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Abstract- The nickel zinc ferrites have semiconductor behaviour because resistivity of ferrites decreases with the increase of 

temperature. The electrical properties of NiZn ferrite NiZnFe4O4 were investigated by impedance spectroscopy over the 

frequency 1 Hz to 10 MHz at room temperature.  Nickel Zinc Iron Oxide (NiZnFe4O4) Nanopowder ranging 20-30 nm in 

diameter has been characterized by Scanning electron Microscopy (SEM) and Raman Spectroscopy. The surface morphology 

of the studied compound has been investigated by Scanning Election Microscopy (SEM) indicating the homogeneous particle 

size and characteristic range of diameters 20-30 nm. Further, the Raman shift variation with the intensity which shows of 

studied compound has been analysed by Raman Spectroscopy.in which peak obtained at 330 cm-1, 483 cm-1, 691 cm-1 and 1328 

cm-1 using laser at 785 nm. The electrical studies of the Nickel Zinc Iron Oxide (NiZnFe4O4) Nanopowder have been examined 

in order to acquire the electrical parameters (mainly dielectric permittivity, loss, conductivity, loss-tangent, impedance, and 

admittance).Appreciable rise in the conductivity (with frequency dependent) has been observed due to the decrease in the grain 

size i.e. nanoscale of the material. It is also observed that the relative permittivity ('), relative loss ('') and dissipation factor 

(Tan ) decreases with increase in frequency. 

 

Keywords- NiZnFe4O4, SEM, Raman spectroscopy,  Loss tangent and Electrical Conductivity.   
 

1. Introduction- 

 

Ni-Zn ferrite has wide application in the electromagnetic interfaces known as EMI, which is used in hard disk drives, in laptops 

and other electronic pro- ducts [1]. The electrical properties of ferrites are depending to preparation method, sintering 

temperature, sintering time, rate of heating and rate of cooling [2,3]. The study of electrical resistivity provides behaviour of 

free and localized electric charge in the sample. In Ni-Zn ferrite, at high temperature Zn2+ volatilization marks the formation of 

Fe2+ ions, thereby increasing electron hopping and reducing resistivity [4,5]. 

Ferrites are used as core material in power transformers and in high frequency devices. An important property of these 

materials is their high electrical resistance, greatly reduces eddy current losses at high frequencies [6]. The influence of 

additives [7], grain size and grain size distribution [8], sintering time[9], temperature[10] and Ni,Zn:Fe ratio[11] on the 

electrical properties of ferrites have been mainly studied. However, there are no reported studies on the specific effect of 

frequency, and variation of electrical parameters with the frequency. Impedance spectroscopy IS, is an invaluable, non-

destructive tool for analyzing the electrical properties of functional ceramics [12]. Using IS, it is possible to separate the bulk 

and grain boundary contributions to total conductivity [13]. A few studies on the characterization of ferrites using this 

technique have been reported [6,14,15,16] .  

We use impedance spectroscopy IS we study the variation of Various Electrical Parameters such as Impedance (Z), Admittance 

(Y), Dielectric Permittivity ('), Dielectric Loss (''), Electrical Conductivity (), and Loss Tangent (Tan ) of Nickel Zinc Iron 

Oxide (NiZnFe4O4) Nanopowder at Room Temperature. 

2. Experimental Analysis 

2.1 SEM characterization was performed in a (SEM, JEOL JEC3000FC) in which coating time is 60 sec operating from 1kv to 5kv 

and using 70% inert gas. 

2.2 In the Raman spectroscopy the experiment time is 30sec, laser power is used 0.5% and the range is selected from 100-50000 

Counts using RENISHAW In Via Raman Microscope model of Raman spectroscopy. 

 

2.3 The dielectric measurements for the samples have been carried out with the dielectric cells in the form of parallel-plate 

capacitor. For unaligned, the dielectric cell has been prepared using indium tin oxide-coated glass plates, having surface 

resistance less than 1.0-1.5 ΩSq-1 The material has been filled in the cell at room temperature with the novo impedance 

analyser. 

