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Abstract : Mixed ferrites are very widely used in the high frequency applications. The 
properties thoroughly depend on the synthesis method and particle size. Ni0.5Zn0.5Fe2O4 
nanosystems have been prepared by sol-gel method using poly vinyl alcohol as chelating 
agent. The systems were sintered at three different temperatures and the XRD analysis 
shows the systems are formed with three different particle sizes. The FTIR analysis on the 
systems shows the changes in the tetrahedral and octahedral bond stretching in 
correspondence with the particle size. The SEM images show the morphological changes 
with temperature. From the dielectric studies on the three systems it is possible to correlate 
relationship between the polarization and conducting mechanism with the particle sizes in 
the nickel zinc ferrite nanosystems. 
 
Introduction : 
 
Nickel Zinc ferrites are ferrimagnetic materials with general formula Ni1-xZnxFe2O4 has a 
mixed spinel structure in which the tetrahedral (A) sites are occupied by Zn2+ and Fe3+ ions 
and the octahedral (B) sites are occupied by Ni2+ and Fe3+ ions in the spinel formula AB2O4. 
The investigations of dielectric behaviour of these materials at different frequencies are very 
important since they are used for a wide range of technical applications from microwave to 
radio frequencies [1]. The properties of these types of ferrites are extremely sensitive to 
manufacturing process which directly controls the microstructure [2, 3]. The starting powder 
morphology, microstructural evolution and diffusion of chemical species during the 
sintering have got considerable importance in the behaviour of these systems [4, 5]. A 
number of chemical and physical methods such as chemical coprecipitation, high energy 
ball milling, hydrothermal processing and sol-gel method have been attempted to produce 
these systems in the nano range. A comparison of these methods shows that sol-gel method 
has got several advantages over other methods [6]. The investigations of various 
characteristic properties of Ni-Zn ferrites such as their structure, electrical conductivity and 
dielectric behaviour had showed that the grain size and grain boundary plays a major role in 
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the conduction mechanism in these materials [7, 8]. Here we report the results of our 
investigations on the dependence of electrical conductivity as well as dielectric behaviour of 
the Ni-Zn ferrite nanosystems with the grain size. 
 
Experimental : 
 
The nano Ni0.5Zn0.5Fe2O4 have been prepared by the sol-gel synthesis technique using poly 
vinyl alcohol (PVA) as the chelating agent. Nickel nitrate [Ni(NO3)2.6H2O], zinc nitrate 
[Zn(NO3)2.6H2O], and ferric nitrate [Fe(NO3)2.9H2O] were taken as 0.4M, 0.4M and 0.8M 
solutions respectively. These solutions are mixed thoroughly and PVA is added in a weight 
of PVA to weight of metal ions ratio 3. After complete dissolution of PVA the solution is 
evaporated at 80oC till it gradually turned into a viscous sol and then to dark brown gel. The 
dried gels were calcined at 350oC for 2 hours (NZ05.1). Two more systems with 
composition x = 0.5 were prepared at different calcination temperatures of 600oC (NZ05.6) 
and 800oC (NZ05.8).  
 
The structural characterization of the prepared samples has been done using an X-ray 
diffractometer (PANalytical, X’PertPRO, Wavelength–0.154046 nm). The morphological 
studies of the samples were carried out using SEM (Jeol JSM 6390) and the FTIR spectra of 
the samples were taken using Shimatzue-8400S FTIR spectrometer. The AC electrical 
conductivity measurements were carried out at room temperature in a frequency range of 
100 Hz to 5 MHz using HIOKI 3532 LCR HiTESTER. The dielectric permittivity of the 
samples (ε’) of the samples were calculated using the relation 
 

 
     
 
where C is the measured value of the capacitance of the sample, d is the thickness, A is the 
surface area and ε0 is the absolute permittivity of air. 
 
The ac conductivity of the samples can be calculated from the relation  
 
 
 
 
where f is the frequency of the applied field and tan d is the loss factor. 
 
Results and Discussion : 
 
Figs. 1 shows the XRD patterns of the three systems prepared. The XRD pattern analyzed 
using Powder-X software indicates that all the compositions exhibit single-phase Cubic 
spinel structure with Fd3m space group. The crystallite size for the most intense peak (311) 
plane was determined from the XRD data using the Debye-Scherrer equation and found to 
be 6 nm, 36 nm and 83 nm for the sintering temperatures of 350oC, 600oC and 800oC 
respectively. 
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Figure (1) : XRD patterns of the Ni0.5Zn0.5Fe2O4 systems. 

 
Figure (2) : FTIR of Ni0.5Zn0.5Fe2O4 systems. 

 
 
The fig. 2 shows the FTIR plots of systems prepared. In the Ni0.5Zn0.5Fe2O4 systems Ni2+ is 
stabilized in the octahedral crystal field whereas Zn2+ prefers tetrahedral sites because of its 
facility to form covalent bonds involving sp3 hybrid orbitals. The ν1 band observed at ~570 
cm-1 can be assigned to tetrahedral bond stretching and the ν2 band observed at ~418 cm-1, 
involves the vibration in the octahedral site. 
 
The SEM micrographs shown in fig. 3 indicates the morphological evolution of the 
Ni0.5Zn0.5Fe2O4 systems with the temperature 
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Figure (3) : SEM micrographs of the Ni0.5Zn0.5Fe2O4 systems  
prepared at (a) 350oC, (b) 600oC, (c) 800oC. 

