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of NCCF+ BTO ME Composites 

P. B. Belavi, L. R. Naik, R. K. Kotnala, V. L. Mathe 
. 

Abstract— The magnetoelectric (ME) composites with the composition (y) Ni0.75Cd0.2Cu0.05Fe2O4 (NCCF)+ (1-y) BaTiO3 (BTO), in which 0≤y≤1, were 
synthesized by standard double sintering ceramic method. The characteristic structural properties of the composites were studied by various techniques 
such as XRD, SEM and EDX. The XRD patterns of the composites revealed cubic spinel structure of ferrite and tetragonal pervoskite structure of ferroe-
lectrics. The microstructural aspects of the composites observed by using SEM; revealed the effect of constituent phases on the average grain size of 
composites. The elemental identification of the composites studied by using EDX technique are in good agreement with the expected values and shows 
the absence of impurities present in the composites. The temperature dependent dc resistivity of the composites shows the semiconducting nature of the 
sample. The dielectric constant and dielectric loss tangent was measured as a function of frequency [20 Hz to 1 MHz]. In the low frequency region [20 
Hz to 1 kHz] usual dielectric dispersion behavior was observed, it was due to Maxwell-Wagner type of interfacial polarization. The linear variation in ac 
conductivity with frequency shows small polaron hopping type of conduction mechanism in the composites. Magnetization measurement of the compo-
sites carried out by using VSM at room temperature reveals soft magnetic behavior and showed linear effect on the saturation magnetization and mag-
netic moment of the composites with ferrite content. The saturation polarization and remnant polarizations decreases with increasing frequency as well 
as ferrite content in the composites. Further the multiferroic behavior was confirmed by their ME response at room temperature. Maximum ME voltage 
coefficient (15.6 mV/cmOe) was found in composite sample containing 15 mole % of ferrite and 85 mole % ferroelectric phases and is due to high resis-
tivity and small average grain size of the sample compared to other composite samples.  

  

Index Terms— Sintering, microstructure, SEM, EDX, dc resistivity, dielectric properties, multiferroic properties  

——————————      —————————— 

1 INTRODUCTION                                                                     
tructural, electrical, dielectric and magnetic properties of 
multiferroic ME composites have led to an increased inter-
est among the researchers due to their wide applications in 
various fields. The possibility of developing smarter and 

smaller multifunctional devices is a fashion and interest of 
many researchers. Infact, ME composites the combinations of 
ferrites and ferroelectrics have found wide applications in 
electronic devices where higher densities, limited space and 
multifunctions are required. At the same time significant ef-
forts are being made to understand the science of multiferroic 
and magnetoelectric behavior in the composites and its appli-
cation towards the development of high sensitive materials [1-
5]. Ferroelectric materials with spontaneous electric polariza-
tion that can be switched by an applied electric filed are wide-
ly used as tunable capacitors and ferroelectric random access 
memory (Fe-RAM) for computers. On the other hand, ferro-
magnetic materials with a spontaneous magnetization that can 
be reversed by a magnetic field are widely used for recording 
and data storage, such as magnetic random access memory 
(MRAM) in hard drive.  
The ME composite materials show multiferroic properties 
such as magnetoelectric behavior. The term multiferroic was 
due to Schmid in 1994, these materials have increased interest 
because of their potential applications in multi-state memo-
ries, spintronics and heterogeneous read/write devices [1-3].  

———————————————— 

• L R Naik, Professor,Department of Studies in Physics, Karnatak Univer-
sity, Dharwad – 580 003, Karnataka, India 
naik_36@rediffmail.com 

• P.B. Belavi, Gogte Engineering College, Belgaum, India 
• R. K. Kotnala, National Physical Laboratory, New Dehli 
• V. L. Methe, Department of Physics, University of Pune, India 
 

In multiferroic materials, the coupling interaction between 
different order parameters can induce new effects, such as 
magnetoelectric, magnetooptic and magnetoelastic effect [4, 5]. 
ME composites exhibits individual properties of ferrites and 
ferroelectrics and produce a giant magnetoelectric effect due 
to their product property. Van Suchtelen was first person to 
propose the concept of magnetoelectric effect in the compo-
sites in 1972 at the Philips Laboratory [6]. Later on bi phase 
ME composites have drawn significant interest in recent years 
in which the coupling interaction between the ferrite and fer-
roelectric materials produces a large ME response. The magne-
toelectric effect in these materials can be defined as a change 
of electric polarization upon the application of applied mag-
netic field (ME)H or an induced magnetization upon the appli-
cation of external electric field (ME)E [7]. However, under the 
action of alternating magnetic field, the strain induced by 
magnetostrictive phase was converted into electric charge and 
is called direct magnetoelectric effect (DME) (eq.1). On the 
other hand the strain induced by piezoelectric phase under the 
action of applied electric field was transferred to the magneto-
strictive phase and converts into magnetic field called con-
verse magnetoelectric effect (CME) (eq.2). The possibility of 
conversion of electric energy into magnetic energy and vice-
versa are given below  

