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ABSTRACT 

The magnetic particles of nickel-zinc ferrite with chemical composition Ni1−xZnxFe2O4 were synthesized successfully by 
citrate precursor auto-combustion method using high purity nitrates and citric acid as chelating agent. The prepared 
powder of nickel-zinc ferrites was sintered at 1000˚C for 1 hr to obtain good crystalline phase and was used for further 
study. The X-ray diffraction technique was employed to confirm the single phase formation of nickel ferrite. The X-ray 
diffraction pattern shows the Bragg’s peak which belongs to cubic spinel structure. The values of lattice constant, X-ray 
density, bulk density, and porosity were calculated. The temperature dependence of the electrical conductivity plot 
shows the kink, which can be attributed to ferromagnetic-paramagnetic transition. The activation energy obtained from 
resistivity plots in paramagnetic region is found to be more than that in ferrimagnetic region. The conduction mecha-
nism in nickel-zinc ferrite particles has been discussed on the basis of hopping of electrons. 
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1. Introduction 

Ni-Zn ferrite is of greater commercial application in the 
electromagnetic interfaces known as EMI, which is used 
in hard disk drives, in laptops and other electronic pro- 
ducts. Generally, the electrical resistivity of ferrites de- 
creases with the increase of temperature, which shows 
that ferrites have semiconductor behavior. Ferrites have 
very high resistivity which is one of the considerations 
for microwave applications The electrical properties of 
ferrites are sensitive to preparation method, sintering 
temperature, sintering time, rate of heating and rate of 
cooling [1,2]. The study of electrical resistivity produces 
valuable information on behavior of free and localized 
electric charge carried in the sample. In Ni-Zn ferrite, at 
high temperature Zn2+ volatilization results the formation 
of Fe2+ ions, thereby increasing electron hopping and 
reducing resistivity [3,4]. 

In a ferrite we can observe transition from ferro mag- 
netic to para magnetic state as temperature is increasing. 
The activation energy has been found smaller in ferro 
magnetic region than para magnetic region [5-7]. The 
discussion on electrical properties of ferrites is generally 
explained by carrier hopping model or band structure. 
Although there are few reports on different properties of 

Ni-Zn ferrite a systematic investigation about electrical 
properties is lacking, so there is a need for investigation 
of electrical properties on Ni-Zn ferrite to understand 
general properties. Hence in this communication we are 
reporting electrical properties of Ni-Zn ferrite synthe- 
sized by citrate precursor method. 

2. Experimental 

A series of Ni-Zn ferrite with composition Ni1−xZnxFe2O4 
where x = 0.0, 0.2, 0.4, 0.6, 0.8, 0.9 & 1.0 are prepared 
by citrate precursor method. The advantages of this me- 
thod over the conventional methods like double sintering, 
solid state reaction etc. are  

1) Capacity to yield a homogenous mixture of the con-
stituent ions. 

2) As no ball milling is required, there is a little scope 
of contamination of materials. 

3) In case of conventional methods, there is a possi- 
bility of introducing iron impurities during milling this 
leads in-homogeneity in sample, which affects the mag- 
netic property. 

4) This is a simple method which offers a significant 
saving in time and energy consumption. 

5) This is green method, which can yield large pro- 
duct. *Corresponding author. 
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The starting materials were nickel nitrate, zinc nitrate, 
iron nitrate, citric acid and ammonia all of analytical 
grade. The solution of nickel nitrate (Ni (NO3)2·6H2O, 
ferric nitrate (Fe(NO3)3·9H2O) and zinc nitrate  
(Zn(NO3)2·6H2O) in their stoichiometry were dissolved 
in a de ionized water. Citric acid was then added to the 
prepared aqueous solution to chelate Ni2+, Zn2+ and Fe3+ 

in the solution. The molar ratio of citric acid to total 
moles of nitrate ions was adjusted at 1:3. The mixed so- 
lution was neutralized to pH 7 by adding ammonia (NH3) 
solution. The neutralized solution was evaporated to dry 
ness by heating at 100˚C on a hot plate with continuous 
stirring, until it becomes viscous and finally formed a 
very viscous gel. Increasing the temperature up to 200˚C 
lead to ignition of gel. The dried gel burnt completely in 
a self propagating combustion manner to form a loose 
powder [8,9]. 

Finally the burnt powder was calcined in air at tem- 
perature of 1000˚C for one hour to obtain spinel phase. 
Afterwards the powder was pressed into pellets of thick- 
ness 3 mm and a diameter of 10 mm with press by ap- 
plying a pressure of 2 tons/in2. The final sintering was 
done at 1000˚C in air for 12 hours afterwards the pellets 
were coated with silver paint for better electrical contact. 
The structural characterizations of all samples were car- 
ried out by X-ray diffraction (XRD) and conforms the 
well defined single phase spinel structure. XRD data 
were taken at room temperature using CuKα radiation. 
The dc resistivity (ρ) of the samples was measured by 
two-probe or four probe method. Two probe method is 
used to measure high resistivity of the materials with 
small errors. Four probe method is more accurate and is 
used to measure the low resistivity. The primary consi- 
deration in using these methods is that of obtaining a 
minimum amount of contact resistance between the elec- 
trodes and the samples. Due to high resistivity of ferrite 
samples, two probe methods is useful in ferrites, the 
measurements was taken in the range of  temperature 
between 300 K to 873 K in step of 10 K. 

