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Abstract 

The nanoparticles of zinc substituted nickel spinel ferrite with generic formula Ni1-xZnxFe2O4 were synthesized by sol-gel auto 

combustion route.  The X-ray diffraction analysis confirms that the system exhibits polycrystalline mono phase cubic spinel 

structure. Microstructure and morphological studies were carried out by using scaning electron microscope (SEM).  The 

transmission electron microscope (TEM) confirms the formation of cubic ferrite particles with the particle size lies between 15-

48 nm. 
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

Nickel Zinc ferrites (NZF) play versatile role in the field of microwave devices because of their dielectric and low conductivity 

property. In nanocrystalline forms ferrites are technologically important materials which are most useful in medical field such as 

MRI, bio-seperation and magnetic sensors [1-4] etc. Among the various types of spinel ferrite Ni-Zn ferrite mostly knowing by 

their magnetic material for general use. Also they have many applications in low and high frequency devices and play a 

significant role in many technological applications such as microwave devices, power transformer in electronic, rod antenna as 

read/write heads for high speed digital tape etc [5, 6].The individual cation formed in the sample leads to high conductivity when 

such a material is cooled in an oxygen atmosphere, it is possible to form films of high resistivity over the constituents’ grains. 

Such a ferrite in which the individual grains are separated by either air gap or low conducting layers behaves as in homogeneous 

dielectric materials. The selection of appropriate method for synthesis is therefore the key to obtain good quality ferrites. For the 

synthesis of nanosize ferrite various methods have been used. Such as hydrothermal, chemical, copreciptation sonochemical 

reaction, mechanical ball milling, sol-gel auto combustion etc. Among all these synthesis method, sol-gel auto combustion seems 

to be most convenient method because it possess high purity, chemical homogeneity, small, controlled and uniform particle size 

[7]. 

II. EXPERIMENTAL 

 Synthesis of Nano –Ferrites: 

Powder of nickel zinc nanoferrites having the formula Ni1-xZnxFe2O4, (x = 0.5, 1) were prepared by sol-gel auto combustion 

method [8]. Using analytical grade Ni(NO3)26H2O, Zn(NO3)26H2O and Fe(NO3)29H2O as starting materials the stoichimetric 

proportions of above samples were dissolve in deionised water. The mixture of the solution was heated at 70o C on magnetic 

heating plate until the solution transform into gel. The obtained gel put in the specially designed microwave oven and then 

ignited to microwave radiation to form ash powder. The as burnt ash powder grinded in the agate pestle mortar to have ultra-fine 

particles and then calcined at 800o C in an electric furnace for 4 hours to remove any organic impurities.    

 Characterization Techniques: 

XRD measurements of the samples were carried out by using Bruker AXE D8 advanced diffractometer with Cu-Kα radiation at 

room temperature. The surface morphological studies have been done by using scanning electron microscopy (SEM-JSM-

7600F). TEM analysis is done using high resolution transmission electron microscopy (H-7500). The electric studies of 

synthesized samples in palletize form were carried out between the temperature 30o C to 400o C using precision impedence 

analyser Wayn kerr 6500B. 
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III. RESULTS AND DISCUSSION 

 
Fig. 1: XRD pattern of Ni1-x Znx Fe2O4  system. 

The XRD pattern of the Ni1-xZnxFe2O4 (x = 0.5, 1) it shows that the formation of single phase simple cubic structure of all the 

samples. No other phase/impurity was detected in the obtained XRD pattern shown in the figure 1.The crystalline size for all the 

samples has been calculated from the broadening line at high intensity peak corresponding (311) plane. The lattice parameter for 

Ni0.5Zn0.5Fe2O4 and ZnFe2O4 are found to be 8.5194Å and 8.4676Å this value which is nearly equal to JCPDS card no.520278 

(space group Fd3m) [9]. It is found that the lattice parameter decreases with increasing the Zn concentration of cations because 

the ionic radius of Ni2+ ions (0.69 Å) is small than the ionic radious of Zn2+ cation (0.82Å) and hence the replacement of Ni by 

Zn in NZF causes a decrease in lattice constant obeying Vegards law. 
Table – 1 

Various parameters calculated from XRD 

Sample 
X-ray Density ρx 

(g/cm3) 

Bulk Density ρm 

(g/cm3) 

Porosity 

( p %) 

Particlel size 

‘D’ (nm) 

Ni0.5Zn0.5Fe2O4 8.5194 3.1412 38.51 21 

ZnFe2O4 8.4676 3.0687 38.18 22 

 

 
Fig. 2: TEM pattern of Ni0.5Zn0.5 Fe2O4  system. 
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Fig. 2 shows the TEM images of the samples calcinated at 800 °C, from the micrographs we observe that the oxides particles 

are finely dispersed and spherical in shape within narrow size range. The average size of the particle determine from TEM was 

found to be in close agreement with that obtained from XRD studied [10]. 

 
Fig. 3: SEM pattern of Ni0.5Zn0.5 Fe2O4  system. 

SEM images have a characteristic three dimensional appearance and are useful for judging the surface structure of Ni-Zn 

ferrite. It is found that the powders were made up of particles with the size in the nano range as shown in fig.3.The shape of the 

majority of the crystallities appeared to be spherical. The surface morphology of the sample as seen from the SEM consists of the 

grains, with relatively homogeneous grain distribution, with an average grain size varying from 18 to 30 nm. 

IV. CONCLUSION  

The zinc substituted nickel nano spinel ferrites were successfully synthesized by sol-gel auto combustion route. The XRD 

confirms the formation of single phase cubic structure with high degree of crystallinity. TEM studies reveals, the particles were 

found to be exhibiting a spinel structure with sizes varying from 21nm - 33nm. It is observed from SEM image that it exhibits 

cubic like features indicative of nano crystalline nature of the samples. 
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