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ABSTRACT

Polycrystalline Li-Cu mixed ferrites were prepared by double sintering ceramic
technique. Cu substituted Li ferrites having the general formula Ligs.x»CuxF€s5.4204
where, x = 0.0 to 1.0 and the samples were sintered at 1100°C for 3 hours in the normal
atmosphere. The prepared samples were confirmed in the spinel structure by the X-ray
diffraction method. The lattice parameter and porosity were calculated for different
compositions. The electrical resistivity and dielectric constant have been investigated as a
function of composition and temperature. It was observed that the resistivity decreased
with increasing temperature and exhibited semiconducting nature of the sample. The
compositional variation of resistivity and dielectric constant showed inversed trend with
each other at room temperature for Cu content, x > 0.3. This was found to support the
electron hopping conduction mechanism. The dielectric constant increased slowly with
temperature in the beginning and after that dielectric constant increased rapidly for
different samples. As the temperature increased, thermal energy provided to the sample
played an important role to decrease the relaxation time and hence there was an increase
in dielectric constant. Dielectric constant has been observed as a function of frequency
and it decreased with increasing frequency.

Key words: Electrical resistivity, Porosity, Dielectric constant, Electron hopping

INTRODUCTION

The field of ferrites is very important for scientists, researchers and engineers due to
their various potential applications and interesting physics involved in it (Pandya et al.
2005). Soft ferrites are used in radio, television, microwave and satellite communication,
radars, transformer and magnetic recording (Randhawa et al. 2004, Hoque et al. 2002,
Viswanathan and Murthy 1990). The study of electric and dielectric behaviour carry
equal importance, both are dependent on several factors such as the method of
preparation and substitution of different ions (Song and Koh 1996, Suryavanshi et al.
2000).
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Lithium ferrite and mixed lithium ferrites have become important materials for
microwave applications because of their low costs, high curie temperature and low dielectric
losses (Bellad et al. 2000). The modification of the properties of lithium ferrite due to
substitution of various ions have been investigated by several researchers. They have studied
Li-Ti, Li-Ge and Li-Mg ferrites (Mazen et al. 1993, Yousuf et al. 1999, Ravinder and Reddy
2003). There is a lack of data on Cu substituted Li-ferrite. In the present study, a series of Ligs.
«2CUxFe2 54204 Were prepared using the solid state reaction method and investigation of Cu
substituted Li ferrite to understand its electrical properties.

MATERIALS AND METHODS

Ligs.x2CUxF€s 54204 (Where x = 0.0 to 1.0) samples have been prepared by using
conventional ceramic technique. Li,COs;, CuO and Fe,Oz of high purity were mixed
homogeneously having appropriate ratio of cations. The resultant powder was then steel
balls milled for 5 hours to produce fine powders of mixed constituents. The samples were
dried and the dried powder was pressed into disc shape. The disc shaped samples were
pre-fired at 1000°C for 3 hours in air to form ferrite through solid state reaction. The raw
ferrite was wet milled extensively to get fine powder. The powder was then dried and
mixed with polyvinyl alcohol as a binder for granulation. Then the granulated powder
was pressed into desired shapes using metal dies. Dies of several shapes were used for
pressing. Finally pressed products were sintered at 1100°C in air for 3 hours. Formation
of ferrite was confirmed by Philips analytical X-ray diffractometer using CuK, radiation.
Crystal structure was determined from XRD data. The measurement of the electrical
resistivity was carried out over temperature range 300 - 500K. The variation of dielectric
constant with temperature was measured from room temperature to 500 K. Frequency
dependence of dielectric constant was measured in the range of 10 kHz - 500 kHz with
LCR meter by two probe methods.

RESULTS AND DISCUSSION

The XRD patterns are shown in Fig.1 for Ligs.»CuyFe, 5.0, ferrites sintered at 1100°C
and it can be seen that the samples confirmed the formation of cubic spinel structure. In order
to find the lattice parameter for different samples, Nelson-Riley (N-R) extrapolation function
F(0) is used (Nelson and Riley 1945, Cullity 1959) and presented in Fig. 2.

It is observed that the lattice parameter increases with the increase of Cu content.
This is due to fact that the replacement of Fe** (0.64 ) and Li* (0.68 ) by Cu® (0.72
' ) ion (Mazen and Dawoud 1999). It does not follow Vegards law (Denton and Ashcroft
1991) properly, because of the structural change at higher Cu content. The porosity of the
samples were calculated from both X-ray and bulk densities and as shown in Fig. 3. It can
be observed that porosity is decreased with increase of Cu content which provides more
densification for the samples containing higher Cu content.