3. Results & Discussions 

The X-ray diffraction patters of the samples are shown in 
Figure 1. All the zinc substituted nickel ferrites of the 
various compositions show the crystalline cubic spinel 
structure. The sharp peaks showed all-crystalline nature 
of single phase ferrite. The lattice parameter of individual 
composition was calculated by using the formula  

( )1 22 2 2h +k l= +a d          (1) [10] 

where, a = lattice constant, d = inter planar distance and 
(h, k, l) are the Miller indices. 

The calculated lattice constant “a” is seen to increase 
from 8.33 Å to 8.52 Å with increase in zinc content as 

reported in Table 1. The variation of lattice parameter 
with zinc composition is shown in Figure 2. The lattice 
parameter is found vary linearly with increasing zinc 
concentration, there by indicating that the Ni-Zn ferrite 
system obeys Vegard’s law [11]. A similar behavior of 
lattice constant with dopant concentration was observed 
by several investigators in various ferrite systems [12-14]. 
The variation in lattice constant with zinc content can be 
explained on the basis of the ionic radii of Zn2+ (0.82 Å) 
ions is higher than that of Ni2+ (0.78 Å) [15]. 

X-ray density (dx) was determined using the following 
Equation (2) 

3dx ZM Na=             (2) 

where Z is the number of molecules per unit cell (Z = 8), 
“M” is the molecular weight and “N” is the Avogadro’s 
number. 

The bulk density of the specimens has been deter- 
mined accurately by the hydrostatic method and the per- 
centage of porosity was calculated. The value of the bulk 
density and the percentage porosity was calculated. The 
values of the bulk density, X-ray density and the per- 
centage of porosity for Ni-Zn ferrites are given in Table 
2. The variation of bulk density with composition is 
shown in the Figure 3, it can be seen from the table that 
the bulk density increases and the porosity decreases 
progressively with addition of zinc to nickel ferrite, zinc 
ferrite having the least porosity. This conforms the ob- 
servation that the addition of zinc to nickel ferrite results  
 

Table 1. lattice parameter data for mixed Ni-Zn ferrite. 

S. No. Ferrite composition Lattice parameter (Å) 

1 X = 0 8.33 

2 X = 0.2 8.43 

3 X = 0.4 8.45 

4 X = 0.6 8.46 

5 X = 0.8 8.48 

6 X = 0.9 8.50 

7 X = 1.0 8.52 

 
Table 2. Bulk density-ray density and porosity data for 
mixed Ni-Zn ferrites. 

S. No. Ferrite composition
Bulk density 

Gm/cm3 
X-ray density

Gm/cm3 
Porosity

1 x = 0 4.68 5.02 6.6 

2 x = 0.2 4.88 5.14 5.06 

3 x = 0.4 5.04 5.28 4.55 

4 x = 0.6 5.18 5.42 4.43 

5 x = 0.8 5.42 5.64 3.90 

6 x = 0.9 5.68 5.88 3.40 

7 x = 1.0 5.80 5.99 3.01 
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Figure 1. X-ray diffraction studies of mixed Ni-Zn ferrites. 
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Figure 2. Variation of lattice parameter with compostion. 
 

 

Figure 3. Variation of bulk density with composition. 
 
in densification of the material [16]. 

3.1. DC Electrical Resistivity 

DC electrical resistivity is one of the useful characteriza- 
tion techniques to understand conductivity mechanism. 
The DC resistivity of the samples is estimated by two 
probe method. A constant voltage was applied across the 
series combination of sample holder containing sample 
and a standard resistance whose value was always less 
than the sample resistance. 

The voltage developed across the standard resistance 
was measured with help of Keithely nano voltmeter from 
which the current in the circuit could be readily known. 
By knowing the value of current and voltage across the 
sample, resistivity of the sample could be calculated by 
using the relation  

ρ = RA/l Ω·cm             (3) 

where 
R: Resistance of the sample; 
A: Surface area of the sample = πr2; 

R: Radius of the sample; 

l: Thickness of the sample. 
DC electrical resistivity of the samples was found to 

be decreased from 1.650 × 106 Ω·cm to 0.12 × 106 Ω·cm 
with increasing Zn2+ from x = 0.0 to x = 1.0 as mention in 
the Table 3. The decrease in resistivity may due to pres-
ence of Fe2+ ions as zinc is added, which produced dur-
ing sintering [17]. Another reason for decrease in ρ on 
increasing zinc composition is due to that Zn2+ ions pre- 
fer the occupation of tetrahedral sites (A) and Ni ions 
prefers the occupation of octahedral sites (B). While Fe 
ions partially occupies A and B sites. On increasing Zn2+

 

concentration at A sites, Ni ions concentration at B sites 
will decrease. This leads to migration of some Fe ions 
from A site to B site to balance the reduction in Ni ions 
concentration at B sites. As a result the number of ferric 
and ferrous ions at B sites which are responsible for elec- 
trical conductivity in ferrites increases consequently re- 
sistivity decreases by increasing Zn2+ ion concentration. 
[18,19]. This same trend of resistivity have been reported 
[20]. 

