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Abstract: The Magneto-electric nano-composites, (X)MngsZnysFe.04+(1-X)BaTiO3 (x=15%,30%,45%) were
synthesized by sintering the mixtures of highly ferroelectric BaTiO3 (BT) and highly magnetostrictive magnetic
component MngsZngsFe,O4 (MZF). The presence of magnetic and ferroelectric phases were probed by X-ray
diffraction (XRD) studies. The peaks observed in the XRD spectrum indicated spinel cubic structure for MZF
ferrite and tetragonal perovskite structure for BT and, both spinel and pervoskite structures for
nanocomposites. Surface morphology of the samples has been investigated using Field Emission Scanning
Electron Microscope (FESEM), which reveals a homogeneous microstructure with uniform dispersion of BT
grains. The variation of dielectric constant and dissipation factor as a function of frequency from 100 Hz to 1
MHz at room temperature were carried out using a Hioki LCR Hi-Tester. The dielectric dispersion is observed
at lower frequencies which may due to interfacial polarization arising from the interface of the two phases. At
higher frequencies, the dielectric constant is almost constant and that was due to inability of electric dipoles to
follow the quick variation of applied electric field. The electrical conductivity deduced from the measured
dielectric properties has been analyzed and found that the conduction mechanism in these composites is in
conformity with electron hopping model. Magnetic ordering in the composites was studied by acquiring M-H
hysteresis loops at room temperature.
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1. INTRODUCTION

The magneto electric (ME) property of the ferroelectric-ferromagnetic composites arises from the
interaction between the two phases [1]. That is, ME effect is a product of the piezomagnetic effect of
ferrite phase and piezoelectric effect of ferroelectric phase. ME composites are exploited as sensors
for different types, wave guides, modulators, phase inverters, rectifiers, transducers etc [2].Manganese
zinc ferrites (MZF) are considered to be the important soft magnetic materials because of their high
initial magnetic permeability, saturation magnetization, high electrical resistivity and low core losses
[3,4]. These materials are extensively used in electronic applications to make transformer choke coils,
recording heads, magnetic amplifiers etc [5]. The most widely studied magneto electric composite
systems for structural, dielectric and magnetic studies include (x) BaTiO; + (1-Xx)
Nig.04C00.0:CUg0sF€,04 [6]. It was found that with increasing ferroelectric content the dielectric
constant increases and curie temperature decreases. The ME composites, NigsZngsFe,04+BPZT [7]
were studied for ac susceptibility. ME coefficient in these systems was maximum for composites
containing 30% of ferrite. Lithium nickel ferrite composites, Y[LigsNigeZng15Fe,04]+(1-
y)BagsSresTiOs [8] were studied for conductivity and dielectric properties over a wide range of
frequency and temperature. Conductivity was analyzed using small poloron hopping model in these
systems. The cobalt  doped nickel manganese ferrite composites [9,10],
(X)Nl 0.93C0 0.02Mn gosF€ 1050 4 +(1-X)Na 05BI 05TIO 3 and Ni0,75Zn0_25Fezo4-Ba(Ti0,g5Zr0,15)Og were
prepared by a solid state reaction method and investigated for magnetoelectric effect and dielectric
behavior. Cobalt ferrites doped with barium titanate, CoFe,04-BaTiO; [11], were probed for dielectric
properties. It was noticed that at higher frequencies, the dielectric constant was constant and decreases
at lower frequencies. As per our survey of the literature, no research results have been reported on
(X)Mng5ZngsFe;04+(1-X)BaTiO3 (x=15%,30%,45%) composites.

The selection of a suitable combination of piezomagnetic and electric materials to achieve better ME
effect is a challenging task. In the present work, MZF as piezomagnetic material and BaTiO3 (BT) as
a piezoelectric material were choosen and composites were prepared and studied the effect of
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composition and frequency on dielectric and magnetic properties of these composites. The study also
offered valuable information on the behavior of localized electric charge carriers which in turn helps
in understanding magneto electric effect [12].

2. EXPERIMENTAL

The MngsZngsFe,O4 nano ferrite (MZF) powder has been prepared by solution combustion method
using stoichiometric compositions of corresponding metallic nitrates as oxidizers and citric acid as
fuel. Sigma Aldrich make 100nm size nanoparticles of BT were procured. The ME composites were
prepared by thoroughly mixing MZF and BT powders in required molar proportions and sintered at
1000°C for 4 hrs and were cooled slowly to room temperature. These sintered powders were grinded
and pressed in the form of pellets of 10 mm diameter and 1-2 mm thickness. The pellets were again
sintered at 1000 °C for 2 hrs and cooled to room temperature. The synthesized ME composites,
(MZF),(BT)1x with x = 15%, 30% & 45% have been labeled as ME1, ME2 and ME3 respectively.
The composites were prepared in ferroelectric-rich regions [8, 13].

