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ABSTRACT

Magnetoelectric (ME) materials have the ability to convert magnetic energy
into electrical energy and/or vice versa. This work involves the study of structural,
electrical and magnetic properties of (f)Nig-x(Co/Mn)xFe,04/Pb(Mdo.33Nbo 67)0.67
Tip.3303 hanocomposites, which have been successfully synthesized by chemical co-
precipitation method. The presence of both phases in the composites were confirmed
by using X-ray diffraction (XRD), field emission scanning electron microscopy
(FESEM) and vibration sample magnetometer (VSM). The variations of dielectric
constant and loss tangent as a function of frequency as well as temperature were
studied using two-point probe impedance analyzer. Temperature dependent dielectric
constant shows diffused phase transition in magnetoelectric nanocomposites. The DC
electrical resistivity measurements were carried out within the temperature range of
300 — 923 K. Variation of magnetoelectric voltage coefficient traces the path of
magnetostriction as a function of magnetic field. All composites show peak behavior
in magnetic field dependent on magnetoelectric voltage coefficient. The
magnetoelectric (ME) powder nanocomposite system of (f) Ni-(Co/Mn)Fe 04+
(1-f) Pb(M90.33Nb0.67)0.67Ti0.3303 (Wlth x=0.0,0.2,0.4, 0.6, 0.8, 10) and f = 0.15, has
been successfully studied. The magnetoelectric coefficient for all the composites
were measured using static magnetoelectric set up. All magnetic field dependent of
magnetoelectric measurements show peak behaviour, which can be explained on the
basis of magnetic field dependent variation of magnetostriction and piezomagnetic
coefficient behavior. The strong compositional dependent of magnetoelectric voltage
coefficient is a common feature for ferrite base nanocomposites. In this study the
magnitude of the magnetoelectric coefficient is found to be higher with increasing
amount of ferrite phase in nanocomposites samples. The magnetoelectric studies
show that high resistive magnetic phase with high piezomagnetic coefficient in low
magnetic field region is helpful to enhance the magnetoelectric coupling. The present
data suggest that the magnetoelectric interaction depends on the magnetostriction
behaviour, piezomagnetic coefficient, resistivity, content of constituent phases and
connectivity between the phases.
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ABSTRAK

Bahan magneto-elektrik (ME) mempunyai keupayaan untuk menukar tenaga
magnetik kepada voltan elekktrik dan/atau sebaliknya. Kajian ini melibatkan sifat-
sifat struktur, elektrik dan magnetik bagi nanokomposit (f)Nig-x(Co/Mn)yFe,Osf
Pb(Mgo.33Nbos7)os7Tio33O3 Yyang berjaya disintesis menggunakan kaedah
pemendakan kimia. Kehadiran semua fasa di dalam komposit telah dikenal pasti
menggunakan kaedah pembelauan sinar-X (XRD), mikroskop electron imbasan
pancaran medan (FESEM) dan magnetometer getaran sampel (VSM). Variasi
pemalar dielektrik dan tangen kehilangan (tand) sebagai fungsi frekuensi serta fungsi
suhu telah dikaji menggunakan penganalisis impedans dengan penduga dua titik.
Kelakuan pemalar dielektrik bersandar suhu menunjukkan pembauran fasa di dalam
nanokomposit magneto-elektrik. Pengukuran kerintangan elektrik DC telah
dijalankan dalam julat suhu 300 — 923 K. Variasi pekali voltan magneto-elektrik
telah menunjukkan magnetostriksi sebagai fungsi medan magnet. Semua komposit
menunjukkan ciri-ciri puncak di dalam medan magnetik adalah bersandar kepada
pekali voltan magneto-elektrik. Serbuk nanokomposit magneto-elektrik untuk sistem
(f)Ni(l_x)(Co/Mn)XFe204 + (1-f) Pb(M90.33Nb0.67)0.67Ti0.33O3 (dengan X = OO, 02, 0.4,
0.6, 0.8, 1.0) dan f = 0.15, telah berjaya disediakan. Pekali magneto-elektrik untuk
semua komposit telah diukur menggunakan aturan magneto-elektrik pegun. Semua
pengukuran bagi medan magnet bersandar magneto-elektrik menunjukkan ciri-ciri
puncak, yang dijelas berasaskan medan magnet bersandar terhadap kelakuan
magnetostriksi dan pekali piezomagnet. Kebergantungan kuat pekali voltan magneto-
elektrik terhadap komposisi adalah cirri lazim untuk nanokomposit berasas ferit.
Dalam kajian ini magnitud pekali magneto-elektrik didapati meningkat dengan
peningkatan amaun fasa ferit di dalam sampel nanokomposit. Kajian magneto-
elektrik menunjukkan bahawa fasa magnet kerintangan tinggi dengan pekali
magnetik piezo yang tinggi di dalam medan magnet rendah dapat membantu dalam
meningkatkan gandingan magneto-elektrik. Data semasa menunjukkan interaksi
magneto-elektrik bergantung kepada kelakuan magnetostriksi, pekali piezomagnet,
kerintangan, kandungan juzuk fasa dan hubungan antara fasa.
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CHAPTER 1

INTRODUCTION

1.1 Overview

The identification of novel materials with better properties or new
dispensation techniques to improve the performance of existing materials, along with
the inexpensive advantages, is always a substance of attention to researchers. The
desire to produce novel smart materials is strongly dependent on the availability of
suitable materials with enhanced properties [1, 2]. Each ceramic material has its own
properties, which makes it useful for human beings. There are certain classes of
materials such as, magnetic and ferroelectric materials, which infuse many aspects of
modern science and technology. In this case, these materials are prepared today by
various techniques in different form. Therefore, it is essential to know the origin and
mechanism of magnetic and electrical for every combination and form of the
magnetic and electrical materials, which is used for specific applications [3-5]. As
mentioned before, each material has its unique property, which increases its

importance in useful applications of these materials.

It is known that, a piezoelectric material has ability to convert mechanical

energy into electrical energy and vice versa. Similarly, magnetostrictive materials



can convert magnetic energy into mechanical energy [6, 7]. New generation of
devices need such type of smart materials, which can convert magnetic energy into
electrical energy or vice versa. Such a conversion is possible in a new category of
materials called magnetoelectric (ME) materials [8, 9]. Very few naturally occur
single phase materials like Cr,O3;, show magnetoelectric phenomena, whereas a
combination of ferroelectric-ferrite materials generate ME effect extrinsically. Such
a combination of individual phases having its own characteristic properties shows a
new material property, which is absent in their parent phases. The demerit of the
single phase magnetoelectric materials is that, it’s magnetoelectric effect at room
temperature is very weak and not usable in practical applications [10]. The main
advantage of composite material is that, one can improve the magnetoelectric
phenomena by a combination of the best characteristics of ferrite-ferroelectric

materials.

Recently, many research groups paid attention for the improvement of
magnetoelectricity in different composites, to fulfill the necessary requirements for
device applications. As for the trend towards advanced technology, a good addition
of multi-functions into a single material organization then becomes very attractive. It
is expected that new generation of devices using composite materials that combine
magnetic, ferroelectric and magnetoelectric (ME) properties in an effective and
intrinsic manner have broad potential applications. The co-existence of magnetism
and electricity will produce new physical phenomena (magnetoelectric effect), which

offer possibilities for new device functions [11-13].
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Figure1.1 A sketch representation of ferroelectricity and ferromagnetism
integration as well as the mutual control between them in multi-ferroics (ferrite and

ferroelectric materials)

Multi-ferroic (ferrite and ferroelectric materials) offers excellent ferroelectric
polarization (electric field hysteresis) and magnetization (magnetic field hysteresis)
[13-15]. It is represented in Figure 1.1 where all magnetoelectric (ME) materials are
multi-ferroics in nature, and hence the coupling interaction between the two order
parameters becomes prime important. The coupling of the ferroelectricity and
magnetism (either ferromagnetic or ferrimagnetic) in magneto-electricity indicates an
option that influences the magnetic properties over electric fields in vice versa
manner. Thus, the material is suited for many state memory parts or unique memory

requests.

In the case of magnetoelectric (ME) nanocomposites, despite of many
materials mixtures and structures surveyed, poor performances on the
magnetoelectric (ME) yields were due to the reduced dielectric, electrical and
ferroelectric features. In addition, there are poor reproducibility and large scattering
of functional properties data [16, 17]. Comprehensive investigations considering the

different aspects such as, the influence of nanocomposition, preparation routes,



nanostructural properties such as interface doping and degree of connectivity,
magnetic/ferroelectric properties of the parent phases are still lacking.

1.2 Magnetoelectric (ME) Effect in Nanocomposites

Neither ferroelectric nor magnetic phase has the magnetoelectric (ME)
influence except in the composites of these two phases, which can be used to create
magnetoelectric (ME) behavior from materials, which do not show the
magnetoelectric (ME) outcome. This is conveniently achieved by using a mixture of
magnetic and ferroelectric composites.

Consider a particulate of ME nanocomposites as shown in Figure 1.2, where
the magnetostrictive particles are distributed in the ferroelectric grains.

\

N } {
v Magnetostri Magnetostrictive
A, -ctive phase Phase

M

Figure 1.2 Schematic representation of particulate ME nanocomposites

The magneto-electric influence on nanocomposites material term a product

property [18, 19], was from the results of cross interaction on different orderings of



two separate composite phases. This two-step process was observed from the ME
effect in nanocomposites, which is explained using block diagram in Figure 1.3.

Applied Strain generated Strain
magnetic - because of » transferred onto
field magnetostriction the Piezoelectric

Magnetoelectric — Piezoelectric ' I
voltage Polarization

Figure 1.3  Block diagram indicating sequential steps of magnetoelectric effect in

nanocomposites

When a magnetic field is applied to ferrite-ferroelectric composites, the
magnetic phase changes its shape magnetostrictively i.e. ferrite grains are strained.
The strain is then transferred to the ferroelectric phase, which exerts stress on it,
resulting in an electric polarization due to piezoelectric effect. Thus, the magneto-
electric effect in composites is extrinsic (i.e. in product, unlike in single phase, where
it is intrinsic), depending on the composite nanostructure and coupling interaction
across ferromagnetic-ferroelectric interfaces. The magneto-electric is a response
from an electric polarization (P) upon magnetic field (H) application (i.e. the ME
direct effect is denoted as MEy effect: P=o H) and/or the appearance of a
magnetization M upon applying an electric field E (i.e., the converse ME effect, or
MEg: M=oE). The product properties of the composites can be mathematically
represented as follows:

magnetic mechanical
MEy effect= | ———— X | (1.1)
meChamcaI magnetostiction eIeCtrlcaI piezoelectric

ME eﬁect—( electrical j y (mechanicalj 12)
E = |~ . - .
meChamcaI piezoelectric magnetlc piezomagnéic



The ME effect is a product of the magnetostrictive effect in the magnetic field
I.e. magnetic/mechanical effect and the piezoelectric effect in the ferroelectric type
i.e. electrical/mechanical effect. Thus, the ME outcome is a product property
referring to unique effects which initiate the interaction within ME nanocomposites.
The magnetostrictive effect on the magnetic phase and piezoelectric effects in the
ferroelectric phase are included [20]. This trend is related to the concentration of
individual phases present in the ME nanocomposites. The conceptual points to

enhance the ME effect in composites are:

I.  Two different phases should be in equilibrium.

ii. Mismatching between grains ought to be minimum.

iii. The magnitude of the magnetostriction coefficient of magnetic phase
ought to be as high as possible.

