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Abstract

The magnetoelectric composites of ferrite and fdadric phase with [y] NixCd,F&0O, and [1-

y] BapsSr2TiO3 (x =0.2, 0.4, 0.6, y =15%, 30%, 45%) were synthebiby self-propagating
auto combustion method. The formation of spinelsghéor ferrite and pervoskite phase for
ferroelectrics were confirmed by X- ray diffractiofhe surface morphology was studied by
scanning electron microscopy with average graia alzout 180nm. The dispersion of dielectric
constant with frequency shows the maxwel-wegnee tygerfacial polarization. The magnetic
properties were analyzed by the B-H hysteresis ecuifhe static value of magnetoelectric
conversion factor (dE/dH) was measured as a fumotib applied magnetic field. Also the
dependence of ME coefficient with resistivity isclissed.
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Introduction

The magneto electric composites are of great istex® transducers that transform the changes in
the magnetic field into electric voltage The MEeelf can be realized in composite based on
product properties. Suitable combination of piezgnatic and piezoelectric phase can vyield
desired ME property. The properties of compositéeniws not only depend on the properties of
their individual parents but also their morphologyd interfacial characteristics. The
magnetoelectric materials that contain both elecpérmittivity and magnetipermeability
greater than unity (magneto-dielectrics) are culyetbeing investigated for microwave
applications [1]. Magnetoelectric laminate compesitof piezoelectric-magnetostrictive
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materials were investigated highest magnetoeleetitage coefficient of 4.68 V/cm [2]. The
single domain particles of the ferrite phase togethith large lattice distortion serve as better
candidates in piezomagnetic effect and hence eehdnec ME output [3-5].The effect of grain
size on piezoelectric, dielectric and ferroelecpioperties has been widely studied in literature
[6-10]

Now days some interesting results were developéaterk to Hysteresis measurements to
determine saturation magnetizatidvlg, magnetic momenf§ and the variations of saturation
magnetization and magnetic moment were interprietéekms of the composition of the samples
[11]. The attractive ME response were producedttier ceramics of Nik©®, (NFO) and lead
zirconate titanate (PZT) by in situ processing dasesol-gel method [6].

There are various methods used for synthesis ofataglectric composites such as sol-gel
method [12], weight chemical method [13, 14] andaogc method [15-17] etc. Among these,
the self-propagating auto combustion route is widesled. This method is ease of cost and gives
the fine nature of the ferrite as well as ferrogleqarticles. In the present communication we
report on preparation, structural and magnetic gntgs of [y] NixCdFeO, and [1-y]

Bay gSip2Ti03 (x =0.2, 0.4, 0.6, y =15%, 30%, 45%) magnetoeiecomposites.

Materials and M ethods

Experimental procedure

The high purity AR grade Ni (N§) 6H,0, Cd (NQ), 4H,0, Fe (NQ) 9H,O were used to
prepare NjsCdyF&O,4. The raw material is heated to evolve NGO, and HO at 800C. The
10% PVA and sucrose were added to the nitrategi@oluThe sucrose acts as a fuel for the
combustion purpose and that of PVA is to form paymegions with the metal ions. The dried
and fluffy gel is burnt in self-propagating combastmanner at about 280. The prepared ash
was calcined about 680 for 6 hours. On the other hand same procedufellved to make
Bay sSio 2TiO3 by using Ba (NO3) Sr (NG), and Ti (NQ), as precursor material. The prepared
ash was calcined about 1600 for 10 hours. The mixture of (y) NiICdFeOs + (1-y)
Bay sSip2TiO3 (x =0.2, 0.4, 0.6 and y = 15%, 30% and 45%) werevdally pressed into pellets
of thickness of 2-3 mm and diameter 10 mm usingéwylit press and annealed at 4Sdor 9
hours.

Char acterization

The crystalline phase of the samples was deterntayedRD (Model- PW-1037) with Cuek
radiation. The microstructures were characterizgdSEM (Model- JEOL JSM 6360). The
resistivity measurements were carried out by the pwobe method in the temperature range of
40°C to 706C and was calculated as,

p=RmrA/t 1)
Where p = resistivity of samples, r is the radius of thenp&e and t is the thickness of the

sample.The room temperature saturation magnetization veeised out by using high field
hysteresis loop tracer designed by TIFR, Mumbai
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The ME output of the samples was measured as didanof dc magnetic field. The electric
poling was carried in an electric field of 3KV/crarihg cooling of the sample from 30 t0%40
above the Tc of ferroelectric phase to room tentpesa The composites were magnetically
poled by applying dc magnetic field of 1KOe at rodeemperature. The static ME voltage
coefficient was calculated by the change in ME autpith respect to dc bias magnetic field.