  
Electric

Mechanical
Mechanical
MagneticDME ×=   (1) 
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These ME composite provides an opportunity for potential 
applications in multifunctional devices, such as magnetoelec-
tric memory, magnetoelectric sensors, transducers and actua-
tors [8, 9]. However, the proper choice of constituent phases in 
particulate composites such as ferrite and ferroelectric materi-
als mainly depends on the magnetostriction coefficient, high 
piezoelectric coupling constant, high dielectric permittivity 
and high poling strength [10]. The composites containing fer-
rite phase (Ni0.75Cd0.2Cu0.05Fe2O4) and ferroelectric phase (Ba-
TiO3) are expected to show good electrical, dielectric and mul-
tiferroic properties. Infact Ni-Cd-Cu ferrites have wide mi-
crowave applications in electronics, circulators, isolators, 
phase shifters, ferrite wave absorbers, humidity sensors and 
thermo junctions, by virtue of their high saturation magnetiza-
tion, high stability and low dielectric loss at high frequency 
region [11]. At the same time barium titanate (BaTiO3) is the 
most common ferroelectric oxide in the perovskite ABO3 
structure, and it has high dielectric constant, piezoelectric 
coupling constant and low dielectric loss. Jahn-Teller ions like 
Ni2+ and Cu2+ with high coupling coefficient contributes more 
towards the magnetostriction as the large value of magneto-
striction is one of the basic requirement for composites to ex-
hibit large ME effect.  
In the present work the standard double sintering ceramic 
method was used to synthesize ME composites of our interest. 
In this method  microstructural aspects such as grain size, ori-
entation of grains, porosity and sintering temperature can be 
easily controlled and their effect on ME conversion factor can 
be studied easily and effectively. Therefore the present work is 
focused on synthesis, characterization, dc resistivity, dielectric, 
ferromagnetic, ferroelectric and multiferroic properties of 
these ME composites. Also we report the effect of composi-
tion, grain size as well as resistivity on ME effect in these 
composites. 
 

2. Experimental details 
2.1. Synthesis 
The composites consisting of ferrite (Ni0.75Cd0.2Cu0.05Fe2O4) 
phase and ferroelectric (BaTiO3) phase were synthesized by 
using standard double sintering ceramic method. The ferrite 
phase was synthesized by using AR grade NiO, CdO, CuO 
and Fe2O3 and the ferroelectric phase was synthesized by us-
ing AR grade BaCO3 and TiO2 powders in stoichiometric pro-
portions. Thereafter they are well grinded for few hours in a 
planetary agate mortar. Later on ferrite and ferroelectric pow-
ders were presintered at 800 oC for 8 hrs in a programmable 
furnace and slowly cooled to room temperature.  The compo-
sites were prepared by mixing the presintered 15, 30 and 45 
mole % of ferrite phase with 85, 70 and 55 mole % of ferroelec-
tric phase in acetone medium and again milled for few hours 
in a planetary agate mortar. The well mixed powders were 
presintered at 800 oC for 8 hrs by slowly increasing tempera-
ture at the rate of 100 oC/hrs and cooled to room temperature 
in a programmable furnace at the same rate. Thereafter 2% of 

polyvinyl alcohol was added as a binder to the presintered 
powder and again grinded and pressed in to pellets of about 
10 mm in diameter and 2-3 mm in thickness using a die and 
hydraulic press by applying a pressure of about 6-7 
ton/sq.inch for 5 min. The pellets of composites and constitu-
ent phases were finally sintered at 1150 oC for 12 hrs in air 
medium for the completion of the solid state reaction and then 
cooled to room temperature at the same rate in the furnace. 
 
2.2. Characterization 
The X-ray diffraction pattern of all the synthesized composites 
were obtained by using Philips Model PW-1710 X-ray diffrac-
tometer with Cu-Kα radiation (λ = 1.5405 Å) in the 2θ range 
from 10º to 80º in a step of 0.04º per second. The formation of 
bi-phases i.e. cubic spinel structure of ferrite phase and tetrag-
onal perovskite structure of ferroelectric phase in the ME 
composites were confirmed by X-ray diffraction pattern. The 
surface morphology and elemental identification of compo-
sites were carried out by using scanning electron microscopy 
(ESEM Quanta 200, FEI) attached with energy dispersive X-ray 
spectroscopy (EDX). For the measurement of dc resistivity, the 
final sintered composite samples with well polished and silver 
paste coated surface were used to get good ohmic contact. The 
temperature dependent dc resistivities of the composites were 
carried out by using two probe methods. An impendence ana-
lyzer (Model 6540A Wayne Kerr, UK) was used to estimate the 
parallel capacitance (Cp) and dielectric loss tangent (tanδ) of 
the composite pellets (silver pasted) at room temperature in 
the wide range of frequencies from 20 Hz to 1 MHz then  die-
lectric constant of the composites was calculated using the 
following relation [10], 