Iv. The magnitude of the piezoelectric coefficient of the ferroelectric phase
should be high.

v. The accumulated charges must not leak through the magnetic phase, i.e.
resistivity of both phases must be comparable and sufficiently large.

vi. The ferroelectric/magnetic transition temperatures need to be higher than
the room temperature, near achieving electric and magnetic ordering
respectively at room temperature.

vii. Proper electrical poling of the magnetoelectric (ME) nanocomposites is

required in order to improve piezoelectricity in ferroelectric phase.

1.3 Statement of Problem

The nanocomposites materials of ferrite and ferroelectric phase show
interesting properties that are superior to conventional ferrite and ferroelectric
materials. The magnetoelectric (ME) effect observed in such composites is absent in
its constituent phases and magnetoelectric (ME) output is small as compared to

single phase material.



It has been seen from previous discussion, selection of a suitable ferrite and
ferroelectric materials with high piezomagnetic coefficient and piezoelectric
coefficient can enhance the magnetoelectric effect in nanocomposites. Where p is
the permeability of magnetic phase and ¢ is the dielectric permittivity of ferroelectric
phase. Thus, the primary criterion for selection of individual phases in the
nanocomposite is to identify materials having similar crystallographic symmetry and

possesses large magnetic permeability and dielectric permittivity.

In nanocomposites the individual phases are mixed, milled, shaped and
sintered in order to obtain very dense samples. The reaction between the individual
phases limits the high value of the sintering temperature for nanocomposites. The
problem of high leakage current for such systems arises due to the magnetic phases.
It has been found that, both the perovskite A%*B*'O; and spinel M?'Fe,O, are
appropriate to enhance the magnetoelectric effect in nanocomposite form. Hence it
is necessary to select suitable nanocomposite system which will fulfill all the

necessary requirements.

Terfenol-D, an alloy of terbium, dysprosium, and iron, is known to exhibit
highest magnetostriction. However, Terfenol has many limitations such as its poor
mechanical properties, a single crystal is required for many applications, the high
costs of Th and Dy, and the presence of eddy currents when high frequencies are
involved. In order to overcome these problems, current research has been focused to
obtain an oxide based magnetostrictive material that will exhibit higher
magnetostrictive strains at lower magnetic field strengths. The advantages of an
oxide based magnetic material are that it would be much cheaper than the
commercial alloys and can prevent the generation of eddy currents. Naturally ferrites
have very large resistivity (MQ cm) than the R-Fe compounds (u€2 cm) and thus
compatible with the ferroelectric materials (GQ cm) in high frequency applications.
They are also known to have saturation in their magnetostriction at low bias
magnetic fields due to small magnetic anisotropy. It is known that, CoFe,O, exhibits
highest magnetostriction among all the known ferrites. Cobalt ferrite in single

crystalline form exhibits high anisotropic magnetostrictive strain depending on the



composition. Similarly, Nickel ferrite has attracted considerable attention because of
its large permeability at high frequency, remarkable high electrical resistivity,
mechanical hardness, chemical stability and cost effectiveness. The appropriate
choice of substituents in nickel ferrite has made it possible to tailor the materials
properties for a variety of diverse requirements of electronic and magnetic devices.
[Ni—-Co(Mn)] mixed ferrites are highly resistive and magnetostrictive. Thus in
thisstudy, nanocomposition for ferrimagnetic phase was varied to change the
magnetic properties such as magnetization, permeability, and resistivity. Nig-
»(Co/Mn)Fe,0, ferrite provides high resistivity and magnetostriction coefficient
which favors the magnetoelectric effect, and is suitable as one of the phases used for
the magnetoelectric biphasic composite. Hence Ni-x(Co/Mn)xFe,O. with x = 0.0,
0.2, 0.4, 0.6, 0.8, 1.0 is suitable as piezomagnetic phase used for the magnetoelectric
biphasic composite. Large piezoelectric responses have been observed in these
perovskites near structural phase boundary, the so-called morphotropic phase
boundary (MPB). The Pb based ferroelectrics such as Lead-Magnesium-Niobium—
Lead Titanium (PMN-PT) is selected to be a good choice as ferroelectric phase.
Hence in this case PMN-PT is selected as the ferroelectric phase. The selection of
PMN-PT as a ferroelectric phase in magnetoelectric nanocomposites shows
enhancement in  magnetoelectric  voltage coefficient compared to other
magnetoelectric nanocomposites. Hence PMN-PT in morphotropic phase boundary
(MPB) region is selected as a ferroelectric phase due to its strongest piezoelectric

property among various piezoelectric materials.

It is expected that, the selected individual phases will fulfill all the necessary
requirements. Microscopic studies of composites also shows leakage of relevance
structure of composites, which may be due to mismatching between grains of ferrite
and ferroelectric phase in the composites materials. Since physical properties of
multiphase nanocomposites depend critically on nanostructure, it is desirable to
know the distribution of the constituent phases. A more precise way of
morphological analysis required for understanding of nanostructural dependent

properties of magnetoelectric nanocomposites.



1.4 Research Objectives

The objectives of this study are to:

1. synthesize magneto-electric composite of [Cog-xMngFe:04, Ni1)C0(x)
Fe,O4] nanoparticles ferrite and Lead-Magnesium-Niobium-Lead
Titanium (PMN-PT) ferroelectric materials by using chemical co-
precipitation technique.

2. determine the structure of the ferrite, ferroelectric and nanocomposites
studies using X-ray diffraction technique.

3. determine lattice strain of nanocomposites using X-ray diffraction
technique data.

4. determine morphology of magneto-electrical nanocomposites by scanning
electron microscopy (SEM).

5. determine the electrical properties of Co-xMnxFe204, Nig1C0(x) Fe204
and PMN-PT.

6. determine the magnetoelectric characteristics[(dE/dH)y] as a function of
magnetic field at room temperature for nanocomposites samples [(f) Ni-
xCOxFe204 + (1-f) PMN-PT] and [(f) Cog-x) MnyFe204+ (1-f)PMN-PT].

1.5  Scope of Research

In this work, ferrites nanoparticles phase of Nig-C0xFe204,C0u-x) Mny
Fe,O, and ferroelectric nanoparticles phase of PMN-PT were synthesized using
chemical method. @ The two phases were mixed together to obtain the
nanocomposites. Morphology and structure of nanocomposites were studied by field
emission scanning electron microscopy (FE-SEM) and X-ray diffraction. The
dielectric properties were determined using impedance analyzer at room temperature

and well above room temperature in frequency range of 100 Hz to 5 MHz.
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Temperature dependence of electrical resistivity (pgc) and the effect of ferrite phase
addition on the conductivity were also determined. Magnetic and ferroelectric
hysteresis loop were determined using vibrating sample magnetometer (VSM) and
polarization versus electric field (P-E) loop tracer system. Chemically synthesized
samples will be used to prepare nanocomposites and subjected at a different sintering
temperature of 600 °C, 1100 °C, 1200 °C, 1250 °C in order to study the effect of

sintering on various properties of ME nanocomposites.

1.6  Significance of Study

The nanocomposite materials (magneticoelectric nanocomposition) were
synthesized in particulate form using hydroxide co-precipitation method. All of
these samples are carefully processed further in order to obtain a high purity product.
Since the physical properties of multiphase (nanocomposites) strongly dependent on
the structural, it is desirable to know the distribution of the constituent phases. A
more precise way of morphological analysis is required for understanding of
nanostructural dependent properties of ME nanocomposites. Since there are
tremendous technical demands for large dielectric constant materials, it is significant
to study systematically the dielectric properties of the magnetoelectric
nanocomposites, which certainly will cast light on the origin of the high dielectric
constant in multiphase materials. The detailed analysis of temperature dependent
dielectric constant behaviour, especially in the transition temperature region, is
useful to understand the diffuse phase transition behaviour. In the present work, we
have highlighted the nature of the dielectric peak in the vicinity of phase transition
temperature region. For this a modified Curie-Weiss law used which seems to be
more suitable than the standard Curie-Weiss law. The Curie—Weiss law describes
the magnetic susceptibility y of a ferromagnet in the paramagnetic region above the
Curie point: [y = C / T-T¢], where C is a material-specific Curie constant, T is
absolute temperature, measured in kelvins, and T, is the Curie temperature, measured

in kelvin. The law predicts a singularity in the susceptibility at T=T.. Below this
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temperature the ferromagnet has a spontaneous magnetization. It is also necessary to
analyze the temperature dependent dielectric constant behaviour of magnetoelectric
composites for different contents of individual phases at room temperature and at
temperatures well above the transition temperature of both phases. The electrical and
magnetic properties of this material as a unique substance in the electrical,
electronics and magnetic applications are important in microwave communication,
data processing devices, electrical device, circulators and magnetic recording.
Additionally, tremendous technical demand for large dielectric material constant is

important.

A Dbroad literature reviews on magnetoelectric nanocomposites show wide
variation in magnetoelectric (ME) voltage coefficient in bulk nanocomposites. It can
be observed that the magnetoelectric (ME) voltage coefficient is affected by the
number of factors such as the method of synthesis, grain size of individual phases,
nanostructure of the samples, selection of individual phases, porosity, resistivity,

dielectric and magnetoelectric properties of the nanocomposites.



REFERENCES

Luo, S., Li, L., Wang, K.F., Li, S.Z., Dong, X.W., Yan, Z.B. and Liu, J.M.,
Enhanced Magnetic and Ferroelectric Properties of Multiferroic CuCrO; by
Ni-doping, Thin Solid Films, 2010. 518(24) : p. e50-e53.

Fuentes-Cobas, L.E., Matutes-Aquino, J.A. and Fuentes-Montero, M.E
Handbook of Magnetic Materials. K.H.J. Buschow: Elsevier. 2011. p. 129-
229.