Results and discussion
3.1) Structural analysis

Fig.1 shows XRD patterns for (y) NICdFeO, + (1-y) Ba gSih2TiO3 (x =0.2, 0.4, 0.6 and y =
15%, 30% and 45%) composites.
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Fig.1 a) XRD pattern for (y) NiggCdp2Fe;O4t (1-y) BagsSro2TiO3 composite (y = 15%,
30%, 45%)
No secondary peaks were found other than spinepandskite structure. The intensity of BST
peak (100) decreases with increase in ferrite einféne intensity of ferrite peaks increases with
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increase in its content in composites. In additibe, dependence of lattice parameter for ferrite
and ferroelectric phase in composite shown in tabdelow.

L attice parameter (f&)

Cd content y

Ferrite phase Ferroelectric phase

a a c cla
15% 8.342 3.982 4.144 1.04
0.2 30% 8.342 A9 4.107 1.03
45% 8.346 3.961 4.079 1.02

15% 8.370 3.989 4.114 03L.
0.4 30% 8.373 3.976 4.072 1.02
45% 8.376 3.973 4.056 1.01
15% 8.381 9% 4.128 1.03

0.6 30% 8.387 3.982 4.081 1.02

45% 8.384 3.894 4.065 1.04

3.2) Scanning Electron Microscopy
Fig. 2 shows the scanning electron micrographs (f9r Ni;xCdFeOs + (1-y)
BaySip2TiO3 (x =0.2, 0.4, 0.6 and y = 15%, 30% and 45%) corntpos

The grain size plays an important role to creat& performance of the composite. The grain
size decreases with increases in cadmium contewbinposite reveal the increase in grain

boundary. This would be responsible to increasistreisy and magnetocrystalline anisotropy of
the composites.
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Fig. 2 SEM micrograph for (y) Ni;xCdyFeO4t+ (1-y) BagsSro,TiO3 composite (x = 0.2, 0.4,
0.6 andy = 15%, 30%, 45%)
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Fig.3.) variation of Resistivity with temperaturefor (y) Ni1xCdyFe,Os+ (1-y) BagsSro2TiO3
composite (x = 0.2, 0.4, 0.6)

3.3) Resistivity dependence
The temperature dependent resistivity measuremegris carried out for (y) NiCdFeO, and

(1-y) BaygStsTiOs (x = 0.2, 0.4, 0.6) samples by the two probe meihcthe range of 4T to
700°C as shown in Fig.3.

When cadmium added into the ferrite phase in tmepasite then there is increase in resistivity
of composite. Linear decrease in resistivity wemperature shows semi conducting nature of
the samples. Transition from Para to Ferro occites erossing the ferroelectric temperature.

4.1) M agnetic characterization
Fig. 4 shows the B-H curve for saturation magné&bmawith ferrite content in the composite.
The interaction between two magnetic ions through-magnetic ion leads to super exchange

interaction produces large surface spin order {i8]substitution of cadmium leads to increase
Fe’* ions in B-site, which create more magnetizatiorBesite, compare to A site.
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Fig. 4 dependence of saturation magnetization with applied magnetic field for (y) Nij.
xCdyFe;O4+ (1-y) BaggSro,TiO3 composite (x = 0.2, 0.4, 0.6)

The increase in cadmium content in composite irrgganagnetocrystalline anisotropy decreases
the domain wall energy, which produces high coeréield.

4.2) M agnetoelectric measur ements
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Fig. 5 shows the variation of magnetoelectric \gdtaoefficient with applied magnetic field for
(y) Ni;xCdiFeO, and (1-y) BasSr,TiO3 (x= 0.2, 0.4, 0.6 and y = 15%, 30% and 45%)
samples. Magnetoelectric conversion is the reduffiezomagnetic strain in the spinal phase,
which create piezoelectric charge in ferroelegthase and latter would depend upon magnetic
field.
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Fig.5 a) Variation of magnetoelectric coefficient with Magnetic field for (y) NipgCdo2Fe,04+
(1-y) BapsSro2TiO3 composite (y = 15%, 30%, 45%)

Fig.5 b) Variation of magnetoelectric coefficient with Magnetic field for (y) NipsCdo4Fe;O4+
(1-y) BapsSro2TiO3 composite (y = 15%, 30%, 45%)

Fig.5 c) Variation of magnetoelectric coefficient with Magnetic field for (y) NigsCdoeFeO4+
(1-y) BapsSro2TiO3 composite (y = 15%, 30%, 45%)
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The decrease of Tc for ferroelectric phase affemisvalue of dE/dH. The further increase in
dE/dH is due to increase of resistive cadmium agantethe composite. The maximum value of
ME coefficient (588uV/cm) is observed for (45%), M dy sFe0,4 and (55%) BgsSry2TiO3. The
high value of resistivity prevents the piezoelecphase leakage. in composite. The increase in
ME coefficient is due to connection between highésistive ferrite phase (Table.1) with
ferroelectric phase.
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Fig.6 shows variation of magnetoelectric voltage coefficient and resistivity with Cd
content

Also the dependence of magnetoelectric coefficeemd resistivity with cadmium content is
studied from fig. 5 above It is clear that additioh non-magnetic cadmium into the matrix
produce high resistivity that would increase thenetoelectric output.
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