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Abstract

The present work deals with the structural, optical and dielectric properties of Sr ions substituted magnesium ferrite nanoparticles
prepared by coprecipitation method by XRD (X-ray Diffraction), SEM (Scanning Electron Microscope), UV-vis DRS and
dielectric measurement. Their structural and morphological character was investigated through XRD (X-ray Diffraction) and
SEM (Scanning Electron Microscope). XRD result conform the formation of single phase spinel structured nanoferrite particles
which crystalline size is 17nm. The substitution of Sr ions in the cubic ferrite lattice shows increased value of lattice constant.
UV-vis DRS analysis was used to evaluate their optical property and band gap energy of ferrite particles. In order to identify their
electrical transport mechanism, dielectric measurement was carried out at different temperature.
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1.Introduction

In this modern era, Spinel ferrites system considered
an excellent electronic material due to their specia
properties and used in High frequency devices,
microwave devices, sensors, high quality filters, rod
antennas, etc (Dixit et.a., 2012; Igbal et al., 2013;
Pradhan et al., 2005; Baruwati et al., 2007; Snelling,
1969). AB,0O, is the universal formula of spind
structure nanoparticles. Where, B is the trivalent
(Fe*cation in octahedral positions and A is the
divalent cation (Mg*, Cu*", Co**, Zn*, Mn?") located
in tetrahedral positions of spinel structure. MgFe,O, is
a soft magnetic n-type semiconducting material which
normally acquired in inverse spinel structure at room
temperature, that is Mg®" ions occupied in B-site and
remaining Fe* ions occupied in A-site (Bamzai et
al.,2013). The distribution of ions in the spinel
structure strongly depends on synthesis process.
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Several methods used for the preparation of ferrite
nanoparticles, including combustion, sintering ceramic
method, sol-gel, co-precipitation, combustion
technique (Ming-Ru Syue et al.,2011; Mohammed et
al.,2012; Sujatha et al.,2013; Rahman et al2013;
Theophil Anand et al.,2015). Several reports available
for the substitution of different metal ions in spinal
structure and shows a considerable modification in
their structural and electrical properties. A.C. Druc
et.a report that substitution of Co ions in the
magnesium ferrite materias increase in their dielectric
loss (A.C. Druc et al., 2014). M.A. El Hiti observed
that the decreased value of tand while Mg* ions
replaced by Zn* in Mg, Zn, Fe,0, ferrite system
(Hiti,1999). Similarly, A. Manikandan et.al observed
that the effect of Sr** ions in Zn.,SrFe,0, ferrite
system and shows dramatic changein their structural,
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morphological and magnetic properties (Manikandan
et al., 2013). M.A. Amer et.al noted that the structural
and magnetic properties are mainly Sr** content
depend (Amer et al.,2014). K.K. Bamza et.d
reported that the structural and morphologica
character of cubic phase MgFe,O, modified with Dy
ions (Bamzai et al., 2013). To the best of the
author’s knowledge, there is no such report on the
effect of Sr** cation electrical properties of the Mgogs
Sro.12Fe0, ferrite system.

2. Experimental procedure

Nanosized ferrite particles are prepared by
conventional co-precipitation method. The starting
chemicals used for preparation of ferrite particles were
analytical grade. The initial agueous solution was
produced in distilled water by dissolving metal nitrates
(iron nitrate, magnesium nitrate and strontium nitrate)
according to desired stoichiometric proportion. The
prepared solution was continuoudly stirred and headed
on a magnetic stir up to one hour. Then the NaOH
solution was mixed with metal nitrate solution as a
precipitant at 90°C. The obtained precipitate was dried
in electric oven at 100°C and calcinated for 3 hoursin
air atmosphere at 900°C. At the end, dried powder was
mixed homogeneously in mortar and agate for 30 min
to get the fine powder ferrite nanoparticles. The
crystalite size, lattice constant, morphology,
functional groups, optical and Dielectric properties
were identified by using XRD, FT-IR, SEM,UV-DRS
and dielectric studies.