Nepijko, S.A., Schonhense, G, 2011. Electron Holography for Electric and
Magnetic Field Measurements and Its Application for Nanophysics. W.H.
Peter. Advances in Imaging and Electron Physics: Elsevier.: p. 173-240.
Pervaiz, E. and Gul, I.H., High frequency AC response, DC Resistivity and
Magnetic  Studies of Holmium Substituted Ni-ferrite: A  Novel
Electromagnetic Material, Journal of Magnetism and Magnetic Materials,
2014. 349: p. 27-34.

Shokrollahi, H., Structure, Synthetic Methods, Magnetic Properties and
Biomedical Applications of Ferrofluids, Materials Science and Engineering:
C, 2013. 33(5): p. 2476-2487.

Dai, X., Wen, Y., Li, P, Yang, J. and Li, M., Energy Harvesting from
Mechanical Vibrations Using Multiple Magnetostrictive/Piezoelectric
Composite Transducers, Sensors and Actuators A: Physical, 2011. 166(1): p.
94-101.

Jia, Z.-Y., Liu, H.-F., Wang, F.-J. and Ge, C.-Y., Research on a Novel Force
Sensor Based on Giant Magnetostrictive Material and its Model, Journal of
Alloys and Compounds, 2011. 509(5): p. 1760-1767.



10.

11.

12.

13.

14.

15.

16.

17.

18.

167

Guzdek, P., The Magnetostrictive and Magnetoelectric Characterization of
Nig3Zng 62Cug 0sFe,04—Pb(FeNb)o 503 Laminated Composite, Journal of
Magnetism and Magnetic Materials, 2014. 349: p. 219-223.

Rahman, M.A., Gafur, M.A. and Hossain A.K.M.A., Structural, magnetic and
Transport Properties of Magnetoelectric Composites, Journal of Magnetism
and Magnetic Materials, 2013. 345: p.89-95.

Pradhan, S.K., Das, J., Rout, P.P., Das, S.K., Samantray, S., Mishra, D.K.,
Sahu, D.R., Pradhan, A.K., Zhang, K., Srinivasu, V.V. and Roul, B.K., Room
Temperature Multiferroicity in Bi rich Fe Deficient Gd Doped
Bi1 2Gdg1Fep 03, Journal of Alloys and Compounds, 2011. 509: p. 2645-
2649.

Cadena. R., Electricity and Magnetism, in: Automated Lighting (Second
Edition), Focal Press, Boston, 2010, pp. 91-97.

Williams, D., Mandal, N.G. and Sharma, A., Electricity and magnetism,
Anaesthesia & Intensive Care Medicine, 2011.12(9): p.423-425.

Kanamadi, C.M., Pujari, L.B. and Chougule, B.K., Dielectric Behaviour and
Magnetoelectric Effect in (X)NiggCug2Fe204+(1—x)BaggPbo1Tip9Zro103 ME
Composites, Journal of Magnetism and Magnetic Materials, 2005. 295:
p.139-144.

Martin. LW. and Ramesh, R., Multiferroic and Magnetoelectric
Heterostructures, Acta Materialia, 2012. 60 (6): p. 2449-2470.

Pahuja, P., Sharma, R., Prakash, C. and Tandon, R.P., Synthesis and
Characterization of NiggC0g2Fe,04—Bag.95Sr0.05TiO3 Multiferroic
Composites, Ceramics International, 2013. 39(8): p. 9435-9445.

Ahmed, M.A., Mansour, S.F. and Afifi, M., Structural, Electric and
Magnetoelectric Properties of NiggsCug 15Fe204/BiFey7Mng 303 Multiferroic
Nanocomposites, Journal of Alloys and Compounds, 2013. 578: p. 303-308.
Kanakadurga, M., Raju, P. and Murthy, S.R., Preparation and
Characterization of BaTiOs3+MgCuZnFe,O, Nanocomposites, Journal of
Magnetism and Magnetic Materials, 2013. 341: p.112-117.

Kumar, M. and Yadav, K.L., Magnetoelectric Characterization of
XNig 75C0¢ 25Fe,04—(1—x)BiFeO3 Nanocomposites, Journal of Physics and
Chemistry of Solids, 2007. 68(9): p. 1791-1795.



19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

168

Singh, H. and Yadav, K.L., Synthesis and Study of Structural, Dielectric,
Magnetic and Magnetoelectric Characterization of BiFeO3;—NiFe;O4
Nanocomposites Prepared by Chemical Solution Method, Journal of Alloys
and Compounds, 2014. 585: p. 805-810.

Zheng, R.K., Dong, S.N., Wu, Y.Q., Zhu, Q.X., Wang, Y., Chan, H.L.W., Li,
X.M., Luo, H.S. and Li, X.G., Effects of Electric-Field-Induced Piezoelectric
Strain on the Electronic Transport Properties of Lag9Cep1MnO3 Thin Films,
Thin Solid Films, 2012. 525: p. 45-48.

Algude, S.G., Patange, S.M., Shirsath, S.E., Mane, D.R. and Jadhav, K.M.,
Elastic Behaviour of Cr®" Substituted Co—Zn Ferrites, Journal of Magnetism
and Magnetic Materials, 2014. 350: p. 39-41.

Balavijayalakshmi, J., Suriyanarayanan, N., Jayaprakash, R. and
Gopalakrishnan V., Effect of Concentration on Dielectric Properties of Co-Cu
Ferrite Nano Particles, Physics Procedia, 2013. 49: p. 49-57.

Bamzai, K.K., Kour, G., Kaur, B., Arora, M. and Pant, R.P., Infrared
Spectroscopic and Electron Paramagnetic Resonance Studies on Dy
Substituted Magnesium Ferrite, Journal of Magnetism and Magnetic
Materials, 2013. 345: p. 255-260.

Mohaideen, K. K. and Joy P.A., Influence of Initial Particle Size on the
Magnetostriction of Sintered Cobalt Ferrite Derived from Nanocrystalline
Powders, Journal of Magnetism and Magnetic Materials, 2013. 346: p. 96-
102.

Kumar, P., Juneja, J.K., Prakash, C., Singh, S., Shukla, R.K. and Raina, K.K.,
High DC Resistivity in Microwave Sintered Lig.49ZNo.02MnoosF€2.4304
Ferrites, Ceramics International, 2014. 40 (1): p. 2501-2504.

Stergiou, C.A. and Zaspalis, V., Analysis of the Complex Permeability of
NiCuZn Ferrites up to 1 GHz with Regard to Cu Content and Sintering
Temperature, Ceramics International, 2014. 40(1): p. 357-366.
Azhagushanmugam, S.J., Suriyanarayanan, N. and Jayaprakash, R., Synthesis
and Characterization of Nanocrystalline Nigey Znp4y Fe.Os Spinel Ferrite
Magnetic Material, Physics Procedia, 2013. 49: p. 44-48.

Tangcharoen, T., Ruangphanit, A. and Pecharapa, W., Structural and

Magnetic Properties of Nanocrystalline Zinc-Doped Metal Ferrites



29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

169

(metal=Ni; Mn; Cu) Prepared by Sol-Gel Combustion Method, Ceramics
International, 2013. 39:p. S239-5243.

Gilbert, William 1600. De Magnete, Magneticisque Corporibus, et de
Magnete Tellure: Physiologia Noua, Plurimis, Argumentis and Experimentis
Demonstrata. Londini: pp.1-240

Cullity, B.D. and Graham C.D (2011). Introduction to Magnetic Materials
(2" ed). New Jersey :John Wiley and Sons, Inc., Hoboken: pp.1-537

Buschow, K.H.J., and Boer De, F. R (2003). Physics of Magnetism and
Magnetic Materials. New York: Kluwer Academic: pp.1-179

Foster, L.S., New Developments in Ferromagnetic Materials, Journal of
Chemical Education, 1948. 25 (6): p. 360.

Néel, L., Propriétés Magnétiques des Ferrites; Ferrimagnétisme et
Antiferromagnétisme, Annals of Physics, 1948. 3 (2): p. 137-198.

Hogan, C.L., The Ferromagnetic Faraday Effect at Microwave Frequencies
and its Applications, Bell System Technical Journal, 1952. 31 (1): p. 1-31.
Smit, J. and Wijn, H. P. J. (1959). Ferrites; Physical Properties of Ferri-
Magnetic Oxides in Relation to Their Technical. New York: Wiley: p. 1-372.
Viswanathan, B., Murthy, V.R.K. (1990). Ferrite materials: science and
technology. Berlin : Springer: p.1-198

Kao, K.C. Dielectric Phenomena in Solids: With Emphasis on Physical
Concepts of Electronic Processes. 2004. New York: Elsevier:pp.515-572.
Tang, G., Shi, X., Huo, C. and Wang, Z., Room Temperature Ferromagnetism
in Hydrothermally Grown Ni and Cu co-doped ZnO Nanorods, Ceramics
International, 2013. 39 (5): p. 4825-4829.

Liu, S.R., Ji, D.H., Xu, J., Li, Z.Z., Tang, G.D., Bian, R.R., Qi, W.H., Shang,
Z.F. and Zhang, X.Y., Estimation of Cation Distribution in Spinel Ferrites
Co14+x Fe1x O4 ( 0.0 o x o 2.0) Using the Magnetic Moments Measured at
10K, Journal of Alloys and Compounds, 2013. 581: p. 616-624.

Masoud, E.M., Improved Initial Discharge Capacity of Nanostructured Ni-Co
Spinel Ferrite as Anode Material in Lithium lon Batteries, Solid State lonics,
2013. 253: p. 247-252.

Mathew, D.S. and Juang, R. S., An Overview of the structure and Magnetism
of Spinel Ferrite Nanoparticles and Their Synthesis in Microemulsions,
Chemical Engineering Journal, 2007. 129 (1): p. 51-65.



42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

170

Cullity, B. D. and Graham, C. D. (2011). Introduction to magnetic materials.
New Jersey : John Wiley and Sons:p.1-537.

Duffort, V., Caignaert, V., Pralong, V., Barrier, N., Raveau, B., Avdeev, M.,
Zheng, H. and Mitchell, J.F., Tetragonal YBaFe;O7,: A Stoichiometric
Polymorph of the “114” Ferrite Family, Journal of Solid State Chemistry,
2012. 191: p. 225-231.

Akiyama, J., Hirata, K., Kobayashi, M. and Nakamura, G., Convex
Developments of a Regular Tetrahedron, Computational Geometry, 2006.
34(1): p.2-10.

