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ABSTRACT 

Mixed spinel -perovskite composites of (x) Co0.5Ni0.5Fe2O4-(1−x) Bi0.9La0.1FeO3(x = 0, 0.25, 0.40, 0.55, 1.0) have been 
synthesized by conventional solid state reaction method and annealed at 850 ºC. The X-ray diffraction (XRD) pattern shows 
that the composites consisted of spinel Co0.5Ni0.5Fe2O4 and rhombohedral perovskite Bi0.9La0.1FeO3 ceramics. FESEM 
micrographs show closely packed microstructure with grain size in the range 503 nm - 960 nm. Variation of dielectric constant 
and dielectric loss with temperature at two fixed frequencies (500 kHz and 1 MHz) was studied. The composite with 
composition x = 0.55/sintered at 850 ºC exhibits the largest coercitivity (Hc) of 883 Oe. The saturation magnetization (Ms) and 
magnetic moment (µB) increase with an increase of Co0.5Ni0.5Fe2O4 concentration in the composites. From ferroelectric 
hysteresis loop analysis the values of remnant polarization (Pr) and coercive field (Ec) was found to lie in the range of 0.018-
0.745 µC/cm

2
 and 3.89-6.06 kV/cm. The relative change of magnetocapacitance was found to be 6.6% at a magnetic field of 8 

kOe for x = 0.55 composition. Impedance analysis suggests the presence of a temperature dependent electrical relaxation in the 
material having a typical negative temperature coefficient of the resistance (NTCR) behavior analogous to a semiconductor. 
Copyright © 2015 VBRI Press. 
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Introduction  

Multiferroic magnetoelectrics are materials that are both 

ferromagnetic and ferroelectric in the same phase [1]. The 
synthesis of materials that exhibits simultaneous 
ferromagnetic and ferroelectric characteristics has recently 
attracted a great deal of attention in research as well as in 

practical electronic devices [2]. Multiferroic 
magnetoelectric (ME) composite systems, such as 
ferromagnetic-ferroelectric heterostructures, which offer a 
novel route for integrating ferroelectric and 
ferromagnetism, have been widely studied in recent years 

[3]. From the view point of material constituents, 
multiferroics ME materials can be divided into two types: 
single phase and composite. The single-phase multiferroics 
exhibit the coexisting order parameters only at low 
temperatures, and they additionally have weak 
magnetoelectric response at room temperature. To 
overcome the problems of single-phase multiferroics, 
magnetoelectric composites have been developed, and it 
has been found that a much stronger ME coupling effect is 
expected to be realized in a composite of piezoelectric 
phase and magnetostrictive phase by using product 

properties [4]. Magnetoelectric coupling describes the 
influence of a magnetic (electric) field on the polarization 

(magnetization) of a material. It may arise directly between 
the two order parameters as in ME composites. ME effect 
in composites is due to induced strain in the piezomagnetic 
phase by the application of magnetic field that is 
mechanically coupled to induce stress in the piezoelectric 
phase that results into the generation of induced voltage.  

In the past years, various magnetoelectric composites 

have been developed such as CoFe2O4-BiFeO3 [5], BiFeO3-

NiFe2O4 [6], Ni0.75Zn0.25Fe2O4-BiFeO3 [7], CrFe2O4-BiFeO3 

[8], MnFe2O4-BiFeO3 [9], BiFeO3-BaTiO3 [10], 

Ni0.8Zn0.2Fe2O4-Ba0.6Sr0.4TiO3 [11], BiFe0.5Cr0.5FeO3-

NiFe2O4 [12], BiFeO3-CoFe2O4 nanostructures [13] and 

multiferroic BiFeO3-CoFe2O4 nanocomposites [14]. 
Besides this several efforts have been made by making 

composite film of CFO-BFO [15-16]. A suitable 
combination of ferrite and ferroelectric materials is very 
significant to get better ME effect. For this, the 
magnetostriction coefficient of ferrite phase and 
piezoelectric coefficient of ferroelectric phase must be high 

[17, 18]. BFO-based single phase multiferroics generally 
have weak macroscopic magnetic properties which lead to 
weak magnetoelectric (ME) effect in these materials. La 
doping in BFO reduce the leakage current and also to 
release the potential magnetization locked in the spiral spin 

structure [19]. The substitution of Bi
3+

 by La
3+ 

is favorable 
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for stabilizing the perovskite phase due to the similar radii 
values of Bi

