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Abstract 
Magnetoelectric composites of (x) Ni0.94Co0.01Cu0.05Fe2O4 [NCCFO] + (1-x) Pb0.93La0.07(Zr0.60Ti0.40)O3 [PLZT] in 
which x varies as 0, 0.15, 0.30 and 1 were prepared by solid-state reaction technique. The presence of single 
phase in x = 0 and x = 1 as well as two phases in x = 0.15, 0.30 and 0.45 composites were confirmed by X-ray 
diffraction (XRD) technique. Variation of Seebeck coefficient and AC conductivity were studied with changing 
content of individual phases at and above room temperature. The thermoelectric power measurements indicates 
the majority charge carries in individual phases and their composites is ‘p’ type at room temperature and changes 
to ‘n’ type around the ferroelectric transition temperature of PLZT. 
1. Introduction 
Bulk magnetoelectric composites consisting of 
ferrimagnetic and ferroelectric phases , could be used 
for devices applications such as data storage, 
switching, modulation of amplitudes, polarization and 
filters, waveguides, transducers and spin wave 
generation, etc. [1-4]. These materials exhibit 
simultaneously long range electric and magnetic 
ordering stimulates an intense search for a new 
substance with similar properties [5]. The interactions 
introduce number of peculiarities in ferroelectric and 
magnetic phase transition. Composites can be 
classified based on the microstructure of the 
reinforcing component or the particle size of the 
reinforcing component. Mainly there are following 
three groups, out of which we consider only the 
second group [6].  
 i) Dispersion strengthened composite materials. 
ii) Particle strengthened composite materials. 
iii) Fiber reinforced composite materials. 
The importance of the matrix phase in particulate 
reinforced composite materials is intermediate 
between dispersion strengthened and fiber reinforced 
composites. In dispersion strengthened composites 
the load is fully borne by the matrix whereas in fiber 
reinforced composites, the load is primarily borne by 
the fibres [6]. Studies on composites by Van 
Suchetelene, suggested that a suitable combination of 
two phases such as piezomagnetic (ferrite) phase and 
piezoelectric (ferroelectric) phase, could exhibits the 
ME effect [7]. However, composites in bulk form 
have extra degrees of freedom from the point of view 
of choosing content of individual, phases, large 
contact area between grains of individual phases etc. 
K. Srinivasan et.al. [8] investigated the 
microstructures, and piezoelectric of 
Ni0.98Co0.02Fe1.9Mn0.02O4 (NCFMO) and PZT matrix 
and reported the diffraction patterns of composite 
show presence of the both ferrite and ferroelectric 
phases without any structural changes and the 
presence of additional peak. However there are only a 
few reports on detailed analysis of dielectric, 
thermoelectric, electrical and magnetic properties of 
bulk composites. Hence Ni0.94Co0.01Cu0.05Fe2O4 is 
selected as ferrite phase. The copper having 

interesting electric and magnetic properties is 
distinguished from other ferrites by the fact that it 
undergoes a structural phase transition accompanied 
by a reduction in the crystal symmetry due to the co-
operative Jahn-Teller effect. The distortion of the 
ferrite lattice due to this Jahn-Teller ion (i.e. Ni2+ and 
Cu2+) induces a stress in the nearby ferroelectric 
lattice to yield high magnetoelectric output. The 
nickel ferrite doped with one or two percent of Co 
ions have high resistivity [9-10] , low anisotropy and 
high magnetostrication under low magnetic field [11-
12]. Thus Ni-ferrite doped with Co, Cu has been 
chosen because of their superior magnetostriortion, 
magnetomechanical coupling factor and electrical 
resistivity [13], as these prerequisites for ME output. 
[ PLZT ] in the morph tropic phase boundary (MPB) 
region is selected as a ferroelectric phase due to its 
high piezoelectric effect among various piezoelectric 
materials. The anomalous enhancement in dielectric 
constant (έ ≈ 2590), dielectric loss (tan δ ≈ 1.9 %) and 
piezoelectric constant (d33 ≈ 710 pC/N) in the morph 
tropic phase boundary (MPB) has been observed in 
polycrystalline PLZT which is higher than that of 
polycrystalline PZT [14].  In the present we report of 
temperature and composition on the structural, AC 
conductivity and thermoelectric power properties of 
ME composites.  
2. Experimental details 
The NCCFO was synthesized by using conventional 
solid-state reaction technique, where NiCO3, CoCO3, 
CuCO3 and FeO3 were used as initial ingredients. 
These oxides were mixed and milled for 3 hours and 
presintered at 900°C for12 hours. Presintered NCCFO 
was milled again and finally calcined at 1200°C for 
12 hours. PLZT was prepared by solid-state reaction 
technique. The starting materials were analytical 
reagent grade oxides, viz. PbO, La2O3, ZrO2 and 
TiO2. These oxides were mixed in the proper molar 
proportions, milled for 3 hours and presintered at 800 
°C for 4 hours. Finally the material was calcined in a 
closed crucible at 1100°C for 12 hours and slowly 
cooled to room temperature in the furnace. NCCFO 
phase and PLZT phase were identified using X-ray 
diffraction (XRD) technique. These calcined phases 
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were milled for 3-4 hours after mixing in the required 
molar proportions (i.e. 15%, 30% and 45% NCCFO 
phase with 85%, 70% and 55% PLZT phase and 
named as ‘C1’, ‘C2’, and ‘C3’ respectively. The mixed 
powder was pressed in a die to form pellets of 2 mm 
thick and 10 mm in diameter using a hydraulic press 
pump. Final sintering of the constituent phases and 
their composites was carried out at 1150°C for 10 
hours and cooled slowly in the furnace. The crystal 
structure of the calcined powders was analyzed using 
X-ray diffraction technique(model Bruker D8 
Advance). The frequency dependent AC conductivity 
was calculated from dielectric constant (ε') and loss 
tangent (tanδ) using the relation [15]: 

