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Abstract. Ferroelectric–magnetic composites of SrBi2Nb2O9–CoFe2O4 (SBN–CFO) were synthesized via conventional
solid state reaction route. The powder X-ray diffraction, Raman spectroscopy and scanning electron microscopy measurements confirm the existence of two chemically separated phases and phase purity in the SBN–CFO composites.
Magnetization measurements confirm the enhanced values of the magnetic parameters. The change in the area of the
ferroelectric P vs. E loops with frequency confirms the enhanced ferroelectric nature of the SBN–CFO composites. The
quantified maximum values of magnetoelectric coefficient (a) are observed from the P vs. E loop measurements in the
influence of applied magnetic field and found to be 4.475 mV cm-1 Oe-1 at 688 Oe for SBN–0.1CFO and 3.389 mV cm-1
Oe-1 at 1000 Oe for SBN–0.2CFO composites, respectively. The shifting in the peaks of temperature-dependent dielectric
maxima towards the higher temperature side confirms the relaxor behaviour in the SBN–CFO composite samples.
Keywords. Magnetoelectric coupling; ferroelectricity; ferromagnetism; dielectric.

1.

Introduction

Room temperature multiferroism with application in
numerous multi-functional devices employing their magnetoelectric (ME) coupling have been the focus of intensive
research interest since the last few decades. Multiferroic
materials are defined as those materials which possess at
least two of the following ferroic properties such as ferroelasticity, ferromagnetism and ferroelectricity. ME coupling refers to the change in polarization due to the applied
magnetic field and magnetization due to the applied electric
field [1]. However, finding those materials that possess both
the ferroic orders viz., ferroelectric and ferromagnetic
simultaneously is an onerous task because ferroelectrics
requires an empty d-shell orbital whereas magnetism
requires partially filled d-shells [2]. Hence, they can be
considered as mutually exclusive orders. Also, there are
materials whose magnetic ions are ferroelectric like
BiMnO3, TbMnO3, BiFeO3, etc. [3,4]. Multiferroic materials have interesting physical, chemical and mechanical
properties due to which they can be used in designing
various devices like memory devices, micro-electrical
mechanical system, sensors, integrated circuits, storage
devices, spintronic devices, etc. [5]. Nowadays, the imagination of researchers worldwide is focussed on ME coupling [5]. As per the literature, a strong ME effect can be
observed in various ferroelectric/ferromagnetic composite

