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ABSTRACT

The Magneto-electric effect is conversion of magnetic energy into electric
energy and vice-versa. This effect is exhibited by the ferrite and ferroelec-
tric composites. Neither the ferrite nor the ferroel ectric can exhibit this phe-
nomenon independently. The intermediate stage in the conversion of the
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two energiesismechanical energy. Thus, the efficiency of intermediate stage
of conversion process can affect the process and also the innate properties
of both the phases in the composite. In this paper, it is reported that the
application of electric field to the CuFe,O, — BaTiO, composites increases

the permeability of CuFe,O, phase in the composite.
© 2010 Trade Sciencelnc. - INDIA

INTRODUCTION

Magnetod ectric (ME) effect in compositesisaphe-
nomenoninwhich application of magneticfie dinduces
graininthemagnetic phase, whichinturn causesasress
intheferroe ectric phaseresultingingeneration of eec-
tric voltage and the converseisaso true*8. Many pa-
persreport thedirect ME effect!:58l, To date, not even
asnglepaper reporting the converseeffect ispublished.
Henceinthe present communication, an attempt ismade
to report the variationsin the permeability of ferrite
phase on gpplication of externd dectricfiddtothecom-
posite asaresult of product property of the compos-
ites. Inthisparticular case, the product property isthe
product of e ectrostriction exhibited by electric phase
and piezomagnetic effect of the magnetic phase. The
CuFe,Q, ischosen asferrite because the Cu™ being a
Jahn-Teller ion can provide good el astic coupling for
the processof piezomagnetic effect and the other phase

BaTiO, ispopular ferroelectric.
EXPERIMENTAL

XCuFe,0,— (1-x) BaTiO, compositesby varying
x as15,30,45,60and 70 in mole percent were prepared
by conventional doublesintering method. Porosity in
thesampleswascd culated usingliquidimmersiontech-
nique. Thevariation of permeability with frequency for
these material swere determined using HPLCR meter
4284A model inthe presence and absence of electric
poling field of 1KV/cm. Electromechanical coupling
coefficient of thecompositeswasa so evad uated by reso-
nance-antiresonance method.

RESULTSAND DISCUSSIONS

The X-ray Diffractogram of arepresentative com-
positeisalready reported el sewhere®. TABLE 1, gives
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thestructura, € ectromechanical and magnetic dataon
thecomposites. Fromthe TABLE 1, itisclear that the
particlesize of both the phasesisa so dependent on the
mol eratiosof the componentsinthe composites. The
particle sizeobtained for the phasesin the composites
is dmost equa for mole ratios of 55% BaTiO, —

45%Cufe,0, ensuring agood mechanical contact be-
tween thetwo phases. Thisisa so asserted by very low
porogty inthisparticular compostion (TABLE 1). These
resultsonthevariationsin particles zeand porosity for
compositeswith different moleratio aresimilar to that
reported earlier®.

TABLE 1: Sructural, electromechanical and magnetic data on composites

Mole % Pz;r.tzlede Particlesize of Per centage Relative permeability Relative permeability in the Electromechanical
ferrite Ferrite ferroelectric phase Porosi?g in the absence of presence of poling electric  Coupling coefficient
phase innm innm y electricfield fied of 1IKV/cm (Kp)
15 40 156 18 112 333 0.265
30 72 141 15 208 417 0.288
45 122 132 12 413 602 0.304
60 91 125 13 201 324 0.241
70 103 106 16 86 103 0.208

Thevariation of relative permeability (u ) withfre-
quency (f) for compositeswith different moleratiosis
showninthefigure 1in absenceof electricfield and
smilar variationsfor the same sampleson application
of dectricfiddisshowninthefigure2. All thesamples
show frequency independent variation irrespective of
their mole percent and al so when measured in pres-
enceor absenceof eectricfield. However an enhance-
ment inthevauesof relative permesbility isnoted from
figure2 and also from TABLE 1. Thefrequency inde-
pendent variation of ur suggests a magnetic application
of thesemateriasinthefrequency range 100— 1MHz.
An gppreciableincreasein therdative permeability of
thecompositeson application of eectricfiddisthere-
sult of piezomagnetic effect of the CuFe,O, phasein
the composite. The permeability inthe magnetic mate-
riasisdueto domainwall displacement and domain
rotation. Thelargedomainsgrow in size at the cost of
smdl domains. Thisgrowthisasssted by thestrainin-
duced in the el ectric phase of the compositeby an ap-
plied eectricfidd®. Moreover, theloca interactions
between the el ectric dipolesand the magnetic dipoles
inthecompositeare dso responsiblefor therisein per-
meability values. Theapplied dectricfieldtriesto ori-
ent dectricdipolesinitsfidddirectionthisinturninflu-
ence the surrounding magnetic dipolesdueto dipolar
fidd effectd’?. Thesamplewith near equal moleratio
showsthehighest valueof permesability (u) inboththe
cases[figurelandfigure?2]. ItisobviousasME inter-
actionsaremorein thisparticular composition. More-

over, matching of the particle size of the component
phasesand low porosity a so ensuresgood mechanica
coupling between the participating phases.
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Figurel: Variation of relative permeability (u ) of compos-
iteswith frequency in absenceof electric polingfield
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Figure2: Variation of relative per meability (u,) of compos-
iteswith frequency in presenceof electric poling field
The e ectromechanicd coefficient (Kp) measured
for the samples a so showsasystematic trend concomi-
tant with thevariation in permeability asevinced from
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thecolumns6and 7in TABLE 1. Thee ectromechani-
cal coupling coefficient thus assertsour result on the
permesbility measuredin the presence of dectricfied.

CONCLUSIONS

Itiswell known that permegbility of ferritemateria
dependsupon itscomposition and al so microstructural
parameters. But the present paper for thefirst timere-
portsincrease of relative permesability of ferrite phase
incompositedueto the stress of the surrounding elec-
tric phaseinthe presence of eectricfield and also due
to interactions between magnetic and e ectric dipoles.
Thisresultinturnisverified by the electromechanica
coefficientsmeasured for different composites. This
paper isuniqueasitisfor thefirst timean attemptis
madeto report the changesin magnetic parameter due
totheapplication of eectricfield andtheresultisaso
interpreted in termsof the el ectromechanica coupling
parameter.
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