The presence of constituent phases in the composites and the crystal structure of constituent phases
and their composites were determined by XRD studies using Bruker AXS D8 Advance X-ray
diffractometer (A=1.5406 A° ). Surface morphology of the samples has been investigated using Field
Emission Scanning Electron Microscope (FESEM, JEOL JSM 6700).

The Capacitance and dissipation factor, tand as a function of frequency in the range 100 Hz-1 MHz
was studied using a precision LCR meter ( Hioki make LCR Hi-Tester 3250) The dielectric constants
(€") and dielectric loss factor( £") were determined using the formulae [14,26]

g' = Ct/gA

1)
g"=¢'tan

(2
Where, tis the thickness and A the area of the pellet.
The ac conductivity, c,c was determined from the dielectric loss factor using a relation,
Oac= O € &" (3)

Where, g, is the vacuum permittivity and o =2I1f with f being frequency.
3. RESULTS AND DISCUSSION
3.1.Phase

The XRD patterns of pure MZF, BT, ME1, ME2 and ME3 are shown in Fig.1. The diffraction
patterns of composites showed the presence of the both ferrite and ferroelectric phases. The ferrite
phase showed a cubic spinel structure with a=8.33 A° and ferroelectric phase exhibited perovskite
tetragonal structure with a=3.99 A° ¢=4.04 A° (c/a=1.01). The lattice parameters of the constituent
phases are described to be same for ME1, ME2 and MES3. It is also found that the intensity of the
ferrite peaks increases with its content. The scanning electron micrographs of pure MZF, BT and
composites are shown in Fig.2 (a-e). From the figures, a dense microstructure for each sample can be
observed. The grains of two different phases distributed in homogeneously in the micrographs of
composites. Addition of MZF to BTO produced irregular grain shapes. This may be attributed to the
filling of pores between the ferroelectric grains by the MZF particles and their segregation at the grain
boundaries.

3.2.Dielectric Properties

The variation of dielectric constant (¢'), dielectric loss factor (¢") and ac conductivity (o) With
frequency at room temperature for the constituent phases and their composites is shown in Fig.3.
From the Fig.3 (a), it is clear that €' decreases steeply at lower frequencies and remains constant at
higher frequencies. The variation of dielectric constant with applied frequency is due to charge
transport relaxation. This dielectric dispersion can be attributed to Maxwell [15] and Wagner [16,17]
type of interfacial polarization. The dielectric constant is known to be the combined effect of dipolar,
electronic, ionic and interfacial polarizations. Since ionic polarization is expected to decrease with
frequency, the measured &' also decreased with frequency. The large values of &' can be associated
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with space charge polarization and inhomogeneous dielectric structure. These in homogeneties arise
from impurities, grain structure and pores [18]. In case of composites, the high values of dielectric
constant are ascribed to the fact that ferroelectric grains are surrounded by non-ferroelectric grains
similar to that observed in relaxor ferroelectric materials [19].

According to Rabinkin et al. [20], the polarization in ferrites follows a mechanism similar to the
conduction process. The dielectric behavior of the composites is also similar to the conduction process
because beyond the percolation limit of the ferrite phase in composites, the conduction is mainly due
to the ferrite phase [21]. The increase in ferrite concentration beyond the percolation limit leads to the
formation of conducting paths between the ferrite particles. This results in increase of conductivity
with increasing ferrite content. By electron exchange between Fe*? and Fe*?, the local displacement of
electrons in the direction of the applied field occurs and these electrons determine polarization. The
polarization decreases with increasing frequency and at high frequency the electron exchange between
Fe*?and Fe*® cannot follow the alternating field hence reaches the constant value.
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Figl. XRD Patterns for pure nano powder of (a) MngsZnysFe,0, (MZF), (b) pure nano powder of BaTiO; (BT)
and (c) ME1 nano powder composite
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Fig2. FESEM micrographs for (a) MZF, (b) BaTiO3, (c) ME1, (d) ME2 and (¢) ME3

According to Rezlescu and Rezlescu [22], the behavior of polarization in the ferrite is due to
collective behavior of two type of charge carriers i.e. n and p type. In MngsZnysFe,O, ferrite, the
presence of Mn*?/Mn*3, Zn*?/Zn*® gives rise to p-type carriers [23] and in BaTiO; the presence of
Ba*?/Ba* also contributes p-type charge carriers. The local displacement of these p-type charge
carriers in the direction of external electric field adds to the net polarization. It should be noted that n-
type carriers also contributed to polarization. However, the p-type carrier contribution is smaller than
electronic exchange between ions and its mobility is smaller than that of n-type. The contribution to
polarization at lower frequencies will decrease from former to the later.

