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Development of 1n® substituted Mn-Ni-Zn nanoferrite core material
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ABSTRACT

Nanostructured Mn-Ni-Zn ferrite with composition Mng;NigeZngsinge .y O, ( x =0.05, 0.1, 0.15, 0.2) was
prepared by sol-gel method. X-ray diffraction (XRD) patterns of all samples showed the spind structure. The
dielectric permeability, AC resistivity and DC resistivity was measured and it was observed that the sample with x =
0.1 has highest resistivity. Vibrating Sample Magnetometry (VSM) is used to characterize the magnetic properties of
prepared nanoferrites. The maximum saturation magnetization (36.2 emu/g) was observed for the sample with x =
0.1. For the same sample the coercivity was found very small (7 Oe). These materials are expected to have
applicationsin core material and in €lectronic devices technology.
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INTRODUCTION

The bulk properties of ferrites changes as its dsimns are changed to nanoscale. With the improneimethe
synthesis and characterization techniques, tharersendous growth in the field of ferrites. Supegmagnetism,
spin canting, core-shell structure, metastableonatiistribution etc are some of the phenomena, wheve been
observed in various nanoferrites. These phenomepardi on number of factors such as compositiorin giae,
surface morphology, anisotropy, interparticle iatgions. Mn-Ni-Zn nanoferrites are of great impoda from the
point of view of scientific and industrial applicats. These ferrites are used in high frequencyiepns as
transformer cores, antenna rods, rf coils, radaodding material etc. The usual synthesis of femitaterials, a
ceramic method is used in which the particle sikedases due to heating at high temperature fay tiome. The
chemical methods are useful to obtain high homadgensf phases, fine particle size and high magnetic
characteristics [1].

Nanoparticles of spinel ferrites have been investig in recent years for their usual electrical amagnetic
properties and applications in information storagstems, magnetic bulk cores, microwave absorbetsraedical
diagnostics. The synthesis and characterizatiorsupferparamagnetic nanoparticles of spinel fernitéh the
chemical formula MF®, (M=Co, Mn, Ni, Zn, Mg etc) have been investigatéth much interest. Nano size effect
and the large surface area of nanoparticles draaligti change the magnetic properties and exhibit
superparamagnetism, because each particle cambileed as single magnetic domain [2].

This research work communicates the electrical amabnetic properties of {h ion substituted Mn-Ni-Zn
nanoferrites. The choice of this system is madeasdo yield large electrical resistivity and higatusation
magnetization. These ferrites are synthesized bgelanethod so as to control the micro structpralperties such
as grain size, distribution and orientation easily.
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MATERIALSAND METHODS

2.1 Yynthesis of Nanoferrites:

Mng1Nig eZN dnsFe (o9 O ( X =0.05, 0.1, 0.15, 0.2) nanoferrites were pregeby sol-gel method. A 10 % of
polyvinyl alcohol (PVA) solution was prepared bssiblving 10 g of solid PVA in 100 ml of distilledater. The
mixture was stirred well using magnetic stirrer 3rminutes at SC. The molar quantity of AR grade metal
nitrates Mn(NQ),, Zn(NG;),, Ni(NOs),, In(NOs)z and Fg(NO3), were taken as starting material. These nitrates wer
dissolved separately in 10 ml of distilled wated astirred well for 30 minutes at 80. These aqueous solutions
were mixed in a beaker and stirred for 30 minute8(EC to prepare precursor solution. The aqueous soluif
PVA in measured quantities was added by drop topifeeursor solution and dehydrated around®@50nder
continuous stirring to get a red gel type produ¢he gelation was continued to release of reddishwi fumes
around 408C, the gel further got converted into a fluffy fegrmass. The prepared ferrite mass was presst in
form of pellets of 1.5 cm diameter with the helphgfiraulic press by applying pressure of 7 tonmesfsh for 10
minutes. These pellets were sintered af6dor 4 hours in air medium.

2.2 Characterization

X- ray diffraction (XRD) pattern was carried ouh a X- ray diffractometer, Model Bruker D8 Advance
Diffractometer with Cuk& irradiation § = 1.5405A). The lattice parameter, crystallite size and pibyoof the
prepared samples were calculated from the XRD déta. Scanning Electron Microscopy (SEM) (JEOL JSM-
6360A microscope) was used to study the morphotddiie prepared samples. The dielectric permewlailid loss
factor (ta®) were measured by two probe method using LCR nietdge (HP 4284 A) in the frequency range of
100 Hz to 1 MHz at room temperature. The ac resigt(p.) was calculated from the dielectric data and loss
tangent. The dc resistivity was measured by comwealt method by applying a suitable voltage actbespellet
and the resultant current was measured. Vibratiagpmge Magnetometer (VSM) was employed to study the
magnetic properties of the samples in the field &De at room temperature.