The temperature dependence of DC electrical conduc- 
tivity measured in the temperature range 300 K - 873 K 
is shown in the Figure 4. Follows Arrhenius plot. This 
graph shows that by increasing temperature conductivity 
decreases hence resistivity increases. This conforms that 
the ferrite under investigation has semi conductor be- 
havior. 

The variation of resistivity with composition is shown 
in the Figure 5. 

3.2. Curie Temperature (Tc) 

The graphs drawn in the Figure 4, shows slope at par- 
ticular temperature indicating that sample changing from 
ferri magnetism to para magnetism, this temperature is 
known as Curie temperature. The Curie temperature of 
the samples are mentioned in the Table 3. From the table 
it is clear that Curie temperature decreases from 602 K to 
520 K as Zn2+ composition increasing from x = 0.0 to 1.0. 
These values are good agreement with Curie temperature 
determined by Loria method. 

The variation of Curie temperature with composition is  
 

Table 3. Curie temperature, resistivity, conductivity and activationenergies of Ni-Zn ferrites. 

Composition Tc Resistivity Conductivity EF EP ΔE 
Tc 

Loreo 

x = 0 602 K 1.650 × 106 Ω·Cm 0.606061 × 10–6 Ω–1·Cm–1 0.361 eV 0.719 eV 0.358 eV 606 K 

x = 0.2 593 K 1.54 × 106 Ω·Cm 0.649351 × 10–6 Ω–1·Cm–1 0.353 eV 0.698 eV 0.345 eV 596 K 

x = 0.4 582 K 1.02 × 106 Ω·Cm 0.980392 × 10–6 Ω–1·Cm–1 0.351 eV 0.684 eV 0.333 eV 586 K 

x = 0.6 563 K 0.88 × 106 Ω·Cm 1.136364 × 10–6 Ω–1·Cm–1 0.322 eV 0.615 eV 0.293 eV 566 K 

x = 0.8 552 K 0.52 × 106 Ω·Cm 1.923077 × 10–6 Ω–1·Cm–1 0.312 eV 0.580 eV 0.268 eV 555 K 

x = 0.9 540 K 0.22 × 106 Ω·Cm 2.380952 × 10–6 Ω–1·Cm–1 0.287 eV 0.513 eV 0.226 eV 543 K 

x = 1.0 520 K 0.12 × 106 Ω·Cm 2.631579 × 10–6 Ω–1·Cm–1 0.281 eV 0.486 eV 0.205 eV 518 K 
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Figure 4. Variation of log(σT) with 1000/T. 
 

 

Figure 5. Variation of resistivity with composition. 

shown in the Figure 6. 

3.3. Activation Energy 

Activation energy of the samples measured in the above 
mentioned temperature was determined by the slope of 
the linear plots drawn between log(σT) and 1000/T and 
tabulated in the Table 3 along with the other parameters. 
The value of activation energy decreases from 0.358 eV 
to 0.205 eV as Zn2+ composition increases from x = 0.0 
to 1.0. The variation of activation energy with composi-
tion is shown in the Figure 7. 

The decrease in activation energy may be due creation 
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Figure 6. Variation Curie temperature with composition. 
 

 

Figure 7. Variation of activation energy with composition. 
 
of smaller number of oxygen vacancies [21]. It may be 
also due to decrease in resistivity with increase in Zn2+ 
concentration because activation energy behaves in the 
same as that of DC electrical resistivity [22] 

4. Conclusion 

A series of Ni-Zn ferrite with composition Ni1−xZnxFe2O4 
where x = 0.0, 0.2, 0.4, 0.6, 0.8, 0.9 & 1.0 are prepared 
by citrate precursor method. From the X-rd results the 
samples are pure and crystalline. The lattice parameter 
increase gradually as Zn2+ composition increases from x 
= 0.0 to 1.0. Bulk density increases and the porosity de- 
creases progressively with addition of zinc to nickel fer- 
rite, zinc ferrite having the least porosity. DC resistivity 
decreases gradually from zinc to nickel ferrite. Whereas 
conductivity increases. Curie temperature of the samples 
is measured from slope of DC resistivity graphs. It is also 
observed that Curie temperature, activation energy also 
decreases from x = 0.0 to 1.0. 
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