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ARTICLE INFO ABSTRACT

Cobalt ferrite {Cox(Fe2O3)1-x} samples were prepared by conventional ceramic method with ferrite
system (x =  0.29, 0.31, 0.33 and 0.35). Structural measurements showed that all the samples of
(CoFe2O4) have spinel phase structure. The other phase which has been observed belongs to (α-
Fe2O3). The structural parameters such as interplanar distance (d), lattice constant (a) and grain size
(D) have been evaluated. X-Ray diffraction patterns showed that the crystal growth became stronger
and more oriented and grain size became larger with increasing (Co) ratio. Dielectric measurements,
A.C conductivity (σa.c), dielectric constant (ε'), and dielectric loss tangent (tanδ) were measured in the
frequency range (103Hz to 5MHz) at room temperature. All the samples show the normal dielectric
dispersion. The dielectric constant (ε') has a decreasing nature with frequency. This behavior is
explained qualitatively in terms of the supposition that the mechanism of the polarization process in
ferrite is similar to that of the conduction process.
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INTRODUCTION

Ferrites are very attractive materials for technological
applications due to their combined properties as magnetic
conductors (ferrimagnetic) and electric insulators.
Polycrystalline ferrites, which have applications ranging from
microwave frequencies to radio frequencies, are very good
dielectric materials. The very low conductivity of these
materials is very useful for microwave applications. Spinel
ferrites, by virtue of their structure, can accommodate a verity
of cations at different sites enabling a wide variation in
electrical and magnetic properties. Cobalt ferrite (CoFe2O4)
possesses an inverse spinel structure and degree of inversion
depends upon the heat treatment (Sawataky et al., 1968).
Further CoFe2O4 contains an isotropic magnetic ion Co2+. The
electrical and dielectric properties of materials substantially
depend on the method of preparation (Gopalan et al., 2010),
and heat treatment during preparation (Beitollahi et al., 2006),
which controls the microstructure forming high resistive
boundaries between the constituent grains. This leads to in
homogeneity in the structure and dielectric properties. Many
workers have studied the structural, electrical and magnetic
properties of cobalt ferrite and cobalt-substituted ferrite
(Vilceanu et al., 2010; Hashim et al., 2009; Singh et al., 2010).
It has been reported that the substitution of tetravalent ions in
cobalt ferrite influences the structural, electrical and magnetic
properties (Smit and Wijn 4959; Mohamed et al., 2010).
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In the present study, we report our results on XRD-diffraction
and dielectric properties of Cox(Fe2O3)1-x system with different
percentages of Cobalt.

MATERIALS AND METHODS

The samples of cobalt ferrite {Cox(Fe2O3)1-x} system were
prepared through the usual doubled sintering ceramic method
(Zhou et al., 2010) for (x = 0.29, 0.31, 0.33, 0.35) using the
analytical reagent grade of pure oxides, (α-Fe2O3) (Fluka,
England, 99.99% purity), Co(NO3)2.6H20 (Fluka. England,
99.99% purity). The stoichiometric proportions of these oxides
were thoroughly mixed manually together according to the
chemical composition{Cox(Fe2O3)1-x} by using agate mortar
for (1h) and fired in (800 0C) for (2 hrs) by using a furnace
(Alabtech -model LEF-1155-1- Korea). After that, the prepared
samples inside the furnace were cooled for (24 hrs). The oxides
of obtained compositions from pre sintering milled again by
using (intertest electric mill) for (2 hrs) till a homogeneous
mixture was obtained and riddled with a (75) micron diameter
sieve to get ultrafine particles. The powder was pressed to form
pellets of (10 mm) diameter by using (specac, England press)
under pressure of (5 ton/cm2) and finally sintered for (5 hrs) at
(1100 0C). The furnace subsequently is cooled to room
temperature (200C/min). Structural characteristics of samples
were determined by X-ray diffraction patterns obtained in the
(2θ) range of (20°) to (60°) using a Philips XRD-6000-
Shimadzu diffractometer with (Cu Kα) radiation (λ =1.5406
Å), operating at (40 kV) and (30mA). Dielectric measurements
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as a function of frequency in the range of (1 kHz – 5 MHz)
were carried out using LCR meter (HP- 4284A) in conjunction
with a laboratory designed cell in room temperature. The
dielectric constant (ε′) is calculated using the following relation
(Rani et al., 2013):
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Where, C is capacitance, d is thickness of pellet, 0 is

permittivity of the free space and A is cross sectional area of
pellet. The dielectric loss () was calculated using the relation
(Rani et al., 2013):
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Where  is the a.c. conductivity.
The dielectric loss tangent (tan) was calculated using the
relation:

'

"
tan




 (3)

RESULTS AND DISCUSSIONS

Structural Analysis

The XRD results of the cobalt ferrite nano powders Cox

(Fe2O3)1-x system (x=0.29,0.31,0.33 and 0.35) obtained from
conventional ceramic method calcined at (1100 °C)  are
depicted in Figure (1).  The peaks at (30.12°, 35.48°, 37.11°,
43.11°, 53.51° and 57.01°) are indexed as the reflection planes
of (220), (311), (222), (400), (422), and (511) respectively. The
cobalt ferrite nano powders obtained reveal that all peaks are
related to the ideal spinel cobalt ferrite phase (JCPDS: 22-
1086) which confirms the presence of cobalt ferrite with a face-
centered cubic structure (Jiang and Ai 2010). Our results show
that the due to calcination at high temperature, the diffraction
peaks become sharper and narrower, and their intensity
increases. This indicates intensification in crystallinity that
originates from the increment of crystalline volume ratio due to
the particle size enlargement of the nuclei (Sui et al., 2003).
The impure phase of (α-Fe2O3) is found in all calcined samples. Figure 1. X-ray diffraction patterns for Cox(Fe2O3)1-x (x = 0.29, 0.31, 0.33

and 0.35) nanoferrites samples at room temperature

This impurity occurs naturally as an impurity hematite phase
(JCPDS: 33-0664) (Laokul et al., 2011; Sanpo et al., 2013).
The values of the lattice parameter of the calcined samples
obtained at (1100 ° C) are relatively in good agreement with
the bulk value of 8.377 Å (Jadhav et al., 2008). The diffraction
peaks are broad because of the nanometer size of the
crystallite. The average particle size was determined from the
full width at the half maximum (FWHM) of the XRD patterns,
using the well-known Scherer formula: (Kumar et al., 2010).

D = Kλ/β cos θ                              (4)

Where (D) is the crystallite size (nm), (β) is the full width of
the diffraction line at half of the maximum intensity measured
in radians, (λ) is the X-ray wavelength of (Cu Kα = 0.154 nm)
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and (θ) is the Bragg angle. The particle size estimated using the
Scherer formula was found to increase with the increasing of
cobalt ratio. The lattice parameter (a) is calculated for
prominent peak (311) using Bragg’s equation.

= √ℎ + + (5)
The calculated values of lattice parameter and crystallite size of
all the samples are listed in Table (1).

Table 1. Crystallite size and Lattice parameter

Samples Crystallite size D (nm) Lattice parameter Å (nm)

Co0.29(Fe2O3)0.71 32.87 8.368
Co0.31(Fe2O3)0.69 48.65 8.325
Co0.33(Fe2O3)0.67 49.25 8.331
Co0.35(Fe2O3)0.65 54.69 8.295

The crystallite size was found to increase with increasing of
cobalt ratio. It has been reported that the sintering process
generally decreases lattice defects and strain, but this technique
can cause the coalescence of smaller grains, resulting in an
increased average grain size for the nano particles (Raming
et al., 2002). Calculated values of lattice parameter of cobalt
ferrite samples were in good agreement with standard data
(Smit and Wijn 1959).