Corbera, M. and Llibre, J., Central Configurations of Nested Rotated Regular
Tetrahedra, Journal of Geometry and Physics, 2009. 59(10): p. 1379-1394.

Li, W.-K. and Blinder, S.M., Variational Solution for Particle in a Regular
Tetrahedron, Chemical Physics Letters, 2010. 496 (4): p. 339-340.

Zhu, C., Central Configurations of Nested Regular Tetrahedrons, Journal of
Mathematical Analysis and Applications, 2005. 312(1): p. 83-92.

Hammond, C. and Hammond, C. (2009). The Basics of Crystallography and
Diffraction. Oxford: Oxford University Press: p.1-421.

Arillo, M.A., Lépez, M.L., Pico, C., Veiga, M.L., Jiménez-Lopez, A. and
Rodriguez-Castellon, E., Surface Characterisation of Spinels with Ti(IV)
Distributed in Tetrahedral and Octahedral Sites, Journal of Alloys and
Compounds, 2001. 317-318: p. 160-163.

Armstrong, R.J., Morrish, A.H. and Sawatzky, G.A., Mdossbauer Study of
Ferric lons in the Tetrahedral and Octahedral Sites of a Spinel, Physics
Letters, 1966. 23(7): p. 414-416.

Imran, M., Kim, D.H., Al-Masry, W.A., Mahmood, A., Hassan, A., Haider, S.
and Ramay, S.M., Manganese-, Cobalt-, and Zinc-Based Mixed-Oxide
Spinels as Novel Catalysts for the Chemical Recycling of Poly(ethylene
terephthalate) via Glycolysis, Polymer Degradation and Stability, 2013.
98(4): p. 904-915.

Klencsar, Z., Tolnai, G., Korecz, L., Sajo, I., Németh, P., Osan, J., Mészaros,
S. and Kuzmann, E., Cation Distribution and Related Properties of
MnyZn,«Fe,O4 Spinel Nanoparticles, Solid State Sciences, 2013. 24: p. 90-
100.

Uchino, K. 2000. Ferroelectric Devices. New York: Marcel Dekker:p 1-315.



54.

55.

56.

S7.

58.

59.

60.

61.

62.

63.

171

Sajjia, M., Oubaha, M., Hasanuzzaman, M. and Olabi, A.G., Developments
of Cobalt Ferrite Nanoparticles Prepared by the Sol-Gel Process, Ceramics
International, 2014. 40(1) part 1: p. 1147-1154.

Chen, D.-H. and He X.-R., Synthesis of Nickel Ferrite Nanoparticles by Sol-
Gel Method, Materials Research Bulletin, 2001.36: p. 1369-1377.

Pradhan, S.K., Bid, S., Gateshki, M. and Petkov, V., Microstructure
Characterization and Cation Distribution of Nanocrystalline Magnesium
Ferrite Prepared by Ball Milling, Materials Chemistry and Physics, 2005.93:
p. 224-230.

Atif, M., Nadeem, M., Grossinger, R. and Turtelli, R.S., Studies on the
Magnetic, Magnetostrictive and Electrical Properties of Sol-Gel Synthesized
Zn Doped Nickel Ferrite, Journal of Alloys and Compounds, 2011. 509: p.
5720-5724.

Zhang, J., Shi, J. and Gong, M., Synthesis of Magnetic Nickel Spinel Ferrite
Nanospheres by a Reverse Emulsion-Assisted Hydrothermal Process, Journal
of Solid State Chemistry, 2009.182: p. 2135-2140.

Ali, 1., Islam, M.U., Ishaque, M., Khan, H.M., Naeem, A. M. and Rana, M.U.,
Structural and Magnetic Properties of Holmium Substituted Cobalt Ferrites
Synthesized by Chemical Co-Precipitation Method, Journal of Magnetism
and Magnetic Materials, 2012. 324: p. 3773-3777.

Yousefi, M.H., Manouchehri, S., Arab, A., Mozaffari, M., Amiri, G.R. and
Amighian, J., Preparation of Cobalt-Zinc Ferrite (C0ggZng2Fe;04)
Nanopowder via Combustion Method and Investigation of its Magnetic
Properties, Materials Research Bulletin, 2010. 45: p. 1792-1795.

Gao, X., Du, Y., Liu, X., Xu, P. and Han, X., Synthesis and Characterization
of Co-Sn Substituted Barium Ferrite Particles by a Reverse Microemulsion
Technique, Materials Research Bulletin, 2011. 46: p. 643-648.

Kaiwen, Z., Ligin, Q., Xuehang, W., Wenwei, W., Yuexiao, S., Yulin, T. and
Jieyue, L., Structure and Magnetic Properties of Manganese—Nickel Ferrite
with Lithium Substitution, Ceramics International, 2015. 41: p. 1235-1241.
Balaji, S., Selvan, R. K., Berchmans, L. J., Angappan, S., Subramanian, K.
and Augustin, C.0., Combustion Synthesis and Characterization of Sn4+
Substituted Nanocrystalline NiFe204, Materials Science and Engineering: B,
2005.119: p. 119-124.



64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

172

Yamamoto, N., Yamashita, Y., Hosono, Y. and Itsumi, K., Electrical and
Physical Properties of Repoled PMN-PT Single-Crystal Sliver Transducer,
Sensors and Actuators A: Physical, 2013. 200: p.16-20.

Zhu, B.P., Wu, D.W., Zhang, Y., Ou-Yang, J., Chen, S. and Yang, X.F., Sol-
Gel Derived PMN-PT Thick Films for High Frequency Ultrasound Linear
Array Applications, Ceramics International, 2013. 39 (8): p. 8709-8714.
Brown, C.R., McCalla, E. and Dahn, J.R., Analysis of the Cubic Spinel
Region of the Li—-Co—Mn Oxide Pseudo-Ternary System, Solid State lonics,
2013. 253: p. 234-238.

Bammannavar, B.K. and Naik, L.R., Magnetic Properties and Magneto
Electric Effect in Ferroelectric Rich NigsZngsFe,04+BPZT ME Composites,
Journal of Magnetism and Magnetic Materials, 2009. 321(5): p. 382-387.
Chougule, S.S. and Chougule, B.K., Response of Dielectric Behavior and
Magnetoelectric Effect in Ferroelectric Rich (x) NiggZng1Fe 04+ (1-x) PZT
ME Composites, Journal of Alloys and Compounds, 2008. 456(1-2). p.441-
446.

Chougule, S.S. and Chougule, B.K., Response of Dielectric Behaviour on
Ferroelectric rich (y) NiggZno2Fe,04 + (1-y) PZT ME Composites, Materials
Chemistry and Physics, 2008. 108 (2-3): p. 408-412.

Rani, R., Juneja, J.K., Singh, S., Prakash, C. and Raina, K.K., Structural,
Electrical, Magnetic and Magnetoelectric Properties of Composites, Journal
of Magnetism and Magnetic Materials, 2013. 345 : p. 55-59.

Bammannavar, B.K., Chavan, G.N., Naik, L.R. and Chougule, B.K,
Magnetic Properties and Magnetoelectric (ME) Effect in Ferroelectric Rich
Nig2Cogg Fe 04 + PbZrggTig203 ME Composites, Materials Chemistry and
Physics, 2009. 117 (1): p. 46-50.

Jigajeni, S.R., Tarale, A.N., Salunkhe, D.J., Joshi, P.B. and Kulkarni, S.B.,
Dielectric, Magnetoelectric and Magnetodielectric Properties in CMFO-SBN
Composites, Ceramics International, 2013. 39 (3): p. 2331-2341.

Li, P., Wen, Y., Huang, X., Yang, J., Wen, J., Qiu, J., Zhu, Y. and Yu, M,
Wide-band  Width  High-Sensitivity =~ Magnetoelectric ~ Effect  of
Magnetostrictive/Piezoelectric Composites Under Adjustable Bias Voltage,
Sensors and Actuators A: Physical, 2013. 201: p. 164-171.



74.

75.

76.

77.

78.

79.

80.

81.

82.

173

Zhang, R.-F., Deng, C.-Y., Ren, L., Li, Z. and Zhou, J.-P., Dielectric,
Ferromagnetic and Maganetoelectric Properties of BaTiOs—Nig7ZngsFe;04
Composite Ceramics, Materials Research Bulletin, 2013. 48 (10): p. 4100-
4104.

Qi, X, Zhou, J., Li, B., Zhang, Y., Yue, Z., Gui, Z. and Li, L., Preparation
and Spontaneous Polarization—Magnetization of a New Ceramic
Ferroelectric—Ferromagnetic Composite, Journal of the American Ceramic
Society, 2004. 87 (10): p. 1848-1852.

Kalarickal, S.S., Ménard, D., Das, J., Patton, C. E., Zhang, X., Louise C. S.,
and Somnath S., Static and High Frequency Magnetic and Dielectric
Properties of Ferrite-Ferroelectric Composite Materials, Journal of Applied
Physics, 2006. 100 (8): p. 084905-084905.

Sun, R., Fang, B., Dong, X., Liu, J., Magnetoelectric and Electrical Properties
of  WOj3-doped(NigsZng 1Cug 1)Fe204/[Pb(NiyzNb23)O3—Pb(Zn13Nb,/3)O3—
PbTiO3] Composites, Journal of Materials Science, 2009. 44 (20): p. 5515-
5523.

Schwartz, AJ., Kumar, M., B.L and Adams, D.P. (2009). Electron
Backscatter Diffraction in Materials Science, Springer: p. 1-122.

Kambale, R.C., Shaikh, P.A., Kolekar, Y.D., Bhosale, C.H. and Rajpure,
K.Y., Studies on Dielectric and Magnetoelectric Behavior of 25% CMFO
Ferrite and 75% BZT Ferroelectric Multiferroic Magnetoelectric Composites,
Materials Letters, 2010. 64 (4): p. 520-523.

Devan, R.S. and Chougule, B.K., Magnetic Properties and Dielectric
Behavior in Ferrite/Ferroelectric Particulate Composites, Physica B:
Condensed Matter, 2007. 393 (1): p.161-166.

Kambale, R.C., Song , K.M. and Hur, N., Dielectric and Magnetoelectric
Properties of BaTiO3-CoMng,Fe;80, Particulate (0-3) Multiferroic
Composites, Current Applied Physics, 2013. 13 (3): p. 562-566.

Kulkarni, S.R., Kanamadi, C.M. and Chougule, B.K., Magnetic and
Dielectric Properties of NiggCog1Cug1Fe,0O4+PZT Composites, Journal of
Physics and Chemistry of Solids, 2006. 67 (8): p. 1607-1611.



83.

84.

85.