A
tC

o

p

ε
ε ='      (4) 

Where Cp is the parallel capacitance, t is the thickness, εo is the 
permittivity of free space (8.854x10-14 F/cm), A is the surface 
area of the pellet. The ac conductivity of the composites at dif-
ferent frequencies was estimated at room temperature using 
the relation [10], 

δωεεσ tan'
oac =     (5) 

The ferroelectric P-E loops of the composite samples were 
characterized by using Radiant Technologies Ferroelectric 
Loop Tracer (Precision Premier II Model) interfaced with com-
puter and was used to measure the saturation polarization 
and remnant polarization for two fixed frequencies i.e. 50 and 
200 Hz at room temperature. 
The ferromagnetic hysteresis loops at room temperature as 
well as temperature dependence magnetization of the compo-
sites were performed using vibrating sample magnetometer 
(VSM Model 735, Lakeshore). The magnetization per gram 
(σs’) of the composite samples was estimated using the relation 
[10]. 
 MS = (1-p) σs' dx     (6) 
Where p is porosity, MS is the saturation magnetization and 
dx is the X-ray density. The magnetic moment of the compo-
sites (in Bohr magneton) was calculated using the relation.  
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Where, M is the molecular weight of the samples.  
Static ME voltage coefficient of all the composites were meas-
ured as a function of dc magnetic field. In order to estimate the 
static ME voltage coefficient the proper electric poling was 
made by heating the samples to about 20 - 30 oC above the 
ferroelectric Curie temperature (Tc) and then cooled to room 
temperature under the influence of an external electric field of 
2-2.5 kV/cm. These electrically poled samples were magneti-
cally poled by applying a dc magnetic field of about 4.2 kOe at 
room temperature. For magnetic poling laboratory made sam-
ple holder was used. Thereafter the pellet is kept in between 
two plates i.e. sample holder and then it is connected to the 
poles of a dc electromagnet. The dc magnetic field was applied 
in the direction of applied electric field and perpendicular to 
the polished and flat surfaces of the pellets.  The stray charges 
developed during the poling process were eliminated by 
grounding the pellet holding plates. The electric field generat-
ed across the sample under the influence of dc magnetic field 
was measured by using Keithley electrometer (model 2000). 
 
3. Results and discussion 
 
3.1. Structural properties 
3.1.a. XRD studies 
The X-ray diffraction patterns of the composites are shown in 
figure 1.  All the peaks appeared in the diffraction patterns are 
identified by comparing with JCPD’s data. The occurrence of 
peaks with specific indices confirms the formation cubic spinel 
structure of ferrite phase and tetragonal perovskite structure 
of ferroelectric phase within the composites. However, the 
non-occurrence of additional peaks other than those belonging 
to cubic spinel structure of ferrite phase and tetragonal perov-
skite structure of ferroelectric phase suggests the absence of 
apparent chemical reaction, mutual solubility between the two 
phases and shows the purity of the samples. The lattice pa-
rameter of the constituent phases and their composites are 
estimated and are found to be nearly equal to their parent 
phases (table 1). The constant value of tetragonality ratio c/a 
for the prominent peak (1 1 0) with mol % of ferrite and ferroe-
lectric phases in the composites suggests non variation in its 
structure. The systematic variation of the diffraction intensities 
of the ferrite and ferroelectric phases in the composites were 
observed with the variation of the ferrite content in the com-
posites. With the increase of the ferrite content in the compo-
sites the intensity of ferrite peak (3 1 1) increases while the 
intensity of ferroelectric peak (1 1 0) decreases. The lattice pa-
rameter of the ferrite phase estimated was found to increase 
with mol % of ferrite in the composite, it was due to the differ-
ence in the ionic radii of component ions as Cd2+ ion have 
larger ionic radii (0.097nm) than Cu2+ (0.073nm), Ni2+ 
(0.069nm) and Fe3+ (0.0644nm) ions [10].  
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  Fig 1. XRD patterns of (y) Ni0.75Cd0.2Cu0.05Fe2O4 + (1-
y)   
         BaTiO3 ME composites 
 