The variation of €" with frequency for MZF, BT and composites is shown in Fig.3 (b). The variation
of &", in the case of composites is similar to that of variation of &' with frequency. The loss can be
attributed to domain wall motion. At higher frequencies, losses are less where domain wall motion is
inhibited and magnetization is forced to change by rotation.
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Fig3. (a). Variation of dielectric constant, ¢ with frequency, w at RT, (b).Variation of dissipation factor,e” with
frequency, w at RT and (¢ ) Variation of ac conductivity, o, with fiequency, w at RT.

In order to understand the conduction mechanism and type of polarons responsible for conduction, ac
conductivity, 6,c was estimated as per 6,.= © g €" [24], where g IS the permittivity of free space and
o=2IIf.

The variation of c,. with frequency, f, is shown in Fig.3 (c) for all the five samples. The plots are
linear for higher frequency and nonlinear at low frequency. Linear variation of o, with frequency
indicates that the conduction occurs by the hopping of charge carriers between the localized states
which confirms the small polaron type of conduction. These results are similar to that reported by
other workers [23, 24]. However, the decrease in conductivity at lower frequencies can be attributed
to conduction by mixed polarons.

3.3. Magnetization

Fig.4 shows the magnetic hysteresis loops for MEL1, ME2 and ME3. The hysteresis loops reveal that
all composites exhibit well saturated typical ferromagnetic behavior. It can be seen from the M-H
loops that the coercivity increase with the increase of BT content, which indicates that the
magnetization ability becoming weak because of the presence of non-magnetic BT phase, which
brings in domain wall pinning [25-28]. This pinning may increase coercivity. The saturation
magnetization of the composites decreased with increase of BT phase. One expect that magnetic
properties get reduced with increasing BaTiO; content. The magnetic hysteresis loops for the
composites, showed the presence of ordered magnetic structure and clearly indicating this dilution
effect.
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Fig4. Hysteresis loops recorded at room temperature for ME1, ME2 and MES3.
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Tablel. Parameters derived from M-H loops at RT for ME1, ME2 and ME3 samples

Sample Hc(Oe) Ms (emu/g) M, (emu/qg)
ME1 634.02 2.19 0.6730
ME2 934.51 7.96 2.98

ME3 525.57 12.17 4.22

From the Table 1 , it can be observed that the value of saturation magnetization increasing with
increasing ferrite phase due to the fact that individual ferrite grains act as centers of magnetization and
the M; of the composites is the vector sum of all these individual contributions. As the magnetic
contacts increases with the ferrite content, net magnetization increases. It is observed that M; of the
composites decreases with increase of ferroelectric content. The grains of ferroelectric phase in ferrite
phase acts as pores in the presence of applied magnetic field and breaks the magnetic circuit, resulting
in the decrease of magnetic properties with increasing ferroelectric content. Since BaTiOs is a
ferroelectric material, it has no magnetic ordering. Therefore, the magnetic nature of the composite
decreases with the increase of ferroelectric content.

4. CONCLUSIONS

Magneto-electric nanocomposites consisting of MZF and BT were prepared by solution combustion
method. XRD patterns and FESEM micrographs revealed the presence of both ferrite and ferroelectric
phases. The present nano ME composites possess high density of nano particles and fine
microstructure. The frequency dependant dielectric constant showed the usual dielectric dispersion
behavior for all the composites. The ac conductivity data suggested that the conduction must be due to
small polaron hopping. The composites exhibited magnetic hysteresis loops similar to a ferromagnetic
sample, which indicates the presence of an ordered magnetic structure in the present mixed spinel-
perovskite system. For the first time the ME nanocomposites of present composition were
investigated for dielectric and magnetic properties and data analyzed thoroughly.

REFERENCES

[1] J.Van Suchtelen, Philips Res.Rep 27,28 (1972).

[2] S.V.Suryanarayana, Bull.Mater.Sci 17(7), 1259 (1994).

[3] G.Ott, J.Wrba and R.Lucke: J.Magn.Magn.Mater.VVol.535, 254 (2003).