3+ 
(1.030 Å) and La

3+ 
(1.032 Å), and La doping 

at the Bi site enhances the ferromagnetic property of BFO 

[20]. La doping in BFO (at A site) helps to improve the 
electrical and magnetic properties by suppressing the 

growth of secondary phases [21].  
Spinel CoFe2O4 is a well-known hard magnetic 

material, which has been studied in detail due to its high 
coercivity (5400 Oe) and moderate saturation 
magnetization (about 80 emu/gm) as well as its remarkable 

chemical stability and mechanical hardness [22]. Nickel 
doped cobalt ferrite exhibits a semiconducting nature up to 
513 K for all the compositions and underwent to metallic 
phase above 513 K. It is attributed to cation distribution 

between A and B sites as a function of temperature [23]. 
Moreover Co–Ni ferrites has the high electrical resistivity 
and a good magnetic property which is suitable for high-
frequency electronic device applications in the 

telecommunication field [24]. Keeping in view these 
aforesaid facts, this paper presents a systematic study of 
structural, dielectric, magnetic, magnetodielectric and 
ferroelectric properties of (x) Co0.5Ni0.5Fe2O4-(1–x) 

Bi0.9La0.1FeO3 (x = 0, 0.25, 0.40, 0.55, 1.0) composite 
prepared by hybrid processing route containing 
Co0.5Ni0.5Fe2O4 (CNFO) as ferrite component and 
Bi0.9La0.1FeO3 (BLFO) as ferroelectric component.  

 

Experimental 

The Composite of (x) Co0.5Ni0.5Fe2O4-(1−x) Bi0.9La0.1FeO3 

having two different phases were prepared by a 
conventional solid state reaction method. For ferrite phase 
stoichiometric amounts of Co3O4, NiO and Fe2O3 were 
mixed in an acetone media for 5-6 h. Then mixed powder 
was  dried and the resultant mixture was then calcined at 
1100 ºC for 6 h in air atmosphere and for ferroelectric 
phase taking amounts of Bi(NO3)3.5H2O, La(NO3)3.6H2O 
and Fe(NO3)3.9H2O in stoichoimetric propotion. Initially, 
Bi (NO3)3.5H2O were dissolved into 150 ml distilled water 
with few drops of Nitric acid. Then this solution was heated 
on a hot plate under constant stirring with magnetic stirrer 
until the solution becomes transparent. In another beaker 
we put 30 ml water and 7 ml ethyelene glycol and 4 gm 
citric acid and then mix it with that previous transparent 
solution and then add La(NO3)3.6H2O and Fe(NO3)3.9H2O. 
This mixture kept for 2 h on a hot plate under constant 
stirring until the solution converted to gel, then these 
precursor solution was dried at 70 ºC in an oven overnight 
then the dried gel was mixed in an agate mortar. Ground 
precursor powders were calcined in air for 2 h at 600 ºC.  
The calcined powder was then leached in diluted HNO3 to 
eliminate the impurity phase from BLFO. The powders of 
both ferrite and ferroelectric phase obtained after 
calcination were mixed for 5-6 h to get the desired 
composite. The ferroelectric–ferrite composites (x) 
Co0.5Ni0.5Fe2O4-(1−x) Bi0.9La0.1FeO3 where x = 0, 0.25, 
0.40, 0.55 and 1.0 were prepared by mixing CNFO and 
BLFO according to the above mentioned formula. After 
this, these mixtures were then pressed into the form of 
pellets of 9 mm diameter and 1.5 mm thickness with a 

pressure of about 7.56  10
7
 kg/m

2
. The structure of the 

samples was determined by X-Ray diffractometer with Cu 

(Kα) (λ=1.5402 Å) radiation, at Bragg angle (20º  2   
60º) with a scanning speed of 1º min

−1
 at room temperature. 

The dielectric measurements were done by using a LCR 
Meter in the temperature range 35-450 ºC (500 kHz and 1 
MHz) was used to measure dielectric properties. 
Microstructure analysis was carried out by FESEM. 
Magnetodielectric measurement was carried out using a 
magnet up to 8,000 Oe. The magnetic properties of 
composites were analysed by using a Vibrating Sample 
Magnetometer (VSM) with magnetic field in the range of 

(−10,000 OeH 10,000 Oe). The hysteresis curve was 
carried out using a modified Sawyer–Tower circuit. 
 

Results and discussion 

Structural analysis 

The XRD patterns of composites of (x) Co0.5Ni0.5Fe2O4-
(1−x) Bi0.9La0.1FeO3 where x = 0.25, 0.40, 0.55 with the 

individual phases of CNFO and BLFO are shown in Fig. 1. 
  

 

 
 

 
Fig. 1. (a) X-ray diffraction patterns for (x) CNFO - (1−x) BLFO where x 
= 0.25, 0.40, 0.55 composites with (CNFO) and (BLFO), where (*) denote 
the BLFO phase and (+) denote the CNFO phase (b) Showing the shifting 
of BLFO (104) peak and (c) shifting of CNFO (311) peak in composites 
for (x = 0.25, 0.40, 0.55) and (# marked Bi2Fe4O9 impurity phase). 