86.

87.

88.

89.

90.

91.

174

Lokare, S.A., Patil, D.R. and Chougule, B.K., Structural, Dielectric and
Magnetoelectric Effect in (x)BaTiOz + (1-X) Nig.93C00.02.MngosFe204 ME
Composites, Journal of Alloys and Compounds, 2008. 453 (1-2): p. 58-63.
Babu, S.N., Srinivas, K. and Bhimasankaram, T., Studies on Lead-Free
Multiferroic Magnetoelectric Composites, Journal of Magnetism and
Magnetic Materials, 2009. 321 (22): p. 3764-3770.

Devan, R.S., Deshpande, S.B. and Chougule, B.K., Ferroelectric and
Ferromagnetic Properties of ( x yBaTiOs+; - x )Niggs C0po1 Cuoos Fe20s
Composite, Journal of Physics D: Applied Physics, 2007. 40 (7): p. 1864-
1870.

Bammannavar, B.K., Naik, L.R. and Chougule, B.K., Studies on Dielectric
and Magnetic Properties of (x) Ni g2 Co gg Fe » O 4+ (1-x) Barium Lead
Zirconate Titanate Magnetoelectric Composites, Journal of Applied Physics,
2008. 104 (6): p. 064123-064123.

Babu, K.F., Senthilkumar, R., Noel, M. and Kulandainathan, M.A,,
Polypyrrole Microstructure Deposited by Chemical and Electrochemical
Methods on Cotton Fabrics, Synthetic Metals, 2009. 159 (13): p. 1353-1358.
Weiwei, L., Zhang, H., Yuanxun, L., Yunsong, X., He, Y., Peng, L., Feiming,
B., Electromagnetic Properties of Ferroelectric/Ferromagnetic Composite
Materials Base on Low Temperature Cofired Ceramic Technology, Journal of
Applied Physics, 2009. 105 (7): p. 07D911-907D911-913.

Qi, X., Zhou J., Baorang L., Yingchun Z., Zhenxing Y., Zhilun G. and
Longtu L., Preparation and Spontaneous Polarization—-Magnetization of a
New Ceramic Ferroelectric—-Ferromagnetic Composite, Journal of the
American Ceramic Society, 2004. 87(10): p. 1848-1852.

Bammannavar, B.K. and Naik, L.R., Study of Magnetic Properties and
Magnetoelectric Effect in (x) NigsZnosFe;Os+1-PZT Composites, Journal
of Magnetism and Magnetic Materials, 2012. 324 (6): p. 944-948.

Kuwahara, Y., Ueyama, M., Yagi, R., Koinuma, M., Ogata, T., Kim, S.,
Matsumoto, Y. and Kurihara, S., Enhancement of Alternating Current
Electroluminescence Properties by the Addition of Graphene Oxide
Nanosheets as Dielectric Materials, Materials Letters, 2013. 108: p. 308-310.



92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

175

Liang, J., Mok, AW.-k., Zhu ,Y. and Shi, J., Resonance Versus Linear
Responses to Alternating Electric Fields Induce Mechanistically Distinct
Mammalian Cell Death, Bioelectrochemistry, 2013. 94: p. 61-68.

Wang, Y., Li, L.T. and Gui, Z.L., Initial Dielectric Aging in a Lead
Magnesium Niobate Ceramic Under Strong Alternating Current Fields,
Materials Letters, 1998. 37 (1): p. 40-43.

Arlt. G. and Neumann, H., Internal Bias in Ferroelectric Ceramics: Origin and
Time Dependence, Ferroelectrics, 1988. 87: p. 109-120.

Bidault, O., Goux, P., Kchikech, M., Belkaoumi, M. and Maglione, M.,
Space-Charge Relaxation in Perovskites, Physical Review B, 1994. 49: p.
7868.

Tsangaris, G., Psarras, G. and Kouloumbi, N., Electric Modulus and
Interfacial Polarization in Composite Polymeric Systems, Journal of
Materials Science, 1998. 33: p. 2027-2037.

No, K., Berard, M.F., Electrical Switching of Two-Phase ZnO[JPrCoO3
Threshold Switching Materials, Journal of Solid State Chemistry, 1991. 90: p.
126-146.

Yu, Z. and Ang, C., Maxwell-Wagner Polarization in Ceramic Composites
BaTiO 3—(Ni 0.3 Zn 0.7) Fe 2.1 O 4, Journal of Applied Physics, 2002. 91: p.
794-797.

Ati, A.A., Othaman, Z. and Samavati, A., Influence of Cobalt on Structural
and Magnetic Properties of Nickel Ferrite Nanoparticles, Journal of
Molecular Structure, 2013. 1052: p. 177-182.

Zak, A. K., Majid, W.H. A., Abrishami, M.E. and Yousefi, R., X-ray analysis
of ZnO Nanoparticles by Williamson—Hall and Size-Strain Plot Methods,
Solid State Sciences, 2011. 13 (1): p. 251-256.

Ungar, T., Characterization of Nanocrystalline Materials by X-ray Line
Profile Analysis, Journal of Materials Science, 2007. 42: p. 1584-1593.
Balzar, D., Ledbetter, H., Voigt-Function Modeling in Fourier Analysis of
Size-and Strain-Broadened X-ray Diffraction Peaks, Journal of Applied
Crystallography, 1993. 26: p. 97-103.

Zhang, J.-M., Zhang, Y., Xu, K.-W. and Ji, V., General Compliance
Transformation Relation and Applications for Anisotropic Hexagonal Metals,
Solid State Communications, 2006.139: p. 87-91.



104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

176

Shaikh, P.A. and Kolekar, Y.D., Study of Microstructural, Electrical and
Dielectric Properties of Perovskite (0.7) PMN- (0.3) PT Ferroelectric at
Different Sintering Temperatures, Journal of Analytical and Applied
Pyrolysis, 2012, 93: p. 41-46.

Duong, G.V., Groessinger, R. and Turtelli, R. S., Driving Mechanism for
Magnetoelectric Effect in CoFe,O,—BaTiO3 Multiferroic Composite, Journal
of Magnetism and Magnetic Materials, 2007. 310 (2): p. 1157-1159.

Kulawik, J., Szwagierczak, D. and Guzdek, P., Magnetic, Magnetoelectric
and Dielectric Behavior of CoFe,Os,—Pb(Fei>Nby;)O3 Particulate and
Layered Composites, Journal of Magnetism and Magnetic Materials, 2012.
324 (19): p. 3052-3057.

Mahajan, R. P., Patankar, K. K., Kothale, M. B. and Patil S. A. Conductivity,
Dielectric Behaviour and Magnetoelectric Effect in Copper Ferrite-Barium
Titanate Composites. Bulletin of Materials Science, 2000. 23 (4): p. 273-279.
Kanamadi, C. M., Pujari, L. B. and Chougule, B. K. Dielectric Behaviour and
Magnetoelectric Effect in (X) NigpgCup2Fe,04+ (1-X) BaggPbo1TioeZro103
ME Composites. Journal of Magnetism and Magnetic Materials, 2005. 295:
p. 139-144.

Zhang, H. and Mak, C-L., Impedance spectroscopic characterization of fine-
grained  magnetoelectric  Pb(Zros3Tig.47)O3—(NigsZngs)Fe,O4  Ceramic
Composites, Journal of Alloys and Compounds, 2012. 513: p. 165-171.

Ali, R., Mahmood, A., Khan, M.A., Chughtai, A.H., Shahid, M., Shakir, I.
and Warsi, M.F., Impacts of Ni-Co Substitution on the Structural, Magnetic
and Dielectric Properties of magnesium nano-ferrites fabricated by Micro-
Emulsion Method, Journal of Alloys and Compounds, 2014. 584: p. 363-368.
Amer, M.A., Tawfik, A., Mostafa, A.G., El-Shora, A.F. and Zaki, S.M.,
Spectral Studies of Co Substituted Ni—Zn Ferrites, Journal of Magnetism and
Magnetic Materials, 2011. 323 (11): p. 1445-1452.

Ati, A.A., Othaman, Z., Samavati, A. and Doust, F.Y., Structural and
Magnetic Properties of Co—Al Substituted Ni Ferrites Synthesized by Co-
Precipitation Method, Journal of Molecular Structure, 2014.1058 : p. 136-
141.

Sartale, S.D., Bagde, G.D., Lokhande, C.D. and Giersig, M., Room

Temperature Synthesis of Nanocrystalline Ferrite (MFe;O4, M = Cu, Co and



114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

177

Ni) Thin Films Using Novel Electrochemical Route, Applied Surface Science,
2001. 182 (3-4): p. 366-371.

Sutka, A., Strikis, G., Mezinskis, G., Lusis, A., Zavickis, J., Kleperis, J. and
Jakovlevs, D., Properties of Ni-Zn Ferrite Thin Films Deposited Using Spray
Pyrolysis, Thin Solid Films, 2012. 526: p. 65-69.

Atif, M., Turtelli, R. S., Grossinger, R., Siddique, M. and Nadeem, M., Effect
of Mn Substitution on the Cation Distribution and Temperature Dependence
of Magnetic Anisotropy Constant in Co;—MnsFe,O,4 (0.0<x<0.4) Ferrites,
Ceramics International, 2014. 40(1): p. 471-478.

Goto, Y. and Kachi, S., Studies on the Mechanism of Electric Conduction in
Fe-doped BaTiOs; Single Crystals by Applying Kerr Effect, Journal of
Physics and Chemistry of Solids, 1971.32 (4): p. 889-895.

Cheng, C.H., Chen, S.C., Young, S\W., Su, Y.R. and Lin, Y.C., Effect of
Poling Conditions on Out-of-Plane Displacement for a Shear Mode PZT
Actuator, Sensors and Actuators A: Physical, 2006. 126 (2): p. 386-395.
Kadam, S.L., Kanamadi, C.M., Patankar, K.K. and Chougule, B.K,
Dielectric Behaviour and Magnetoelectric Effect in
Nip5C0gsFe,04+Bag sPhy,TiO3 ME composites, Materials Letters, 2005. 59
(2-3): p. 215-219.

Babu, S. N., Suryanarayana, S.V. and Bhimasankaram, T., Magnetic and
Magnetoelectric Characterization of Nig.g3C0002MngsFe19s04 and PZT
Composites, Journal of Alloys and Compounds, 2009. 473 (1-2): p. 418-422.
Brunckova, H., Medvecky, L. And Mihalik, J., Effect of Sintering Conditions
on the Pyrochlore Phase Content in PMN-PFN Ceramics Prepared by Sol-
Gel Process, Journal of the European Ceramic Society, 2008, 28: p. 123-131.
Ryu, J., Carazo, A. V., Uchino, K. and Kim, H. E., Piezoelectric and
Magnetoelectric Properties of Lead Zirconate Titanate/Ni-Ferrite Particulate
Composites, Journal of Electroceramics, 2001. 7 (1): p. 17-24.