2.4 The measurement of conductivity is based upon the formula given as following 

 R = (ρd) / A 

R is proportional to the separation (d) between the electrodes, resistivity (ρ) of the material and inversely proportional to the 

cross-sectional area of the sample (A)   Conductance        (G) = 1 / R = Aσ / d (conductivity σ = 1/ρ). Using CA = A ε0 / d. Here, 

σ = G ε0 / CA = ε0/ RCA 
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The tan delta or dissipation factor of the investigated compound has been determined in the following way Dissipation factor or 

Tan  = 1/2 fCR. 

The Various Electrical Parameters viz. Impedance (Z), Admittance (Y), Dielectric Permittivity ('), Dielectric Loss (''), 

Electrical Conductivity (), and Loss Tangent (Tan ) of Nickel Zinc Iron Oxide (NiZnFe4O4) Nanopowder at Room 

Temperature 32.1 ºC 

 

3. Result and Discussion 

 

3.1 SEM Results 

Scanning electron microscopy (SEM) micrograph of agglomerated nanocrystalline Nickel Zinc Iron Oxide (NiZnFe4O4) 

Nanopowder produced. Scanning electron microscopy (SEM) images of Nickel Zinc Iron Oxide (NiZnFe4O4) Nanopowder 

(figure 1 & 2) indicating the homogeneous size, agglomeration of particles, with diameters about 20-30 nm. The morphology of 

the Nickel Zinc Iron Oxide (NiZnFe4O4) Nanopowder was characterized by SEM images as shown in Figure 1-2. From images 

results, we can observe a large quantity of uniform nanoparticles (NPs) with average diameter of 20-30 nm. 

 

 
 

Figure1. SEM image of the Nickel Zinc Iron Oxide (NiZnFe4O4) Nanopowder. 

        
 

Figure2. SEM image of the Nickel Zinc Iron Oxide (NiZnFe4O4) Nanopowder. 

 

 

3.2 Raman Results   

 

Raman spectra of Nickel Zinc Iron Oxide (NiZnFe4O4) Nanopowder using a green laser with wavelength λ =785 nm. The 

experiment time is 30sec, laser power is used 0.1% and the range is selected from -300-2000. NiZnFe4O4 exhibit characteristic 

peak occurs at 330 cm-1, 483 cm-1, 691 cm-1 and 1328 cm-1. The intensity relative to these peaks is ~1550, 1620, 1500 and 

200.There is no significant change in the peak position and intensity if the Raman spectra of NiZnFe4O4. 

The Raman shifts are consistent with those of Nickel Zinc Iron Oxide Nanopowder which confines to Nickel Zinc Iron Oxide 

Nanopowder. 
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.  

Figure 3: Variation of raman shift (cm-1) vs. intensity of the Nickel Zinc Iron Oxide (NiZnFe4O4) Nanopowder at Room 

Temperature. 
 

 

. 

 

3.3 Electrical Study 

 

TABLE 1: Various Electrical Parameters viz. Impedance (Z), Admittance (Y), Dielectric Permittivity ('), Dielectric Loss (''), 

Electrical Conductivity (), and Loss Tangent (Tan ) of Nickel Zinc Iron Oxide (NiZnFe4O4) Nanopowder at Room 

Temperature. 

 

Frequency 

(Hz) 
Z () Y ()-1 ' '' S-m-1) Tan  

1 kHz 2.3  106 4.35  10-7 10.00 10.76 6.1  10-7 1.08 

10 kHz 9.87  105 1.01  10-6 4.54 2.53 1.42  10-6 0.55 

100 kHz 3.28  105 3.05  10-6 3.05 0.76 4.28  10-6 0.25 

1 MHz 7.29  104 1.37  10-5 2.43 0.33 1.92  10-5 0.13 

10 MHz 2.34  104 4.27  10-5 2.17 0.10 5.99  10-5 0.049 
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Figure 4: Variation of frequency (Hz) vs. relative permittivity (') of the Nickel Zinc Iron Oxide (NiZnFe4O4) Nanopowder at 

Room Temperature 32.1 ºC. 

