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Electrical Behavior of (y)Cd,.xNiyFe,O4+(1-y)
BaZry,TipgO3; Composites

G. N. Chavant, P. B. Belavi2, L.R. Naik?, B. K. Bammannavar?, K. P. Ramesh#

Abstract— The particulate composites of Cadmium Nickel ferrite (CNFO) and Barium-Zironate-Titanate (BZT) ferroelectric were prepared
by conventional solid state reaction technique. The presence of both phases in the composite were confirmed from XRD Analysis. The
purity and stoichiometry of constituent phases of the composition were confirmed from Energy Dispersive X-ray (EDX) technique. The
variation of dielectric constant (¢') and loss tangent in the frequency ranging from 40Hz up to 10MHz at room temperature and as a
function of temperature (ranging from 30°C up to 650°C) at four different fixed frequencies (1kHz, 10kHz, 100kHz, 1MHz) were studied.
Some irregular behavior of dielectric properties in the ME composites due to magnetoelectric interaction between ferromagnetic and
piezoelectric phases were observed. The plot of dielectric constant with temperature shows a peak at the transition temperature. The AC
conduction in the composites is due to hopping of charges between localized states. The DC resistivity of the ME composites were studied
as a function of temperature, ranging from room temperature up to 800°C.

Index Terms— Ferrite, piezoelectric, composites, EDX, dielectric constant, loss tangent.

1 INTRODUCTION

Ferroelectromagnetic composite materials consisting of pie-
zomagnetic and piezoelectric phases show magnetoelectric

(ME) effect [1]. The ME effect is an induced dielectric po-
larization of a material in an applied magnetic field, and/or
the induced magnetization in an applied external electric field.
ME materials can be used as magnetic sensors for DC or AC
magnetic field measurements, transducers or actuators, mi-
crowave field measurements, radio electronics etc. [2-3]. The
ME effect was first observed in antiferromagnetic single crys-
tal, Cr,Os in 1961 and latter many single phase crystal families
were found which have a smaller ME effect. Astrov confirmed
it by measuring the induced electric field due to magnetiza-
tion, and Rado by measuring the magnetic field due to in-
duced polarization [4-6].

In last few decades, there is a thrust to overcome the prob-
lems of single phase magnetoelectric materials, which show
low ME voltage and requires low temperature condition. Thus
in order to overcome this problem, many particulate compo-
site materials have been developed using piezoelectric and
magnetostrictive materials, which show higher ME voltage [7-
8]. Most of the single phase ME compounds have a complicat-
ed crystal structure and show output at low temperatures
where as these composites, show a product property due to
the effect of both ferrite and ferroelectric phases, which cannot
be shown by their constituent phases alone. The ME (Piezoe-
lectric/ferrite) ceramic composites are found to have larger
ME output due to the magnetic - mechanical - electrical inter-
action between the piezoelectric and ferrite phases. Boom-
gaard et al [9-10] in 1978, stated that the ME effect in these
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composites mostly depend on:

i. chemical equilibrium of individual phases

ii. molar percentage of ferrite and ferroelectric
phase

iii. magnetostriction coefficient of ferrite phase and
piezoelectric coefficient of ferroelectric phase

iv. resistivity of the sample and

V. mechanical coupling between the grains

There are many factors based on which ferrite and ferroelectric
phases are selected. The main factors are that the constituent
ferrite phase should have high magnetostrictive coefficient
and the ferroelectric phase should have high piezoelectric co-
efficient and high dielectric constant. In the present work, we
have selected Ni substituted Cd ferrite since it is one of the
well known ferrite having high magnetostriction coefficient
[11]. The ferroelectric BaZro2TiosOs (BZT) is one of the con-
stituent phases of ME composites. The most popularly studied
ferroelectric material is barium titanate (BaTiOs3), since it has
high dielectric constant and low loss tangent. In the present
case we have substituted zirconium in barium titanate to get
the required ferroelectric phase. The substitution of Zr** was
carried out as it is chemically more stable than Ti** [12-13]. The
principal motivation of the present work is to investigate the
overall electrical properties of such simple CNFO/BZT partic-
ulate composites.

