Indian J Phys (February 2013) 87(2):121-124
DOI 10.1007/s12648-012-0194-z

ORIGINAL PAPER

Effect of sintering temperature on Lij45Fe; 4sMny 104 ferrite

I Soibam'* and S Phanjoubam?

'Department of Physics, National Institute of Technology Manipur, Takyel, Imphal 795 001, Manipur, India

“Department of Physics, Manipur University, Canchipur, Imphal 795 003, Manipur, India

Received: 10 July 2012 / Accepted: 18 September 2012 / Published online: 4 October 2012

Abstract: Ferrite sample of composition Lig 45 Mng 1Fe; 4504 was prepared using the auto-combustion method. The
sample was sintered at three different temperatures of 1080, 1032 and 984 °C. Spinel structure of the prepared ferrite
sample was confirmed from the X-ray diffraction (XRD) technique. From the analysis of the XRD data, parameters such as
density and crystallite size were calculated. The theoretical and the experimental densities were observed to increase with
the increase in the sintering temperature. The crystallite size for the samples was in the nanometer range. Dielectric
constant 10 KHz and dc resistivity at room temperature were investigated. The dielectric constant showed a decrease while
the dc resistivity increased with the rise in the sintering temperature. Dispersion was observed in the variation of the
dielectric constant with frequency. The Curie temperature showed a decrease. Possible reason for all the above observation

was discussed.
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1. Introduction

Recently there are considerable interests on the structure
and various properties of ferrite and related materials [1-5].
Lithium and substituted lithium ferrite is one among them
[6]. They are found useful in certain device like trans-
former, microwave devices, electronic and magnetic
components etc. [7-9]. This is due to their interesting
properties like high Curie temperature, saturation magne-
tization, resistivity, good hysteresis properties etc. [10, 11].
These properties can be tailored by changing the substitu-
tion, synthesis method or sintering conditions. There are
various types of synthesis method like double sintering
ceramic method, sol-gel, hydrothermal, chemical co-pre-
cipitation etc. [12, 13]. The auto combustion synthesis
method is generally employed. This is because it is simple,
economic and produces materials with enhanced proper-
ties. Moreover, it requires lower sintering temperature to
obtain the required ferrite material [14, 15]. It is generally
learned that the lithium volatilizes at high temperature as
oxides which give rise to differing characteristic properties.
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It is, therefore, important to use the low temperature syn-
thesis method. However, certain change is observed by the
effect of sintering on the various materials.

In the present study the effect of sintering temperature
on the structural, electrical and magnetic properties of auto
combustion prepared lithium manganese ferrite has been
studied.

2. Experimental details

Lithium manganese ferrites with compositional formula
Lig 45Fe; 4sMng 104 was prepared by the citrate precursor
method, using chemicals lithium nitrate, manganese ace-
tate, iron nitrate and citric acid. Stoichiometric amount of
lithium nitrate, manganese acetate, iron nitrate and citric
acid were mixed to make a solution. The ratio of metal
cations to citric acid is 1:1. The synthesis method had been
reported earlier [16]. The synthesized powder was mixed
with polyvinyl alcohol as binder and pressed into pellets
with 50 kilo Newton pressure. The samples was given
sintering in air at three different temperatures of 984 °C,
1032 °C and 1080 °C for 3 h. From the X-ray diffraction
(XRD) data, the theoretical density and crystallite size
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Fig. 1 XRD patterns of sample sintered at different temperatures

were calculated. Archimedes’s principle was used to
measure the experimental density. Dielectric constant at
room temperature was studied as a function of sintering
temperature and frequency (20 Hz—1 MHz). The mea-
surement was carried out using an Agilent HP 4284A LCR
meter and the value of dielectric constant was calculated
using the formula [17]

g = Cd/gA

where C is the measured capacitance, d the thickness, A the
cross sectional area of the sample and ¢, the permittivity of
free space. The dc resistivity at room temperature was
measured using four probe method. The Curie temperature
was measured using the Soohoo’s method [18].

3. Results and discussion

Spinel phase structure of the Li-Mn ferrite sample was
confirmed from the XRD pattern as shown in (Fig. 1). All
the peaks could be indexed to the standard pattern reported
by the Joint Committee on Powder Diffraction Standards

(JCPDS). There is no extra peak observed signifying that
there is no impurity present.