 
Few low intensity peaks are also observed in the BLFO 

ceramic in the range (2θ~ 27º- 29º). These peaks show the 
presence of bismuth ferrite impurity phase of Bi2Fe4O9 (# 
marked) in the BLFO ceramics. The XRD pattern of all the 
three compositions shows mixed crystalline spinel- 
perovskite phases. The ferrite phase CNFO has cubic spinel 
structure having lattice parameter a = 8.338 Å and 
ferroelectric phase BLFO has orthorhombic phase, which 
can also be described by hexagonal system of basis with 
lattice parameter ahex =5.615 Å and chex =13.542 Å 
corresponding to c/a ratio of 2.411. It can be observed that 
with the incorporation of CNFO, the most intense peaks 
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(104) of BLFO splits into two peaks (104) and (110). This 
indicates a change in structure of the ferroelectric phase as 

shown in Fig. 1(b). This means there is structural 
transformation from orthorhombic to rhombohedral phase. 
The major peak of CNFO (311) shifted to lower angles as 

shown in Fig. 1(c) indicating distortion of the CNFO 
lattice. The values of lattice parameters calculated for the 
individual phases in the composites with x = 0, 0.25, 0.40, 

0.55, and 1.0 are shown in Table 1. This is also confirmed 
from the fact that the c/a ratio in our CNFO-BLFO 

composites (as shown in Table 1) is larger than that of pure 
BLFO ceramic,  this suggests the diffusion of Co

2+
 or Ni

2+ 

into the BLFO lattice from the CNFO phase [25]. The ionic 
radii of Co

2+
 (0.78 Å) and Ni

2+ 
(0.69 Å) are larger than the 

ionic radius of Fe
3+ 

(0.64 Å). Substitution of Co
2+

 (0.78 Å) 
or Ni

2+ 
(0.69 Å) at the Fe

3+ 
(0.64 Å) site of BLFO can result 

increase of the BLFO parameters because of its larger 

radius than Fe
3+ 

(0.64 Å) [26]. Therefore, the observed 
increase in the lattice parameters of the CNFO-BLFO 
composite in comparison to the BLFO ceramic may be 
attributed to the diffusion of Fe

3+
 into the BLFO lattice 

during sintering process.  
 
Microstructural study 

FESEM micrographs of (x) Co0.5Ni0.5Fe2O4 - (1−x) 

Bi0.9La0.1FeO3 composites where x = 0, 0.25, 0.40, 0.55 and 

1.0 are shown in Fig. 2(a)-(e), consisting of randomly 
oriented, non-uniform (both in shape and size) closely 
packed grain in the composites. The mixed microstructures 
of the composites with different grain size and few pores 
are clearly revealed from the micrographs. The average 

grain size (Table 1) of the composites calculated using 
ASTM E112-13 are found to be 503, 747, 960, 831, and 
887 nm for (x) Co0.5Ni0.5Fe2O4 - (1−x) Bi0.9La0.1FeO3 where 
x = 0, 0.25, 0.40, 0.55 and 1.0.  
 
Table 1. Lattice parameters of (x) Co0.5 Ni0.5Fe2O4 - (1−x) Bi0.9La0.1FeO3 
composites with (a) x = 0, (b) x = 0.25, (c) x = 0.40, (d) x = 0.55, (e) x = 
1.0. 
 

                                                                                               

Composition 

(x) 

Lattice parameters of phase  

c/a 

Grain   Size 

(nm) {ASTM 

E112-13} 
Ferrite  

a  (Å) 
Ferroelectric 

a    (Å )                    c (Å) 

0 ---- 
 

5.615 13.542 2.411 503 

0.25 8.330 
 

5.592 13.500 2.414 747 

0.40 8.333 
 

5.596 13.521 2.416 960 

0.55 8.338 
 

5.612 13.593 2.422 831 

       1.0 8.343 
 

---- ---- ---- 887 

 
 

 
The average grain size of the composites is found to 

increase with CNFO addition. This increase of grain size 
resulted into reduction of porosity which leads to the 
densification of ceramic composites with increasing ferrite 
content. The compositional analysis for (x) Co0.5Ni0.5Fe2O4 
- (1−x) Bi0.9La0.1FeO3   with x = 0.40, determined by EDX 

analysis is shown in Fig. 2(f). The purity and confirmation 
of formation of composites is revealed from the presence of 
expected elements (Co, Ni, Fe, Bi, La, and O) in the EDX 

spectra. Fig. 3 shows elemental mapping in the composite 
of 0.55CNFO-0.45BLFO. It shows uniform distribution of 
Fe, O, Bi, Co, Ni and La in the synthesized composite. 