3. Results and discussion

3.1 XRD analysis

Fig.1 depicted the XRD pattern of Sr** substituted
MgFe,O, nanoparticles calcinated at 900°C. From this
spectrum, the diffraction pecks observed at 30°, 35.3°,
47°,62° belongsto (220),(311),(400),(511), (44
0) plane respectively. The obtained peaks intensity and
d-spacing values are readily indexed with pure
magnesium ferrite nanoparticles (JCPDS file no.89-
3084). The absences of other peaks indicate that
synthesized nanoparticles are in single cubic phase.
The crystalline size of calcinated Mgygs Sro12F€0,4
nanoparticles is theoretically estimated by Scherrer’s
formula in maximum intensity (311) plane using the
following relation (Cullity, 1978).

(1)

Were, K is the shape factor, A is the wave length of Cu
Ka radiation, B is the full width at half maxima and 6
is the Bragg’s angle. The calculated crystalline size is
17nm. Further, the lattice constant also calculated by
using d-spacing values obtained from XRD resullts.

D= KNB cos 6

a=Oha(N*+k?+1%) Y

)

were, dhkl is the d-spacing values obtained in (311)
plane and h,k,| are the miller indices, respectively. The
calculated lattice constant value is 8.4381 A. It is quite
higher than literature values and JCPDS File no. of
pure magnesium ferrite (Hankarea et al.,2009). Thisis
due to large size Sr** (1.27A) ions replaced by smaller
Mg *(0.72A) ions thus leads to expansion of unit cell
volume.
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Fig.1. XRD spectrum of calcinated nanoparticles
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3.2 Micro structural analysis

The microstructure of calcinated S substituted
magnesium ferrite nanoparticles examined by the
scanning electron microscopy technique and shown in
Fig.2. From the figure, synthesized nanoferrite
exhibits uniform distribution of grains with moderate
agglomeration between grains. All the particles appear
as a cluster. This may be due to magnetic interaction
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between synthesized particles (Rahman et al., 2013).
From the deep observation in fig.2, some dark areas
also observed due to presents of pores. The energy
dispersve X-ray (EDX) spectrum of synthesized
nanoparticles is shown in fig2. EDX analyss
conformed the existing of Mg, Sr, Fe and O element in
prepared samples and obtained weight and atomic
percentage of elements are listed in table (inset of
Fig.2).
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Fig.2. SEM image of Sr substituted Magnesium ferrite nanoparticles

The optical properties of M@ g3 Sr 012 F&O, ferrite
nanoparticles were studied by UV-vis DRS spectra
recorded in the wavelength range between 200 and
1200 nm. Fig.3 depicts the room temperature UV-vis
DRS spectra of the synthesized ferrite system which
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shows that the band-gap transition in visible region.
The Kubelka-Munk function is used to convert the
diffused reflectance (R) into eguivalence absorption
coefficient as given by following relation
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Figure.3. UV-vis diffuse reflectance spectra of nano-structure Sr substituted magnesium ferrite nanoparticles
prepared by chemical co-precipitation method



a=F(R) = (1-R)?’/2R  (3)

where hv is the photon energy. The band gap energy
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where F(R) is Kubelka-Munk function, o is the
absorption co efficient, and R is the reflectance value.
Furthermore, the absorption coefficient values are
used to estimate the band gap energy of the present
ferrite system by using Tauc relation.

F(R) hv = A (hw-Ep)>  (4)

versus photon energy (hv) as shown in fig.4.
Extrapolation of linear regions of this plot gives the
band gap energy of the present system. The estimated
value of band gap energy of Mgggs Sro1. F&0O, ferrite
nanoparticles is 2.8eV. Which is apparently blue
shifted compared to reported values of pure Mg Fe,O,
system (2.0-2.2eV) (2.0-2.2eV) (Nipan et al., 2010;
Kim et al., 2009). This may be due to the reduced
particle size effect of nanoparticles (Manikandan et
al., 2014).
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Figure.4. Plot of (F(R)hv)? vs. hv for band gap calculation of Sr substituted nanoparticles calcinated at 900°C

