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Abstract  

In the present study, Pb0.85La0.15TiO3(PLT) and Ni0.4Zn0.6Fe2O4(NZF) materials were synthesized by using the Metallo - 

Organic Decomposition (MOD) chemical route, which were further used as basic materials for the preparation of 

0.7(Pb0.85La0.15TiO3)/0.3(Ni0.4Zn0.6Fe2O4) [PLT/NZF]   composite. The structural analysis of individual phases PLT, NZF and 

PLT/NZF composite were carried out using X-ray diffraction study which confirms a tetragonal pervoskite structure for PLT 

phase, cubic spinel structure for NZF phase and no any secondary phases present in composite. The microstructure of 

composite was studied by using scanning electron microscope (SEM). The room temperature hysteresis measurement shows 

the low value of saturation magnetization (Ms) of PLT/NZF composite (~ 12emu/g) as compared to ferrite (NZF) phase 

(~37emu/g). The variation of dielectric constant and loss factor of composite with frequency was also studied. The variation 

of dielectric constant with temperature of PLT/NZF composite show diffuse phase transitions (DPT). 
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Introduction 

The Magneto-electric (ME) composites mainly consist of two 

phases, ferrite (piezomagnetic) and ferroelectric (piezoelectric). 

Ferrites show piezomagnetic behavior due to their 

magnetostriction property in presence of ac magnetic field
1
. The 

cross mechanical coupling between ferrite and ferroelectric 

phases give rise to new materials with magnetoelectric (ME) 

property. The ME property of a composite is shown by the 

electric polarization on the application of magnetic field or 

magnetic polarization on the application of electric field
2,3

. ME 

composites have considerable prospective for applications in 

multifunctional devices like sensors, transducers, magneto-

electric memory devices etc.
4
. A number of such composites 

exist between lead (Pb) based piezoelectric and magnetic 

constituents like Ni, Zn based ferrite
5-10

. In this work we have 

taken PLT as the piezoelectric phase and NZF as piezomagnetic 

phase. PLT and NZF materials are synthesized by metallo 

organic decomposition chemical route. MOD chemical route is 

mostly used to prepare thin film solution
11,12

.  To the best of our 

knowledge, no reports are available in the literature on studies 

of MOD processed ferrite/ferroelectric composite materials. The 

advantages of this method include high solution stability, low 

processing temperature, and composition is easily controllable. 

Once the ferrite/ferroelectric composite synthesized, it is 

important to know if the intrinsic properties of the magnetic and 

ferroelectric phases maintained, without major changes of the 

interaction mechanisms between the two phases. The present 

work studies the structural, dielectric and magnetic behavior of 

PLT/ NZF composite. 

 

Material and Methods 

PLT and NZF phases of PLT/NZF composite were individually 

prepared by using MOD chemical route. For the synthesis of 

PLT, a stoichiometric amount Lead-2-ethylhexonate (with 20% 

extra lead was taken to compensate lead loss), Lanthanum-2-

ethylhexonate and tetra- n-butyl orthotitanate solutions were 

mixed, heated at 80
o
C for 1 hr and 5-7 drops of polyethylene 

glycol (PEG) were added as surfactant. The mixed solution was 

then dried at 300
o
C to get powder. The dried powder was 

presintered at 650
o
C for 2 hrs. Similar steps were followed to 

prepare NZF by taking Nickel-2-ethylhexonate, Zinc-2-

ethylhexonate and Iron-3-ethylhexonate as precursor solutions. 

The dried powder was presintered at 700
o
C for 3 hrs. PLT and 

NZF powder were mixed in 0.7:0.3 weight ratios. After uniform 

mixing the PLT/NZF composite was sintered at 750
o
C for 1hr. 

The pellets of 9mm diameter and ~1 to 1.2 mm thickness were 

formed and sintered at 950
o
C for 4 hrs for dielectric studies. 

 

The crystallographic and microstructural properties of the 

ferrites were studied by X-ray diffraction (PANalytical X’Pert 

PRO diffractometer) with CuKα radiation and scanning 

electron microscope (SEM Quanta 250, FEI Make - USA) 

respectively. The compositional analyses of composite were 

performed using energy dispersive x-ray spectroscopy 

(EDXS). The magnetic properties were measured by using 

vibrating sample magnetometer VSM (Microsense, USA) at 

room temperature. The dielectric measurements were 

performed by using Wayn Kerr 6520 impedance analyser in 

the frequency range of 1 kHz to 1MHz and temperature range 

150
o
C to 380

o
C.  
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Table-1 

Lattice Parameters and Saturation magnetization values for PLT, NZF and composite 

Compositions 
Lattice  Parameters 

c/a Saturation Magnetization Ms(emu/g) 
a(A

o
) c(A

o
) 

PLT 3.94384 3.95498 1.00282 - 

NZF 8.4087 - - 37 

PLT/ NZF 3.93432/ 8.4079 3.95044/ - 1.00409 12 

 

Results and Discussion 

The X-ray diffraction patterns of individual PLT, NZF phases 

and composite are shown in figure 1. All diffraction lines in 

XRD pattern reveal a tetragonal pervoskite structure for PLT 

phase and cubic spinel structure for NZF phase. XRD pattern of 

composite confirms no any secondary phase which reveals that 

individual phases (PLT, NZF) have not chemically reacted. The 

lattice parameters for ferroelectric PLT and ferrite NZF phase 

have been calculated and are given in table 1. 

