain boundaries, and how to inhibit the
propagation of Ti species is an important challenge for the realization
of an alternative “high-k gate dielectric” applications [49]. In general, the
functionality of dielectric constant with frequencies confirmed that the
SiO2 content had a prominent influence on the dielectric properties.

3.5.3.2. Dielectric loss. The dielectric loss r is an important parameter
to evaluate the dissipation of energy through the motion of charge
carriers in an ac electric field stimulus with a polarization alteration.
Hence, both 2D and 3D representations of r of BT-ST/(SiO2)x
nanocomposites versus function of frequencies are illustrated in
Fig. 10 for various SiO2 content at room temperature. It is obvious to
realize from the log-log plots in Fig. 10 that dielectric loss corresponds to
a power law dependency having a certain exponent value, n;

=x T x( , ) ( , )r r
n

The curve for the bundle cluster associated with x=2% nano-
composite shows a very different trend at frequencies below 1.0 kHz.
So, a sharp drop is observed at frequencies over 2.0MHz for all the
curves. The dielectric loss for the remaining set follows the power law
specified in the above formulation. At higher frequencies, very low r

?

and relatively high r present a leading benefit for BT-ST NPs [49]. The
reason of the fluctuation in r

? values at high SiO2 amount, especially for
x= 2% can be attributed to their incorporated grain-grain boundaries.
It is obvious that the r shows less variation for same SiO2 content level
compared to the r

? [47].

3.5.3.3. Dissipation factors. The dielectric tangent loss, tan , of BT-ST/
(SiO2)x nanocomposites versus function of frequencies is demonstrated
in Fig. 11 for a variety of SiO2 content at room temperature. It is
obvious to realize from both 2D and 3D log-log plots that tangent loss as
a dissipation factor complies slightly with a power law with a certain
exponent in some similarities to the dielectric loss curvatures. However,
it contains more fluctuation along the elevated frequency regions as
well as dc bias values varying from −20V up to 20 V. At higher
frequencies over 2.0MHz, it represents a sharp decline for all the curves
in the graph, and then increases again for just SiO2 content of x= 2%,
but also is observed to increase partially for that of x= 0.5%.

4. Conclusion

In this study, BaTiO3eSrTiO3/(SiO2)x nanocomposites (x= 0, 0.5,
1, 2 and 5%) were produced through solid state reaction. According to
XRD analysis, two distinct phases of BaTiO3 and SrTiO3 with cubic
structure were detected. No such impurity was noticed for x≤ 0.5%
nanocomposite. However, Ba2TiSi2O8 secondary phase starts to appear
for x≥ 1%. No impurity was observed when SiO2 content is lower than
x=0.5%, however, with further increasing SiO2 content to x≥1%,
Ba2TiSi2O8 secondary phase were detected. A change in optical band
gap energy was observed with SiO2 inclusions in BT-ST, which could be
attributed to grains size variations, presence of impurities and syner-
getic effects, etc. The detailed investigation of the conductivity, the
dielectric constant and loss in the measured frequencies of 10 Hz to
10MHz, and externally applied dc biases ranging from −20V to 20 V
as well as low tangent loss is observed to be very important for the
application of the BT-ST/(SiO2)x nanocomposites in many types of
electronic devices. Most of the parameters mentioned above obey ex-
ponent power law against frequencies with various exponent values.
Electrical conduction mechanism shows that ac conductivity depends
linearly on frequencies in the log-log graphs, but almost independent of
externally applied dc bias. The dielectric constant and dielectric loss
and dissipation factor are found to reduce with the elevated frequency
almost obeying a power law exponent.
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