Costa, A.L., Galassi, C., Fabbri, G., Roncari, E. and Capiani, C., Pyrochlore
Phase and Microstructure Development in Lead Magnesium Niobate
Materials, Journal of the European Ceramic Society, 2001.21: p. 1165-1170.
Yamaura, J. I., Yonezawa, S., Muraoka, Y. and Hiroi, Z., Crystal Structure of
the Pyrochlore Oxide Superconductor KOs,Og, Journal of Solid State
Chemistry, 2006. 179: p. 336-340.



124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

178

Sutka, A., Parna, R., Mezinskis, G. and Kisand, V., Effects of Co lon
Addition and Annealing Conditions on Nickel Ferrite Gas Response, Sensors
and Actuators B: Chemical, 2014. 192: p. 173-180.

Gawas, U.B., Verenkar, V.M.S., Barman , S.R., Meena, S.S. and Bhatt, P.,
Synthesis of Nanosize and Sintered Mng3Nig3Zng4Fe;0,4 Ferrite and Their
Structural and Dielectric Studies, Journal of Alloys and Compounds, 2013.
555: p. 225-231.

Igbal, M.J. and Farooq, S., Effect of Doping of Divalent and Trivalent Metal
lons on the Structural and Electrical Properties of Magnesium Aluminate,
Materials Science and Engineering: B, 2007. 136 (2): p. 140-147.

Gabal, M.A. and Ata-Allah, S.S., Effect of Diamagnetic Substitution on the
Structural, Electrical and Magnetic Properties of CoFe,O4, Materials
Chemistry and Physics, 2004. 85 (1): p. 104-112.

Denton, A.R. and Ashcroft, N.W., Vegard’s law, Physical Review A, 1991.
43: p.3161-3164.

Pillai, V. and Shah, D., Synthesis of High-Coercivity Cobalt Ferrite Particles
Using Water-in-Oil Microemulsions, Journal of Magnetism and Magnetic
Materials, 1996.163 :p. 243-248.

Tang, Z.X., Sorensen, C.M., Klabunde, K.J. and Hadjipanayis, G.C.,
Preparation of Manganese Ferrite Fine Particles from Aqueous Solution,
Journal of Colloid and Interface Science, 1991.146: p. 38-52.

Raut, A.V., Barkule, R.S., Shengule, D.R. and Jadhav, K.M., Synthesis,
Structural Investigation and Magnetic Properties of Zn®* Substituted Cobalt
Ferrite Nanoparticles Prepared by the Sol-Gel Auto-Combustion Technique,
Journal of Magnetism and Magnetic Materials, 2014.358-359:p. 87-92.
Wang, Z., Wu, M., Jin, S., Li, G., Ma, Y., Wang, P., NizZn Ferrite Octahedral
Nanoparticles with High Microwave Permeability and High Magnetic Loss
Tangent, Journal of Magnetism and Magnetic Materials, 2013. 344: p. 101-
104.

Arulmurugan, R., Jeyadevan, B., Vaidyanathan, G. and Sendhilnathan, S.,
Effect of Zinc Substitution on Co-Zn and Mn-Zn Ferrite Nanoparticles
Prepared by Co-Precipitation, Journal of Magnetism and Magnetic Materials,
2005. 288: p. 470- 477,



134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

179

Sharifi, 1. and Shokrollahi H., Structural, Magnetic and Mdéssbauer Evaluation
of Mn substituted Co—Zn ferrite nanoparticles synthesized by Co-
Precipitation, Journal of Magnetism and Magnetic Materials, 2013.334: p.
36-40.

Venkataraju, C., Sathishkumar, G. and Sivakumar, K., Effect of cation
Distribution on the Structural and Magnetic Properties of Nickel Substituted
Nanosized Mn-Zn Ferrites Prepared by Co-Precipitation Method, Journal of
Magnetism and Magnetic Materials, 2010. 322 (2): p. 230-233.

Zhang, C.F., Zhong, X.C., Yu, H.Y., Liu, ZW. and Zeng, D.C., Effects of
Cobalt Doping on the Microstructure and Magnetic Properties of Mn-Zn
Ferrites Prepared by the Co-Precipitation Method, Physica B: Condensed
Matter, 2009. 404 (16): p. 2327-2331.

Singh, A.K., Dhananjai Pandey, Evidence for M_ {B} and M_ {C} Phases in
the Morphotropic Phase Boundary Region of (1-x)[Pb (Mg{1/3} Nb{2/3})
O_ {3}]-xPbTiO{3}: A Rietveld study, Physical Review B, 67 (2003)
064102-064107.

Li, J.M., Li, G.Z., Bai, Z.H., Wang, L.L., Feng, M. and Li, H.B., Effects of
Mg Doping on Multiferroic Properties of Bilayered Co;—x\MgxFe,O4/PMN-PT
Composite Thin Films, Ceramics International, 2014. 40 (1): p. 1933-1937.
Lokare, S.A., Patil, D.R., Devan, R.S., Chougule, S.S., Kolekar, Y.D.,
Chougule, B.K., Electrical Conduction, Dielectric Behavior and
Magnetoelectric  Effect in  (x)BaTiO3&Nigg4C0p01MngosFe, 0, ME
Composites, Materials Research Bulletin, 2008. 43(2): p. 326-332.

Singha, K. and Quazib, T., Preparation and Characterization of Perovskite
PMN [Pb (Mgl/3Nb2/3) O3], Indian Journal of Engineering & Materials
Sciences, 2008.15: p.176-180.

Moisin, A., Dumitru, A., Pasuk, I. and Stoian, G., Structural Investigation of
PbMgy/3Nby/3-PbTiO3 System, Journal of Optoelectronics and Advanced
Materials, 2006.8: p. 555-557.

Ananta, S. and Thomas, N.W., Relationships Between Sintering Conditions,
Microstructure and Dielectric Properties of Lead Iron Niobate, Journal of the
European Ceramic Society, 1999. 19: p. 1873-1881.

Wan, J.G.,Wang, X.W., Wu, Y.J., Zeng, M., Wang, Y., Jiang, H., Zhou, W.
Q., Wang, G. H. and Liu, J-M., Magnetoelectric CoFe,O,—Pb(Zr,Ti)Os



144,

145.

146.

147.

148.

149.

150.

151.

152.

153.

180

Composite Thin Films Derived by a Sol-Gel Process, Applied Physics Letters,
2005. 86 (12): p. 122501-1-122501-3.

Waldron, R.D., Infrared Spectra of Ferrites, Physical Review, 1955. 99: p.
1727-1735

Kulal, S.R., Khetre, S.S., Jagdale, P.N., Gurame, V.M., Waghmode, D.P.,
Kolekar, G.B., Sabale, S.R. and Bamane, S.R., Synthesis of Dy Doped Co-Zn
Ferrite by Sol-Gel Auto Combustion Method and its Characterization,
Materials Letters, 2012. 84: p. 169-172.

Ghatage, S.C.C. A. K. and Patil, S. A., X-ray, Infrared and Magnetic Studies
of Chromium Substituted Nickel Ferrite, Journal of Materials Science
Letters, 1996. 15 (17): p. 1548-1550

Hashim, M., Alimuddin, Kumar, S., Shirsath, S.E., Kotnala, R.K., Shah, J.
and Kumar, R., Synthesis and Characterizations of Ni** Substituted Cobalt
Ferrite Nanoparticles, Materials Chemistry and Physics, 2013.139 (2-3): p.
364-374.

Snyder, R.G., Hsu, S.L. and Krimm, S., Vibrational spectra in the CJH
Stretching Region and the Structure of the Polymethylene Chain,
Spectrochimica Acta Part A: Molecular Spectroscopy, 1978. 34 (4): p. 395-
406.

Ati, A.A., Othaman, Z. and Samavati, A., Influence of Cobalt on Structural
and Magnetic Properties of Nickel Ferrite Nanoparticles, Journal of
Molecular Structure, 2013. 1052: p. 177-182.

Kiat, J.-M., Uesu, Y., Dkhil, B., Matsuda, M., Malibert, C. and Calvarin, G.,
Monoclinic Structure of Unpoled Morphotropic High Piezoelectric PMN-PT
and PZN-PT Compounds, Physical Review B, 2002.65: p. 064106.

Perry, C., Khanna, B. and Rupprecht, G., Infrared Studies of Perovskite
Titanates, Physical Review, 1964. 135 (2A): p. A408-A412,

Ashig, M.N., Saleem, S., Malana, M.A., Ur, R. A., Physical, Electrical and
Magnetic Properties of Nanocrystalline Zr—Ni doped Mn-ferrite Synthesized
by the Co-Precipitation Method, Journal of Alloys and Compounds, 20009.
486 (1): p. 640-644.

Ashig, M.N., Naz, F., Malana, M.A., Gohar, R.S. and Ahmad, Z., Role of

Co—Cr Substitution on the Structural, Electrical and Magnetic Properties of



154.

155.

156.

157.

158.

159.

160.

161.

162.

181

Nickel Nano-Ferrites Synthesized by the Chemical Co-Precipitation Method,
Materials Research Bulletin, 2012. 47 (1): p. 683-686.

Gul, I.LH. and Pervaiz, E., Comparative study of NiFe,—xAlO, ferrite
Nanoparticles Synthesized by Chemical Co-Precipitation and Sol-Gel
Combustion Techniques, Materials Research Bulletin, 2012. 47(6): p. 1353-
1361.

Gul, L.H., Magsood, A., Naeem, M. and Ashig, M.N., Optical, Magnetic and
Electrical Investigation of cobalt ferrite nanoparticles synthesized by Co-
Precipitation Route, Journal of Alloys and Compounds, 2010. 507 (1): p. 201-
206.

Hsu, W.-C., Chen, S.C., Kuo, P.C., Lie, C.T. and Tsai, W.S., Preparation of
NiCuZn Ferrite Nanoparticles from Chemical Co-Precipitation Method and
the Magnetic Properties After Sintering, Materials Science and Engineering:
B, 2004. 111 (2): p. 142-149.

Rahman, S., Nadeem, K., Anis-ur-Rehman, M., Mumtaz, M., Naeem, S. and
Letofsky-Papst, 1., Structural and Magnetic Properties of ZnMg-ferrite
Nanoparticles Prepared Using the Co-Precipitation Method, Ceramics
International, 2013. 39 (5): p. 5235-5239.