ceramics. In 1970, Van Suchtelen was the first to observe
ME effect in composites of BaTiO3 and CoFe2O4 [6] and
provided evidence of ME coupling i.e., simultaneous existence of ferroic order parameters (ferroelectric/ferromagnetic). Hence, in the scope of such useful investigation,
researchers have focussed on the study of ME coupling and
associated multiferroic parameters [7,8].
Of late, there has been growing interest in ferroelectric
materials due to their promising applications in various
electronic devices. The innovation in technology is moving
gradually from magnetic to ferroelectric memory storage
devices, for example, non-volatile random access memory
(NVRAM) [9–12]. Some ferroelectrics such as PZT (lead
zirconate titanate) is one of the most attractive and widely
studied materials for application in memory storage devices
because of its good piezoelectric response. However, PZT
faces a serious problem i.e., fatigue resistance of material as
it is observed that PZT thin film degrades the initial amount
of switching charges after *108 cycles of full polarization
switching [13,14]. Thus, the bismuth structured ferroelectrics are perfect candidates for replacing PZT-based
compounds, both as high temperature piezoelectrics and
lead free ferroelectrics. The bismuth structured ferroelectrics are gaining popularity due to their striking electrical properties like exceptional fatigue resistance, superior
polarization retentivity, comparatively high Curie temperature, less ageing rate etc. [15]. The ferroelectrics such as
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SrBi2Nb2O9 (SBN), SrBi2Ta2O9 and Bi4Ti3O4 belong to the
family of Aurivillius compounds having a generic formula
[Bi2O2]2? [Am-1BmO3m?1]2- (m = 1, 2, 3, 4), where ‘A’
represents a bivalent cation i.e., Sr2?, Ba2?, Ca2? and Pb2?
and ‘B’ represents Nb5?, Ta5?, Mo5?, Fe3?, Ti4? and V5?.
They comprise a pseudo-perovskite structure sandwiched
between [Bi2O2]2? layers [16,17]. These ferroelectrics are
receiving significant attention due to their applications in a
variety of devices like NVRAM, electro-optical devices and
infrared sensors [18]. However, SBN faces two major limitations for its application as a high density FeRAM i.e.,
small remanent polarization and high processing temperature. The high processing temperature makes the fabrication
of SBN with VLSI incompatible for the production of high
density RAM [19,20]. Thus, many researchers have tried to
refine the properties of ferroelectric SBN either through
substitution or doping like substituting Nb with vanadium in
SBN [21,22], substituting Cu in SBN [23], doping SBN
with BiFeO3 [24–27] and observed a change in ferroelectric
properties along with the decline in operating temperature.
The spinel structure (AB2O4) ferrites belong to an important class of magnetic materials. Among the various spinel
ferrites, cobalt ferrite (CoFe2O4) is supposed to be the most
desirable due to its larger magnetostriction, a higher value of
coercivity, saturation magnetization, good magneto-crystalline anisotropy and chemical strength [28–30]. CoFe2O4
(CFO) is a cubic ferrite possessing inverse spinel structure in
which oxygen atom creates a face-centred cubic lattice, Co2?
ions are situated at octahedral sites and Fe3? ions are situated
at both the tetrahedral as well as octahedral sites [31]. The
magnetic properties of CFOs are highly sensitive due to the
distribution of their cations (Co2? and Fe3?) on the interstitial
spinel lattice sites [32,33]. Such an important feature of the
CFO is very useful in various device applications like magneto-optical recording media and enhances the properties like
strong anisotropy, high saturation magnetization and coercivity along with good mechanical hardness and chemical
stability. As per the structure, cobalt ions occupy the octahedral sites and Fe3? ions are equally distributed in tetrahedral and octahedral sites, which is the reason for the
magnetism in the CFO. The large magnetocrystalline anisotropy (390 kJ m-3) with a practical magnetization value
makes the CFO a promising hard magnetic and recording
material [34] and also an excellent ferrite to form an ME
composite material [35].
In the perovskite-like structure, the doping can be done at
both A/B sites. Bismuth structured layered ferroelectric SBN
shows enhanced ferroelectric and dielectric properties with Sr
deficient and Bi excess compositions [36,37]. The improvement in the ferroelectric and dielectric parameters mainly
depends on the A-site doping. Hence in the present case, we
have synthesized and studied (1 - x)SBN–xCFO (SBN–
CFO) composites with the values of x as 0, 0.1 and 0.2 using
the standard solid state synthesis technique to explore the
multiferroic properties and ME coupling. The purpose of this
work is to study the changes in the ferroelectric, dielectric and
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magnetic parameters of SBN with respect to the substitution
of Co at the A-site and Fe at the B-site.

2.
2.1

Experimental
Synthesis process

The standard solid state ceramic technique has been used to
synthesize the SBN–CFO composites. High purity
([99.5%; Sigma Aldrich Chemicals) SrCO3, Bi2O3, Nb2O5,
Co2O3 and Fe2O3 materials have been used as base precursors for the synthesis purpose. These oxides were blended with each other at suitable weight ratios as defined for
different (1 - x)SBN–xCFO compositions with 4.5 weight
percent excessive Bi2O3 to balance the possible loss of
Bi2O3 during the sintering process. Cobalt ferrite (CFO) and
strontium bismuth niobate (SBN) were prepared by mixing
the oxides in agate motor for 4 h followed by calcination at
a temperature of 1000°C for 12 h and further at 1100°C for
2 h, respectively. Post calcination, polyvinyl acetate was
added to this mixture for binding. Polyvinyl acetate mixed
SBN–CFO composites were pressed through a pelletizer
and converted into pellets using a 10 mm diameter dye and
sintered at 1150°C for 2 h. The temperature rate was
maintained constant at a fixed value of 5°C min-1 during
the whole calcination and sintering process.