3.1.b. SEM studies 
The SEM micrographs of the composites as a function of fer-
rite content are shown in figure 2 (a - c). In these figures the 
fine particles with highly dense microstructure and proper 
grain growth without segregation of impurity were seen. The 
average grain sizes of the composite were estimated from SEM 
micrographs using Cottrell’s method [11] and are tabulated in 
table 1. The absence of third phase in XRD patterns and SEM 
micrographs of composites suggests the probability of inter 
diffusion between two phases during the final stage of the 
sintering is negligible. The average grain size of pure ferrite 
phase is more compared to pure ferroelectric phase in the 
composites. The average grain size of the composites was 
found to increase where as the porosity was found to decrease 
with increasing the ferrite content, it may be due to the differ-
ence in grain sizes of the constituent phases, and is one of the 
key factors for getting the high ME output in these composites. 
As the grain size increases the grain boundary area and poros-
ity decreases (table 1), which acts as an obstacle for domain 
wall motion and this affects to dc resistivity, dielectric, mag-
netic and magnetoelectric properties of ME composites. The 
increase of average grain size with ferrite content in the com-
posites results in an increase of mean free path of electron and 
dielectric constant. The presence of pores in the composites 
breaks the magnetic circuit between the grains. In the present 
composites as the ferrite content increases the porosity of the 
composite decreases and supports the increase of net magneti-
zation. The magnetization of the composites increases more 
easily with increased average grain size as well as ferrite con-
tent. The large average grain sizes are less effective in induc-
ing piezomagnetic and piezoelectric coefficient rather than the 
smaller ones [12]. In the present work small average grain size 
with minimum porosity and uniform distribution of ferrite 
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particles into ferroelectric matrix in the composites were ob-
served and these parameters supports for getting the high ME 
effect in these composites. 
 

 
 
 

 
 
 

 
 
Fig 2. SEM micrographs of (y) Ni0.75Cd0.2Cu0.05Fe2O4 +  
(1-y) BaTiO3 ME composites with (a) y = 0.15, (b) y = 0.30  
and (c) y = 0.45 
 

3.1.c. EDX studies 
The elemental identification of the composites was done with 
EDX technique. The EDX spectra of the composites are shown 
in figure 3(a-c).  
 

 
 
 

 
 
 

 
 
Figure 3. EDX spectra of (y) Ni0.75Cd0.2Cu0.05Fe2O4 + (1-y) Ba-
TiO3 ME composites with (a) y = 0.15, (b) y = 0.30 and  
(c) y = 0.45 
 

a 

b 

c 

a 

b 

c
 

IJSER

http://www.ijser.org/


International Journal of Scientific & Engineering Research, Volume 4, Issue 12, December-2013                                                             47 
ISSN 2229-5518 

IJSER © 2013 
http://www.ijser.org  

The absence of extra elements other than expected (Ni, Cd, Cu, 
Fe, O, Ba and Ti) in the EDX spectra reveals the purity of the 
composites samples and confirms the formation of bi-phases 
i.e. cubic spinel structure of ferrite phase, tetragonal perov-
skite structure of ferroelectric phase in the composites.  
The absence of third phase in the composites was also con-
firmed from XRD pattern and SEM micrographs. The estimat-
ed weight percentage of the ferrite and ferroelectric phases in 
the composite are listed in table 2 and are in good agreement 
with the expected values. In the EDX spectra the peak intensi-
ty of Ni, Cd, Cu and Fe (ferrite elements) increases where as 
the peak intensity of Ba and Ti (ferroelectric elements) de-
creases with increasing the ferrite content in the composites. A 
systematic change in intensities of the peaks of ferrite and fer-
roelectric phases observed in XRD and EDX measurements 
confirms the effect of percentage composition of ferrite and 
ferroelectric phases. 
 
3.2. DC electrical resistivity 
Electrical resistivity is one of the important properties for the 
study of ME effect as it gives valuable information about the 
behavior of free and localized electric charge carriers in the 
composites. The variation of dc resistivity with temperature is 
shown in figure 4. In figure 4, it is observed that the resistivity 
of the composites was constant up to particular temperature 
and there after it decreases with increasing temperature con-
firms the semiconducting nature of the samples. Infact, in fig-
ure 4 two regions of conductivity we reobserved, first region 
of conductivity at lower temperature was due to impurities 
and was attributed to order state of ferroelectric phase and the 
second region of conductivity at higher temperature was due 
to polaron hopping and was attributed to disordered paraelec-
tric phase of composites [13]. However, at higher temperatures 
the impurities present in the system are almost minimized 
which validated the polaron hopping type of conduction 
mechanism in composites [14].  
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Fig. 4. Variation of dc resistivity with temperature of  
           (y) Ni0.75Cd0.2Cu0.05Fe2O4 + (1-y) BaTiO3 ME composites. 