 

 
 

Fig. 2. FESEM micrographs of (x) Co0.5 Ni0.5Fe2O4 - (1−x) Bi0.9La0.1FeO3 

composites with (a) x = 0, (b) x = 0.25, (c) x = 0.40, (d) x = 0.55, (e) x = 
1.0 and (f) EDX spectrum of composite with x = 0.40. 

 

 
 
Fig. 3. Elemental mapping showing distribution of different elements in 

0.55 Co0.5 Ni0.5Fe2O4 – 0.45 Bi0.9La0.1FeO3 composites. 

 
Dielectric constant and dielectric loss variation with 
temperature 
 
The variation of dielectric constant and dielectric loss with 
temperature for (x) CNFO- (1-x) BLFO (where x = 0, 0.25, 
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0.40, 0.55 and 1.0) ceramics measured at two different 

frequencies (500 kHz and 1 MHz) are shown in Fig. 4(a)-

(e) and the variation of dielectric constant and dielectric 
loss with CNFO concentration at room temperature and 1 

MHz are shown in Fig. 4(f). This dielectric constant versus 
temperature curve shows a broad peak around 360 °C, this 
dielectric anamoly is attributed to the antiferromagnetic 
transition of the sample, as we know that BiFeO3 has an 
antiferromagnetic transition (TN) at 370 °C.  

The anamoly in the dielectric constant may be due to 
the magnetoelectric coupling effects which are predicted by 
Landau- Devonshire theory of phase transition in 

magnetoelectrically ordered systems [27]. In this context, 
we observed the dielectric peaks near around the 
antiferromagnetic Neel temperature (TN ~ 370 °C) of 
BiFeO3. The antiferromagnetic transition temperature 
decreased with increasing concentration of CNFO.  

The small value of dielectric constant of BLFO 
ceramics may be due to the oxygen vacancies and the 
displacement of Fe

3+ 
ions. The value of dielectric constant 

is got enhanced with increasing CNFO content may be due 
to the conduction mechanism caused by hopping of 
electrons between Fe

2+
/Fe

3+
, Co

2+
/Co

3+
, and Ni

2+
/Ni

3+ 
ions 

which are responsible for conduction mechanism. 
Moreover the peaks of dielectric constant shift to high 

temperature with increasing frequency [28]. This is due to 

the relaxor behavior of the composites. From Fig. 4(f) we 
see that the dielectric constant is increasing with the 
increasing ferrite content. In addition, the formation of 
barrier layers at the grain and grain boundary interfaces 
give rise to interfacial space charge polarization. This kind 
of behaviour exhibiting high dielectric constant at low 
frequency and the low value at high frequency is a mark of 

large Maxwell-Wagner type dielectric dispersion [29]. The 
composite with x = 0 and 1.0 exhibits diffuse phase 
transition (DPT) with broad maxima in the dielectric 
behaviour and the maxima shifts to higher temperature side 
with increase of frequency. The cation disorder due to 
nanoscaled ordered microregions in complex perovskite is 

generally responsible for DPT [30]. Moreover this diffuse 
phase transition observed in composites is ascribed to the 
fact that the ferroelectric grains are interconnected to non-

ferroelectric grains, as reported earlier for composites [31]. 
The increase of dielectric constant with addition of CNFO 
content can also be ascribed to increase of average grain 

size with CNFO content (Table 1). The increase of average 
grain size leads to reduction of grain boundary area which 
acts as an obstacle for domain wall motion. The mean free 
path of electrons increases with increases of grain size and 

hence the dielectric constant [32]. At higher temperatures 
there is rapid increase of dielectric loss which indicates the 
increased space charge conduction which is further related 
to the movement of oxygen vacancies towards dielectric-

electrode interface [30]. The Dielectric loss is found to 
increase with CNFO concentration this is due to the 
conduction mechanism in ferrites. On the basis of Verwey 
de Bohr mechanism, the conduction phenomenon in ferrites 
is explained which involves the exchange of electrons 
between ions of same elements existing in more than one 
valence state and are randomly distributed over equivalent 

crystallographic lattice sites [7].  
 

 
 

Fig. 4. (a)-(e) Dielectric constant with temperature for (x) CNFO- (1-x) 

BLFO where x = 0, 0.25, 0.40, 0.55, and 1.00 and (f) Variation of 
dielectric constant  and dielectric loss with different CNFO concentration. 

