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Abstract: In this work, Manganese ferrite nanoparticles of various compositions were reproducibly synthesized via
coprecipitation route. Variation in structural and dielectric properties was studied by varying the sintering temperature,
sintering time and manganese to iron ratio. Structural, compositional and phase properties were investigated by X-ray
diffraction (XRD) technique which confirmed the pure normal spinel structure with no other phase/impurity. Particle size,
Lattice constant, measured bulk density, X-ray density, Specific Surface Area and Porosity were determined by the
standard formulae. Responses of Capacitance and Dielectric constant were studied at room temperature in the
frequency range of 600Hz to 1MHz by LCR meter which both showed the exponential decay at low frequency while both
became nearly independent of frequency in higher frequency ranges.
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1. INTRODUCTION

Nano particles exhibit different properties compared
to the corresponding bulk materials [1, 2]. Important
characteristics of ferrites are their high values of
resistivity and low eddy current losses which make
them ideal for high frequency applications [3]. The
recent technological advances in electronics need
more compact cores for work at higher frequencies [1].
Manganese ferrites (MnFe,O,) belong to a
technologically important group of transition metal
ferrites with many well known specialized applications
[4, 5]. Manganese ferrites exhibit magnetization of
different orders of magnitude even if having the similar
size of particles due to the inversion of Mn and Fe ions
over sites [6-9].

Spinel ferrite nanoparticles have great importance in
nanoscience and nanotechnology for technological
applications because of their outstanding properties
such as nanometer size and large surface area to
volume ratio [6, 10, 11]. MnFe,O, is an important
member of spinel structured ferrite family [10].
MnFe,O, have potential applications in electronic [4,
12] and telecommunication [12] industries like dry cell
batteries [13], thermochemical water-splitting process
[14], inductance components [15], microwave devices
[3, 8, 15], high density magnetic recording [1-4, 8, 12,
15], switching devices [3,15], phase shifter and other
high frequency devices [2, 3, 8], sensor technology [8],
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ferro fluids [1-3, 12], catalyst [12], photocatalytic [9],
magnetic refrigerators [2] and biomedical applications
[9,15] like targeted drug delivery [1, 3, 9, 15, 16] and
MRI contrast agents [17].

The synthesis of nanocrystalline spinel manganese
ferrite has been investigated extensively in recent
years due to their structural, thermal, physical [3, 12],
chemical and particularly due to their magnetic
properties [6, 9, 10]. Moreover, the synthesis route also
plays a pivotal role because samples of comparable
crystallite size prepared by different processes show
different magnetic properties. In recent years, MnFe,O4
NPs prepared using varied methods, such as solid
state reaction method [3, 8, 15, 18], sol-gel technique
[14], hydrothermal/solvothermal method [9], chemical
coprecipitation technique [1, 2, 10, 11, 19-23], citrate
precursor technique [12], combustion technique [5, 6],
freeze-drying route [4], reverse micelle technique [24]
have been extensively studied. Aggregation and
coarsening of particles at elevated temperatures is a
critical obstacle in majority of the above mentioned
synthesis techniques [24]. Of all these techniques,
chemical coprecipitation route seems to be the most
convenient for the synthesis of NPs because of its
simplicity, cost effectiveness, less time consuming,
high mass production and better control over crystallite
size, homogeneity, morphology and other properties of
the materials in addition to low cost [1, 11, 21-29].
Current research efforts are being directed to
synthesize Size-controllable MnFe,O,4 nanoparticles by
coprecipitation route and to make detailed study of
structural and dielectric properties by varying sintering
conditions.
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Experimental Procedure

The structural and dielectric properties of
manganese ferrites depend upon on the manganese to
iron Mn:Fe mole ratio, sintering conditions and
temperature treatment [18]. In this study, chemical
coprecipitation route was adopted to synthesize Mn-
ferrite NPs. The metal ion solution was prepared by
adding chlorides of manganese and ferric into distilled
and deionized water. A 1-molar solution of NaOH was
prepared separately in doubly distilled, deionized
water. The solution containing the metal ions was
mixed drop wise into the NaOH solution with rigorous
mechanical stirring on a magnetic stirrer. The solution
thus formed kept under isothermal static conditions in a
preheated water bath four hours. The precipitates were
filtered and washed with deionized water till a pH=7
was obtained and then dried in an oven at 60°C. The
powders were pressed into pellets form at 8,000 psi
pressure.

Manganese ferrite NPs were characterized for
structural and compositional properties at room
temperature using PANalytical X-ray diffractometer
system with CuKa (A=1.5406A) at a scanning rate of 1°
min® in 20 range of 2 to 80 degree. For the
measurement of dielectric constant of the samples,
silver paint was applied on the flat surfaces of the
pellets and air-dried to have good ohmic contacts. The
capacitance of the samples was measured using a
WAYNE KERR 4275 LCR Meter Bridge at room
temperature and then the dielectric constant was
calculated with changing frequency in the range of
60Hz to 1MHz.

2. RESULTS

The structure and crystallite size of prepared
manganese ferrite samples were determined by XRD
analysis. All the observed peaks correspond to
standard spinel diffraction patterns with no extra peak
which confirmed the single phase cubic structure. The

XRD pattern showed that the strongest reflection come
from the (311) plane for all the samples. The Particle
size, measured bulk density and X-ray density were

calculated by the equations (1), (2) and (3)
respectively.