σac = ε'εο ω tan δ       .................(1) 
The temperature dependence of AC conductivity 
were noted in the temperature range 300 – 923 K at 
certain fixed frequencies viz. 1 kHz, 10 kHz, 100 kHz 
and 1 MHz. The thermoelectric power (TEP) with 
temperature was studied to understand the type of 
charge carriers responsible for the conduction in 
ferrite and ferroelectric phases. The Seebeck 
coefficient of the samples was measured by 
maintaining a thermal gradient of 25 oC across the 
sample. of the composites was carried out in the 
temperature range 300-923 K [16]. 
Results and discussion. 
Fig.1. shows X-Ray diffraction (XRD) patterns of 
individual phases NCCFO PLZT and composites x = 
0.15, 0.30 and 0.45.The composites with x = 0.15, 
0.30 and 0.45 are designated as C1, C2 and C3 
respectively. All diffraction peaks in the XRD 
patterns of NCCFO and PLZT were indexed using 
JCPDS data for Ni-Co-Cu ferrite and PLZT (7/60/40) 
(Card Nos. 100325, 221086, 770010 and 46-0504) 
which revealed a cubic spinel structure for NCCFO 
and tetragonal perovskite structure for PLZT samples. 
All diffraction peaks in XRD pattern of all 
composites are assigned to either NCCFO or PLZT. 
There is no unidentified diffraction peak indicating 
absence of intermediate phase of any un-reacted 
phase even after sintering composites at 1150oC. The 
individual phases have not reacted with each other. 
The relative intensity of X-ray diffraction peaks 
depend on the relative abundance of the particular 
phases in composites. The X-ray diffraction patterns 
of composites reveal that the intensity as well as 
number of NCCFO peaks increase with increasing 
NCCFO content in composites. These results are in 
agreement with literature [17].  
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Fig. 1 X-ray diffraction pattern of PLZT phase, NCCFO 

phase, C1, C2 and C3 composites 
 

In order to understand conduction mechanism, AC 
conductivity was determined as a function of 
frequency in the range of 100 Hz to 5 MHz at room 
temperature. An examination of fig. 2 shows that the 
AC conductivity increases with increases in 
frequency. At room temperature conductivity σ (or 
1/ρ) follows the relation [17]. 

(σac – σdc ) = (ω2τ/(1+ ω2τ2)       (2) 
where, σac is ac conductivity, σdc is dc conductivity, ω 
is the angular frequency,  τ is the relaxation time (10-

10 S) for all ceramic (if ω2τ2 < 1). The linearity of AC 
conductivity plots indicating that the conduction 
occurs by hopping of small polaron type of change 
carriers among the localized states. However slight 
decrease in conductivity at certain frequency is 
attributed to mixed polaron (small and large) 
conduction [18-19]. At higher frequency, the 
transport is dominated by contributions from hopping 
of infinite clusters. Thus in such a case a plot of log 
(σac – σdc) vs. log ω2 should be straight line, which is 
indeed the case in fig 2. 
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Fig. 2  Variation of AC conductivity with frequency for 

(x) Ni0.94Co0.01Cu0.05Fe2O4 + (1-x) PLZT composite 
 

 
 
 
Fig. 3(a-c) shows the variation of AC conductivity 
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with temperature at certain fixed frequencies viz. 1 
kHz, 10 kHz, 100 kHz and 1 MHz for (x) 
Ni0.94Co0.01Cu0.05Fe2O4 + (1-x) PLZT composites in 
the temperature range 300 K – 923 K. The following 
remarkable feature of the plots can be seen; i) Flat 
parallel nature of horizontal part of the curves is seen 
for various frequencies, with decreasing resistivity as 
frequency increases. ii) Merging of the curves at 
higher temperature takes place for various 
frequencies. iii) Nearly horizontal region is observed 
in ln ρac Vs 1000/T curves followed by steep decrease 

at high temperature [20 - 21]. From these plots it is 
seen that the resistivity values changes in the range of 
the order of 106 Ωcm for 1 kHz to 102 Ωcm for 1MHz 
frequency. This suggests polaron conduction by 
hopping mechanism. The trend of ac electric 
resistivity variation as a function of temperature is 
similar for other samples. The resistivity values 
remain fairly constant up 625 K and it increases at 
around 727 K a cusp like maximum is observed for ac 
resistivity curve. 