Zhang, Y., Yang, Z., Yin, D., Liu, Fei, Y., C., Xiong, R., Shi, J. and Yan, G.,
Composition and Magnetic Properties of Cobalt Ferrite Nano-Particles
Prepared by the Co-Precipitation Method, Journal of Magnetism and
Magnetic Materials, 2010. 322 (21): 3470-3475.

Suzuki, K., Namikawa, T. and Yamazaki, Y., Preparation of Zinc-and
Aluminum-Substituted Cobalt-Ferrite Thin Films and their Faraday Rotation,
Japanese Journal of Applied Physics, 1988. 27: p. 361-365.

Singhal, S., Namgyal, T., Bansal, S. and Chandra, K., Effect of Zn
Substitution on the magnetic properties of Cobalt Ferrite Nano Particles
Prepared via Sol-Gel Route, Journal of Electromagnetic Analysis and
Applications, 2010. 2: p. 376-381

Newnham, R.E., Skinner, D.P. and Cross, L.E., Connectivity and
Piezoelectric-Pyroelectric Composites, Materials Research Bulletin, 1978.13:
p. 525-536.

Safari, A., Development of Piezoelectric Composites for Transducers,
Journal de Physique 111, 1994. 4: p. 1129-1149.



163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

182

Yamada, T. and Ueda, T., T. Kitayama, Piezoelectricity of a High-Content
Lead Zirconate Titanate/Polymer Composite, Journal of Applied Physics,
1982.53:p. 4328-4332.

Badcock, R. and Birt, E., The Use of 0-3 Piezocomposite Embedded Lamb
Wave Sensors for Detection of Damage in Advanced Fibre Composites,
Smart Materials and Structures, 2000.9: p. 291-297.

Purcell, E.M. and Morin, D.J 2013. Electricity and Magnetism, Cambridge
University Press: p. 1-841

Koops, C., On the Dispersion of Resistivity and Dielectric Constant of Some
Semiconductors at Audiofrequencies, Physical Review, 1951. 83 (1):p. 121-
124,

Srinivas, K., Sarah, P. and Suryanarayana, S., Impedance Spectroscopy Study
of Polycrystalline BigFe,TizO15, Bulletin of Materials Science,
2003.26(2):p.247-253.

Tang, Y.H., Chen, X.M., Li, Y.J. and Zheng, X.H., Dielectric and
Magnetoelectric ~ Characterization  of  CoFe;04/Bags55Sr0.25Cap2Nb,Og
Composites, Materials Science and Engineering: B, 2005. 116 (2): p. 150-
155.

Viswanathan, B. and Murthy,V. 1990. Ferrite Materials: Science and
Technology, New Delhi: Narosa Publishing House:p. 1-201.

Austin, I. and Mott, N.F., Polarons in Crystalline and Non-Crystalline
Materials, Advances in Physics, 1969. 18 (71): p. 41-102.

Seitz, F., Turnbull, D., Ehrenreich, H. 1968. Solid State Physics (2" ed),
Academic Press Elsevier: p. 1-857.

Adler, D.B. and Adler, F.T., Uniqueness of R-matrix Parameters in the
Analysis of Low-Energy Neutron Cross Sections of Fissile Nuclei, Physical
Review C, 1972. 6 (3): p. 986-1001.

Capone, M., Stephan, W. and Grilli, M., Small-Polaron Formation and
Optical Absorption in Su-Schrieffer-Heeger and Holstein Models, Physical
Review B, 1997. 56:p 4484-4493.

Yamaguchi, O., Morimi, M., Kawabata, H. and Shimizu, K., Formation and
Transformation of ZnTiOs, Journal of the American Ceramic Society, 1987.
70 (5): p. C-97-C-98.



175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

185.

183

Hoque, S.M., Choudhury, M.A. and Islam, M.F., Characterization of Ni—-Cu
Mixed Spinel Ferrite, Journal of Magnetism and Magnetic Materials, 2002.
251 (3): p. 292-303.

Murthy, V. and Sobhanadri, J., Electrical Conductivity of Some Nickel-Zinc
Ferrites, Physica Status Solidi (a), 1976. 38 (2): p. 647-651.

Farea, A.M.M., Kumar, S., Batoo, K.M., Yousef, A. and Lee, C.G,
Alimuddin, Influence of the Doping of Ti** lons on Electrical and Magnetic
Properties of Mni.x Fe, o« Tix Oy ferrite, Journal of Alloys and Compounds,
2009. 469:p. 451-457.

Gul, 1.H. and Magsood, A., Structural, Magnetic and Electrical Properties of
Cobalt Ferrites Prepared by the Sol-Gel Route, Journal of Alloys and
Compounds, 2008.465: p. 227-231.

Mishra, S., Kundu, T.K., Barick, K.C., Bahadur, D. and Chakravorty, D.,
Preparation of Nanocrystalline MnFe,O,4 by Doping with Ti** lons Using
Solid-State Reaction Route, Journal of Magnetism and Magnetic Materials,
2006.307:p. 222-226.

Kadam, A.A., Shinde, S.S., Yadav, S.P., Patil, P.S. and Rajpure, K.Y,
Structural, Morphological, Electrical and Magnetic Properties of Dy Doped
Ni—Co Substitutional Spinel Ferrite, Journal of Magnetism and Magnetic
Materials, 2013.329:p. 59-64.

Abdeen, A.M. Electric Conduction in Ni—Zn ferrites, Journal of Magnetism
and Magnetic Materials, 1998. 185 (2): p. 199-206.

Reddy, A.V. R., Mohan, G. R., Boyanov, B.S. and Ravinder, D., Electrical
Transport Properties of Zinc-Substituted Cobalt Ferrites, Materials Letters,
1999. 39 (3): p. 153-165.

Panofsky, W. K. H, Phillips, M., and Jauch, J. M. Classical Electricity and
Magnetism, American Journal of Physics 1956. 24 (5): p. 416-417.

Jonker, G., Some Aspects of Semiconducting Barium Titanate, Solid-State
Electronics, 1964. 7 (12): p. 895-903.

James, A., Subrahmanyam, J. and Yadav, K., Structural and Electrical
Properties of Nanocrystalline PLZT Ceramics Synthesized via
Mechanochemical Processing, Journal of Physics D: Applied Physics, 2006.
39 (10): p. 2259-2263.



186.

187.

188.

189.

190.

191.

192.

193.

194.

195.

196.

197.

198.

199.

184

Koops, C.G., On the Dispersion of resistivity and dielectric constant of Some
Semiconductors at Audiofrequencies, Physical Review, 1951. 83 (1): p. 121-
125.

Upadhyay, S., Kumar, D. and Parkask, O.M., Effect of Compositiona
Variation on Dielectric and Electrical Properties of Sri.xLaxTi;xC0xO3
system, Bulletin of Materials Science, 1996. 19 (3): p. 513-517.

Patankar, K.K., Joshi, S. S. and Chougule, B. K, Dielectric Behaviour in
Magnetoelectric Composites, Physics Letters A, 2005. 346 (5): p. 337-341.
Bellad S.S. and Chougule, B.K., Composition and Frequency Dependent
Dielectric Properties of Li-Mg-Ti Ferrites, Materials Chemistry and Physics,
2000.66: p. 58-63.

Shaikh, A.M., Bellad, S.S. and Chougule, B.K., Temperature and Frequency-
Dependent Dielectric Properties of Zn Substituted Li—Mg Ferrites, Journal of
Magnetism and Magnetic Materials, 1999.195:p. 384-390.

Shinde, S.S. and Jadhav, K.M., Electrical and Dielectric Properties of Silicon
Substituted Cobalt Ferrites, Materials Letters, 1998.37: p. 63-67.

Pollak, M., A Percolation Treatment of DC Hopping Conduction, Journal of
Non-Crystalline Solids, 1972. 11 (1): p. 1-24.

Pollak, M. and Geballe, T. H, Low-Frequency Conductivity Due to Hopping
Processes in silicon, Physical Review, 1961. 122 (6): p. 1742-1753.

Pollak, M. and Pike, G. E., AC Conductivity of Glasses, Physical Review
Letters, 1972. 28 (22): p. 1449-1451.

Elliott, S.R., Temperature Dependence of AC Conductivity of Chalcogenide
Glasses, Philosophical Magazine B, 1978. 37 (5): p. 553-560.

Elliot, S.R., AC Conductivity Due to Intimate Pairs of Charged Defect
Centres, Solid State Communications, 1978. 27 (8): p. 749-751.

Shimakawa, K., On the Temperature Dependence of AC Conduction in
Chalcogenide Glasses, Philosophical Magazine B, 1982. 46 (2): p. 123-135.
Srinivas, K., Prasad, G., Bhimasankaram, T. and Suryanarayana, S.,
Electromechanical ~ Coefficients of  Magnetoelectric PZT-CoFe,0,4
Composite, Modern Physics Letters B, 2000.14 (17n18): p. 663-674.

Austin, 1.G. and Mott, N. F., Polarons in Crystalline and Non-Crystalline
Materials, Advances in Physics, 1996. 18 (71): p. 41-102.



200.

201.

202.

203.

204.

205.

206.

207.

208.

209.

210.

185

Adler, D. and Feinleib, J., Electrical and Optical Properties of Narrow-Band
Materials, Physical Review B, 1970. 2 (8): p. 3112-3134.

Yoon, S., Liu, H., Schollerer, G., Cooper, S., Han, P., Payne, D., Cheong, S.-
W. and Fisk, Z., Raman and Optical Spectroscopic Studies of Small-to-Large
Polaron Crossover in the Perovskite Manganese Oxides, Physical Review B,
1998.58: p. 2795-2801.

Das, A. and Sil, S., A Study of the Polaronic Band Width and the Small-to-
Large-Polaron Transition in a Many-Polaron System, Journal of Physics:
Condensed Matter, 5 (1993) 8265-8276.

Emin, D., Optical Properties of Large and Small Polarons and Bipolarons,
Physical Review B, 1993.48: p. 13691-13702.

Holstein, T., Studies of Polaron Motion: Part . The Molecular-Crystal
Model, Annals of Physics, 1959.8: p. 325-342.

Pilgrim, S.M., Sutherland, A. E. and Winzer, S. R, Diffuseness as a Useful
Parameter for Relaxor Ceramics, Journal of the American Ceramic Society,
1990. 73 (10): p. 3122-3125.

Haertling, G.H., Ferroelectric Ceramics: History and Technology, Journal of
the American Ceramic Society, 1999. 82 (4): p. 797-818.