 

 
Figure 5: Variation of frequency (Hz) vs. relative loss ('') of the Nickel Zinc Iron Oxide (NiZnFe4O4) Nanopowder at Room 

Temperature 32.1 ºC. 
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Figure 6: Variation of frequency (Hz) vs. electrical conductivity () of the Nickel Zinc Iron Oxide (NiZnFe4O4) Nanopowder 

at Room Temperature 32.1 ºC. 

 

 
Figure 7: Variation of frequency (Hz) vs. dissipation factor (Tan ) of the Nickel Zinc Iron Oxide (NiZnFe4O4) Nanopowder at 

Room Temperature 32.1 ºC. 
 

The figure 4  representing that the values of  relative permittivity (') of Nickel Zinc Iron Oxide (NiZnFe4O4) Nanopowder at 

Room Temperature has the values 10.00, 4.54, 3.05, 2.43 and 2.17 at frequencies 1 KHz, 10 KHz, 100KHz, 1 MHz and 10 

MHz respectively. The values of relative permittivity (') decreases with the high values of frequencies. 

 

The figure 5 representing that the values of  relative loss ('') of Nickel Zinc Iron Oxide (NiZnFe4O4) Nanopowder at Room 

Temperature has the values 10.76, 2.53, 0.76, 0.33 and 0.10 at frequencies 1 KHz, 10 KHz, 100KHz, 1 MHz and 10 MHz 

respectively.  The values of relative loss (('') decreases with the high values of frequencies.  

 

The figure 6 representing that that the values of  electrical conductivity () of the Nickel Zinc Iron Oxide (NiZnFe4O4) 

Nanopowder  6.1  10-7 , 1.42  10-6,  4.28  10-6 , 1.92  10-5 and 5.99  10-5  S-m-1) at frequencies 1 KHz, 10 KHz, 100KHz, 1 

MHz and 10 MHz  respectively. Thus as frequency increases electrical conductivity () also increases.   
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The figure 7 representing that the values of dissipation factor (Tan ) of Nickel Zinc Iron Oxide (NiZnFe4O4) Nanopowder at 

Room Temperature has the values 1.08, 0.55, 0.25, 0.13 and 0.049 at frequencies 1 KHz, 10 KHz, 100KHz, 1 MHz and 10 

MHz  respectively. The values of dissipation factor (Tan ) decreases with the high values of frequencies. 

 

Conclusion-  
This study concern that at room temperature the structural and electrical study of Nickel Zinc Iron Oxide (NiZnFe4O4) 

Nanopowder has done. It is found that the Nickel Zinc Iron Oxide (NiZnFe4O4) Nanopowder with in Nano size, shape 

distribution agglomeration of particles, with diameters 20-30 nm (Nanoscale) has been characterized by SEM and RAMAN 

SPECTROSCOPY. In addition, it is also observed that the relative permittivity ('), relative loss ('') and dissipation factor 

(Tan ) decreases with increase in frequency. Here small rise in the conductivity (with frequency dependent) has been observed 

due to the decrease in the particle size of the material (Nano scale). The Raman shift variation with the intensity which shows 

of studied compound has been analysed by Raman Spectroscopy in which characteristic peak occurs at 330 cm-1, 483 cm-1, 691 

cm-1 and 1328 cm-1 using laser at λ=785 nm. 

 
Acknowledgement- we are thankful to Director Birbal Shahni Institute of Paleoscience, Lucknow and to Dr. Ravindra Dhar ( 

prof. at Material science Depatment, University of Allahabad, India) to help in this work. 

 

Ethical Rules- 

1. This article does not contain any text recycling ( self plagrism). 

2. In this article we did not use article spinning. 

3. This article does not include any experiment on sample of biological origin. 

 

Conflict Of Interest- we have no conflict of interest about the fund and also for any other issue. 

 

 
References-  

 

1. Krishna, K. R. Kumar, K. V. and Ravinder, D. 2012.Structural and Electrical Conductivity Studies in Nickel-Zinc Ferrite. 
Advances in Materials Physics and Chemistry, 2: 185-191. 

http://dx.doi.org/10.4236/ampc.2012.23028. 

2. Kulkarani, V. R. Todhar M. M. and Vaingankar, A. S. 1986.Electrical Resistivity & Cation Distribution in CuxCd1 Minus 

Fe2O4 System. Indian Journal of Pure and Applied Physics, 24: 294. 