2.2

Measurement techniques

The pellets were crushed into powder form and an evaluation was performed for X-ray diffraction (XRD) using the
‘Philips Xpert Powder X-ray Diffractometer’ implementing
CuKa radiation. The Raman spectroscopy measurement is
used at room temperature to record the Raman data
employing Renishaw Laser Raman Spectrometer. Morphological investigations were done with the help of ‘JEOL
JSM 6610-LV’ scanning electron microscope. To study the
magnetic behaviour, M–H loops have been recorded from
Lake ‘Shore model 7305 Vibrating Sample Magnetometer’.
Polarization vs. electric field (P–E) measurements were
done using ‘Marine India’ P–E loop tracer (Model no.
50PKE1KHZ). Dielectric studies with respect to temperature (50–500°C) were done using ‘Wayne Kerr Impedance
Analyzer’. Before the measurement, the pellets were coated
with silver paste and heated in an oven at 250°C for 2 h to
make a good electrical contact.

3.
3.1

Results and discussion
X-ray diffraction study

The powder XRD is an important study to investigate the
structural as well as phase analysis. Figure 1a shows the
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room temperature XRD patterns of pure CFO, SBN and
their composites, such as SBN–0.1CFO and SBN–
0.2CFO. XRD patterns for the composite systems show
the crystalline nature. XRD pattern of pure SBN has been
indexed for their hkl values which are in close agreement
with the standard (JCPDS # 86-1190) data file and confirms the orthorhombic structure for pure SBN. Similarly,
XRD pattern of CFO has also been indexed using standard (JCPDS # 22-1086) data file which confirms the
formation of the spinel ferrite structure. XRD pattern of
the synthesized system; (1 - x)SBN–xCFO with x = 0.1
and 0.2 have shown the simultaneous presence of SBN
(majority peaks) and CFO (minority peaks, 311 and 511
only) phase which confirms the formation of composite
phase. In addition to composite formation, a small
amount of impurity phase due to SrNb2O6 (JCPDS #
72-2088) has been detected [38]. Identified peaks in XRD
patterns corresponding to the CFO phase have been
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assigned with the symbol ‘*’. In XRD patterns of composites, i.e., SBN–CFO, CFO peaks have been found
around the 2h values of 30.16, 35.51 and 62.75° with
their corresponding hkl planes of (220), (311) and (440),
respectively. The (115) peak in the composite samples
gradually move towards the higher angle with increasing
content of CoFe2O4, which is due to the relatively
smaller ionic radius of Fe3? (0.55 Å) than that of Nb5?
(0.69 Å) and smaller ionic radius of Co2? (0.70 Å) than
that of Sr2? (1.18 Å) indicating the shrinkage of cell
volumes [39,40]. It has been observed that with an
increase in the fraction of CFO, the intensity of peaks
corresponding to SBN decreases, which suggests an
ordered composite formation. Figure 1b shows the
extended view of the XRD pattern for the synthesized
composite of (1 - x)SBN–xCFO in the 2h range (28–35°)
which represents the peak shifting towards the higher
angle side as compared to pure SBN phase which could
be due to the change of lattice parameters and/or due to
development of lattice strain in pure SBN phase after
composite formation. This could also be understood as
larger ionic radius of Sr2? ion (1.18 Å) compared to
Co2? ion (0.70 Å) at the perovskite A site and indicate
structural distortion owing to the formation of the composite phase.
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Figure 1. Powder XRD patterns of (a) SBN, CFO, SBN–
0.1CFO and SBN–0.2CFO composites and (b) enlarged view of
powder XRD patterns of SBN, CFO and SBN–0.1CFO and SBN–
0.2CFO composites depicting shifting of peaks in the composites.

