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Abstract: 

The Ni0.9Zn0.1Fe2O4 ferrite was prepared through precursor route and sintered at 1000
o
C. The sample was characterized  to 

conform the nature and spinel nature of the sample. The crystallite size was estimated using Debye Scherer method. The dc 

resistivity measured under temperature variation showed normal semiconductor characteristic in ferrites. The Permeability nature 

with magnetization with low losses shows soft magnetic nature of the sample.   

 
I. Introduction to Ferrites:  

 

Ni-Zn ferrites have been found to be most versatile mixed 

ferrites because these ferrites cover a large number of 

applications at frequencies ranging from a few kHz to several 

MHz [1-4]. The proper selection of the nickel to zinc ratio 

lead to the possibility to prepare a series of materials which 

traverse the whole range of magnetic properties occur in 

ferrites. High resistivity, low losses and high Curie 

temperature of Ni-Zn ferrites make them absolutely essential 

for technological applications. The eddy current losses in Ni-

Zn ferrites become negligible even at microwave frequencies 

because the resistivity of these ferrites is high enough. The 

permeability factor o f these ferrites makes them useful for 

wide band transformer applications as well . Ni-Zn ferrite 

cores exhib it volume resistivity, moderate temperature 

stability and high quality factors for 500 kHz-100 MHz 

frequency range. 

 

Experimental:  

Nickel (II) nitrate, Zinc (II) nitrate and Iron (III) were taken as 

initial ingredients and dissolved separately each in minimum 

amount of deionized water. Thus prepared cationic solutions 

were mixed intimately one into another and stirred vigorously 

for an hour to improve the homogeneity of the resultant 

solution, called precursor. Now polyethylene glycol was 

weighed in required proportions so as to have molar ratio of 

ferrite to the polymer is 1:1 and dissolved completely in 

deionized water. The precursor was then poured into the 

polyethylene glycol solution drop by drop under constant and 

continuous stirring for half an hour. The resultant solution was 

heated slowly with the liberat ion of reddish brown gases from 

the reaction vessel until a foamy dense mass left at the bottom.  

Thus obtained foamy mass was annealed at 400
o
C and a loose 

fine magnetic powder was collected. Again polyethylene 

glycol in 5 wt% was used to make pellets and toroids in order 

to study the magnetic and electrical propert ies. A pressure of 5 

tons/inch
2
 was applied on pellets having the dimensions 4 mm 

thickness and 11 mm in diameter whereas for toroids the 

applied pressure was about 1.5 tons/inch
2
 with the outer 

diameter 5 mm, inner diameter 3 mm and 5 mm thickness. 

The pellets and toroids were sintered at 1000
o
C in muffle 

furnace having the soaking time 1 hour.   In the present study 

the room temperature magnetizat ion of the filament was 

measured using a VSM (EG&GPAR-4500 Model) with an 

applied magnetic field in the range of 20 kOe . Frequency 

variation of inductance measurement was carried out using 

HIOKI 3532-50 LCR HITESTER  at the small voltage of 

10mV from 40Hz – 5MHz. The variation of inductance (L) 

with temperature was measured using LCR-02 Impedance 

analyzer at the small voltage of 1mV at a frequency of 1 kHz. 

Curie temperature for this composition has been measured 

from the change in the slope of the inductance versus 

temperature graph. The resisitivity measurements was 

measured using Digital Nano-ammeter model DNM-121 for 

certain temperature range. 

 

II. Results and discussions : 

The obtained sintered powder has been subjected to X-ray 

diffraction measurement to verify the structure of spinel 

(figure 1). Sp inel structure has been confirmed from the X-ray 

diffractogram of the materials and the peaks have been index 

with Jo int Committee fo r Powder Diffraction Structure 

(JCPDS) file with card no. 52-0278. The obtained structure 

conforms the spinel nature without any impurit ies  or 

secondary phases. Lattice constant was calculated for each 

composition by analyzing the XRD patterns and using Nelson-

Riley function as shown in figure 2. Nelson-Riley function [5 

6] is given by 
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where  is 

the angle of diffraction and the lattice constant can be obtained 

from 
2 2 2a d h k l   [7-8].  Nelson-Riley function 

indicates the error involved in the calculation of lattice 

constant. Accurate determination of lattice constant has been 

obtained from the extrapolation of calculated lattice constant 

against Nelson-Riley function for which the function is zero. 

The value of the lattice constant for basic Ni-Zn ferrite has 

been found to be 8.349 A
o
.   

 
Figure 1: X-ray di ffraction pattern of Ni0.9Zn0.1Fe2O4. 
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      Figure: 2 lattice constant versus Nelson         

 

III. Riley function 

The average crystallite size of this composition has been 

estimated from the fu ll width and half maximum (FWHM) of 

experimentally observed X-ray diffraction patterns by 

constructing a non–linear least squares fit obeying pseudo-

Voigt function.  In o rder to calculate crystallite size, Scherrer 

equation is used: 

cos

k
D



 
  

Here k is Scherrer factor (0.9),  is the wavelength of X-rays 

during the time of recording the diffraction patterns (here  = 

1.5406 A
o
),  is the line broadening of a diffraction peak at 

angle  .In figure:3 From the pseudo Voigt fitting the value of 

FWHM and the particle size have been calculated around 

46.61 nm. Both the Lorentz and pseudo voigt shows good 

fitting and verificat ion for the obtained samples. 