 
The total conductivity of the ferrites is given by 
  

σtot  = σo(T) + σ(ω,T) 
 
where the σo(T) is dc conductivity due to band conduction, which is a frequency 
independent function. The second term is pure ac conductivity due to the electron hoping 
between the two Fe ions at the octahedral site. In the present study it has been observed that 
the ac conductivity gradually increases as frequency of the applied ac field increases. Since 
increase in frequency enhances the electron hoping frequency between the charge carriers 
Fe3+ and Fe2+, the conductivity increases. The charge libration and electron hoping together 
form the basis for the conduction mechanism in ferrites. In the case of Ni1-xZnxFe2O4 
systems the conduction can be explained with the help of the presence of nickel on 
octahedral sites which favors the following conduction mechanism. 
 

Ni2+ + Fe3+                   Ni3+ + Fe2+ 
 
The above equation shows the prominent conduction mechanism in the Ni-Zn ferrite 
systems. Fig.4 shows the variation of conductivity with frequency with respect to the 
variation in grain size. 

 
Figure (4) : Electrical conductivity plot of Ni0.5Zn0.5Fe2O4 nanosystems. 



 
 

173

The conductivity increases with frequency and it is observed that the sample sintered at 
350oC show high values of conductivity than the sample sintered at 600oC and 800oC. 
According to the correlated barrier-hopping model the ac conductivity depends on the 
concentration of defect sites which contributes to the hopping mechanism, the dielectric 
permittivity and the hopping distance [9]. The lower value of resistivity in NZ05.1 is due to 
the presence of a localized state in the forbidden energy gap which arises due to lattice 
imperfections. The presence of these states effectively lowers the energy barriers to the flow 
of electrons. The sample NZ05.1 has lower crystallinity than the other samples and hence it 
possesses more defects than the others. This ultimately leads to the increase in the value of 
ac conductivity. 
 
Dielectric constant (ε’) in ferrites is contributed by several structural and micro structural 
factors. The frequency dependence of the dielectric constant for all the samples has been 
studied at room temperature. Fig.5 shows the variation of real part of dielectric constant 
with frequency and fig.6 shows the variation of imaginary part of dielectric constant with 
frequency for the three samples. It is clear that all the samples studied exhibit the dielectric 
dispersion where both real (ε’) and imaginary part (ε’’) decrease as the frequency increases 
from 100 Hz–5 MHz. The dielectric constant decreases rapidly in low frequency region and 
the rate of decrease is slow in high frequency region, the behaviour almost approaches to 
frequency independent behaviour. The dielectric loss (ε’’) is found to decrease faster than 
(ε’) in the low frequency region and the variation is same as (ε’) in higher frequency region.  
The phenomenon of dielectric dispersion in ferrites has been explained on the basis of 
Maxwell–Wagner model [10] and Koop’s phenomenological theory [11] of dielectrics. In 
this model, a dielectric medium has been assumed to be made of well conducting grains, 
which are separated by poorly conducting grain boundaries. It has been observed that in 
ferrites the permittivity is directly proportional to the square root of conductivity Therefore 
the grains are highly conductive and have high values of permittivity, while as the grain 
boundaries are less conductive and have smaller values of permittivity. At lower frequencies 
the grain boundaries are more effective than grains in electrical conduction. Thinner the 
grain boundary, higher is the value of dielectric constant. The higher values of the dielectric 
constant (ε’) observed at lower frequencies are also explained on the basis of 
interficial/space polarization due to inhomogeneous dielectric structure. 
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Figure (5) : Plot of real part of dielectric constant (ε’) with frequency. 
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Figure (6) : Plot of imaginary part of dielectric constant (ε’’) with frequency. 

 
The grain size, grain boundaries, porosity, crystal defects and stoichiometry are important 
factors influencing the conductivity and permittivity. There are reports that the resistivity of 
a polycrystalline material in general increases with the decrease in grain size. Smaller grains 
imply a large number of insulating grain boundaries which act as a barrier to the flow of 
electrons. Smaller grains also imply smaller grain-grain surface contact area and therefore a 
reduced electron flow. As expected, the grain size increases with increase in temperature. 
Based on the above arguments the resistivity of the ferrites is expected to decrease with the 
increase in increase in grain size. But the reverse is observed in this case. The comparatively 
lower value of resistivity or higher value of permittivity in samples having low grain size is 
possibly due to the presence of a localized state in the forbidden energy gap which arises 
due to lattice imperfections [13]. The presence of these states effectively lowers the energy 
barriers to the flow of electrons. At smaller grain sizes, there are contributions from both the 
surface polarization and grain boundaries.  

 
Figure (7) : Variation of dielectric loss factor with frequency. 

 
Fig.7 shows the variation of dielectric loss factor with frequency at room temperature.  The 
values of tan δ depend upon a number of factors such as stoichiometry, Fe2+ ions and 
structural homogeneity, which in turn depend upon the composition and sintering 
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temperature of the samples. The peaking nature of the tan δ value occurs when the jumping 
frequency of electrons between Fe2+ and Fe3+ is equal to the frequency of the applied ac 
field. The peak value is shifting towards the higher frequency region and the tan δ increases 
as grain size increases. 
 
Conclusion : 
 
In the low frequency range, the dielectric permittivity of Ni0.5Zn0.5Fe2O4 increases with 
grain size which can be explained by the contributions from surface polarization. 
Conductivity of Ni0.5Zn0.5Fe2O4 increases with the decrease in grain size which is due to the 
localized lattice defects present in the sample sintered at low temperature. 
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