To study the morphology and compositional analysis of
the synthesized composites, scanning electron microscopy
(SEM) micrographs along with energy-dispersive X-ray
analysis (EDX) have been recorded at different magnifications. Figure 2a–c shows the SEM micrographs along
with their EDX images for SBN–CFO composites.
Figure 2a shows the SEM image of pure SBN phase
which represents dense and heterogeneous arrangements
of grains in shape and size. It could easily be seen from
the SEM images (figure 2b and c) that heterogeneity in
the micrographs with respect to shape and size decreases
with an increase in the fraction of CFO in pure SBN
matrix. An agglomeration of bulk particles can be seen
clearly in the pure SBN micrograph which decreases with
increase in CFO (black in colour) into SBN (white in
colour) matrix as shown in figure 2b and c, respectively.
The different colour and decrement in the agglomeration
of the particles also confirms the formation of the SBN–
CFO composites. The particles are more or less cubical in
shape, thus confirming the structure. The composite
sample becomes denser with low porosity with an
increase in the percentage of the CFO and the allocation
of SBN and ferrite grains becomes more homogeneous.
EDX micrographs corresponding to SEM images show
the clear weight percentage (table 1) of all the elements
which are also in line with the formation of composite
phase of SBN–CFO.
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Figure 2. SEM micrographs of SBN–CFO composites: (a) pure SBN, (b) SBN–0.1CFO
and (c) SBN–0.2CFO.
Table 1. Weight percentage of the elements for the pure SBN,
SBN–0.1CFO and SBN–0.2CFO composites.
Elements (weight %)
Compositions

O

Sr

Nb

Bi

Fe

Co

Pure SBN
SBN–0.1CFO
SBN–0.2CFO

22.85
24.7
20.73

9.59
7.48
5.87

22.95
17.81
14.42

44.61
31.13
24.37

—
14.4
23.11

—
4.48
11.49

3.3

Raman study

The room temperature Raman spectroscopy measurement is
performed within the spectral range of 100–1000 cm-1 to
study the structural changes due to increased amount of

CFO in the composite system by analysing the vibrational
modes [18]. Figure 3a shows the Raman spectra of the pure
SBN phase which shows some strong Raman bands at
wavenumber *202, 577 and 828 cm-1. Some other weak
Raman bands have also been found in addition to strong
Raman bands, which are in accordance with the data
reviewed in the literature [18,41]. The observed Raman
modes between the wavenumber range *500–900 cm-1
are sharp and symmetric and due to different stretching
mode of ordered NbO6 octahedra [42]. The band observed
at *577 cm-1 reflects the rigid sub-lattice mode in which
the displacement of the positive and negative ions is in
equal and opposite directions [43,44].
There is no significant occurrence of CFO peak and peak
shifting in the characteristic bands of SBN in the corresponding Raman spectra of SBN–CFO composites. This is
due to overlapping of characteristic Raman peak of CFO
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Raman spectra of (a) pure SBN, (b) pure CFO, (c) SBN–0.1CFO and (d) SBN–0.2CFO composites.

and SBN in SBN–CFO composites. However, in the Raman
spectra, the intensity decreases significantly with the
increase in the concentration of CFO. Broadening around
the characteristic bands corresponding to CFO in SBN–
CFO composites suggests the presence of cobalt ferrite in
SBN matrix and composite formation.

3.4
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Magnetic properties

Magnetization (M–H) loops of SBN–CFO composites are
performed using VSM to study its magnetic behaviour

and shown in figure 4. The inset of figure 4 shows the
magnetization loop of pure CFO phase for the comparison purpose. A depression is observed in the hysteresis
behaviour of the SBN–CFO composite samples in comparison with pure CFO. The reason behind the change in
the magnetic properties is due to the high magnetic nature of CFO, which is added into the ferroelectric phase of
SBN with a higher amount up to 20%. M–H loops for the
synthesized composites of SBN–CFO show the weak
ferromagnetic character as compared to magnetic behaviour of SBN which is well-known non-magnetic material
[45]. It has been observed that on increasing the content
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Figure 4. Magnetic hysteresis (M–H) loops of SBN–0.1CFO and
SBN–0.2CFO composites. Inset shows the M–H loop for pure
CFO.