 

                                                                               
Fig. 3 (a-b) Variation of AC conductivity with temperature for C1, C2 and C3 composites  at different 

frequencies. 
The variation of Seeback coefficient (α) with 
temperature for all composites is shown in fig. 4. The 
value of α for all samples decreases with increasing 
temperature .All samples show a p-type to n-type 
transition except NCCFO phase, it show p-type only. 
A positive values of α confirms the p-type charge 
carries and negative value confirms the n-type charge 
carries .In the case of NCCFO phase, the Seebeck 
coefficient is positive, the mechanism is due to hole 
transfer from Ni3+ to Ni2+ ions, but for PLZT phases 
and C1, C2 and C3 samples for which Seebeck 
coefficient is positive to negative. The conduction 

mechanism can also be explained on the basis of iron 
excess ferrites and iron deficient ferrites .In iron 
excess ferrite, the Fe2+ and Fe3+ concentration is more, 
so the conduction occurs due to hopping of electrons 
between Fe3+ and Fe2+ ions leading to n-type behavior. 
But in iron deficient ferrites, the Fe3+/Fe2+ 

concentration is less on B-site, the conduction is due 
hopping of minority hole giving rise to p- type 
behavior .In present case, at lower temperature the p-
type conduction occurs due to reduction tendency of 
Ni2+ to Ni3+ , Co2+ to Co3+ and Cu2+ to Cu1+  in 
NCCFO phase. and Zr3+ to Zn4+ and Ti3+ to Ti4+ in 
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PLZT phase. At higher temperature, the n-type 
conduction is observed due toFe3+ to Fe2+ transition in 
NCCFO phase and Zr4+ to Zr3+ and Ti4+ to Ti3+ 
transition in PLZT phase. Similar explanation in case 
doped Ni-Co ferrite with BPT phase is given by S. L. 
Kadam et. al. [22]. 
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Fig. 4.  Variation of Seebeck coefficient (α) with 

temperature for NCCFO phase, PLZT phase, C1 , C2, 
and C3 composites. 

Conclusions 
The present composites prepared by solid state 
reaction have only ferrite phase (NCCFO) and 
ferroelectric phase (PLZT) in them without any 
impurity or intermediate phase. Slight change in 
lattice parameters of PLZT crystal lattice in 
composites indicates PLZT lattice is strained due to 
the presence of NCCFO. The variation of AC 
conductivity with frequency is linear in nature 
suggesting that conduction is due to polaron hopping. 
The AC resistivity with temperature is found to be 
nearly horizontal region is observed in In ρac Vs 
1000/T curves followed by steep decreases at high 
temperature. Flat parallel nature of horizontal part of 
the curves is seen for various frequencies, with 
decreasing resistivity as frequency increases. 
Compositional variation of Seebeck coefficient for all 
the samples as a function of temperature shows p to n 
type transition. The values of Seebeck coefficient for 
all samples are greater than 100 μV/K, indicating 
polaron hopping type of coduction. 
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  خصائص القدرة الكهروحراریة والموصلیة المتناوبة لمركبات
  (x) Ni0.94Co0.01Cu0.05Fe2O4 + (1-x) PLZT  

  خالد حمدي ارزیج ،عبدالسمیع فوزي عبد العزیز* 
  ، جامعة تكریت ، تكریت ، العراقكلیة التربیة قسم الفیزیاء ، 

  الملخص
والمحضـرة   1 , 0.30 ,0.15 ,0ولینسـب مختلفـة مقادیرهـا  Ni0.94Co0.01Cu0.05Fe2O4 + (1-x) PLZT (x)الكهرومغناطیسـیة لمركـب  المركبـات

 ,0باإلضـافة الـى اطـوار ثنائیـة للمركبـات عنـد النسـب   x = 0 and x = 1بواسطة تقنیة تفاعالت الحالة الصلبة. ظهر الطـور االحـادي عنـد النسـبة 

باســتخدام تقنیــة حیــود االشــعة الســینیة . درس تغیــر معــامالت ســیباك و الموصــلیة المتناوبــة مــع ثابــت تغیــر نســب االطــوار عنــد درجــة  0.30 ,0.15
عند درجـة حـرارة الغرفـة وتغیرهـا الـى ’p‘حرارة الغرفة ودرجات الحرارة العالیة قیاسات القدرة الكهروحراریة المتظمنة حامالت الشحنة االغلبیة من نوع  

     PLZT عند درجة حرارة تحول المادة ’ n‘وع  ن
 

 
 


