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Ferroelectric—ferrite composites are very important materials as they show both electric
and magnetic properties and are drawing attention of researchers over the last few
years due to their immense contribution to the improvement of science and technology.
Electrical and ferroelectric properties of such ceramic materials are strongly dependent
on composition and ratio of two constituents. In the present paper we are reporting the
dielectric and ferroelectric properties of (1-x)Ba.g9Sro.10TiO3- xNig.g0Zng 20Fe; 04, (0 <
x <0.02 steps of 0.01) (BST-NZF) mixed phase materials. Both the constituent materials
were prepared separately by conventional solid state method and then finally mixed by
weight to form the mixture. The dielectric properties were measured as a function of
temperature at 100 Hz, 1 kHz, 10 kHz and 100 kHz frequencies. P-E hysteresis loops
were recorded at 20 Hz for all the mixture samples. Remanent polarization was found
to decrease with increase in ferrite content. Magnetization measurements show the
samples to be in ferromagnetic state. Structural analysis was done by X-ray diffraction
analysis.
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Introduction

Ferroelectricity and ferromagnetism phenomenon were known in a number of oxide com-
pounds separately in the 1950s. Simultaneous occurrence of these phenomenons in a single
phase material was then discovered. These materials show a limited behaviour and now
these single phase materials showing both electric and magnetic properties have been re-
placed by ferroelectric—ferrite composites. These composites show both properties over a
range of temperature which overcomes the limitation of single phase material [1]. Such
materials show all the special ferroelectric properties (like anomalies in dielectric con-
stant, P-E hysteresis and piezoelectric properties) along with the properties of ferrites (like
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magnetic polarization and magnetic hysteresis loop). Thus these materials can be consid-
ered as a perfect replacement of single phase materials showing these properties. These
materials have been used as potential sensors for magnetic field measurements, transduc-
ers for magnetoelectric conversion, actuators and magnetoelectric memory devices [2, 3].
These composites also find a lot of technological applications in radio electronics, opto-
electronics, microwave electronics and transducers, wave guides, phase inverters, rectifiers,
modulators, integral optics and fiber communication technology [4]. In the present case
zinc doped nickel ferrite is selected as a ferrite phase because of having high resistivity,
high magnetostriction coefficient with low eddy current losses and having many applica-
tions such as core material in transformers and inductors, band pass filters in telephone
circuits, magnetic amplifiers, in radio and loud speakers etc [S]. BaStTiO; (BST) has been
considered to be an important material for use in tunable microwave devices because of its
high dielectric constant, phase shifters, relatively low dielectric loss, variable curie temper-
ature depending on amount of strontium etc [6]. Most of the studies reported are related
to dielectric properties, resistivity and magnetic properties. But all the important proper-
ties like ferroelectric (P-E) hysteresis and magnetic (M-H) hysteresis loops were found
rarely in literature. The present paper includes the discussion on dielectric, ferroelectric
and magnetic properties of composites.

Experimental

The individual ferrite (Nig goZng 20Fe,O4) and Ferroelectric (Bag 9oStg.10TiO3) phases were
prepared by conventional solid state reaction method. AR grade NiO, ZnO, Fe, 03, BaCOs,
SrCO3 and TiO, were used as raw materials. 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 hours. To the calcined powder, a small amount
of MnO, (0.5% by weight) was added and recalcined at 1100°C for 4 hours. The calcined
powder was then ball milled and dried. The composites were prepared by mixing 1% and
2% by weight of Nigg9Zng0Fe;O4 phase with 99% and 98% by wt. of Bagg9Sro.10TiO3
phase, respectively. The mixing process was carried out by ball-milling using zirconia
balls and distilled water as milling media. And after drying, small amount of diluted PVA
was added as binder and the pellets having 2-3 mm thickness and 15 mm diameter were
prepared using the uniaxial hydraulic press. The pellets were sintered at 1325°C for 4 h
with constant heating rate of 5°C/min. The phase formation was characterized by X-ray
diffraction (XRD) analysis with a CuKe radiation (A = 1.541 A). Composite samples were
then coated with silver paste and heated in an oven at 300°C for 1 h to ensure a good
ohmic contact. Dielectric measurements were carried out using Agilent 4284A LCR meter.
In order to evaluate the ferroelectric properties, the P-E hysteresis loops of samples were
recorded at 20 Hz frequency using an automated P—E loop tracer.