The decrease in resistivity with increase in temperature was 
due to the increase in thermally activated drift mobility of 
charge carriers. The resistivity of the composites was found to 
decrease with increase of ferrite content this is because resis-
tivity of ferrite phase was small as compared to ferroelectric 
phase. Also it was observed that the resistivity of the compo-
site samples decreases with increase of average gain size and 
which was due to the larger average grain size of ferrites com-
pared to ferroelectric phase in the composites. However, elec-
trical conductivity of the composites reduces significantly if 
the ferrite particles were dispersed throughout the composites 
to make the chains with ferroelectric particles. The electrical 
conduction mechanism in the ferrite can be explained on the 
basis of Verwey and DeBoer [15] mechanism, which involves 
the exchange of electrons between the ions of the same ele-
ments which are randomly distributed over the crystallo-
graphic equivalent lattice sites. The exchange of hole between 
Ni3+ ↔ Ni2+ + e+, Cu2+ ↔ Cu1+ + e+, Cd2+ ↔ Cd1+ + e+ and Ba3+ 
↔ Ba2+ + e+  at low temperature region are responsible for p-
type charge carriers and exchange of electron between Fe2+ ↔ 
Fe3+ + e-, Ti3+ ↔ Ti4+ + e- at high temperature region are re-
sponsible for n-type charge carriers and these are responsible 
for electrical conduction in the composites. Infact, number of 
such ions depends upon the sintering condition and amount 
of reduction of Fe2+ to Fe3+ ions at elevated firing temperature 
[10]. 
 
3.3. Dielectric properties  
The variation of dielectric constant with frequency is shown in 
figure 5. In figure 5 it is observed that in the low frequency 
region the dielectric constant decreases rapidly up to 1 kHz it 
may be due to usual dielectric dispersion, where as beyond 1 
kHz the dielectric constant gets saturated (high frequency re-
gion). 
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Fig. 5. Variation of dielectric constant with frequency for 
 (y) Ni0.75Cd0.2Cu0.05Fe2O4 + (1-y) BaTiO3 ME composites. 
 
Infact the decease of polarization with increase of frequency 
was observed for almost all composite samples. In the present 
composite dispersion was due to Maxwell-Wagner [16, 17] 
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type of interfacial polarization and are in agreement with 
Koop’s [18] phenomenological theory. The invariance of die-
lectric constant with applied electric field beyond 1 kHz was 
due to the inability of electric dipoles to follow the alternating 
field. The maximum value of dielectric constant at low fre-
quency was due to the availability of space charge polariza-
tion at the grain boundaries [19]. As the grain size increases 
the grain boundary area and porosity decreases. The higher 
value of dielectric constant at low frequency can be explained 
on the basis of space charge polarization and was due to het-
erogeneity of dielectric structure; however, heterogeneities are 
due to grain size and porosity [20]. In these composites at y = 
1.0 the availability of apace charge polarization is maximum at 
the grain boundaries and hence the dielectric constant is max-
imum at y = 1.0 and minimum at y = 0.15. The maximum 
grain size and minimum grain boundary area at y = 1.0, re-
sults in the increase of mean free path of electron and hence 
the dielectric constant becomes maximum at y = 1.0. At low 
frequency region the dielectric constant increases with in-
crease of the ferrite content in the composites, this is because 
the dielectric constant of ferrite is more compared to ferroelec-
tric phase. 

The dielectric loss factor tanδ is the energy loss within 
the material, which is proportional to the imaginary part of the 
dielectric constant (ε’’). The dielectric loss was developed 
when the polarization lags behind the applied ac field and is 
due to the impurities and imperfections in the crystal lattice. 
Figure 6 shows the variation of dielectric loss tangent with 
frequency.  
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Fig. 6. Variation of dielectric loss tangent with frequency for 
 (y) Ni0.75Cd0.2Cu0.05Fe2O4 + (1-y) BaTiO3 ME composites. 
 
In figure 6 we observed abnormal behaviors of the composites 
as the ferrite content increases. The abnormal behavior may be 
caused by the collective behavior of two species of charge car-
riers (p and n) due to the polarization in accordance with 
Rezluscu and Rezluscu [21].  The local displacement of p-type 
charge carriers takes part in the polarization in a direction op-
posite to the n-type of charge carriers in an external electric 
field. At low frequencies, the contribution of the mobility of 

the p-type charge to the polarization decreases more rapidly. 
The shifting of the position of the peak may be caused by die-
lectric loss associated with the p-type charge carriers in the 
composites. The appearance of a peak in dielectric loss factor 
with frequency curves can be interpreted in terms of correla-
tion between the conduction mechanism and the dielectric 
behavior in the composites. The peak was appeared when the 
hooping frequency of electron between Fe2+/Fe3+ and Ti3+/Ti4+ 
is in resonance with the frequency of applied electric field dur-
ing this mechanism maximum electric energy is transferred to 
the electrons and the loss shoots up at resonance and also to 
the domain wall resonance (i.e. grain-grain boundary contri-
bution) [22]. The shift of peak towards higher frequencies with 
increasing ferrite content suggest smaller relaxation time for 
composites with Fe2+/Fe3+ and Ti3+/Ti4+ ions pairs. The maxi-
mum dielectric loss tangent was due to the period of relaxa-
tion process similar to that of the period of applied field. If the 
relaxation time is more as compared to the period of the ap-
plied field then the dielectric loss should be small and vice-
versa. 
Figure 7 shows the variations of log (σac-σdc) with logω2. The 
plot shows the linear increase in a.c conductivity with increas-
ing frequency. 
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Fig. 7. Variation of ac conductivity with frequency for  
(y) Ni0.75Cd0.2Cu0.05Fe2O4 + (1-y) BaTiO3 ME composites. 
 