Kale, A., Gubbala, S. and Misra, R.D.K., Magnetic Behavior of
Nanocrystalline Nickel Ferrite Synthesized by the Reverse Micelle
Technique, Journal of Magnetism and Magnetic Materials, 2004. 277 (3): p.
350-358.

Sertkol, M., Kdseoglu, Y., Baykal, A., Kavas, H., Toprak, M.S., Synthesis
and Magnetic Characterization of ZngsNig3Fe,04 Nanoparticles via
Microwave-Assisted Combustion Route, Journal of Magnetism and Magnetic
Materials, 2010. 322 (7): p. 866-871.

Manova, E., Tsoncheva, T., Estournés, C., Paneva, D., Tenchev, K., Mitov, I.
and Petrov L., Nanosized Iron and Iron—-Cobalt Spinel Oxides as Catalysts for
Methanol Decomposition, Applied Catalysis A: General, 2006. 300 (2): p.
170-180.

Li, G.y., Jiang, Y.r.,, Huang, K.l., Ding, P. and Chen, J., Preparation and
Properties of Magnetic Fe;O,—Chitosan Nanoparticles, Journal of Alloys and
Compounds, 2008. 466 (1): p. 451-456.



211.

212.

213.

214.

215.

216.

217.

218.

219.

220.

221.

186

Chen, L., Yuan, Y., Peng, H., Lu, X. and Luo, Z., The production of flower-
like NiFe,O,4 Superstructures Consisting of Nanosheets via the Thermolysis
of a Heterometallic Oxo-Centered Trinuclear Complex, Materials Letters,
2012. 67 (1): p. 311-314.

Ju, Y. W, Park, J. H., Jung, H.R., Cho, S. J. and Lee, W. J., Fabrication and
Characterization of Cobalt Ferrite (CoFe,O,4) Nanofibers by Electrospinning,
Materials Science and Engineering: B, 2008. 147 (1): p. 7-12.

Nguyen, K. D. and Nguyen, H. T., The Effect of Cobalt Substitution on
Structure and Magnetic Properties of Nickel Ferrite, VNU Journal of Science,
Mathematics - Physics, 2009. 25: p. 153-159.

Pillai, V. and Shah, D.O., Synthesis of High-Coercivity Cobalt Ferrite
Particles using Water-in-Oil Microemulsions, Journal of Magnetism and
Magnetic Materials, 1996. 163 (1): p. 243-248.

Pradeep, A., Priyadharsini, P. and Chandrasekaran, G., Production of Single
Phase Nano Size NiFe,O, Particles Using Sol-Gel Auto Combustion Route
by Optimizing the Preparation Conditions, Materials Chemistry and Physics,
2008. 112 (2): p. 572-576.

Alarifi, A., Deraz, N.M. and Shaban, S., Structural, Morphological and
Magnetic Properties of NiFe204 Nano-Particles, Journal of Alloys and
Compounds, 2009. 486(1): p. 501-506.

Zhang, X. h., Hu, P., Han, J. c., Xu, L. and Meng, S. h., The Addition of
Lanthanum Hexaboride to Zirconium Diboride for Improved Oxidation
Resistance, Scripta Materialia, 2007. 57 (11): p. 1036-1039.

Boomgaard, J. and Born, R.A.J., A Sintered Magnetoelectric Composite
Material BaTiO3-Ni(Co, Mn) Fe,Q,4, Journal of Materials Science, 1978.
13(7): p. 1538-1548.

Ryu, J., Priya, S., Uchino, K. and Kim, H. E., Magnetoelectric Effect in
Composites of Magnetostrictive and Piezoelectric Materials, Journal of
Electroceramics, 2002, 8(2): p. 107-119.

Sharma, A., Kotnala, R.K., Negi, N.S., Observation of Multiferroic Properties
and Magnetoelectric Effect in (X)CoFe,04—(1-X)Pbo;Cap3TiO3 Composites,
Journal of Alloys and Compounds, 2014. 582: p. 628-634.

Devan, R., Kanamadi, C., Lokare, S. and Chougule, B., Electrical Properties

and Magnetoelectric Effect Measurement in (x) NiggCug2Fe,O4+(1— x) Bag,



222.

223.

224.

225.

226.

227.

228.

229.

187

oPbo. 1 Tio, 9Zro. 103 Composites, Smart Materials and Structures, 2006.15: p.
1877-1881.

Bammannavar, B.K., Naik, L.R., Pujar, R.B., Chougule, B.K., Resistivity
Dependent Magnetoelectric Characterization of (X)Nig2CoggFe,O4+(1-
X)Bap gPbo 2ZrosTig203 composites, Journal of Alloys and Compounds,
2009.477:p. L4-L7.

Shelar, M.B., Jadhav, P.A., Chougule, B.K. and Puri, V.R., Structural and
Dielectric Behavior of yNi;CdxFe;O, + (1 — y)BaggSro2TiO3
Magnetoelectric Composites Prepared Through SHS Route, Int. J Self-
Propag. High-Temp. Synth., 2010.19(2): p. 102-1009.

Ciomaga, C.E., Airimioaei, M., Nica, V., Hrib, L.M., Caltun, O.F., lordan,
AR., Galassi, C., Mitoseriu, L. and Palamaru, M.N., Preparation and
Magnetoelectric Properties of NiFe,0,—PZT Composites Obtained In-Situ by
Gel-Combustion Method, Journal of the European Ceramic Society, 2012. 32
(12): p. 3325-3337

Bammannavar, B. K., and Naik, L. R., Study of Magnetic Properties and
Magnetoelectric Effect in (x) Ni0.5Zn0.5Fe204+(1-x) PZT Composites,
Journal of Magnetism and Magnetic Materials, 2012. 324 (6): p. 944-948.
Srinivasan, G., Laletsin, V.M., Hayes, R., Puddubnaya, N., Rasmussen, E.T.
and Fekel, D.J., Giant magnetoelectric effects in layered composites of Nickel
Zinc Ferrite and Lead Zirconate Titanate, Solid State Communications, 2002.
124 (10): p. 373-378.

Srinivasan, G., Rasmussen, E. T., Gallegos, J., Srinivasan, R., Bokhan, Y. I.,
Laletin, V. M., Magnetoelectric Bilayer and Multilayer Structures of
Magnetostrictive and Piezoelectric Oxides, Physical Review B, 2001. 64 (21):
p. 214408.

Gupta, A. and Chatterjee, R., Dielectric and Magnetoelectric Properties of
BaTiO3—-Cog gZNng.4Fe17Mng 304 Composite, Journal of the European Ceramic
Society, 2013. 33(5): p. 1017-1022.

Agrawal, S., Jiping C., Ruyan G., Amar S. B., Rashed A. I. and Shashank ,P.,
Magnetoelectric Properties of Microwave Sintered Particulate Composites,
Materials Letters, 2009. 63 (26): p. 2198-2200.



230.

231.

232.

233.

234.

235.

236.

237.

238.

239.

188

Pham-Thi, M., Augier, C., Dammak, H. and Gaucher, P., Fine Grains
Ceramics of PIN-PT, PIN-PMN-PT and PMN-PT Systems: Drift of the
Dielectric Constant Under High Electric Field, Ultrasonics, 2006. 44: p.
e627-e631.

Hanumaiah, A., Bhimasankaram, T., Suryanarayana, S. V. and Kumar, G. S,
Dielectric Behaviour and Magnetoelectric Effect in Cobalt Ferrite-Barium
Titanate Composites. Bulletin of Materials Science, 1994. 17(4): p. 405-409.
Mo, H.-L., Jiang, D.-M., Wang, C.-M., Zhang, W.-G. and Jiang, J.-S.,
Magnetic, Dielectric and Magnetoelectric Properties of CoFe,04—
Bip gsLao 15FeO3 Multiferroic Composites, Journal of Alloys and Compounds,
2013.579: p. 187-191.

Bokov, A.A. and Ye, Z.G., Phenomenological Description of Dielectric
Permittivity Peak in Relaxor Ferroelectrics, Solid State Communications,
2000. 116(2): p. 105-108.

Zhang, H.-f., Or, SW. and Chan, H.L.W., Electrical, Magnetic, and
Magnetoelectric  Characterization of Fine-Grained Pb(Zros3Tig47)03—
(NigsZngs)Fe,O4 Composite Ceramics, Journal of Alloys and Compounds,
2011. 509(21): p. 6311-6316.

Prasad, K., Choudhary, R.N.P., Choudhary, S.N. and Sati, R., On the
Structural and Electrical Properties of Modified PbTiO3; Ceramics, Bulletin of
Materials Science, 1996.19 (3): p. 505-512.

Reddy, N.R., Rajagopal, E., Sivakumar, K.V., Patankar, K.K., Murthy,
V.R.K., Effect of Temperature on the Elastic and Anelastic Behaviour of
Magneto-Ferroelectric Composites Bag gPbo 2 TiO3+Nig.g3C00.02Mng0sF€1.9504-
s in the Ferroelectric Rich Region, Journal of Electroceramics, 2003. 11(3):
p. 167-172.

Hench, L.L. and West, J.K. 1990. Principles of electronic ceramics. New
York: John Wiley: p. 1-546.

Viswanathana, M.V.R.K.B 1990. Ferrite Materials: Science and Technology,
Narosa Publishing House, New Delhi. P. 1-198.

Meng, Y.Y., Liu, ZW., Dai, H.C., Yu, H.Y., Zeng, D.C., Shukla, S. and
Ramanujan, R.V., Structure and Magnetic Properties of Mn(Zn)Fe,—xRExO4
Ferrite  Nano-Powders Synthesized by Co-Precipitation and Refluxing
Method, Powder Technology, 2012. 229: p. 270-275.



240.

241.

242.

189

Kanamadi, C.M., Raju, G. S. R., Yang, H.K., Choi, B.C., Jeong, J.H.,
Conduction Mechanism and Magnetic Properties of (X)NiggCug2Fe,O4+(1-
X)Bap.gPbo 2 TipsZro2,03 Multiferroics, Journal of Alloys and Compounds,
2009.479:p. 807-811.

Yu, S., Huang, H., Zhou, L., Ye, Y. and Ke, S., Structure and Properties of
PMN-PT/NZFO Laminates and Composites, Ceramics International,
2008.34: p.701-704.

Deng, Y., Zhou, J., Wu, D., Du, Y., Zhang, M., Wang, D., Yu, H., Tang, S.
and Du, Y., Three-Dimensional Phases-Connectivity and Strong
Magnetoelectric Response of Self-Assembled Feather-Like CoFe,O,—BaTiO3
Nanostructures, Chemical Physics Letters, 2010.496: p. 301-305.