Results and Discussion

The X-ray diffraction (XRD) pattern for x = 0.01 is shown in the Fig. 1. The coexistence
of Nig goZng0Fe, 04 phase and Bag 99 Srg.10TiO3 phase is confirmed. The peaks in the XRD
patterns are identified to be characteristics of both Nig ggZng20Fe;O4 and Bag goSto.10TiO3
phases.
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Figure 1. XRD pattern for x = 0.01.

Dielectric Properties

The Variation of dielectric constant and loss tangent as a function of temperature at different
frequencies for sample with x = 0.01 are shown in Fig. 2. It is observed that as the
temperature increases the dielectric constant increases and attains a maximum value at Curie
temperature of ferroelectric phase. As the temperature increases ac electrical conductivity
increases due to thermally activated electrons. As a result, dielectric polarization increases
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Figure 2. Variation of dielectric constant and loss with temp for x = 0.01. (See Color Plate II)
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causing an increase in dielectric constant and loss with temperature [7]. At temperature
above the transition temperature, the dielectric constant decreases since it follows the Curie-
Weiss law. It is also observed that the value of dielectric constant and loss decrease with
increasing frequency. The higher value of the dielectric constant at low frequency is due to
various types of polarization mechanisms. At low temperature, increase in loss at elevated
temperature is caused by a corresponding conductivity increase.

Figure 3(a) shows the temperature variation of dielectric constant for different concen-
tration of ferrite in BST ceramics at 100 kHz. The peak value of the dielectric constant at
transition temperature decreases with increase in the ferrite content. Also, the broadening
of the peak increases with increase in the ferrite substitution. In all the three compositions
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Figure 3. (a) Variation of dielectric constant with temperature for different value of x. (b) Variation
of diffusivity for all the samples. (See Color Plate I1I)



42/[1360] R. Rani et al.

Table 1
Coercive field (Ec) and diffusivity (y) for (1 — x)BST-
xNZF composites

X E. (kV/cm) y

0.00 4.16 1.52
0.01 3.47 1.74
0.02 2.05 1.77

the degree of disorder or diffusivity (y), was calculated using the expression [8]
ln(1/8 - 1/“S\max) =V In(T—-T.)+a

where &, 1S the maximum value of ¢ at T.. The value of y is the degree of diffusiveness,
which lies in the range 1< y < 2, where y = 1 represents ideal Curie-Weiss behaviour,
while y between 1 and 2 indicates diffused phase transition. The value of y, is calculated
from the slop of graph shown in Fig. 3(b) and its value is given in Table 1. It was found that
the value of y increases with increase of ferrite content. This may be due to the increase
in inhomogeneity in the composition and thus a distribution of different local Curie points.
The structural disorder in the compound arises due to the presence of number of voids and
individual phases [9].

Ferroelctric and Magnetic Properties

All the samples shows well defined P-E loops as well as M-H loops. The P-E loop and M-H
loop for x = 0.01 are shown in Figs. 4 and 5. The behaviour of remanent polarization (P;)
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Figure 4. P-E hysteresis loop for x = 0.01.
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Figure 5. M-H hysteresis loop for x = 0.01.

[1361]/43

and Pr/Ps ratio determined from the P-E loops for different value of x is shown in Fig. 6.
It can be seen that remanent polarization (P,) and P,/Pg decreases with increase the ferrite
content. This decrease may be due to the increase of porosity of the samples. The values
of the E, determined from the P-E loops are given in the Table 1. The E. decreases with
increase of ferrite content.
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Figure 6. Variation of Pr and Pr/Ps for different value of x.
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Conclusions

The peak value of dielectric constant decreases with addition of ferrite content while the
room temperature dielectric constant increases. The samples show P-E loop as well as M-H
loop. P; and P,/P; ratio decrease with increase in x. Coercive field (E,) also decreases with
increase in x.
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