Dy = 0.89% 086 (1)
Pu=" o )
p.=8M/ 3)

Equation (1) represents the Debye-Sherrer's
formula, in which D1y is the crystallite size calculated
from the most intense peak having miller indices (3 1
1), A is the wavelength of CuKa (0.15406nm), 8 is the
corresponding diffraction angle, 0.89 is the Sherrer’s
constant and B is the full width at half maximum of the
peak in radian [8]. Strong peaks are only expected
when the Bragg condition is satisfied [30]. In equation
(2), m is the mass, r is the radius and h is the thickness
of pellet. In equation (3), M is the molecular weight of
the samples, N is the Avogadro’s number and ‘a’ is the
lattice parameter. Moreover, Specific Surface Area and
Porosity were determined by the equation numbers (4)
and (5) respectively.

S = 600%xD (4)
le—(p"' PX) (5)

In equation (4), D is the crystallite size and py is the
x-ray density. In equation (5), pn, is the measured bulk
density and py is the x-ray density.

The effect of frequency on the dielectric constant
has been studied for all the samples. The dielectric
constant of all the samples have measured in the
frequency range of 60Hz to 1MHz by equation (6). In
this equation, C is the capacitance of the pellet, d is the

Table 1: Showing the Particle Size, Lattice Constant, X-Rays Density, Measured Bulk Density, Porosity, Specific
Surface Area
Sr. Sample | Mn:Fe Temp, Time, Particle Lattice Measured X-ray % Specific
No Code Ratio °c hr size, nm constant, Bulk density, Porosity Surface Area,
A Density, glem® cm?lg
glem®
6B 0.2 800 8 85 8.4 2.102 5.1628142 59.286 1.000000x10°
3B 0.2 800 4 60 8.35 2.2 5.2629771 58.199 1.9000653x10°
6A 0.1 800 8 15 8.37 2.02615 5.2816076 61.638 1.757301 x10°
3A 0.1 800 4 70 8.39 2.026 5.1880323 60.949 1.652154x10’
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Figure 1: Variation in Dielectric constant (') with increasing frequency for 3B, 6B, 3A and 6A.

thickness of the pellet, A is the Cross-sectional area of
the flat surface of the pellet and g, is the permittivity
constant of free space.

e'=Cd/ (6)

0

3. DISCUSSION

Many research groups are taking keen interest to
study the structural and dielectric properties of
nanocrystalline spinels [24]. Spinel structure is made
up of a close-packed fcc array of oxygen atoms in
which tetrahedral and octahedral interstitial sites are
occupied by cations. XRD patterns showed the pure
single phase structure [2]. The lattice constant does not
show any significant change with increasing particle
size [2]. Various properties of ferrites are greatly
influenced by the distribution of cations among the
sublattices, nature of crystal (shape, size and
orientation), crystal boundaries, surface layers and
contacts etc [3].

In the samples 6B and 3B, Mn:Fe ratio was kept
0.2. 6B was treated at 800C for 8 hours and 3B was
treated at the same temperature for 4 hours. In the
samples 6A and 3A, Mn:Fe ratio was kept 0.1 and both
were treated at 800C but 6A was treated for 8 hours
and 3A was treated for 4 hours. Variation in structural
parameters due to changing sintering time has listed in
the Table 1.

The effect of frequency on the dielectric constant
has been studied. Dielectric constant was measured in
the range of 600Hz to 1MHz which exponentially
decreased with increasing frequency and this variation
in dielectric constant is due to the space charge
polarization. In the frequency range, the dielectric

constant initially decreased with frequency then
reached a constant value at higher frequency range as
shown in the Figure 1. The value of dielectric constant
is much higher at lower frequencies. It decreases with
the increase in frequency in lower frequency while at
very high frequencies its value becomes so small that it
becomes independent of frequency. The variation in
dielectric constant may be explained on the basis of
space—charge polarization produced due to the
presence of higher conductivity phases in the grain
boundaries of a dielectric, which produces localized
accumulation of charge under the influence of an
electric field. The assembly of space charge carriers in
a dielectric takes a finite time to line up their axes
parallel to an alternating electric field. If the frequency
of the field reversal increases, a point is reached where
the space charge carriers cannot keep up with the field
and, the alternation of their direction lags behind that of
the field. This results in a reduction in the dielectric
constant of the material. According to Maxwell and
Wagner two-layer model, space—charge polarization is
because of the inhomogeneous dielectric structure of
the material. It was observed that in the low frequency
range, the rate of exponential decay of dielectric
constant in 3A and 6B is faster than that of 3B and 6A.
Very little work is done to the best of my knowledge on
the dielectric behavior of Mn ferrites however same
exponential trend is found for other mixed ferrites as
discussed by [3, 25-40].

4. CONCLUSIONS

The synthesis of MnFe,O, powders through
coprecipitation technique resulted in the formation of
highly  crystaline  MnFe,O, spinel particles,
homogeneously distributed with small particle size.
Single phased nanosize manganese ferrites were
successfully synthesized through a simple and versatile
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synthetic procedure. The characterization results
showed the small nanoparticle size and large surface
area. The synthesized NPs exhibit the pure cubic
spinel phase. The dispersion in dielectric properties
have been explained in the light of Maxwell-Wagner
model. Sintering temperature, sintering time and
Manganese to iron ratio affects most of the structural
and dielectric properties of Mn ferrites.
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