2 EXPERIMENTAL DETAILS

2.1 Preparation of composites

The individual phases of ferrite and ferroelectric were pre-
pared by conventional solid state reaction technique. The
ferrite phase chosen was Cd1..NixFe;O4, was prepared by tak-
ing AR grade of CdO, NiO and Fe,O; powders. The oxides
were weighed in the required molar proportions and milled in
an agate mortar for several hours to get a homogeneous mix-
ture of the oxides. Further, this mixture was pre-sintered at
800°C for 8 hours in a furnace. Similarly, the ferroelectric
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phase BaZro,TiosOswas prepared separately by milling AR
grade of BaCOs, ZrO,, and TiO, in required molar propor-
tions and sintered at 800,C for 8 hours. After pre-sintering the
individual phases, the constituent phases were thoroughly
mixed together with the general formula (y)Cdi.
xNixFe204+(1-y) BaZro2TiosOs where y varies as 0.1, 0.2, 0.3
mol% to get the ME composites. The mixtures were sintered at
800°C for 8 hours. The sintered mixture were mixed with 10%
of polyvinyl alcohol (PVA) as a binder agent and were pressed
into pellets of 1.1 cm diameter and 2-3 mm thickness using
hydraulic press by applying pressure of 7 tons/cm?2 The pel-
lets were finally sintered at 1150°C for 12 hours in a furnace
and cooled to room temperature in air to get the final ME
composites.

2.2 Characterization

X-ray Diffractometer of type XPERT PRO with CuKa (A =
1.5424 1&) radiations was used to characterize and confirm the
presence of constituent phases in the prepared composites.
The purity and stoichiometry of the composition of the con-
stituent phases after final sintering were confirmed using En-
ergy Dispersive X-ray (EDX) technique (ESEM Quanta 200,
FEI). Agilent 4294 A impedance analyzer was used to study
the AC parameters such as capacitance (C) and dissipation
factor (D) as a function of frequency (40 Hz to 110 MHz) at
room temperature and as a function of temperature for four
different fixed frequencies (1kHz, 10kHz, 100kHz, 1IMHz). The
variation of dielectric constant and loss tangent with frequen-
cy and with the temperature were recorded. The disk shaped
samples were coated with silver paste on both sides for good
electric contact.

3 RESULTS AND DISCUSSION

3.1 Phase determination

Figure (1) shows XRD patterns of the particulate composites
with (y)Cd0‘9Ni0‘1Fe204 + (1—y)BaZI‘0‘2Ti0‘gO3 with y = 0.1, 0.2
and 0.3. All the peaks were identified and indexed using
standard XRD data.
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Figure 1: XRD of (y) Cdy gNip Fe, 04+ (1-y) BaZry Ty 404
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The diffraction peaks are the characteristics of constituent
phases, confirming the spinel cubic ferrite and tetragonal per-
ovskite crystal structure. It is observed that there exist two sets
of well defined reflections in the composite. The intense (3 1
1) reflection peak is due to spinel cubic ferrite and (0 1 1) re-
flection peak is due to tetragonal pervskite structure. No uni-
dentified or impurity peaks were observed, which suggests
that no chemical reaction or structural changes occurred be-
tween ferrite and ferroelectric phases during the final sintering
of composites [13-14].

Ba
— i y=0.1

12.20 15.20 18.

keV

T y=0.2

12.20 15.20 18.20

IJSER © 2014

http://www.ijser.org


http://www.ijser.org/

International Journal of Scientific & Engineering Research, Volume 5, Issue 12, December-2014 1173
ISSN 2229-5518

dipoles in ferrite phase. In the ferrites, the rotation of
! - Fe*oFe* dipoles may due to the exchange of electrons be-
= ga _ tween the ions so that dipoles align themselves with the ap-
=3 ' y=0.3 plied alternating field [18]. The charge moment would cause a
relaxation to the polarization in the direction of applied field.
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Figure 2: EDX of (y) Cd, oNi, ,Fe,0, + (1-y) Bary,Tig ;04
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A comparison of XRD pattern of all the samples show that the 100 1000 10000 100000 1000000 1€7
intensity of the (0 1 1) reflection peak of ferroelectric phase log f

decreases where as the intensity of the (3 1 1) peak of ferrite
phase increases with an increase in the mol% of ferrite in the Fi o . .

. ! . igure 3: Variation dielectric constant with frequency for
composites [4]. The Energy Dispersive X-ray (EDX) of the (y) Cdy iy Fe,0, + (1-y) Bazry,Tiy O
samples is show in the Figure (2). The EDX spectrograph re- il G 0270873
veals no trace of any peak other than the elemental peaks of
the constituent phase elements confirming purity and stoichi-
ometry of the composition of the constituent phases after final
sintering.