The densities of the samples as measured experimentally
and those calculated from the XRD data are tabulated in
Table 1. An increase is observed with the increase in sin-
tering temperatures. These results are in agreement with
the observations of previous workers [19, 20]. The porosity
is in the range of 24-30 % and shows a decreasing trend
with increase in the sintering temperature. It has been
calculated using the formula

P(%) _ Ptheo — pexpt

Ptheo

where py,, is theoretical or XRD density and pey, is
experimental density. The increase in densification may
result in shrinking of pores and hence a decrease in the
porosity is expected. The crystallite size as calculated from
the XRD data using Debye—Scherrer formula is given by
crystallite size = 0.94/f cosf where /4 is wavelength, f is
full width at half maximum. It shows an increasing trend
with the increase in temperature. This is because the
increase in density increases slowly the crystallite size [21,
22].

The variation of the dc resistivity and dielectric constant
at room temperature with sintering temperature is shown in
Fig. 2. It is observed that the resistivity increases while the
dielectric constant decreases with the increase in the sin-
tering temperature. The decrease in the dielectric constant
can be explained on the basis of space charge polarization
and Koop’s two layer model, where the ferrite is assumed
to be made up of well conducting grains separated by poor
conducting layers or grain boundaries [23, 24]. The elec-
trical conduction in ferrite is explained by the Verwey
mechanism of electron hopping where conduction takes
place by hopping of electrons between Fe* and Fe" ions
at B sites. The electrons reach the grain boundary through
hopping and due to its higher resistivity, the electrons pile
up, thereby producing space charge polarization. It is learn
that the increase in sintering temperature leads to the for-
mation of Fe?>* ion due to volatilization [8]. However, in
the present study there may be no loss of the lithium ions,
hence the number of Fe>™ ion formation in B site does not
increase. It is observed in various reported works that there
is a decrease of charge carrier mobility with the increase in
sintering temperature [23-25]. This is due to the fact that

Table 1 Density, porosity,

. . Sample Crystallite Theoretical Expt. density Porosity Curie
crystallite size and Curie size (nm) density (g/cm3) (g/cm3) temperature (°C)
temperature of Li—-Mn ferrite
P1 (1080 °C) 56 4.807 3.659 24 639
P2 (1032 °C) 55 4.908 3.562 25 645
P3 (984 °C) 49 4.956 3.258 30 653
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Fig. 2 Variation of the dc resistivity and the dielectric constant with
sintering temperature at room temperature

oxidation in air at the time of sintering increases the
amount of Fe*" jons at B site suppressing the exchange of
electrons. Thus with the increase in sintering temperature a
decrease in the dielectric constant is observed.

The frequency dependence of dielectric constant is
shown in Fig. 3. It is observed that the dielectric constant
shows dispersion with increasing frequency. This is a
normal behavior of ferrites. The value of dielectric constant
is high at low frequencies, and then rapidly decreases with
increase in the frequency. Similar observation has been
reported by several workers [26-28]. The observed
decrease in dielectric constant with frequency can be
explained in terms of the space charge polarization and
Koop’s two layer model as has been mentioned. At low
frequency of applied field the high resistivity grain
boundary hinders the hopping motion of electrons creating
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Fig. 3 Variation of dielectric constant at room temperature with
frequency for all samples

space charge polarization, leading to a high dielectric
constant. As the frequency of the applied field is increased
the electronic exchange is not able to follow the alternating
field and the electrons reverse the direction of motion thus,
decreasing the probability of electrons reaching the grain
boundary. This leads to a decrease in the value of dielectric
constant. At still higher frequency, the polarisability is very
small and becomes independent of frequency [23].

The dc resistivity at room temperature is observed to
increase with the increase in the sintering temperature
which conforms to that of dielectric constant measurement.

The measured Curie temperature obtained for different
sintering temperature are shown in Table 1. It is observed
in the table that the Curie temperature decreases with
increase in sintering temperature. This may be due to
weakening of the magnetic exchange interaction with the
increase in the sintering temperature.

4. Conclusions

Lithium manganese ferrite has been successfully prepared
by the auto-combustion method. The increase in sintering
temperature gives more densification while the porosity
decreases. The dielectric constant at room temperature
decreases with increase in sintering temperature. Disper-
sion behaviour is observed for the variation of dielectric
constant with frequency. The dielectric constant is high at
low frequency and decreases with the increase in the fre-
quency. The dc resistivity at room temperature shows an
increase with the increase in sintering temperature. The
Curie temperature is observed to decrease with the increase
in the sintering temperature.
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