 In case of the disordered solids the AC conductivity is directly 
proportional to the frequency and the electrical conduction 
mechanism is due to electron and polaron hopping models as 
discussed by Austin and Mott [23] and Appel et.al. [24]. Two 
polaron models i.e. small polaron and large polaron models 
were used to explain the conduction mechanism in the com-
posites. The linear increase in conductivity with increasing 
frequency is attributed to small polaron while the decrease in 
conductivity with increasing frequency is attributed to large 
polaron [25]. According to Alder and Feinleib [26] the increase 
in conductivity with increasing frequency is due to small po-
larons and is given by the relation. 
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22

22

1 τω
τωσσ

−
=− dcac    (8) 

Where, ω is the angular frequency, τ is the relaxation time (10-

10 S) for all ceramics (if ω2τ2 < 1).The linear increase of AC con-
ductivity with frequency indicates small polaron type of con-
duction mechanism in the composites but a slight decrease in 
conductivity at certain frequency is attributed to mixed polar-
on (i.e. small and large) conduction mechanism in the compo-
sites [27]. Hence the present composites show small polaron 
hopping type of conduction mechanism. 
 
3.4. Multiferroic properties 
3.4.a. Ferromagnetic hysteresis studies 
The magnetic hysteresis loops of the composites as a function 
of ferrite content is shown in figure 8. The magnetic hysteresis 
loops at room temperature indicates the presence of an or-
dered magnetic structure in the mixed cubic spinel and tetrag-
onal perovskite systems in the composites.  
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Fig. 8. Magnetic hysteresis loop of (y) Ni0.75Cd0.2Cu0.05Fe2O4 +  
(1-y) BaTiO3 ME composites. 
 
 
As the ferrite content decreases the magnetic hysteresis loop 
shifts towards the field axis in the composites. The estimated 
saturation magnetization and magnetic moment are listed in 
table 2. The saturation magnetization, remnant magnetization 
and magnetic moment of the composite gradually decrease 
with increase of ferroelectric content. Thus ferroelectric phase 
decreases the contribution of magnetization of the ferrite 
phase in the composites [28]. The observed and theoretical 
values of saturation magnetization and magnetic moment of 
the composites with different ferrite concentration (Fig. 9) 
shows similar behavior as reported for Ni-Co ferrite / BPZT 
[12] and Ni-Co-Cu ferrite / BaTiO3 composites [29]. The mag-
netic parameter of the composites increases with increasing 
the ferrite content and it was due to the contribution of indi-
vidual ferrite grains. The decrease of average grain size and 
porosity with increase of the ferrite content affects the magnet-
ization. The saturation magnetization and magnetic moment 

decreases with increasing the ferroelectric phase as the non-
magnetic ferroelectric material acts as pores in the presence of 
magnetic field, which breaks the magnetic circuit between the 
grains and results in the decrease of magnetic properties [30].  
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Fig. 9. Variation of saturation magnetization and magnetic moment of 
(y) Ni0.75Cd0.2Cu0.05Fe2O4 + (1-y) BaTiO3  composites with ferrite content 
 
The temperature dependent magnetization of the composites 
with different ferrite concentration is shown in figure 10.  
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Fig. 10. Variation of magnetization with temperature for  
(y) Ni0.75Cd0.2Cu0.05Fe2O4 + (1-y) BaTiO3 ME composites. 
 
The magnetization of the composites decreases with increase 
of the temperature up to certain temperature thereafter there 
is a change in the slope of magnetization; this particular tem-
perature is called as magnetic transition temperature. The 
magnetic transition temperature of the composites can be es-
timated from the minimum position of the dM/dT with tem-
perature plot as shown in the inset of figure 10. The estimated 
magnetic transition temperatures of the composites are listed 
in table 2. The estimated magnetic transition temperature of 
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the composites decreases with increase of the ferrite content 
and it was due to the weakening of the A-B exchange interac-
tion.  Infact, weakening was due to the increase of A and B 
sizes and was confirmed by the increase of lattice parameter of 
ferrite phase in the composites. 
 
3.4.b. Ferroelectric hysteresis studies 
The ferroelectric hysteresis loops of the composites measured 
at room temperature at two different frequencies are shown in 
figure 11 (a-c).  