of CFO in SBN–CFO composite system, magnetic
behaviour enhances in proportion. Magnetic parameters
(coercivity, Hc; remnant magnetization, Mr; saturation
magnetization, Ms) have also been estimated from the M–
H loops and tabulated in table 2. Coercivity from the M–
H loops has been estimated by using the following
relation [46]:
Hc ¼

jHc1  Hc2 j
;
2

ð1Þ

where Hc1 and Hc2 are positive and negative critical field
values for the corresponding M–H loop.
This could also be seen from figure 4 that SBN–0.1CFO
shows typical weak ferromagnetism and on increasing the
concentration of CFO, both remnant magnetization and
maximum saturation magnetization increase (table 2).
Apart from the increase of saturation and remnant magnetization values, the coercivity has also been found to
increase with the increasing content of CFO which confirms
the change in the intrinsic property of the SBN due to the
magnetic phase of CFO [47].

Table 2.

(2020) 43:247

Ferroelectric properties

The polarization hysteresis (P vs. E) loops for the pure SBN
and composites of SBN–CFO is measured at room temperature for a frequency of 50 kHz under an electric field up
to 25 kV cm-1, as shown in figure 5a. All the ferroelectric
P–E loops are rounded on the corners, which indicates the
non-saturated nature of the samples. Nonlinear behaviour in
polarization and enhanced ferroelectric P–E hysteresis
properties are significant from the memory application point
of view were observed in the SBN–CFO composite samples. The larger remnant polarization Pr may be attributed to
the greater lattice distortion. The ferroelectric parameters
viz., maximum polarization, coercivity and remanence for
SBN, SBN–0.1CFO and SBN–0.2CFO composites are
shown in table 3 at a fixed frequency of 50 Hz [48].
P–E hysteresis loops of SBN–0.1CFO and SBN–0.2CFO
composites are measured at different frequencies of 50, 100,
150 and 200 Hz respectively, as shown in figure 5b and c.
The rounded corners of P–E loops are the signature of weak
ferroelectricity, which may be due to the large electrical
leakage. The unsaturated nature of the P–E loops may be
due to the aggregation of the magnetic CFO particles with
each other because of their strong magnetization. As a result
its channels are created in the composites [36,49]. The
width of the ferroelectric P–E loops decreases with the
increase of frequency values from 50 to 200 Hz, which
supports the enhanced ferroelectricity in SBN–0.1CFO and
SBN–0.2CFO composites [36,49].
The energy loss can be observed qualitatively by the
ferroelectric P vs. E loop measurements at a fixed frequency
of 50 Hz (figure 6). It is clear from figure 6 that the area
under the loop (yellow in colour) increases with the increase
of CFO content i.e., the loss increases with the CFO
(magnetic phase) into the ferroelectric phase (SBN). It is
also confirmed (later on) from the dielectric loss measurements (figures 8 and 9).

3.6

Magnetoelectric coupling analysis

For the quantification of the ME coupling coefficient (a) at
room temperature, the ferroelectric P–E loops are measured
under the influence of a variable magnetic field. Fitted
values in the form of changes in maximum polarization are
plotted with respect to the applied magnetic field (H) for the

Room temperature magnetic hysteresis (M–H) loop parameters for SBN, SBN–0.1CFO and SBN–0.2CFO composites.

Sample
CFO
SBN–0.1CFO
SBN–0.2CFO

Remnant magnetization (emu g-1)

Coercivity (Oe)

Saturation magnetization (emu g-1)

Maximum field (Oe)

7.26
1.21
1.70

468.5
682
806.5

47.09
3.18
4.54

4779
4659
4843
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Figure 5. Ferroelectric polarization (P–E) hysteresis loops of (a) SBN, SBN–0.1CFO and SBN–0.2CFO composites at a fixed
frequency of 50 Hz, (b) SBN–0.1CFO at fixed frequencies of 50, 100, 150 and 200 Hz and (c) SBN–0.2CFO at fixed frequencies of
50, 100, 150 and 200 Hz.