 
Magnetic measurement 

The magnetic properties of the (x) CNFO- (1-x) BLFO 
(with x = 0, 0.25, 0.40, 0.55 and 1.0) using a VSM with an 

applied field of -10,000 Oe  H  10,000 Oe are analysed 

at room temperature are shown in Fig. 5 (a). The value of 
saturation magnetization (2Ms) and remnant magnetization 

(2Mr) with the CNFO content shown in Fig. 5(b). M-H 
hysteresis loop at room temperature shows that there is the 

presence of an ordered magnetic structure [28] as due to the 
presence of CNFO the spin cycloid of BLFO is suppressed 
and locked magnetization is released. The magnetic 
moment in Bohr magneton has also been calculated using 
the following relation (1): 
 

         µB =  

5585

' sM
                                                                      (1) 

where, M is the molecular weight,  is the magnetization 
per gram mol of the sample and 5585 is the magnetic 
factor. The value of saturation magnetization (Ms) (shown 

in Fig. 5(b)) increases with the increasing amount of ferrite 
content due to the fact that the individual ferrite grains act 
as centers of magnetization. All the measured magnetic 

parameters are listed in the Table 2.  
An enhancement in the remanence (Mr) and saturation 

magnetization is observed with increasing CNFO 
concentration. The value of Ms in our composite is 

comparable with those of the BFO-CFO composite [5]. 
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Fig. 5. (a) Room temperature M-H loops of (x) CNFO - (1-x) BLFO 
where x = (0, 0.25, 0.40, 0.55 and 1.0) composites, (b) Saturation 
magnetization (Ms) and Remnant magnetization (Mr) with different 
CNFO content.  

 

Table 2. Data on magnetic parameters of (x) Co0.5 Ni0.5Fe2O4 - (1-x) 

Bi0.9La0.1FeO3 composites with x = 0, 0.25, 0.40, 0.55, 1.0. 

  

Composition      Remnant 

Magnetization 

(2Mr) emu/gm 

Saturation 

Magnetization (2Ms) 

emu/gm 

Coercivity (2Hc) 

kOe 

Magnetic 

Moment  

(µB) 

x = 0 

x = 0.25 

x = 0.40 

x = 0.55 

x = 1.00 

0.0167 

4.842 

13.366 

17.564 

59.81 

0.183 

24.499 

36.752 

58.766 

126.94 

0.429 

0.474 

0.942 

0.786 

2.635 

0.010 

1.263 

1.824 

2.805 

5.329  
 

The increase in the value of saturation magnetization 
and coercitivity with an increasing CNFO content due to 
the substitution of  Co

2+
 or Ni

2+ 
into the BLFO ceramics at 

the B site (Fe
3+

 site). The sample with x = 0.55 exhibits 
coercivity, 2Hc of 786 Oe and the higher saturation 
magnetization (2Ms) of 58.766 emu/gm, obtained by 
extrapolated value at 10 kOe. The magnetism observed in 
our composites can be due to the combined effects of 
BLFO and CNFO. The contribution of magnetization in our 
composites is mainly due to the CNFO, which has higher 
value of magnetization as compared to BLFO. The 
observed magnetization due to the change in bond angle of 
Fe-O-Fe caused by the distortion created by substitution of 
Bi

 
or La by Co or Ni may allow the canting of the 

antiferromagnetic sublattices. Moreover this substitution is 
able to break the cycloidal structure of BLFO matrix, and it 

will release the macroscopic magnetization [33]. 
A ferromagnetic material is said to have magnetocrystalline 
anisotropy if it takes more energy to magnetize it in certain 
directions than in others. The spin-orbit interaction is the 
primary source of magnetocrystalline anisotropy. Bulk 
CoFe2O4 is characterized by a strong cubic anisotropy of 
magnetocrystalline origin, mainly due to the Co

2+
 ions, 

which have non zero orbital momentum [34]. In a single-
domain particle with volume V and effective magnetic 
anisotropy Keff, the reversion of the magnetic moment over 
the anisotropy energy barrier Ea = Keff V is assisted by 

thermal phonons [35]. The main contribution of electrical 
conductivity at high temperatures generally originates from 
thermally activated oxygen vacancies. The temperature 
dependence conductivity follows the Arrhenius 

equation
)/exp(

0
TkE

Ba


, where 
0 is the pre-

exponential factor, Eα is the activation energy per charge 
carrier, kB is the Boltzmann’s constant and T (K) is the 

absolute temperature [36]. From Fig. 6 (a), we have 
calculated the activation energy Ea = 0.7048 eV by the slop 
of this curve in which data is taken after the transition 

temperature (Tc ) and volume of  CNFO lattice is 580.71 Å
3 

and by using this formula Ea = Keff V we have found that 
Keff is 19.44×10

8
 ergs/cm

3
.  

 

 
 

Fig. 6. (a) Variation of ac conductivity of Co0.5 Ni0.5Fe2O4 to calculate the 
activation energy, (b) Variation of Coercivity and saturation 

magnetization with different average grain size in composites. 