RESULTSAND DISCUSSION

3.1 Structural analysis

XRD patterns have confirmed the spinel structurallisamples. Fig. 1 shows XRD patterns ofyM\i ¢Zng slnFe

2x 04 (x =0.05, 0.1, 0.15, 0.2) prepared by sol-gel meifitve peak position and relative intensity ofdifiraction

peaks was match well with the standard powderatiffon data and no impurity peaks were observelde Broad
XRD lines indicate that the ferrite particles am@nosize. The average crystallite size for each ositipn was
calculated from the XRD line width of the (311) kea#sing Scherrer formula. The values of crystaltiiee and
lattice constant deduced from the X-ray data awemiin the Table.1. The substitution oflrions, the lattice
parameter was found to increase with increasingeatnation of substituted ions and this change azerved
from 8.382 to 8.457. The observed lattice paramatet specific indices are characteristic of spistelicture
confirms the formation of cubic spinel structurefémrite [3, 4]. The patterns do not show any untfied peaks
confirming no diffusion or any chemical reactiorridg sintering [5].

The percentage porosity of these samples was neshasing the following formula:
Percentage porosity {MJ x100 (1)

X

where,py is the x-ray density angl, is the bulk density. The value pffor ferrite was calculated using the formula
Px (Ferrite) = 8M/ Né (2)

where, M is the molecular weight expressed inmgraa is the lattice constant and N is the Avogadnumber =
6.023 x 16°.

It was observed that the porosity increases frorb4.% to 12.36 % with the substitution oflfons. The porosity
of ceramic samples results from two sources, inttagar porosity and intergranular porosity [6].€Tiotal porosity
is the sum of these two porosities. It was repotted the intergranular porosity depends on thetatlite size.
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From the crystallite size data, there is variafioorystallite size 15.03 nm to 27.78 nm for‘Isubstituted samples.
Therefore the total porosity is mainly due to igt@nular porosity [7].
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Fig.1

Fig. 2 shows the SEM image of WiNigeZngdnsFe oy Os with x = 0.1. It was seen that the large number of
nanoparticles collect into a mass (agglomeratiorg therefore if these samples scanned at highenificegion,
fine nanoparticles could be viewed. The crystalbtee calculated by Scherrer formula using fullthichalf
maximum (FWHM) of (311) XRD peak show nano sizeaifticles.

F|92 SEM of M no_lNio_GZno_g,l nXFez_XO4With x=0.1

3.2 Electrical properties
The dielectric constantl) was calculated using the formula:

0'= Gut/OA .. (2)

where, G is the capacitance of the pellet in farad, histhickness of pellet in meter, r is the radiusroSs-section

of the pellet in meter and, is the permittivity of free space. Fig. 3 showe variation of dielectric constant

with frequency for all the samples. The dielectramstant]’ decreases with increase in frequency showing the
dispersion in a certain range of frequency aneitains constant at higher frequencies. The laafgevof[I' at
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lower frequency has been attributed to the effétieterogeneity of the samples [8]. The dieledligpersion is due
to interfacial polarization in agreement with Kaphenomenological theory [9]. The exchange of lédtens
between F&€ and Fé& which are localized at the metal ions, resultoiral displacement of electrons in the direction
of field which determines the strength of polaii@at The low value of dielectric constant was ofedrfor the
sample Mg iNigeZngalngFexO4 with x =0.1. This low value is attributed to theetimod of synthesis (sol-gel
method) which suppresses the formation Jf kns. At low frequency, the tahwalue

800

—=—0.05

700 o

600
500
400

300

Dielectric Constan(')

T1e
200

100

Fig. 3 Variation of dielectric constant with frequency for
M nollNio_GZno_3| nyFe,,O4 ( x=0.05to0 02)
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Fig. 4 Variation of losstangent with frequency for
M nollNio_GZno_gl nXFez_XO4 (X =0.05to 02)

was observed to be large and it decreases witkasirg frequency (Fig.4). The physical signifieo€tand is the
energy dissipation in the dielectric system. In thigher frequency range, the loss vanishes anddipele
orientation contributes to the polarization. Theresistivity p,. was calculated from dielectric data and loss tahge
using the relation.

