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ABSTRACT

Nig4MgosFe,0, Ceramic samples were prepared by conventional double sintering approach and sintered at
1300°C/4 h. These ferrites are further characterized using X-ray diffractometer. The diffraction study reveals
that the present compound shows perfect single phase cubic spinel structure. In addition, the behavior of distinct
electrical properties such as dielectric constant (¢'), dielectric loss (¢") and ac-conductivity (o) as a function
frequency as well as temperature is analyzed using the LCR controller.
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I. INTRODUCTION

Polycrystalline ferrites are of general
spinel structure AB,O,4, where ‘A’ corresponds to
divalent Ni, Mg, Cu, Zn, Mn and Fe and ‘B’
corresponds to the trivalent iron ions respectively
[1]. The field of ferrites is well focused due to their
potential applications as storage devices, magnetic
sensors,  refrigeration,  photo-catalysis, drug
delivery systems, magnetic resonance imaging,
transformers, and inductors, shielding devices,
anode materials, spintronic and electronic devices.
These applications are attributed to the various
electrical and magnetic properties of ferrites [2-7].
Generally, solid state reaction method is employed
for the synthesis of ferrites which allows to micron
sized particles.

Recently several researchers investigated
electrical and magnetic properties of NiMg ferrites
using various techniques such as citrate-gel [2, 3],
self-combustion sol-gel [4], egg-white precursor
[5], chemical co-precipitation [8, 9], self-
combustion sol-gel [10] and microwave sintering
techniques [1]. All these techniques well focused
on reporting the variation of dielectric constant,
dielectric loss tangent, ac, dc-conductivity, ac, dc-
activation  energies, magnetic  permeability,
magnetic loss, saturation magnetization, coercivity,
magnetic moment and cation distribution etc., with
increase of magnesium content in nickel ferrite
system. The above mentioned properties are
dependent of grain size, cation distribution,
sintering condition, sintering method, bulk density
and purity of ferrites [1].

In view of this Berchmans et al. [2, 3]
reported that  the  ferrite composition
Nig4MgoeFe,0, can be used as a green anode
material as it showed a high electrical conductivity
value of 0.6 S/cm. It is well known fact that the ac-
conductivity (o,) is a dependent parameter of
dielectric constant (g'), dielectric loss (g"),

frequency and temperature [11, 12]. Therefore, the
authors’ have concentrated to report the effect of
temperature and frequency on (g'), (¢") and (oy) Of
Nig.4MgqsFe,04 composition via conventional solid
state reaction method.

1. EXPERIM
ENTAL PROCEDURE

Nig.4sMgosFe,04 is prepared by
conventional double sintering method. The raw
materials NiO, MgO and Fe,O3; are weighed and
mixed according to the stoichiometric ratio. The
resultant powders are grinded in agate motors for
15 h. Furthermore, the powders are pre-sintered at
a temperature of 1200°C for 14 h in conventional
furnace. The pre-sintered samples are crushed into
fine powder. The powder is mixed with polyvinyl
alcohol (PVA) as a binder and pressed into pellets
(10 mm diameter) applying 3 ton pressure. These
are sintered at 1300°C for 2 h in a conventional
furnace. The sintered samples are characterized
using X-ray Diffractometer (Bruker X-Ray Powder
Diffractometer, CuKa, A = 0.15418 nm) for
structural investigation. HIOKI 3532-50 LCR
HITESTER (Japan) is used for studying the
electrical properties.

I11. RESULTS AND DISCUSSION

The variation of intensity (1) as a function
of two-theta (20) angle for Nig4MgoeFe.0, is
shown in Fig.1. It is observed from figure that the
sintered ferrite at 1300°C for 2 h shows the perfect
single phases. The reflection planes indexed in
diffraction pattern show the formation cubic spinel
structure. These are in well agreement with the
standard JCPDS file number: 74-1913. The (311)
plane shows the maximum intensity of 8000 among
all cubic phase. The average crystallite size (D) of
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(311) plane is (96 nm) calculated using the
Scherrer formula [13, 14]:

Where A is the wavelength of radiation used, P is the
full width half maximum (FWHM) of diffraction
peaks and 6 is the diffraction angle.

(400)

JCPDS: 74-1913

NiO.dMgo.SFEZOA

(444)

D= 0.91/Bcosb (1)
8.0x10’ —
e
6.0x10"
3
S
2 4.0x10°
72]
c
[}
et
£ o)
= &
20x10°4 © %
0.0 4 . '
10 20 30

The lattice constant is evaluated using a
standard formula: a = (h?+ k®+ 1Y% The attributed
value is of 0.8376 nm which is almost in close
agreement with the reported lattice constant 0.839
nm by Naidu et al. [1]. The x-ray density py is
calculated by an equation: p,= 8M/Na® where M is
the molecular weight, N is the Avogadro’s number
(6.023x10”® atoms/mole) and ‘a’ is the lattice
parameter computed. The result showed that it is
order 4.925 g/cm®. The bulk density py is evaluated
by using the Archimedes principle and it is found to
be 4.023 g/lcm®. Furthermore, the porosity is
calculated using the relation P = 1-(py/px) and it is of
18.3 %. The low percentage of porosity expresses a
fact that the ferrite sample is of high pure in nature
[15].

