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Pollycrystalline MgFe;O, ferrite was prepared by solution combustion method using metal
nitrates and citric acid. Enhancement of the density of the samples has been observed with the
increasing in sintering temperature and has great influence on the electromagnetic properties of
MgFe,O,. The XRD analysis of the as-synthesized powder confirms the formation of the single
phase MgFe;0, spinel structure. Decrease in resistivity with increase in sintering temperature
confirms the semiconducting behavior of the prepared ferrites. It was found that magnetic
properties can be tuned by different sintering conditions. Also the increased value of dielectric
constant (¢') has been observed with the increase in sintering temperature. There was no
maximum dielectric loss within the measured frequency range until 1 GHz due to excellent

compositional control in this method.
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INTRODUCTION

The study of spinel ferrite is of great
importance from both the fundamental and the
applied research point of view. High resistivity, low
dielectric losses, and chemical stability make them
very promising candidates for high frequency
applications [1]. The ferrite is not completely defined
by its chemistry and crystal structure. So, in order to
reduce the losses many parameters such as density,
grain size, porosity and their intra and intergranular
distribution must be controlled [2]. Optimum
sintering temperature is of great importance as
sintering influences both densification and grain
growth and many magnetic and electrical properties
benefit from both a high relative density and a small
grain size. This opens the doors for tailoring given
properties by careful synthesis of the building blocks
(atoms and molecules) and their assembly to fabricate
functional materials with improved properties. In this
study, the effects of sintering temperature on physical
and electromagnetic properties of the MgFe,Ojare
investigated.

METHOD AND MATERIALS
Nanocrystalline MgFe,0, ferrite powders

were prepared following a procedure and
schematized in form of a flow diagram in Fig.1.

Fe(NO3),.9H,0 (Aldrich,99.8%), Mg(NO;),.6H,0
(Sigma-Aldrich 99%), Citric acid (Sigma-Aldrich
99.5%) were used respectively as sources of metal
ions and chelating-fuel agent. Their aqueous
solutions were mixed together into a Pyrex beaker
with 1:1 molar ratio of metal to citric acid. The clear
orange brown solution thus obtained had a pH < 1.
The dark brown solution was allowed to evaporate on
a hot plate maintaining the solution temperature at 80
°C. Upon the formation of a dense sticky gel, the
temperature was increased to 120 °C for the
condensation process. The temperature was then
increased rapidly and when it reached to ~180 °C,
large amount of gases (CO,, H,0, N,) were liberated
and a dark brown ferrite powder was produced
through the combustion process.

The as burnt ash was calcined at 500 °C/5h
for better crystallization and homogeneous cation
distribution in the spinel. As the auto combustion is
so rapid that the cations may not be well distributed
in ferrite lattice of as-burnt ashes. The calcined ferrite
power was granulated using agate motor and was
uniaxially pressed at a pressure of 100 MPa to form
pellet specimens. The specimens were sintered at
1100 to 1250 °C in air atmosphere. The calcined
powders and the sintered pellets were characterized
with respect to phase identification, crystallite size
and lattice parameter determination using X-ray
diffraction (Bruker, D8) with CuK, radiation. The
bulk density and porosity of sintered ferrites were
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measured by Archimedes’ method. The scanning
electron microscopy (SEM) photographs were
recorded using Zeiss Supra 35VP scanning electron
microscope. Impedence/material analyser
(HP/Agilent 4291B RF) was used to measure the
dielectric constant and dielectric loss. Saturation
magnetization measurement was carried out at room
temperature using vibrating sample magnetometer
(VSM) with a maximum magnetic field of 10kOe.

RESULTS AND DISCUSSION

X-ray analysis

The as-burnt and calcined ferrites were
characterized by XRD and it was shown in Figure 1.
The powders were in crystalline state and
identification revealed spinel ferrite phases similar to
JCPDS card number 01-073-2410. There was no
metal oxide phase in the as burnt powder. This
observation revealed that the nano-crystalline
MgFe,0, ferrite powders could be synthesized
directly by the auto-combustion of nitrate—citrate
gels. The crystallite size was calculated by using
Scherer equation. It was found that the crystallite size
of as-burnt powders was 8.16 nm. The as burnt
powders were calcined at 500 °C to get more
crystalline homogeneous spinel phase. The crystallite
size of calcined powder was 12.77 nm.
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Fig.1. XRD spectra of (a) as-burnt powders (b)
calcined powder (500 °C)

Fig. 2 illustrates the XRD patterns for different
sintered ferrites. As can be observed from the figure,
the sintered specimens had formed a stable single
phase of MgFe,0, ferrites with cubic spinel structure.
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Fig.2. XRD spectra of MgFe,0, ferrite sintered at
(a) 1100 °C (b) 1150 °C, (c) 1200 °C, (d) 1250 °C
prepared by SCM.