 
The variation of coercivity and saturation magnetization 

with grain size is shown in Fig. 6 (b). We observed that at 
first the coercivity increases with increasing in grain size 
and reaches maximum for grain size 747 nm and afterwards 
it decreases, because when the particle size increases, the 
coercivity of the "single-domain" particle assembly 
increases, since the magnetic moment of the individual 
particle increases, and the magnetic anisotropy energy 
increases and therefore stronger field is required for 
magnetization reversal. Coercivity decreases for larger 
grain sizes has due to the crossover from single domain to 

multidomain behavior with increasing size [37].  
In the single domain region, the coercivity varies 

according to the formula [38] Hc = (g-h/D
3/2

), where g and 
h are constants and Hc is coercivity and D is particle size. 
Therefore, Hc increases as D increases below a critical 
particle size. However in multidomain region the coercivity 
varies according to the formula: Hc = (a + b/D), where a 
and b are constant and Hc is coercivity and D is particle 
size. Therefore coercivity decreases with the increasing 

particle size [39]. In our composites the particle with  x =0, 
0.25, and 0.40 having grain sizes 503 nm, 831 nm, and 960 
nm respectively behaves as a multidomain because they 
have small coercivity having larger grain sizes and the 
particle with x =0.55, and 1.0 behaves as single domain 
particle because they have higher coercivity with their 
increasing grain sizes. Moreover smaller grains have a 
lower probability for strong surface defects and hence they 

achieve higher coercivities [40] and particles with 
multidomains require fewer magnetic fields to switch 

compared with the single domain state. From Fig. 6(b) we 
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observe that the value of saturation magnetization first 
increases with grain size and reaches maximum for grain 
size 887 nm and afterwards it decreases having grain size 
960 nm (x = 0.40) because it behaves like a multidomain 
and for multidomain the variation saturation magnetization 

with particle size is given by Ms = 

mD

 

2

9
, where Dm is 

the critical particle size and σω is domain wall energy so Ms 

decreases with increasing particle size [40]. 
 

Magnetodielectric measurement 

Fig. 7 shows the variation of magnetocapacitance with the 
magnetic field from 0 to 8,000 Oe and the measuring 
frequency is 1000 Hz. The Magnetocapacitance is defined 
as follows (2):    
                                             

             MC = 100
)0(

)0()(






 H                            (2) 

 

where,  (H) and  (0) is the dielectric constant in the 
presence and absence of magnetic field respectively. The 
absolute value of magnetocapacitance increases with ferrite 
concentration in the composite. The change in the dielectric 
constant under the variation of magnetic field can be 
induced by magnetostriction effect, which occurs due to the 
change in lattice parameters on applying magnetic field 

[41]. If we apply magnetic field to a magnetoelectric 
material, the material gets strained, and this strain further 
induces stress which gives rise to an electric field. This 
generated field is able to orient the ferroelectric domains, 

and hence dielectric behavior is changed [42]. Since we 
have seen that due to barrier layer formation grain 
boundaries are more resistive than grains, so that the most 
of the field is dropped across the layers, and thus the 
apparent decrease in dielectric thickness results in an 

increased capacitance [43]. 
 

 
 
Fig. 7. The graph demonstrates the variation of magnetocapacitance with 
magnetic field for (x) Co0.5Ni0.5Fe2O4- (1−x) Bi0.9La0.1FeO3 where x = 0, 
0.25, 0.40, 0.55 and 1.0 composites at room temperature. 

 
The magnetocapacitance in the system could also be 

attributed to the presence of magnetostriction or 
magnetoresistance effect. The magnetoresistance was also 
calculated for the samples, and it has been found that there 
is negligible variation of magnetoresistance with an applied 

magnetic field. This means that the magnetocapacitance in 
the system is not due to the magnetoresistance. The 
negative or positive sign of magnetodielectric effect 
depends on the product of spin-pair correlation of 

neighboring spins and the coupling constant [44]. The value 
of magnetocapacitance is found to increase with increase in 
the concentration of CNFO. The values of MC for (x) 
Co0.5Ni0.5Fe2O4 - (1− x) Bi0.9La0.1FeO3 with x = 0, 0.25, 
0.40 and 0.55 are found to be 2.8, 5.1, 5.8 and 6.6 %, 
respectively. The value of magnetocapacitance in our 
composites is found to be higher as compared to earlier 

reported composites as shown in Table 3.   
 
Table 3. Values of magnetocapacitance (%) in the composites of CNFO 
and BLFO @1kHz and 8 kOe. 
 

Materials x MC 

%

Reference

(1−x) BaTiO3 - x

CoFe2O4

0.43 1.8 [45]

CoFe2O4–BaTiO3

nanostructures on Nb-

doped SrTiO3

--- 2.0 [46]

(1−x) (0.3CoFe2O4-

0.7BiFeO3)-x BaTiO3

0.40 3.4 [28]

x NiFe2O4 - (1−x) 

BiFeO3

0.40 4.7 [ 6]

x Co0.5Ni0.5Fe2O4 - (1−x)

Bi0.9La0.1FeO3

0.40 5.8 Our result

 
 
Ferroelectric behaviour 

Fig. 8(a)-(e) shows the room temperature ferroelectric 
hysteresis (P-E) measurements for the pure BLFO along 
with CNFO-BLFO composites which shows the 
ferroelectric behaviour of the composites.  
 