3.2 Dielectric propertied
a. Asa function of frequency

The variation of dielectric constant (¢') as a function of fr e-
quency at room temperature is shown in Figure (3). In the
higher frequency range, the dielectric constant decreases rap-
idly with increase in frequency. This suggests dispersion due
to Maxwell - Wagner [15-16] type of interfacial polarization
and which is in good agreement with Koop’s phenomenologi-
cal theory [17]. The dielectric constant attains a constant value
at higher frequencies and becomes independent of frequency
beyond 10 kHz. As that in case of relaxor ferroelectric samples, g
ferroelectric region are surrounded by non - ferroelec- — S —
tric/ferrite region and the space charge polarization in compo- . TTTe— —-
sites is attributed for the high dielectric constant at lower tem- 0.0 e
perature. The dielectric behavior in the composite samples is 100 1000 10000 100000 ~ 1000000 1E7
due to the polarization mechanism in ferrites. The dipolar os- log f
cillations in ferrites are due to the presence of Fe** ions and
minority Fe?* ions which are also responsible for the Figure 4: Tangentloss with frequency for (y) Cdy oNig sFe;0, + (1-y) BaZry,Tig0;
conduction mechanism. The conduction in composites beyond
phase percolation limits was due to the ferrite phase. Orienta-
tional polarization was due to the rotational displacement of = The decrease in the value of dielectric constant may attribute
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to the fact that the electron exchange between Fe?* to Fe3* does
not follow the alternating field [19]. The dielectric constant is
found to increase with the increase of mol% of ferrite content
in the composites. The tan & variation with frequency shown
in Figure (4) shows similar behavior as of &' with frequency.
However in all the composites the loss tangent increases with
temperature, irrespective of ferrite or ferroelectric transition
temperature.

b. Asa function of temperature
Figure (5) shows the variation of ‘ewith temperature in the
range of 30°C to 650°C at fixed frequency of 1kHz for
(y)CdosNig1Fe2O4 + (1-y)BaZro2TiosOs with y = 0.1, 0.2 and
0.3. Some irregular variation was observed in dielectric con-
stant with temperature.
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Figure 5: Variation of dielectric constant with temperature for
constant frequency of (y) Cd, gNiy ;Fe,0, + (1-y) BaZry 5 Tiy 504

The dielectric constant remains unvaried from room tempera-
ture to 220°C and then attains a maximum value (23081) at
520°C followed by a decreasing trend with increase in temper-
ature indicating phase transition. The broad diffused peaks are
observed and the transition temperatures are very near to that
of antiferromagnetic transition temperature. It is to be noted
that hopping of electrons causes the conduction in ferrite and
also hopping causes local displacement in the direction of ex-
ternal field, influencing dielectric polarization in ferrites. The
hopping of electron between Fe?* to Fe3* ions and hopping of
hole between Ni** and Ni?* ions in B sites in the spinel struc-
ture are responsible for electrical conductivity. The increaseof
AC conductivity with temperature was due to the increase in
drift mobility of thermally activated electrons, thus the dielec-
tric polarization increases causing an increase in dielectric
constant and loss tangent. In addition, as ferrites are basically
ionic solids, there is an inherent ionic polarization. Hence
there is a net increase in dielectric constant with temperature.
The dielectric constant decreases after passing through the
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transition temperature as the further rise in temperature will
result in increase in relative vibrational motions of the ions
and electrons which fail to align themselves with the alternat-
ing field [20]. The dielectric constant observed at transition
temperature (for 1 kHz fixed frequency) are 23081, 34497 and
21447 for y = 0.1, 0.2 and 0.3 respectivly. The phase transition
temperature shifts towards lower temperature as the ferrite
content increases in composites. It can also be observed that
the dielectric constant is maximum for y = 0.2 of ferrite in the
composites. This can be explained on the fact that the dielec-
tric constant for the constituent ferrite and ferroelectric phases
alone with their composites vary in a random fashion at low
frequencies. There are 10 possible ways of connectivities of
diphase in composites, as the ferrite and ferroelectric grains
are randomly mixed together in parallel and series mode. This
makes it difficult to calculate the effective value of dielectric
constant of the composite and also to predict a sum rule or
rule of mixture do to the random variation in & Thus earlier
workers [19-22] have ignored dependence of ' withy.