Dielectric measurements

Dielectric Constant

The variation of dielectric constant as a function of frequency
at room temperature from (1kHz to 5MHz) for cobalt ferrite
samples Cox(Fe2O4)1-x where (x= 0.29,0.31,0.33 and 0.35) is
shown in Figure (2). It is observed that the dielectric constant
decreases with the increase in frequency and this is a normal
dielectric behaviour of spinel ferrites, showing dispersion in
low frequency range. All samples show dispersion due to
Maxwell-Wangner (Maxwell 1973; Wagner et al., 1913) and
are also in agreement with the Koop’s phenomenological
theory (Koops 1951). The decrease in dielectric constant at
higher frequency can be explained on the basis that the solid is
assumed to be composed of well conducting grains and is
separated by non conducting grain boundaries. When electrons
reach such non conducting grain boundaries through hopping,
and due to the high resistance of the grain boundary, the
electrons pile up at the grain boundaries and produce
polarization. At higher frequency beyond a particular limit, the
electron does not follow the alternating field. This decreases
the probability of electrons reaching the grain boundary and as
a result the polarization decreases (Maxwell 1973; Koops
1951). The dielectric constant behavior is largely affected by
(Cobalt) content. The decrease in dielectric constant with
increasing (Co) content for samples with (x = 0.33 and 0.35)
may be due to the migration of Fe3+ ions from octahedral site to
tetrahedral site which decreases the hopping and hence
decreases the polarization. However, the increase in dielectric
constant for the samples with (x =0.29 and 0.31) may be
attributed to the formation of Fe2+ ions octahedral site, which
increases the electron exchange between Fe2+ and Fe3+ and
hence enhances the increase in the polarization, the increase in
Fe2+ ions in octahedral site increases the hopping between Fe2+

and Fe3+ and hence increases the polarization. This results in
the local displacement of electrons in the direction of applied
field there by increasing the dielectric constant.

Figure 2. Variation of dielectric Constant (έ) as a function of frequency at
room temperature for Cox(Fe2O3)1-x nanoferrites

Dielectric Loss

Figure (3) shows the variation of dielectric loss tangent tan(δ)
as a function of the natural logarithm of frequency (ln ω) at
room temperature for cobalt ferrite Cox(Fe2O3)1-x system. In all
samples, there is decrease in dielectric loss initially followed
by resonance peak with increase in frequency where the
dielectric loss in ferrite mainly originates from electron
hopping and defect dipoles. The electron hopping contributes
to the dielectric loss only in low frequency range. The response
of electron hopping is decreased with increasing frequency and
hence the dielectric loss decreases in high frequency range as
shown in Figure (3). The charged defect dipoles contribute to
the dielectric loss in high frequency range. Dielectric loss
peaks can be observed for the samples with (x = 0.29, 0.31,
0.33 and 0.35) in the studied frequency range. The dielectric
loss peak appears when the hopping frequency of the electron
between Fe2+ and Fe3+ ions is close to the frequency of the
external applied electric field. Furthermore, the loss peak in the
figure moves to high frequency side with increase in Co
content. This may be attributed to the fact that cobalt
substitution prefers the octahedral site which strengthens the
dipole-dipole interaction that restricts the rotation of the
dipoles (Jadhav et al., 2008). The decrease in dielectric loss
tangent with increase in frequency is in accordance with the
Koop’s phenomenological model (Koops 1951). The dielectric
loss arises if the polarization lags behind the applied alternating
field and is caused by the presence of impurities and structural
inhomogeneities. The value of dielectric loss tangent is very
low in the present work indicating that the samples are
structurally prefect (Rani et al., 2013).

A.C. Conductivity

Figure (4) shows the variation of a.c. conductivity (σa.c) as a
function of the natural logarithm of frequency (ln ω) at room
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temperature. All samples show increase in conductivity as the
frequency increases, which is the normal behaviour of ferrites.
The conduction mechanism in ferrites can be explained on the
basis of hopping of charge carriers between Fe2+ and Fe3+ ions
on octahedral sites (Sathishkumar et al., 2010; Amarendra
et al., 2002).

Figure 3. Variation of dielectric loss (tanδ) as a function of the natural
logarithm of frequency (lnω) at room temperature for Cox(Fe2O3)1-x

nanoferrites

Figure 4. Variation of Conductivity σa.c.(Ω.cm)-1 as a function of the
natural logarithm of frequency (ln ω) at room temperature for

Cox(Fe2O3)1-x nanoferrites

Conclusion

The study of structural properties of cobalt ferrite
{Cox(Fe2O3)1-x} system prepared by the conventional ceramic
method  showed that the samples are spinel ferrite with a face-
centered cubic structure. The decrease in dielectric constant
with increasing (Co) content for samples with ( x = 0.33 and
0.35) may be due to the migration of Fe3+ ions from octahedral
site to tetrahedral site which decreases the hopping and hence
decreases the polarization. However, the increase in dielectric
constant for the samples with (x =0.29 and 0.31) may be
attributed to the formation of Fe2+ ions octahedral site. This
behavior is explained qualitatively in terms of the supposition

that the mechanism of the polarization process in ferrite is
similar to that of the conduction process (hopping).
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