-10 -8 -6 -4 -2 0 2 4 6 8 10
-0.6

-0.4

-0.2

0.0

0.2

0.4

0.6

(a)

 200 Hz
 50 Hz

Po
lar

iza
tio

n (
µC

/cm
2 )

Electric Field (kV/cm)
 

-3 -2 -1 0 1 2 3
-0.3

-0.2

-0.1

0.0

0.1

0.2

0.3

(b)

 200 Hz
 50 Hz

Po
lar

iza
tio

n (
µC

/cm
2 )

Electric Field (kV/cm)
 

 

-3 -2 -1 0 1 2 3
-0.08

-0.06

-0.04

-0.02

0.00

0.02

0.04

0.06

0.08

(c)

 200 Hz
 50 Hz

Po
lar

iza
tio

n (
µC

/cm
2 )

Electric Field (kV/cm)
 

Fig. 11. Ferroelectric hysteresis loop of (y) Ni0.75Cd0.2Cu0.05Fe2O4 +  
(1-y) BaTiO3 ME composites with y = 0.15, (b) y = 0.30 and (c) y = 0.45. 
 
It shows similar behavior as that of the ferromagnetic material 
but polarization values decreases with increase of ferrite con-
tent. At high frequency region we notice the decrease of polar-
ization with increase of frequency and were assigned to the 

capacitance effect [31, 32]. The leakage of current in the com-
posites was due to the decrease of electric dipole interaction 
and decrease of polarization contribution of the ferroelectric 
phase with increasing the non-electric (ferrite) phase in the 
composites. The ferrite phase mixed with ferroelectric phase 
acts as pores in the presence of applied electric field and 
breaks the electric circuit, resulting in the decrease of ferroe-
lectric parameters like saturation polarization and remnant 
polarization. The saturation polarization and remnant polari-
zation of the composites increase with ferroelectric content 
(table 2) this is because the individual ferroelectric grains acts 
as centre of polarization. The saturation polarizations of the 
composites are the vector sum of all these individual contribu-
tions. 
 
3.4.c. Magnetoelectric effect 
The variations of static magnetoelectric voltage coefficient 
with applied dc magnetic field of these composites are in fig-
ure 12. From the figure we notice that the magnetoelectric 
voltage coefficient gradually increases initially and attains 
maximum value then thereafter decreases with applied dc 
magnetic field. The initial increase of magnetoelectric voltage 
coefficient was attributed to the enhancement in elastic inter-
action and was confirmed by the hysteresis measurements. 
The maximum value of magnetoelectric voltage coefficient 
indicates the saturation value of magnetosrictive phase. The 
decrease of magnetoelectric voltage coefficient after reaching a 
maximum value with increasing the magnetic field was due to 
the induced strain due to the magnetostrictive phase. Infact, 
the electric field produced in the ferroelectric phase during 
magnetic poling process decreases the magnetoelectric voltage 
coefficient with increasing the applied dc magnetic field [32]. 
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Fig. 12. The variation of static magnetoelectric voltage coefficient with dc 
magnetic field at room temperature for (y) Ni0.75Cd0.2Cu0.05Fe2O4 + (1-y) 
BaTiO3 ME composites 
 
The ME response in bulk ME composites are depending on the 
material properties of the magnetostrictive phase i.e. ferrite 
phase. The origin of ME output in these ME composites are 
due to the magnetic – mechanical – electric interaction, as it is 
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depends on the magnetic properties of the magnetostrictive 
phase. Thus ME output originates due to the electric coupling 
between ferrite-ferroelectric grains. Uniform distribution of 
piezomagnetic grains into the piezoelectric matrix is one of the 
essential factors to obtain high ME response in the composites. 
The decrease of magnetoelectric voltage coefficient with in-
creasing ferrite content in the composites was due to the in-
crease of magnetostrictively induced strain of the composites, 
where the resistivity of the composites decreases, leakage cur-
rent reduces due to the connection between the ferrite grains 
and the interfacial effect. The maximum magnetoelectric volt-
age coefficient of 15.6 mV / cmOe was observed for y = 0.15 
and it was due to the correlation between the grain distribu-
tion in ferrite and ferroelectric phases in the composites. 
 
3.4.d. Effect of grain size on magnetoelectric effect 
The variations of static magnetoelectric voltage coefficient 
with ferrite content in the composites are shown in the figure 
13.  Figure shows the decreases of static magnetoelectric volt-
age coefficient with increasing the ferrite content in the com-
posites. The static magnetoelectric voltage coefficient was also 
decreases with increase of average grain size as the average 
grain size increases with mole % of ferrite phase.  However, 
the larger average grain sizes are less effective in inducing 
piezomagnetic and piezoelectric coefficient rather than the 
smaller ones [12]. Thus magnetoelectric voltage coefficient 
depends on mole % of constituent phases in the composites. 
Figure 13 clearly shows that the maximum magnetoelectric 
voltage coefficient for y = 0.15 and minimum for y = 0.45, as 
the average grain size is minimum for y = 0.15 and maximum 
for y = 0.45 mole % of ferrite phase in the composites. Thus 
smaller grain sizes of the samples play crucial role for getting 
the maximum magnetoelectric (ME) output in the composites. 
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Fig. 13. Variation of static magnetoelectric voltage coefficient and average 
grain size with mole % of ferrite for (y) Ni0.75Cd0.2Cu0.05Fe2O4 + (1-y) Ba-
TiO3 ME composites  
 