3. Rezlesus, N. and Rezlesus, E. 1974.Dielectric Properties of Copper Containing Ferrites. physica status solidi (a) banner, 

23(2):575-582.  

 doi:10.1002/pssa.2210230229. 

4. Abdeen, A. M. 1999.Dielectric Behavior in Ni-Zn Ferrite. Journal of Magnetism and Magnetic Materials, 192(1): 121-129. 

5. Mohan, G. R. Ravinder, D.  et al. 1999.Dielectric Properties of Polycrystalline Mixed Nickel-Zinc Ferrites. Materials Letters, 

40: 39-45. 

6. Irvine, J. T. S. Huanosta, A. Valenzuela, R. and West. A. R.  1990.Electrical properties of polycrystalline Nickel Zinc Ferrites. 

Journal of the American Ceramic Society, 73(3): 729 - 732. 

7. Wang, S.F. Wang, Y.R. Yang, T. C. K.  Chen, C.F. Lu, C.A. and Huang, C.Y. 2000.Densification and magnetic properties of 

low-fire NiCuZn ferrite. Journal of Magnetism and Magnetic Materials, 220(2-3): 129-138. 

8. Valenzuela, R. 2002.Caracterización de materiales por espectroscopía de impedancias. Revista cubana de física, 19(2): 81-84. 

9. Rao, B.P. and Rao, K.H. 1997.Effect of sintering conditions on resistivity and dielectric properties of Ni-Zn ferrites. Journal of 

Materials Science, 32(22): 6049-6054.   

http://dx.doi.org/10.1023/A:1018683615616  

10. Jahanbin, T. Hashim, M. Matori, K. A. and Waje, S. B. 2010.Influence of sintering temperature on the structural, magnetic and 

dielectricproperties of Ni0.8Zn0.2Fe2O4 synthesized by co-precipitation route. Journal of Alloys and Compounds, 503(1):111-

117. 

11. Van Uitert, L. G. 1955.DC resistivity in the Nickel and Nickel Zinc Ferrite system. Journal of Chemical Physics, 23(10): 1883-

1887. 

12. Macdonald, J. R. and Barsoukov, E. 2005.Impedance spectroscopy: Theory, experiment and applications. Wiley Interscience. 

John Wiley & Sons, Inc., Hoboken, New Jersey, pp 595. 

13. Irvine, J. T. S. Sinclair, D. C. and West, A. R. 1990.Electroceramics: Characterization by Impedance Spectroscopy.  Advanced 

Materials, 2(3): 132-138.  

14. Sivakumar, N. Narayanasamy, A. Ponpandian, N.  Greneche, J.M. Shinoda, K.  Jeyadevan, B. and  Tohji, K. 2006.Effect of 

Mechanical Milling on the Electrical and Magnetic Propertiesof Nanostructured Ni0.5Zn0.5Fe2O4. Journal of Physics D 

Applied Physics, 39(21): 4688-4694. 

15. Cheng, H. F. 1984.Modeling of Electrical Response for semiconducting ferrite. Journal of Applied Physics, 56(6): 1831-1837. 

https://doi.org/10.1063/1.334193. 
16. Kambale, R. C. Shaikh, P. A. Bhosle, C.H.  Rajpure, K.Y. and  Kolekar, Y.D. 2009. Dielectric  properties and complex 

impedance spectroscopy studies of mixed Ni-Co Ferrites. Smart Materials and Structures, 18(8): 1-6.  

 
 

 

http://www.jetir.org/
http://dx.doi.org/10.4236/ampc.2012.23028
https://onlinelibrary.wiley.com/journal/1521396x
https://www.researchgate.net/journal/0304-8853_Journal_of_Magnetism_and_Magnetic_Materials
https://biblat.unam.mx/en/revista/revista-cubana-de-fisica/articulo/caracterizacion-de-materiales-por-espectroscopia-de-impedancias
http://dx.doi.org/10.1023/A:1018683615616
https://www.researchgate.net/journal/0925-8388_Journal_of_Alloys_and_Compounds
https://iopscience.iop.org/journal/0964-1726