Table 1 presents the crystallite size, lattice
parameter and X-ray densities of sintered ferrites at
different temperatures. Lattice parameters were
calculated from the XRD analysis with Eva software
and X.ray density was determined using equation 1.
The crystallite size of the specimen was dependent on
the sintering temperature. By increasing the
temperature from 1100 to 1250 °C, the crystallite
sizes were found to increase from 65 to 75 nm.
Increasing the sintering temperature increase the
crystallite size. However, there was no noticeable
change in lattice parameters as well as X- ray
densities. This slightly reduction in lattice parameter
is attributed to the arrangement of cations in the
nanosized MgFe,O, crystallite and also O, release
from the samples leading to the lattice shrinkage [3].

_ 8My
" Na® 1)

where, My is the molecular weight, N is Avogadro’s
number and ‘a’ is the lattice parameter of unit cell.

Table 1 Crystallite size, Lattice parameter and X-
ray density of MgFe,0, ferrite by SCM.

Temperature | Crystallite Latlice X-réy
o iz Parameter | density
(0 @°A | (gem3)
1100 65.55 83863 | 4.5144
1150 7231 83863 | 4.5044
1200 73.76 83853 | 4.5044
1250 74.17 83861 | 4.5018
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TEM analysis

Fig.3 shows the TEM image of MgFe,O,
ferrite powder calcined at 500 °C by SCM. It was
found that the shape of the particle is irregular and it
exhibits a  soft agglomerated  monophase
polycrystalline and estimated average particle size is
~7 to 10 nm, which is fairly consistent with the
crystallite size determined by using XRD method.
Hence, this observation again supported that
nanocrystallite MgFe,0; ferrite powders can be
produced by SCM.
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Fig 4. SEM micrographs of MgFe,0, ferrites
sintered at (a) 1100 °C, (b) 1150 °C, (c) 1200 °C,
(d) 1250 °C prepared by SCM

Electrical properties

The variation of dielectric constant (g'),
dielectric loss (tan 8) and resistivity (p) were studied
in the frequency range 1MHz to 1GHz at room
temperature to investigate the electrical properties of
MgFe,0, ferrites prepared by solution combustion

method.
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Fig 5. Variation of (a) dielectric constant and (b)
dielectric loss with frequency for MgFe,O,4
sintered at different temperatures
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Dielectric constant and dielectric loss as a
function of frequency for MgFe,0, ferrites sintered at
different temperatures are shown in Fig.5. The values
of dielectric constant increase with increase in
sintering temperature and is in the range of 7- 9, from
a frequency of 1 MHz to 1 GHz. The increase of
sintering temperature would bring to increase in the
Fe?' concentration due to the partial reduction of Fe*
to Fe?* takes place and is, therefore, responsible for
an increase in polarization. Thus, high value of
dielectric constant was observed for the sample
sintered at 1250 °C.

The dielectric loss of all the samples in SCM
is within 107 and there is no significant variations.
The low dielectric losses obtained for the present
samples attributed to be more homogenous and
structurally perfect ferrites prepared by SCM. This
finding is similar with the study of dielectric
properties of Al substituted Co ferrite nanoparticles
prepared by sol-gel method [5,6]. In table 2, the
resistivity is decreased with increased in sintering
temperature. This may be attributed to the increase in
grain size. It is known that larger grains result in less
number of grain boundaries, which act as a scattering
center for the flow of electrons and therefore
decrease of resistivity [7].
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Fig.6. The magnetization curves of MgFe,04
ferrites with different sintered temperature
measured by VSM +£10KOe at room temperature
prepared by SCM.

Table 3 The value of M, M, , H, and ng for the
Mg ferrites with different sintered  temperature
prepared by SCM.

Sintered Ms Mr He n,
{ w/ u/
Table 2 Resistivity of MgFe,O; for the different Temperature( C) | (emwg) | (emwg) | (O¢) | (uB)
sintering temperature prepared by SCM. 1100 23.41 8.09 10.40 | 0.81
3
Temperature | Resistivity (* 10 Qcm) at 1 1150 3143 | 661 | 653 | 089
°c MH
(9 - 1200 3238 | 606 | 8.00 | 1.04
1100 24.93
1250 33.05 0.67 6.65 | 1.18
1150 23.78
1200 18.82
1250 873 CONCLUSIONS
The influences of sintering temperature on
the physical and electromagnetic properties of
Magnetic properties MgFe,0, ferrites were investigated. Enhancement of

The magnetic hysteresis curves for MgFe,04
ferrites sintered at different temperatures are
displayed in Fig.6. The magnetic moments per unit
cell and saturation magnetization of the ferrites were
found to increase with the increase in sintering
temperature while the coercivity and remanent
magnetization decreased with the increase in
sintering temperature. The calculated values of some
magnetic properties are presented in Table 3.
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relative density has been observed with the increase
in sintering temperature. A decrease in resistivity
with an increase in sintering temperature may be
attributed to the microstructural factors such as grain
size, porosity and grain boundary area. Increased
value of dielectric constant has been observed
because with an increase in sintering temperature
conversion of trivalent Fe*' ions to the divalent Fe**
jons took place and thereby dielectric constant
increased. The magnetic properties can be tuned by
different sintering temperature.
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