Pac = /([ O, wtand) .. (3

where, w is the angular frequency, tah is a loss factor andl’ is a real part dielectric constant. In
Mno 1Nig eZNo alNkF&O4, the AC resistivity was observed to be increasel thie substitution of In upto x = 0.1 and
then decreases for the samples x > 0.1. The higlagst of AC resistivity (1.083 x£0/-cm) was observed for In
substituted nanoferrites (Fig.5). The observedeslare much higher than those reported in thetitez for Ni-Zn
ferrites prepared by the ceramic method [10]. Téredaction in ferrites is reported to be due to hogpf electrons
on application of electric field. The increase @f'Fconcentration in the sample increases the hoppiabability
resulting in decease of resistivity at higher fremeies [11].
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Fig. 5 Variation of ac resistivity with frequency for
M no_lNiO.GZno_gl nFe., O, ( x=0.05to 02)

The variation of dc resistivity with temperature fall ferrites is shown in Fig. 6. In MaNigeZnoansFe O,
ferrites, the resistivity initially reduces with rnyelittle rate upto 500 K and thereafter decreasesarly with
temperature. The maximum valpg. (9.468 x10) was observed for the sample with x =0.1. A brieathe linear
variation of resistivity was observed at their gpve Curie temperature (Table 1). There is changactivation
energy when the sample undergoes ferromagnetiatangagnetic phase transition. The activation éeer@E)
calculated in the ferromagnetic transition regicasvobserved greater than in paramagnetic regids.ifitrease in
the activation energy was attributed to the volumpansion during the magnetic transition from owisorder
state [12]. Similar results were reported for Ni-famrites [13] and it suggests that the conductisechanism in
these ferrites is predominantly due to hoppingleéteons. A reasonable value of resistivity forsdimples at room
temperature was observed than that of earlier tepdhe improvement in electrical resistivity i¢rituted to the
large number of ultra fine grains with much numdiegrain boundaries.

log p (ohm-cm)

1.5 2.0 2.5 3.0 3.5

1000/T (K)

Fig. 6 Variation of DC resistivity with temperature for
M nollNio_GZnolgl n,Fe,, O, ( x=0.05to 02)

3.3 Magnetic properties

The value of magnetization sharply increases withfteld strength in the low field region. Howevircould not
reach the saturation state even in the presenstarfg magnetic field 7 kOe.(Fig.7) Similar obseiwas at room
temperature magnetization have been reported lgrofh4,15]. For all samples, a superparamagn8tilike shape
hysteresis curves were observed. The saturatiometiagtion M of the samples were found by extrapolatingvsl
1/H plot to 1/H=0. It was observed that the valfi&lgwas maximum (36.2 emu/g) for the
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Fig.7 Magnetic hysteresisloops of M ngNigsZng 3l NyFe,,04(x=0.05 to 0.2) nanoferrites

sample x = 0.1. The saturation magnetization deesedor the samples with x>0.1. This decrease tfra#on
magnetization can be explained on the basis oforcatlistribution. As the In concentration increastee
magnetization of B site (M) decreases while that of A site {Mincreases. Therefore the net magnetizatiog-(M
M,) decreases [16]. However these values are lovalfocompositions than their corresponding valuesktiolk
ferrites. The reduction of Mn nanopatrticles is attributed to the existenceanflom canting of particles caused by
antiferromagnetic exchange interactions due to asgtry of these spins [17]. The low value of codtgiindicates
that the transformation from ferromagnetic to sppesmagnetic behavior. In the superparamagnetie sfathe
material, the room temperature thermal energy @rmes the magnetostatic energy, resulting in zestehgsis. In
other words, the patrticle itself is a single donfaimomagnet having ability to store magnetizafitfiormation [18].

Table 1: The values of lattice parameter, crystallite size, % porosity, AC/DC resistivity, saturation
magnetization (M) and coercivity ( H¢) of Mng1NipsZngsAlFe O, nanoferrites

. Lattice Crystallite
Com[;(osmon parameter ysize % porosity (Padmax (Pachmax (emj 9) (g;)
A) (nm) 9
0.05 8.382 22.12 12.36 6.197 10 7.320 x 16 14.2 10
0.1¢ 8.407 15.0¢ 11.97 1.083 x1F 9.468 x1(’ 36.2 7
0.15 8.427 19.72 11.97 1.246 %10 9.470 x 16 7.7 14
0.20 8.457 27.78 11.54 7.002 X10 7.811x 16 4.7 18
CONCLUSION

i) The broad XRD lines indicate that the ferritetmdes are nanosize. The observed lattice paranaeie specific
indices are characteristic of spinel structure.

i) The low value of dielectric constant is attribd to the method of synthesis (sol-gel method)ctisiuppresses
the formation of F& ions. The value of tab for these samples is very small at higher fregigsnap to 100 kHz.

iii) The higher values of DC resistivity are attiied to the increase of intergranular porosity Wwhiinders the
motion of charge carriers. The higher values of i€istivity for these ferrites indicate that thdegites can be
used in the application at higher frequencies.

iv) For all samples, a superparamagnetic ‘S’ likape hysteresis curves were observed. The vallw, afcreases
with In doping up to x = 0.1 and then decrease&lhap

The prepared ferrite materials have high DC resfgti high AC resistivity, very low dielectric losand high
saturation magnetization. These results are pragisir the use of these materials in high frequeapplications.
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