The Figure (6-8) shows variation of &' with tempera-
ture for all composites (y = 0.1, 0.2 and 0.3) at four fixed fre-
quencies (1 kHz, 10 kHz, 100 kHz and 1 MHz). It is observed
that the dielectric constant in all the samples increases slowly
and reaches to maximum value at Curie temperature. The die-
lectric constant starts decreasing with further increase in tem-
perature for all values of y. The dielectric constant is  maxi-
mum at 520°C for 1 kHz frequency. The peak becomes broader
and shifts towards higher temperature at high frequencies.
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Figure 6: Variation of dielectric constant with temperature of
(0.1) Cdg ¢Nig ,Fe,0, + (0.9) BaZr, ,Tiy 504

At 1 MHz and beyond the peak is likely to occur beyond the
investigation range of temperature. Due to the rise in tempera-
ture the electrons are thermally activated and this increases
the electron hopping between Fe?* and Fe3* ions. This electron
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hopping causes local displacement in the direction of the ap-
plied external field.
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Figure 7: Variation of dielectric constant with temperature of
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Figure 8: Variation of dielectric constant with temperature of
(0.3) CdqgNiFe;04 + (0.7) BaZrg,Tigs0;

On increase in temperature beyond 520°C at 1 kHz, the vibra-
tional motion of ions become random and fails to align in the
field direction, and hence, the dielectric constant decreases [20,
22]. The shift in the diffused maxima towards higher tempera-
ture with the increase in frequency is analogous to the behav-
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ior observed in relaxor ferroelectric. One cannot rule out the
possibility of such variation as ceramic ferrites have heteroge-
neous microstructure [23]. These transition temperatures are
close to the ferrite transition temperature.The ME interaction
in composites exhibits shift in magnetic transition due to an
external field. Thus the transition temperature in the compo-
sites shift towards lower temperature as ferroelectric content
increases in the composites, since the transition temperature of
the ferroelectrics is very low than that of ferrites.

3.3 AC conductivity

The frequency dependence of AC conductivity is shown in
Figure (9). The AC conductivity is observed to increase with
increase in frequency for all the composites. The plots of cac
with frequency are linear attributing to the fact that the con-
duction occurs due to the hopping of charge carriers between
localized states. In all the
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Figure 9: Variation of AC conductivity with frequency for
(y) Cdy oNip 4Fe;0, + (1-y) BaZry ,Tig g0

composites, the linearity of plots confirms the small polaron
type conduction.

3.4 DC conductivity

The Figure (10) shows the DC resistivity as a function of tem-
perature ranging from room temperature to 800°C. The variation
of resistivity with temperature in the present case is

obtained using the Arrhenius relation

_ AE)
P = Po (kT

Where p is resistivity, po is temperature independent constant,
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AE is the activation energy, k is the Boltzmann constant and T
is absolute temperature. The resistivity decreases with the in-
crease in temperature and is attributed to the increase in the
drift mobility of the charge carriers. It is also observed from
the graphs that the resistivity decreases with increase of ferrite
content in the composites. According to conduction mecha-
nism, decrease in the resistivity with the increase in ferrite
content is due to the low resistivity value of ferrite phase
compared to that of ferroelectric phase. All the samples show
a break in the conduction at the transition temperature. There
are two mechanism involved in the conduction process in the
ME composites.
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Figure 10: Variation of resistivity with temperature for
(y) CdygNig sFe,0, + (1-y) BaZry ;Tig gO;

The conduction below the transition temperature(T<230°C) is
due to the impurities and that of above the transition tempera-
ture (T>230°C) is attributed to the hopping of charges between
Fer*oFe¥, Titte Tit, Zr¥* Zr*, Ba?*<Ba’*. It is also ob-
served that the transition temperature decreases with increase
in the ferrite content in the composites. The activation energies
calculated for the ME composites for y=0.1, 0.2 and 0.3 were
0.289 eV, 0.205 eV, 0.132 eV respectively. The electrons and
holes keep hopping and which is responsible for the conduc-
tion in the composites. As the temperature increases the hop-
ping phenomenon between the ions increases which results
the decrease in resistivity. The activation energy decreases
with the increase in the ferrite content in the composites.

4 CONCLUSION

Magetoelectric ~ particulate  composites consisting  of
Cd1«Ni.Fe;O, ferrite and BaZro,TiosOs ferroelectric phases
were prepared by ceramic method. The presence of constitu-
ent phases in the composites was confirmed by XRD analysis.

1176

The EDX spectrographs show no trace of occurrence of chemi-
cal reaction in final sintering process. The variation of dielec-
tric constant with mole ratio and with temperature at four dif-
ferent frequencies show the variation of phase transition with
the variation of mole ratio of the constituent phases. The die-
lectric study also reflects the interaction between electric and
magnetic phases of the composites. The linearity of AC con-
ductivity confirms the small polaron type of conduction. The
DC resistivity decreases with increase in temperature and it
was due to the increase in the drift mobility of the charge car-
riers in the ferrite phase and also the transition temperature
decreases with increase in ferrite content in the composites.
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