STUDIES ON THE ELECTRICAL PROPERTIES 223

Fig. 4 shows the variation of the electrical resistivity, In p with (1/T) x 1000 for the
investigated of Ligs.x» CuyFess.204 samples sintered at 1100°C. It is obvious that the
electrical resistivity decreases with increasing temperatures and exhibits semiconducting
behaviour. The values of electrical resistivity, p lies between 10° and 10* at room
temperature and are presented in Fig. 5. This indicates that they can be used as insulator
at room temperature. The highest value of p is obtained for x = 0.3 and for x > 0.3,
resistivity decreases with the increase of Cu in the composition. When significant amount
of Cu?* ions content, x, is increased, then chance of formation of Fe?* ions maximizes. So
the probability of hopping between Fe** and Fe®" increases after that x = 0.3 and hence
the resistivity decreases for x > 0.3. This can be explained by qualitative IR analysis
(Mazen 2000), introducing of the divalent Cu*? ions, at room temperature, the resistivity
increases up to x = 0.3, but it decreases for x > 0.3, which can be attributed to the
decrease of Fe** and Li* concentration with increase of Cu content, but Fe?* ions are
increased. This indicates that Fe*? ions are present as traces in the samples of x > 0.3.
Fig. 6 shows that the variation of dielectric constant with Cu content is of inverse trend
compared to that of the electrical resistivity versus Cu content for x > 0.3. This is a
confirmation of the correlation between electrical resistivity and dielectric constant. This
trend is similar for other Li-based ferrites (Radha and Ravinder 1995).
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Fig. 1. X-ray diffraction pattern of Ligs.,CUyFe, 5,04 Sintered at 1100°C.
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Fig. 2. Variation of lattice parameter with Cu
content, sintered at 1100°C.
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The temperature variation of dielectric constant, ¢ has been studied at 10 kHz and is
shown in Fig. 7. It can be seen that the dielectric constant increases slowly with the
temperature in the beginning and then increases rapidly and sharply for different samples.
The resistivity of ferrites decreases with increase in temperatures. According to Koops
(Shaikh et al. 1999) the dielectric constant is inversely proportional to the square root of
resistivity. Therefore, the increase in dielectric constant with temperature is expected.
The dielectric constant of ferrites is attributed to the four types of polarization, viz.,
interfacial, dipolar, ionic and electronic polarization (Maisnam et al. 2008). Interfacial
polarization increases with the increase of temperature while the dipolar polarization
decreases with the increase of temperature. The observed temperature dependence of
dielectric constant can be explained with the help of relaxation time in Debye’s equation
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(Hench and West 1990, Moulson and Herbert 1990) and is given by T = 1, exp( E, / KT ),
where E; is the value of activation energy and k is the Boltzmann constant. According to
this equation, dielectric constant and relaxation time are of inverse relation with each
other. At low temperature, the value of relaxation time is high and hence dielectric
constant is low. When the temperature is increased, thermal energy provided to the
sample plays a role of decreasing the relaxation time and hence there is an increase in
dielectric constant.

The variation of dielectric constant with frequency in the range of 10 to 500 kHz at
room temperature is shown in Fig. 8. This behavior of a dielectric may be explained
qualitatively by the fact that the mechanism of the polarization process in ferrite is similar
to that of the conduction process. The electron hopping (Fe** < Fe* or Cu* < Cu")
occurs by electron transfer between adjacent octahedral sites (B-sites) in the spinel
lattice. Thus by the electronic exchange : Fe** + Cu*" < Fe** + Cu", one obtains local
displacements of electrons in the direction of the applied field, these displacements
determine the polarization of the ferrite. It is known that the effect of polarization is to
reduce the field inside the medium. Hence, the dielectric constant is decreased as the
frequency is increased.
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CONCLUSIONS

The XRD pattern confirms that samples exhibit the spinel structure. The temperature
dependence of electrical resistivity illustrates that all samples are semiconducting in
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nature. The electrical resistivity showed a fall with substitution of Cu but the dielectric
constant increased with progressive substitution of Cu. Dielectric constant increased with
the increase of temperature which indicated that interfacial polarization plays an
important role in this temperature range. The decrease in dielectric constant with increase
in frequency is due to the fact that the electronic exchange between Fe** and Fe* ions
does not flow the frequency of the applied ac field.
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