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Here, we are reporting electrical properties of Barium Titanate and Ni-Zn ferrite magneto-electric composites. Sr
substituted barium titanate (BST = 90%) and MnO, doped nickel zinc ferrite (NZF = 10%) were selected as individual
phases for magneto-electric composite. Individual Bay ¢St TiO3 and NijygZn,,Fe,O4 were prepared separately through solid
state reaction route. For structural analysis, the sintered samples subjected to X-ray diffraction reveal a presence of both the
ferrite and ferroelectric phase in the composite sample. Dielectric properties were measured as a function of frequency and
temperature. Curie temperature for pure BST was observed to be 92 °C, whereas in the composite sample, the transition
became broader. P-E hysteresis loops were recorded at 20 Hz for all the samples.
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1Introduction

Magnetoelectric effect is the coupling between
electrical and magnetic properties of a material, such
materials where (ME) is intrinsic are known as
magneto electic. In addition to the physics involved,
such materials find several applications, viz.
information storage, spintronics, efc. Single phase
materials have their limiting use in practical devices
because magnetoelectric (ME) effect is considerably
weak even at low temperature. The alternatives are
magnetoelectric composites because they exhibit large
value of ME coefficient'. Ferrite and ferroelectric are
constituent phases of these composites. They can be
exploited as waveguides, sensors, phase shifter,
modulators and memory devices efc. >°. Limited data
is available in the literature “on investigation of
dielectric and ferroelectric properties of ferroelectro-
magnetic composites”. In view of this, in the present
work Bay ¢Sty TiO; is selected as a ferroelectric phase
due to its high dielectric constant, relatively low
dielectric loss and wvariable Curie temperature
depending on the concentration of strontium®,
NipgZng,Fe,0, is selected as a ferrite phase because it
is one of the most versatile well known spinel
magnetic material due to its high resistivity and low
eddy current losses’. The Saturation magnetization of
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nickel ferrite increases with zinc content, hence its
magnetoelectric coefficient increases. MnO, was
added to minimize the hopping mechanism
Fe’* < Fe’" which results in an increase in the
resistivity of the samples. In nickel ferrite,
conductivity is mainly due to hopping between Fe**
—Fe’" °. In this paper, we present the detailed report
on dielectric properties of the prepared composites.
From this study we can get the valuable information
about the mechanism of electrical conduction and
dielectric polarization in the prepared composites.

2 Experimental Work

The individual phases (ferrite and ferroelectric)
were prepared by conventional solid state reaction
method. AR grade NiO, ZnO, Fe,03 were used as raw
materials for synthesis of ferrite phase. The mixing
process was carried out by ball-milling using zirconia
balls and distilled water as milling media. The slurry
was dried and calcined in alumina crucible at 1000 °C
for 4 hrs. To the calcined powder, a small amount
(0.5% by weight) of MnO, was added, ball milled and
recalcined at 1000 °C for 4 hours. The recalcined
powder was then ball milled again and dried. The
ferroelectric phase was prepared using the same route
by using AR grade BaCO;, SrCO; and TiO, as raw
materials and calcined at 1100 °C. The composite was
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prepared by mixing 10% by wt. NiggoZngs0Fe,04
(NZF) phase to the BaggoSro.10TiO; (BST) (90% by
wt.) phase. The mixing process was carried out by
ball-milling using zirconia balls and distilled water as
milling media. After drying, small amount of diluted
PVA was added as binder and the pellets having
2-3mm thickness and 15 mm diameter were pressed
using the uniaxial hydraulic press. The pellets were
sintered at 1325 °C for 4hrs. A constant heating rate
of 5 °C/min was chosen to achieve this temperature.
The structural characterization of the samples was
carried out by using X-ray diffractometer using Cu
Ka radiation (A\=1.541A). For electrical measurement
the samples were then coated with silver paste and
heated in an oven at 400 °C for lhr to ensure good
ohmic contacts. The dielectric measurements were
carried out as a function of frequency at different
temperatures by using 4263B LCR meter interfaced to
PC and programmable temperature chamber. P-E
hysteresis loops were recorded at 20 Hz for all the
samples.

3 Results and Discussion

The X-ray diffraction (XRD) patterns for both the
samples, ferroelectric (BST) and ferroelectric-ferrite
composite (BST+NZF) are shown in the Fig. 1. The
pattern shows well defined peaks with specific indices
which are characteristics of perovskite structure of
ferroelectric phase’. The co-existence of the ferrite
phase and ferroelectric phase is confirmed in
composite sample. It is seen that there is shifting of
peaks towards lower angle in case of composite which
indicates that there is change in lattice parameter of
ferroelectric phase. The growth of individual phases

a) BST
b) BST+NZF

;-“ (11

8 ]

E’ |

®

c

7]

£

20 30 40 50 60 70

20
Fig. 1 — XRD patterns for the samples

exerts stress on each other’s crystal lattice and hence
slight change in lattice parameter of ferroelectric
phase in composite sample is expected®.