SBN–0.1CFO and SBN–0.2CFO composites as shown in
figure 7. Maximum polarization changes (increases) with
the increase of magnetic field, which suggests the control on
polarization under the influence of applied magnetic field
i.e., the evidence of ME coupling in the composite samples.
The slope of the curve represents the ME coupling coefficient (a) i.e., the variation in polarization under the influence of magnetic field. The polarization under the linear
effect which provides a direct ME coupling coefficient, can
be expressed as:
P ¼ P0 þ ðdPmax =dH Þ  H;

ð2Þ

where P0 is the spontaneous polarization initially at zero
magnetic field.
From the straight line fitted graphs of figure 7, the value
of the slope is basically the value of the ME coupling
coefficient (a) which is as follows:
a ¼ dPmax =dH:

ð3Þ

The calculated values of ME coefficient (a) are found to
be 4.475 mV cm-1 Oe-1 at 688 Oe for SBN–0.1CFO and
3.389 mV cm-1 Oe-1 at 1000 Oe for SBN–0.2CFO
respectively as shown in table 3.
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Table 3. Room temperature ferroelectric hysteresis (P–E) loop parameters (maximum polarization, remanence and coercivity), ME
coupling coefficients and dielectric transition temperature through dielectric measurements for SBN, SBN–0.1CFO and SBN–0.2CFO
composites.
Sample
SBN
SBN–0.1CFO
SBN–0.2CFO

Maximum polarization
(lC cm-2)

Coercivity
(kV cm-1)

Remanence
(lC cm-2)

ME coupling coefficient
(mV cm-1 Oe-1)

Dielectric transition
temperature (°C)

0.434
0.534
0.38

4.494
4.031
3.98

0.098
0.218
0.102

—
4.475 at 688 Oe
3.389 at 1000 Oe

445
412
385

Figure 6. Ferroelectric energy storage density plots for the energy loss observation of (a) SBN, (b) SBN–0.1CFO and (c) SBN–
0.2CFO composites samples.
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Figure 7. Variation in maximum polarization with respect to applied magnetic field with linear fit data for (a) SBN–0.1CFO and
(b) SBN–0.2CFO composites.

3.7

Temperature-dependent dielectric analysis

To study the dielectric properties, the temperature-dependent dielectric constant and tangent loss are measured at a
frequency of 100 kHz for the pure SBN and SBN–CFO
composites as shown in figure 8. The pure SBN sample
exhibits specific ferroelectric to paraelectric phase transition
at a Curie temperature, Tc = 445°C having dielectric permittivity, e0 = 2050 at a frequency of 100 kHz. The phase
transition of SBN–0.1CFO composite is observed at a
temperature, Tc = 412°C having dielectric permittivity e0 =
1500. The phase transition temperature for the SBN–
0.2CFO composite displays comparatively a wider peak
near its ferroelectric transition temperature Tc = 385°C and
e0 = 320 at x = 100 kHz. The observed value of transition
temperature of SBN is in confirmation with the reported
literature [50] and decreases with the increase in the magnetic phase of CFO as expected. There is a high amount of
magnetic CFO in the composites as a result of which
channels are created in the magnetic phase and conduction
will start which reduces the ferroelectric Curie temperature
[51]. The dielectric transition temperatures are shown in
table 3 for SBN, SBN–0.1CFO and SBN–0.2CFO
composites.
It is also proposed that the Curie temperature (Tc)
decreases if we replace B-site cations having lower nd0
configuration with cations having higher nd0 configuration.
However, the relationship of Tc vs. nd0 configuration
contradicts in the present case because Nb cation in
SrBi2Nb2O9 has a higher 4d0 configuration with respect to
Fe cation in CFO [52]. The changes noticed in Curie temperature (Tc) for these composites could be explained