 The high resistivity value for the current sample 

along with the activation energy is tabulated in table 1. 

Variation of dc resistivity with temperature shows decrease in 

resistivity for increase in temperature, indicating 

semiconducting nature of the sample as shown in Figure 4. 

Room temperature dc electrical resistivity and activation 

energy values are very much higher than that of the reported 

values for the same composition. This is due to hopping of 

electrons creating variation in mobility of the charge carrier 

although it depends on the concentration of Ni/Zn ions or 

sintering temperature. As the samples for the current sample  

sintered in nanosized particles, it can be expected that the 

resistivity will due to contribution of non ferrimagnetic and 

ferrimagnetic conductive core. The s maller grains leads tends 

to mismatch the energy states between two grains and acts like 

barrier for the flow of electrons [9].  

 
    Figure:3 Lorentz and pseudo-Voigt fitting of 311 peak 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

      Figure:4 dc resistivity variation with temperature  

 
 

Figure 5: Room temperature hysteresis loop for 

Ni0.9Zn0.1Fe2O4. 

 The magnetic nature of the sample studied through VSM 

shows soft nature of the sample which is ideal feature with 

narrow loops and low loss. The saturation magnetization 

tabulated in table 1 and Figure 5 is slighter higher than the 

reported value elsewhere [10]. In the mixed ferrite, the Zinc 

prefers A sites diluting the concentration of iron ions for 

which net magnetization increases. The magnetization could 

Different properties measured for  

Ni0.9Zn0.1Fe2O4 

Property Obtained Values 

Density bulk 

g/cc 
4.9694 

Density theoretical g/cc  5.3648 

Porosity 

(% ) 
7.3708 

Lattice constant 8.34901 

Resistivity 1.6 * 10
5 
Ω-cm 

Activation energy 0.527 eV 

Magnetization 

Emu/gm 
49.68 

Permeability ( 1 MHz) 11.03 

Loss factor (1MHz) 878.3 

Curie temperature  

(
o
C) at 1 kHz 

411
o
c 
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be also explained in terms of spin disorder which is due to 

zinc substituting in A sites. The zinc presence reduces the 

magnetization contribution in A sites in terms of magnetic 

moment and while Nickle with iron presence increases the 

magnetic contribution from B Sites in terms of magnetic 

moment [11]. The Ni2+ have 2.3 µB where as Zinc 0 µB with 

iron 5 µB .This nature of magnetic interaction could also be 

observed in permeability nature for the current samples for 

different frequency. According to Neel Postulates, magnetic 

moment of ferrites are algebraic sum of magnetic moments of 

individual latt ices where interaction among msublattices A-B 

are strongest [12]. The permeability in the sample observed at 

1 MHz is tabulated in table 1 along with the losses shows the 

nature of the sample under the applied field. The permeability 

spectra shown n the figure shows the initial permeability 

behaviour for frequency range. the initial permeability is 

constant and increases at higher frequency. The relaxation can 

be expected at higher frequency (>10 MHz) which could not 

be measured under current conditions. The loss factor which is 

very high at  1 MHz was also measured suggesting the nature 

of the material fo r wide frequency.  Permeability is due to 

reversible motion of the domain walls  studied by Globus et.al 

[13].The Permeability and saturation magnetizat ion are 

interrelated by expression 
2

i SM  [14].  Init ial permeability 

is the sensitive parameter depends on the nature of sample, 

temperature, grain size and method of preparation. Table 

shows the Curie Temperature around 411
o
C which suggests 

the permeability nature of the specimen. The Curie 

temperature measured at very low frequency (~1 kHz) shows 

the transition above 411
o
C. It can be observed that as 

temperature  increases, the permeability remained constant for 

wide range but at a point, permeability decreases sharply to a 

minimum value. At this point sample transforms from 

ferromagnetic phase to paramagnetic phase. The magnitude of 

the curie temperature depends on the concentration of Ni
2+

 and 

Zn
2+

 in the spinel structure [15].   

 
Figure 5: Initial Permeability and loss factor in 

Ni0.9Zn0.1Fe2O4. 
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Figure 6: Initial Permeability variation with temperature  

in Ni0.9Zn0.1Fe2O4. 

IV. Conclusion:  

Ni0.9Zn0.1Fe2O4 ferrite was prepared using precursor method 

and sintered at 1000
o
C.  The characterization was done using 

XRD and verified using different distribution for 311 peak at 

36
o
. The low loss (< 100 kHz), constant permeability (< 1 

MHz) and Curie temperature shows stability of the sample 

under current investigation. 
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