Figure 2, shows the variation of dielectric constant
with temperature at different frequencies. It is seen
that dielectric constant increases with temperature up
to a certain temperature called Curie temperature and
after that it decreases for both the samples. In case of
pure BST curie temperature is noticed at 92 °C while
for composite sample the transition peak gets
broadened. The room temperature dielectric constant
is lowered in case of composite sample. It is seen that
in case of pure BST the dielectric constant is almost
independent of frequency at all the temperatures while
in case of composites as the temperature approaches
T, the dielectric constant shows more dispersion in
low frequency region and further increase in
temperature results in a rapid decrease in dielectric
constant with frequency. This shows that there is large
dielectric dispersion in case of composite samples
after the Curie temperature as shown in figure. In case
of composites the high value of dielectric constant
observed at lower frequency region is attributed
to the effect of heterogeneity in the sample due to
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Fig. 2 — Variation of dielectric constant with temperature
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simultaneous presence of two phases (ferroelectric
phase as well as ferrite phase) which results in
interfacial polarization in the sample at low frequency
region. The value of Dielectric constant (g), tan & and
T, are reported in Table 1 for both the samples.

Above the Curie temperature, the temperature
dependence of the dielectric constant (in paraelectric
phase region) can be explained by Curie-Weiss law’

e=¢g,+ C/(T-T,)

Where T, is the Curie — Weiss temperature, €, is
free space permittivity and C is the Curie — Weiss
constant.

Figure 3 shows the variation of inverse of dielectric
constant with temperature at 10 kHz for both samples.
A clear deviation from the Curie-Weiss law can be
seen at Ty, . The various parameters obtained are
listed in Table 2. The value of T, can be determined
from the graph by extrapolation and values obtained
are given in Table 2. It can be seen that composite
samples shows diffused phase transition because
composite samples follow the Curie — Weiss law at
temperature higher than the T,. The parameter 0T,
describes the degree of deviation from the Curie-
Weiss law and is defined as '

6Tm = Tdev - Tm

Where Tg, is the temperature at which the
permittivity starts deviating from Curie-Weiss law
and T, represents the temperature of dielectric
maxima.

A modified Curie-Weiss law has been proposed by
many research groups to describe the diffuseness
of a phase transition''. The degree of disorder or
diffusivity (y) for all the composition , was calculated
using the expression

In( 1/e-1/gmax ) =7 In (T- T)+a

Where €n.x 1S the maximum value of dielectric

Table 1
Y  &RT  Emax tandgrr tand,., P, P/Py  E.
(uC/em?) (kV/em)
BST 1.19 3010 15624 0.026 0.050 6.85 0.33 2.192
BST+NZF 1.66 2630 3945 0.011 0.007 1.28 0.12 1.48
Table 2
BST BST+NZF
1kHz 100kHz 1kHz 100kHz
Tw(°C) 92 92 110 110
T, (°C) 81 85 58 73
Ter (°C) 99 106 128 130
3T,(°C) 7 14 128 130

constant at T, The value of y represents the degree of
diffusiveness, and it lies in the range 1<y < 2, y =1
represents ideal Curie-Weiss behaviour, while y
between 1 and 2 indicates diffused phase transition'’.
The linear plot of In( 1/€’-1/&’ . ) vs. In (T- T,) at
100 kHz for both the samples are shown in Fig. 4.
The slopes of these plots give the parameter y and
values of y are listed in Table 1. The value of y for
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Fig. 3 — The inverse of ¢ as a function of temperature at 10 kHz
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Fig. 6 — P-E hysteresis loop at room temperature

composite sample approaches 2. This indicates
diffused phase transition. It is found that the value of
v is higher in case of composite samples. In composite
samples more diffused phase transition and more
deviation from Curie-Weiss law may be assumed due
to structural disordering. The structural disorder in the
samples arises due to the presence of different phases
(Ferroelectric and Non-ferroelectric regions) and
number of voids. This suggests a microscopic
heterogeneity in the compound with different local
Curie points which results in broadening of transition
peak in composites'”.

The temperature coefficients of capacitance was
calculated by using the formula shown below'’.

Tee = ((Cr- Crap)/ Cr)*100

Figure 5 shows the graph between the T.. versus
temperature. The low value of T. for composite
sample also confirmed a diffuse phase transition.

Figure 6 shows the room temperature P-E loops for
both the samples. The hysteresis measurements reveal

that the value of remnant polarization (P;) of the
composite samples decreases and it relates to low
internal polarizabilities, strain, electromechanical
coupling and electro-optic activity'®. The low degree
of loop squareness ratio (P./ Ps) of P-E loop is also
observed in case of composite sample. This indicates
inhomogeneous non uniform grains in ferroelectric
phase due to presence of ferrite phase. The value of
P, P./P;and E, are given in Table 1.

4 Conclusion

XRD pattern for both the samples show well
defined peaks. The co-existence of ferrite phase and
ferroelectric phase is confirmed from XRD in
composite sample. The dielectric peak gets suppressed
and become broadened with the addition of ferrite
content. The composite sample obeys Curie-Weiss law
at temperature much higher than T,. The dielectric
dispersion is more in case of composite sample.
The value of P, and P/Pg ratio is less in composite
sample.
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