 
 
Fig. 8. P-E Hysteresis loops of (x) Co0.5Ni0.5Fe2O4 - (1− x) Bi0.9La0.1FeO3 

(a) x = 0, (b) x = 0.25, (c) x = 0.40, (d), x = 0.55 and (e) x = 1.0, 
composites at room temperature & (f) variation of remnant polarization, 
and coercivity of (x) Co0.5 Ni0.5Fe2O4 - (1−x) Bi0.9La0.1FeO3 composites. 
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It is a most important character to study the ferroelectric 

behavior. From Fig. 8, it is revealed that all the samples 
except x = 0 have clear hysteresis loop, but as the CNFO 
contents increases, the P-E loops becomes narrow, which 
indicates that the ferroelectric order of BLFO is disrupted 
by the addition of CNFO. The variation of remnant 
polarization (2Pr) and coercive field (2Ec) with CNFO 

content are shown in Fig. 8 (f). The high coercive field and 
leakage current may be responsible causes for unsaturated 

PE loop and low value of polarization in BFO [47]. 
However in case of smaller grains, the movement of 

domain wall is restricted through the grain boundary [48]. 
Moreover due to much lower resistance of the ferrite phase 
the composite ceramics are not fully polarised. The 
polarization of ferrites having lower resistance becomes 

difficult as they can withstand only low voltages [49]. The 
saturation has not been achieved in PE loops as they are 
dominated by leakage current originated from valence of Fe 
ions. The larger leakage currents in magnetoelectrics often 
result from mixed valence for the magnetic ions (e.g., Fe

2+
 

and Fe
3+

), from oxygen vacancies, or from both. The 
electrical hysteresis requires metal contacts and permits 

charge injection and real current flow [50]. Hence the 

obtained PE loop in Fig. 8(a) is not due to the polarization 
displacement current j = dP/dt but due to the conduction 

current j = E. 

 
Impedance analysis 

The temperature dependence of complex impedance 
plots (Z*) or cole–cole plots i.e. plotting imaginary part Z″ 
against the real part Z′ of complex impedance Z*= Z′− jZ″ 
of (x) Co0.5Ni0.5Fe2O4 - (1−x) Bi0.9La0.1FeO3 where x = 0, 
0.25, 0.40, 0.55 and 1.0 composites performed at 250 ºC, 
300 ºC, 350 ºC, 400 ºC, 450 ºC and 500 ºC over a wide 

frequency range (100 Hz–1 MHz) are shown in Fig. 9. The 
complex impedance plots of  x = 0 sample (which has small 
and uniform average grain size) shows the large semicircle 
and the samples with CNFO concentration show quite small 
semicircles due to their gaint grain sizes. According to the 
Koops’ model ferrite is a grain structured conductor in 
which layers of poorly conducting grain boundary material 

separates the grains [51]. We do not get semicircles above 

300 ºC due to the high conductivity of BLFO, but in Fig. 

9(b-e) with increasing temperature the semicircles make 
larger intercepts on the real X-axis indicating increase in 
the impedance of the sample on CNFO doping. It is 
observed that all the semicircles arc exhibits some degree 
of depression indicating that centres of these semicircles 
lies below the real Z′ axis, showing presence of non-Debye 
type of relaxation in the material.  

The non-Debye type nature of dielectric relaxation 
could be analysed through complex impedance plots. 
Impedance spectra shows the formation of semicircular arc 
for the high temperature (250-500 °C), which depends upon 
the strength of the relaxation and available frequency range 
for the experiments. The impedance spectra are 
characterized by the appearance of two semicircles, larger 
radii and a small radii corresponding to the high and low 
frequency region, indicating the effects of  bulk and grain 
boundary effects respectively, whose radii of curvature 
decreases with an increase in temperature such that their 

centre lie below the real axis. Semicircles are observed 
below 350 °C and above this temperature the grain 
boundary resistances cannot be separated out, as there are 
no complete semi circles. 
 

 
 
Fig. 9. Cole-Cole plots for (x) Co0.5Ni0.5Fe2O4 - (1−x) Bi0.9La0.1FeO3 
composites with (a) x = 0, (b) x = 0.25, (c) x = 0.40, (d) x = 0.55, (e) x = 
1.0 and (f) equivalent circuit representation of grain and grain boundary 
contributions. 

   
The values of resistance and capacitance corresponding 

to the bulk and grain boundary for temperature 250-500 ºC 

are given in Table 4, calculated by knowing the frequency 
for the peak maxima of semicircular arc and then using the 
relations: 

 

                
 
The intercepts of these two semicircular arcs with the 

real axis (Z′) give us an estimate of the bulk resistance (Rb) 
in high frequency range and grain boundary resistance (Rgb) 
of the material in low frequency range.  