[4] U.Ghazanfar, S.A.Siddigi and G.Abbas:Mater.Sci.Eng.B.Vol.118, 84 (2005).

[5] P.Hu, H.Yang, D.Pan, HWang, J.Tian, S.Zhang, XWang and A.A.Volinsky:
J.Magn.Magn.Mater.VVol.322 , 173 (2010).

[6] R.S. Devan, S.B.Deshpande, and B.K.Chougule,Ferroelectric and ferromagnetic properties of
(x)BaTiO3+(1-X) Nig.4C0g.0:CuUg osF€,04 composite.J.Phys.D.Appl.Phys.40,1864 (2007).

[7] B.K.Bammnnavar, and L.R.Naik, Magnetic properties and magneto electric effect in ferroelectric
rich NigsZn,sFe20,+BPZT ME composites.J.Magn.Magn.Mater.321,382 (2009).

[8] S.U.Durgadsimi,S.S.Chougule,B.K.Chougule,C.H.Bhosale, and S.S.Bellad, Studies on electrical
properties of y[LigsNigeZNg15Fe204]+(1-y)BagsSrosTiOs ME composites.Int.J.Eng.Sci.Tech.3,
1446 (2011).

[9] Babu, S.Narendra, Srinivas.K, Bhimasankaram.T, Studies on lead-free multiferroic
magnetoelectric composites, J. Magn. Magn. Mater, Volume 321, Issue 22, 3764 (2009).

[10] Nidhi Adhlakha and K L Yadav, Study of structural,dielectric and magnetic behavior of
Nig 752N 25F€,04-Ba(Tigg52r0 15)O3,J.Smart materials and Structures ,21 (2012).

[11] Hanumaiah A, Bhimasankaram T, Suryanarayana S V and Kumar G S Bull.Mater.Sci.17, 405
(1994)

[12] K.K.Patnakar, S.S.Joshi, B.K.Chougule, Phys.Letter.A 346, 337 (2005).

[13] Jiangli Chen, Zhuo Xu,and Xu Lu,ferroelectric properties and magnetoelectric effect in (1-
X)Nig.93C0¢.02CUg 0sFe20,4+(X)PZT Particulate composites, J.Ferroelectrics,410,29 (2011).

[14] S.A.Lokare, R.S.Devan, and B.K.Chougule, Structural analysis and electrical properties of ME
composites.J.Alloys Comp 454,471 (2008).

[15] J.C.Maxwell, Electricity and Magnetism, Oxford University Press, London, 1993, p.828.
[16] K.W.Wagner.Ann.Phys.40, 818 (1993).

International Journal of Advanced Research in Physical Science (1JARPS) Page 26



Structural, Dielectric and Magnetic Studies in (X)MngsZnysFe,O, +(1-X)Batio; Magnetoelectric Nano-
Composites

[17] C.G.Koop’s, Phys.Rev.B 83,121 (1951)

[18] D.C.Agarwal, Asian J.Phys.6, 108 (1997)

[19] S.Upadhyay, Devendrakumar, Om Prakash, Bull.Mater.Sci.19, 513 (1996).

[20] I.T.Rabinkin, Z.l. Novikova, Izv.Ferrites, Ferrites Izv. Acad.Nauk.USSR Minsk 146 (1946).
[21] L.G.Lupeiko, I.B.Loatina, .V.Kozyoev, L.A.Derbaremdiker, Inorg.Mater.28 (3), 481 (1992).
[22] N.Rezlescu, E.Rezlescu, Phys.Status Solidi (a) 23, 575 (1974).

[23] R.S.Devan, Y.D.Kolekar, B.K.Chougule, J.Phys.Cond.Matter 18 (2006).

[24] R.S.Deavn, Y.D.Kolekar, and B.K.Chougule, Magnetoelectric effect and electrical properties in
BTO+Nig3C00,02CuUg gsF€,04 particulate composites.J.Alloys Comp 461,678 (2008).

[25] K.K.Patankar, S.S.Joshi, B.K.Chougule, Phys.Lett.A 346, 337 (2005).

[26] H.El Mkami, B.Deroide, R.Backov,J.V.Zanchetta,J.Phys.Chem.Solids 61 , 819 (2000). A.
Sihvola,Electromagnetic Mixing Formulas and Applications, Institution of Electrical Engineers,
London (1999).

[27] L. Olmedo, G. Chateau, C. Deleuze, J.L. Forveille, J. Appl. Phys., 73, 6992 (1993).

International Journal of Advanced Research in Physical Science (IJARPS) Page 27