Fig.2 shows the variation of dielectric
constant as a function of temperature at different
frequencies. It is seen from the figure that the
ferrite composition performs a steady trend during
300 to 500 K temperatures for the selected
frequencies. This can be happened due to
unavailability of ferrous ions at octahedral B-sites
[2]. In addition, the thermal energy among the
magnetic dipoles becomes insufficient to activate
the charge carriers in the applied field direction.
But beyond 500 K, the plot exhibits a gradual
increasing trend of dielectric constant. This kind of
behavior is attributed to the faster response of
charge carriers with increasing temperature i.e. the
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Fig.1. XRD pattern of Nig4Mgo¢Fe,04

thermal energy is allowing the dipoles to orient in
the direction of the field. At wvery higher
temperatures, the sample shows the relaxation
which may be occurred due to the accumulation of
charge carriers at the grain boundary interface. It is
also clear that with increase of applied frequency
the dielectric constant as well as relaxation is going
to be suppressed. This is owing to the lagging of
response of electric dipoles to the applied field.
Moreover, according to Koops theory the grain
boundaries are more active at lower frequencies
whereas the grains are more active at higher
frequencies. Therefore, the high value of dielectric
constant is established at lower frequency and it is
low at higher frequencies. The Maxwell-Wagner
interfacial or space charge polarization is also
responsible for this manner [19]. The similar
behavior is observed in the literature [16-18]. The
ferrite expresses a small step like increase of
dielectric constant at 700 K for 50 kHz and 0.1
MHz frequencies. This is because of jumping of
charge carriers at that particular temperature. The
loss is also performing the similar trend as that of
dielectric constant as shown in Fig. 3. The similar
analysis is applicable to loss versus temperature
plots at selected frequencies. In over all the ferrite
composition reveal low value of dielectric constant
and loss at higher frequencies. This may be useful
for low noise device applications [20, 21].
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Fig.2. Temperature dependence of dielectric constant
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Fig.3. Temperature dependence of dielectric loss

Fig. 4 shows the temperature and
frequency dependence of ac-conductivity of present
ferrite composition. It is understood from the plot
that the ac-conductivity is constant throughout the
variation of temperature up to 500 K. At low
temperatures this can be established due to the
constant hopping rate of charges between ferric and
ferrous ions. Above 500 K, the conductivity shows
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a sharp and linear increasing trend. This indicates
that the present ferrite is of magnetic
semiconductor nature. The variation of ac-
conductivity with respect to temperature follows
the Arrhenius law: 6 = 6¢ exp (-Eo/KypT) where oy is
a pre-exponential factor, Ky is Boltzmann constant
and T is absolute temperature. Therefore, Inc
versus 10%T plots as shown in Fig.6 are drawn to
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find the ac-activation energies of ferrite
composition at selected frequencies. In the Inc
versus 10%T plots two slopes are observed. There
are different reasons behind performing two slopes
or activation energies. Manjula et al. [22] reported
that two slopes are because of change of
conduction mechanism before and after Curie-
transition temperature (T). Islam et al [23] and Hiti
[24] revealed that the slope of gradient line must
change on passing through T. due to change of
exchange interaction between inner and outer
electrons at Curie-transition temperature. The
activation energies corresponding to the two slopes
are evaluated using the following equation:

Where slope is Ino/(10%T) and K, is
Boltzmann constant (8.6 x 10”° eV). The results are
listed in Table.l. It is seen that ac activation
energies are decreasing with increasing of
frequency which may be due to increase of ac-
conductivity. The similar kinds of results are
noticed in the literature [6]. The activation energies
in paramagnetic region (E,) are higher than those in
ferri magnetic region (E,) (Table.1). Moreover, the
change of activation energies can be attributed to
the change of conduction mechanism from polaron
to hopping as reported by Gabal et al. [5]. The
lower activation energies (E,) are attributed to
magnetic disordering owing to limited availability
of charge carriers [6].

E. = slope x K;, x 10% eV (2)
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Fig.4. Temperature dependence of ac-conductivity
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Fig.5. Arrhenius plots of Nig4MgosFe;04
Table.1 The two region activation energies at selected frequencies

Frequency E; (eV) (D) E, (eV) (1)

50 kHz 0.439 0.271

0.1 MHz 0.410 0.259

0.5 MHz 0.382 0.211

1 MHz 0.318 0.174

3 MHz 0.293 0.146
IV. CONCLUSIONS ferrites prepared through egg white
Nig4sMgoeFe,0, ceramic samples are precursor, Journal of Magnetism Magnetic

prepared by conventional double sintering Materials 363 (2014) 6-15

technique. The average crystallite size (D) is found
to be 96 nm. The low dielectric constant and low
loss obtained for the present composition is useful
for low noise device applications. Two different
activation energies at lower and high temperature
regions reveal the change of conduction
mechanism from polaron to hopping conduction.
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