It was observed that the slope of lines decrease towards 
Z′ axis with an increasing temperature. A well resolved 
semicircle is observed for each of the sample only at 250 
°C. Similar type of cole–cole plots have been reported for 

SrxBa1−xFe0·6Sn0·4O3−ε ceramics [52]. It was observed that 
both resistance Rb and Rgb decreases with an increase in 
temperature, which shows the negative temperature 
coefficient of resistance (NTCR), correspond to a typical 

semiconducting property [53, 54]. The origin of semi 
conductivity in the grains may arise from a small but 

measurable oxygen loss during the synthesis process [55]. 
The electrical behavior can be represented in terms of 
equivalent circuit, which consists of series combination of 
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parallel RC circuit i.e. parallel combination of bulk 
resistance (Rb), bulk capacitance (Cb) and grain boundary 
resistance (Rgb), grain boundary capacitance (Cgb) 

respectively, is shown in Fig. 9(f), which correspond to 
inter granular of material and grain boundary contribution, 

so they relax in different frequency region [56].  
 
Table 4. Values of Rg, Rgb and Cb, Cgb for CNFO - BLFO composites for 
x = 0, 0.25, 0.40, 0.55 and 1.0. 

 
Temperature °C 250 °C 300 °C 350 °C 400 °C 450 °C 500 °C 

 

x = 0 

Rb(kΩ) 450 290 6.5 1.85 0.775 0.375 

C
b
 (pF) 103.39 387.43 40.8 122.9 228.29 849.25 

Rgb(kΩ) ----- 375 7.35 2.05 0.880 0.400 

Cgb (pF) ----- 812.42 108.32 776 22618 19904 

 

x = 0.25 

Rb (kΩ) 410 72 8.75 2.65 1.050 0.492 

C
b
 (pF) 199.04 151.65 60.66 75.112 276 539.4 

Rgb(kΩ) 440 80 10.00 2.85 1.215 0.532 

Cgb (pF) ----- 631.88 79.61 279.36 163822 4988.6 

 

x= 0.40 

Rb (kΩ) 16.5 4.5 1.28 0.625 0.395 0.315 

C
b
 (pF) 165.87 144.75 138.22 283.08 403.12 16850 

Rgb(kΩ) 18 4.75 1.45 0.545 0.422 ------ 

Cgb (pF) 549.08 424.62 21.96 41739 1886.6 ----- 

 

x = 0.55 

Rb (kΩ 43 8.5 3.55 1.250 0.780 0.425 

C
b
 (pF) 99.52 97.09 64.07 141.54 2564.1 53524 

Rgb(kΩ) 45 10 4.50 1.450 ------- ------ 

Cgb (pF)) 227.47 203.62 1769.28 5490.8 ------- ------ 

 

x = 1.00 

Rb (kΩ 105 23.5 9.00 3.800 2.20 1.120 

C
b
 (pF) 159.23 127.38 58.97 83.80 103.39 555.79 

Rgb(kΩ) ----- 27.5 ------ 4.300 2.60 1.30 

Cgb (pF) ----- 379.13 ------ 740 874.92 20414.8 

 
 

 

Conclusions 

In summary, the magnetoelectric composites CNFO/BLFO 
consisting CNFO as the ferrite phase and BLFO as 
ferroelectric phase were successfully prepared by the solid 
state reaction method, where BLFO was prepared by sol-
gel process and CNFO by solid state reaction method. The 
XRD pattern confirms the presence of constituent phases 
i.e. ferrite phase (CNFO) and ferroelectric phase (BLFO) of 
the composites. The average grain size as determined from 
FESEM micrographs is found to increase with the increase 
of CNFO content in the composites. Dielectric properties of 
the composites are improved with low value of dielectric 
loss. An anomaly in the dielectric constant around Neel 
temperature of BLFO suggests the magnetoelectric nature 
of the composites. The P-E hysteresis loops at room 
temperature indicates that there is presence of ferroelectric 
ordering and the coupling between ferroelectric and 
ferromagnetic orderings is confirmed through the 
magnetodielectric effect at room temperature. Impedance 
analysis in the composites provides evidence of space 
charge accumulation that vanishes at high frequency and 
high temperature and it also shows that the grain and grain 
boundary resistance decreases with rise in temperature 
which corresponds to the negative temperature coefficient 
of resistance (NTCR) behavior analogous to a 
semiconductor and suggests a Non-Debye type of electrical 
resistance. These observed values of dielectric constant and 
magnetization can be used for dynamic random access 
memories (DRAM) and in NTCR thermistors can be used 
for temperature sensors. 
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