 
3.4.e. Effect of resistivity on magnetoelectric effect 
The variation of magnetoelectric voltage coefficient and dc 

resistivity with ferrite content is shown in figure 14. In the 
figure it is to be noted that magnetoelectric voltage coefficient 
was found to be highest for high resistivity composite samples 
as it depends on mole % of constituent phases in the compo-
sites. The magnetoelectric voltage coefficient was found to be 
maximum for 15 mole % and minimum for 45 mole % of fer-
rite phase in the composites. This indicates that high resistivity 
samples induces high magnetoelectric voltage coefficient and 
low resistivity samples induces low magnetoelectric voltage 
coefficient; similar behavior was reported by Patil et.al. [33].  
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Fig. 14. Variation of ME voltage coefficient and dc resistivity with mole % 
of ferrite content for (y) Ni0.75Cd0.2Cu0.05Fe2O4 + (1-y) BaTiO3 ME compo-
sites 
 
The composites with high ferrite phase cannot be poled at a 
high electric voltage as it has low resistance compared to fer-
roelectric phase and therefore one cannot get high piezoelec-
tric effect due to the leakage of charges developed in the ferro-
electric grains surrounded by ferrite grains with low resistance 
path. Thus the leakage of charges reduces the magnetoelectric 
effect in the composites.   
 
TABLE-1 (a): The Lattice Parameter, Porosity of Composites 
and its Constituent Phases 

(y) Lattice parameters of phases (Å) Porosity 

 Ferrite Ferroelectric (%) 

 ‘a’ ‘a’ ‘c’ ‘c/a’  

0.00 - 3.999 4.000 1.0002 23.22 

0.15 8.326 3.999 4.000 1.0002 20.39 

0.30 8.362 3.998 3.999 1.0002 19.98 

0.45 8.387 3.999 4.000 1.0002 14.98 

1.00 8.402 - - - 13.11 

 
 
TABLE- 1 (b): Average Grain Size, % of Composition of  
Composites and its Constituent Phases 
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(y) Average Percentage of composition (%) 

 grain size Ferrite Ferroelectric 

 (µm) Expected EDX Expected EDX 

0.00 0.799 - - 100 100 

0.15 0.628 15 13.72 85 86.27 

0.30 0.676 30 28.74 70 71.25 

0.45 0.733 45 43.57 55 56.42 

1.00 1.759 100 100 - - 

 
 
TABLE- 2: Saturation Magnetization (Ms), Magnetic Moment 
(µB), Saturation Polarization (Ps), Remnant Polarization (Pr) 
and Magnetic Transition Temperature (Tc). 

(y) Ms µB Ps Pr Tc 

 (emu/gm)  (μC/cm2) oC 

   at 50 Hz  

0.00 - - 0.574 0.241 - 

0.15 03.64 0.039 0.385 0.333 463 

0.30 13.63 0.149 0.160 0.127 454 

0.45 18.02 0.186 0.060 0.043 449 

1.00 59.30 0.546 - - - 

 
4. Conclusion 
The ME composites of our interest was synthesized by stand-
ard double sintering ceramic method. The XRD pattern ob-
tained for all the composites reveals the confirmation of bi-
phases i.e. cubic spinel structure of ferrite phase and tetrago-
nal perovskite structure of ferroelectric phase in the compo-
sites. The average grain size was found to increase with ferrite 
content in the composites. The non-appearance of extra ele-
ments other than Ni, Cd, Cu, Fe, O, Ba and Ti in the EDX spec-
tra; reveals purity of the composites and was also confirmed 
from XRD patterns, SEM micrographs and EDX spectra’s of 
the composites. All the composites exhibits semiconducting 
nature as the temperature increases the dc resistivity of the 
composites decreases. The variation of dielectric constant and 
dielectric loss tangent with frequency shows the usual dielec-
tric dispersion behavior in the low frequency region and al-
most constant at high frequency region was due to Maxwell-
Wagner type of interfacial polarization. The linear variation of 
a.c conductivity with frequency shows small polaron type of 
conduction mechanism in the composites. The ferromagnetic 
and ferroelectric hysteresis behaviors of all the composites 
were studied with ferrite content. The magnetic parameters of 
the composites i.e. saturation magnetization and magnetic 
moments are found to increases while magnetic transition 
temperature are found to decreases with increasing the ferrite 
content.  The saturation and remnant polarization of the com-

posites are found to decrease with increasing the frequency as 
well as the ferrite content. The maximum ME conversion fac-
tor of 15.6 mV/cmOe was observed for the composites with 15 
% of ferrite and 85 % ferroelectric phases. And from the study 
of effect of grain size as well as resistivity on the ME effect it 
was observed maximum ME voltage coefficient for high resis-
tivity and small average grain size of the composite samples.   
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