3.4 Didlectric measur ements

The dielectric behavior of nanoferrite system is an
important property which is influenced by several
factors such as preparation conditions, composition,
ion digtribution, calcination temperature, applied field
strength, grain and grain boundary resistivity, etc. in
the present work, the dielectric measurement was
carried out in the temperature range of 30, 40, 60, 80
and 100°C respectively. The real part and imaginary
part of dieectric constants and ac conductivity (o)
are calculated by following relations,

g'=Ct/e, A
g''=¢' tand
Gac=€'gm tand  (7)

©®)
(6)

were t is the thickness of the pellet, A is the cross
sectional area of the pellet, g, is the permittivity of
free space, o is an angular frequency (o=2xf) and tand
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is the dielectric-loss. Fig. 4 and 5 shows the real part
and imaginary part of the dielectric constant value
observed a a different temperature range. In the
present investigation, both real and imaginary part of
the dielectric constant initially appeared as the
maximum in the low frequency range and linearly
decreases with the increase of frequency and is found
to be attained constant in higher frequencies. It is the
universal dielectric behavior of ferrite materials
(Padmarg et al.,2015; Maria Yousaf Lodhi et al.,
2014). Maxwell-Wagner and Koops
phenomenological theories were used to explain
didlectric behavior of the present ferrite system.
According to Maxwell-Wagner theory, the frequency
dependent  dielectric constant of present system
explained on the basis of space charge polarization.
The charge carriers produced by metal ions present in
different valence state and contribute in the
polarization process of ferrite materials.



At this low frequency range, charge carriers are align

dielectric constants were observed as the increasing

in the direction of the applied field aritl- pratitieereni ghol.Sci. 2(Betd0imkhl iéndd&ature. In investigating temperature

dielectric constant. But in high frequency range, they
cannot orientate in applied field direction. This leads
to decrease in dielectric constant at higher frequency
ranges (Muhammad Azhar Khan et al., 2012). Koop’s
model suggested that the ferrite system contains two
different parts of structure in the form of grain and
grain boundary (Gul et al., 2008, Mangalargja et al.,
2002). The non-conducting grain boundary influenced
a low frequency range and conducting grain
influenced at higher frequency ranges. And al so, the

range, the maximum dielectric constant is observed in
the higher temperature range. The dielectric constant
feebly increase in lower temperature ranges due to
normally the charge carriers bounded with their lattice
position and these temperatures not enough to make
them free from their lattice. However, the didectric
constant effectively increased in higher temperature
(100°C) this may be due to sufficient energy supply to
charge carriers free from their lattice position and they
align themselves in the direction of the applied field.
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The ac conductivity of Mg ogs Sr 012F€,04 nanoferrite
is shown in Fig.6. From the figure, the ac conductivity
of ferrite system very feebly increases in lower
freqguency Site and increased with increase in
frequency. At the lower frequency range, the ac

conductivity is due to presence of grain boundary
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Figure.5 Variation of real part of dielectric constant as afunction of frequency with different temperature

contribution, whereas in higher frequency due to grain
contribution. The ac conductivity dlightly increases
with temperature up to 90°C after that which is
immensely increased in 100°C. It is due to the thermal
activation of electrons (Varalaxmi and Sivakumar,
2014; Gabadl et al., 2013).
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Figure.6 Variation of imaginary part of dielectric constant as a function of frequency with different temperature
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Figure.7 Variation of log o, conductivity with frequency in different temperature

Conclusion

Nanosized Sr substituted Mgogs Sro12Fe0, ferrite
particles prepared in co-precipitation method. The
substitution of larger size ionic radii of Sr ions in
magnesium ferrite leads to expansion of lattice
constant. The XRD shows synthesized crystalline size
is 17 nm and further SEM reveaed that they are
interacting with each other. The observed band gap
value is approximately 2.8eV. Synthesized ferrite
materials are shows universal dielectric behavior in
investigating temperature and frequency range. Both
the real and imaginary part of dielectric constant
decrease with increase in frequency and temperature.

CV  characteristic shows the existence of
pseudocapacitance process.
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