 

Scanning Electron Microscope (SEM) images of composite 

PLT/NZF, PLT and NZF powder sample sintered at 750
o
C, 

650
o
C and 700

o
C are shown in figure 2(a-c). The SEM 

micrographs show the polycrystalline nature of microstructure 

with different grain sizes which are non-uniformly distributed 

throughout the sample surface. Energy dispersive x-ray 

spectroscopy (EDX) spectra of the PLT/NZF composite sintered 

at 750
o
C is shown in figure 3, which confirms the presence all 

the elements (Pb,La,Ti,Ni,Zn and Fe). 

 

Hysteresis loops of composite PLT/NZF and NZF powder 

sintered at 750
o
C and 700

o
C are shown in figure 4. Both NZF 

ferrite and PLT/NZF composite show ferromagnetic character 

having small value of coercive field (Hc) and remanent 

magnetization (Mr) at room temperature (as shown in inset of 

figure -4). The saturation magnetization (Ms) value for NZF is ~ 

37emu/g and for composite is ~ 12emu/g. It follows that 

magnetization of composite originates from the unbalanced anti 

parallel spins as in the pure NZF
13

. However, magnetic 

parameters (Hc, Mr and Ms) of composite have less value than 

for NZF which may be explained on the basis that some of 

ferrite grains are connected to ferroelectric grains which act as 

pores in the presence of applied magnetic field
14

. 

 

The variation of dielectric constant and loss factor (tanδ) of  

PLT,  PLT/NZF composite and NZF pellets sintered at 950
o
C 

with frequency at room temperature are shown in figure 5(a-b) . 

At lower frequency region the value of dielectric constant 

decrease to minimum value and then remains constant 

afterwards at high frequencies. The dielectric dispersion at 

lower frequency is due to Maxwell-Wagner type interfacial 

polarization in agreement with Koop’s phenomenological 

theory
15

. At higher frequencies, the dielectric constant remains 

constant due to electronic polarization. In electronic 

polarization, electric dipoles are unable to follow the fast 

variation of the applied alternating electric field resulting in low 

dielectric constant. The value of dielectric constant of PLT/NZF 

composite at room temperature lies between NZF and PLT 

phase.  Similar type of decrease in dielectric constant with 

addition of ferrite to ferroelectric phase has reported by 

Lopatine et.al.
16 

and Gelyasin and Laletin
17

 inNiCoFe2O4 

+BaTiO3 composites and NiCoFe2O4 +PZT composites. The 

variation of loss factor (tanδ) with frequency shows the similar 

dispersion as that of dielectric constant with frequency. 

 

The variation of dielectric constant  of  PLT, PLT/NZF 

composite pellets sintered at 950
o
C with temperature at fixed 

frequencies i.e. at 1 kHz, 10 kHz, 100 kHz and 500 kHz are 

shown in figure 6(a-b) . It has been observed that dielectric 

constant increases with the increase of temperature and attains 

the maxima. In PLT phase a sharp and well defined peak has 

been observed which corresponds to transition from 

ferroelectric to paraelectric phase whereas in PLT/NZF a broad 

peak has been observed which correspond to diffuse phase 

transition18. Diffuse phase transitions (DPT) of composite  can 

be explain on the fact that ferroelectric grains are surrounded by 

non-ferroelectric (NZF)grains. It has been reported in literature 
18, 16, 19

 that in various ME composites the broadening of peak is 

one of the most important characteristic of a disorder perovskite 

structure with diffuse phase transition. The broadening of the 

transition has been attributed to disorder in the arrangement of 

cation on one or more crystallographic sites in the structure, 

leading to a microscopic heterogeneity in composites and thus 

in distribution of different localized Curie points.  

 

 
Figure-1 

XRD pattern for PLT, NZF and PLT/NZF composite 

material sintered at 650
o 
C 700

o 
C, and 750

o 
C 
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Figure-2 

SEM images of a) PLT/NZF composite b) PLT and c) NZF 

powder sintered at 750
o 
C, 650

o 
C and 700

o 
C 

 
Figure-3 

EDX spectra of PLT/NZF composite 

 

 
Figure-4 

Hysteresis loop for NZF, PLT/NZF composite powder 

sintered at 700
o
C, 750

o
C 

 

 
 FIGURE-5 

Dielectric Constant Vs frequency plot for PLT, NZF and 

PLT/NZF composite 

a) 

c) 

b) 
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Figure-5 

Loss factor tanδ Vs frequency plot for PLT, NZF and 

PLT/NZF composite 

 

 
Figure-6 

Dielectric Constant Vs Temperature plot for PLT 
 

 
Figure-6 

Dielectric Constant Vs Temperature plot for PLT/NZF 

composite 

Conclusion 

PLT/NZF composites have been synthesised by chemical route. 

XRD confirms the coexistence of both phases (PLT and NZF) in 

PLT/NZF composite. XRD pattern reveals tetragonal perovskite 

structure for PLT and cubic spinel structure for ferrite phase. 

The MH curve of Composite shows ferromagnetic character at 

room temperature. Both dielectric constant and loss factor of 

composite show dispersion in the lower frequency region. The 

variation of dielectric constant of composite with temperature 

shows a broad peak, which indicates the diffuse phase transition 

from ferroelectric to paraelectric phase. Maxwell-Wagner 

relaxation at the interface of the ferroelectric and ferromagnetic 

phases plays important role particularly at low frequencies and 

higher temperatures. The dielectric and magnetic studies suggest 

PLT/NZF composite as an important multiferroic composite for 

further magneto-electric investigations. In order to study the 

ferroelectric and ferromagnetic domain interaction in the 

composite further investigations are necessary.  
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