through the contribution of ionic radii in the structure of
SBN–CFO composites. Since the ionic radii of Co2? (0.70
Å) and Fe3? (0.55 Å) compared with Sr2? (1.18 Å) causes
lattice distortion, it also changes the long and short range
forces in the composite. This results in internal stress at the
grain boundaries which significantly decreases the Curie
temperature.
The decreasing nature in dielectric permittivity is also
identified for a given series. The dielectric constant (e0 ) of a
system comprises the following polarization contributions:
in the presence of electric field, ionic polarization occurs
because of the displacement of anions and cations, displacement in an electron shell leads to electronic polarization, dipolar polarization as the result of the change in the
orientation of domains in the direction of the external
applied field and space charge polarization emerges due to
the charges present at the structural interface. The decrease
in dielectric constant in the present SBN series is perhaps
caused by the drop in overall atomic polarization. XRD
results (figure 1b) indicate the shifting in the peaks suggesting the appreciable change in the lattice constant of
SBN perovskite crystal leading to decreased ionic polarization and a decreased dielectric constant [13].
The tangent loss increases with an increase in CFO
content in the composites as shown in figure 8 and this
influence becomes more prominent at an elevated temperature. The reason for the increase in the tangent loss is due
to the high amount of magnetic phase in the SBN–CFO
composites. The high amount of magnetic phase reduces the
ferroelectric nature of the composites resulting in conduction in the samples. As a result, the samples become leaky
and loss increases.
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Figure 8. Temperature-dependent (a) dielectric constant (b) tangent loss of SBN, SBN–0.1CFO and SBN–0.2CFO composites
at fixed frequency of 100 kHz and arrow confirms the dielectric transition temperature range.

To further explore the temperature-dependent dielectric
constant and tangent loss (figure 9) for pure SBN and SBN–
CFO, composite samples have been measured at fixed frequencies of 10 kHz, 100 kHz and 1 MHz respectively. The
dielectric constant is uniform regardless of the frequencies

at low temperatures while at higher temperatures broad
dielectric transition maxima peaks near 445°C are observed
in pure SBN as shown in figure 9a. We observe that the
dielectric transition maxima peaks are broadened and
broadness increases with the increase of magnetic CFO
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Figure 9. Temperature-dependent dielectric constant of (a) SBN, (b) SBN–0.2CFO and tangent loss of (c) SBN and (d) SBN–
0.2CFO composites samples measured at fixed frequencies of 10 kHz, 100 kHz and 1 MHz.

concentration in the SBN–0.2CFO composite and found
near 385°C as shown in figure 9b, which may be due to the
formation of defects [41] or relaxor type phase transition
[23,53] in the SBN–CFO composites. The tangent loss is
also uniform regardless of the frequencies at low temperatures while at higher temperatures the value of loss
increases as shown in figure 9c and d which may also be
due to the formation of defects. The peaks of the SBN–
0.2CFO composite shift towards higher temperature side
and are broader with an increase in frequency. This also
confirms the relaxor type behaviour in the composite
samples.

4.

Conclusions

In conclusion, we have prepared the SBN–CFO composites
via solid state reaction technique. XRD and Raman study
confirm the formation of composite phase of SBN–CFO
with different amount fraction of CFO. SEM images show
the heterogeneous surface with respect to grain shape and
size. EDX analysis shows the presence of all elements
according to their weight percentage in composites.
M–H hysteresis loops show weak ferromagnetic character
for the SBN–CFO composites. Magnetic parameters are
also found to enhance with increase of magnetic CFO phase
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in the SBN–CFO composites. The width of the ferroelectric
P–E loops decreases with the increase of frequency values
from 50 to 200 Hz and confirms the enhancement in
ferroelectricity in the SBN–CFO composites. The quantitative values of the ME coefficient are obtained through the
P–E loop measurement in the presence of applied magnetic
field and the maximum value of ME coefficient is obtained
for the SBN–0.1CFO composite. The broad frequency
dependent dielectric maxima and shifting of peaks towards
the higher temperature side confirms relaxor in the composite samples.
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