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Abstract A series of zinc doped nickel ferrites having the

chemical formula Ni1-xZnxFe2O4 [x = 0.0, 0.25, 0.50,

0.75, 1.0] were synthesized by combustion method. The

powder X-ray diffraction results confirm the formation of

single phase cubic spinel structure. The lattice parameter

was found to increase from 8.348 to 8.443 Å with increase

in the Zn content. Average crystallite size calculated using

Debye–Scherrer equation and Williamson–Hall plots con-

firms the nano crystalline nature of the samples. The

EDAX analysis indicates the correct elemental composi-

tion of the synthesized powders. Fourier transform infrared

spectra show the characteristic peaks of Ni–Zn spinel fer-

rites. The morphological features of the powder were

examined by SEM and reveal the fine crystalline nature of

the powder. A systematic study on the dielectric properties

such as dielectric constant (e0), dielectric loss tangent

(tan d) and AC conductivity (rac) were investigated as a

function of Zn content and frequency in the range from

100 Hz to 1 MHz at room temperature. Complex impe-

dance behavior was explained by means of the cole–cole

plot.

1 Introduction

Nanosized spinel ferrite particles with structural formula of

MFe2O4 (M = divalent metal ion) have been investigated

in the recent years by many researchers, due to their unique

electric, dielectric and magnetic properties. It is observed

that the properties of ferrites strongly depend upon many

factors including the method of preparation, composition of

constituents, grain structure or size and the amount and

type of substitution [1]. Several novel synthesis methods

[2–8] have been proposed to synthesize nickel based ferrite

nano-particles. Selection of suitable method is the key

factor to obtain ferrites with high quality, especially for

those with low loss at high frequency [9]. In the present

investigation, combustion method has been selected as a

novel and energy-efficient technique for the synthesis of

nanosized Ni–Zn ferrite materials because of its advantages

such as: the homogeneous distribution of ions at the

molecular level, good control of stoichiometry and pro-

duction of ultrafine particles with narrow size distribution

in a relatively short processing time at a very low tem-

perature. Further, Urea (NH2CONH2) has become an

attractive fuel for the preparation of nano powders with

crystallite sizes in nanometer range and act as a com-

plexing agent for metal ions because it contains two amino

groups located at the extremes of its chemical structure.

Nitrates are chosen as metal precursors because of their

higher water solubility and for allowing greater

homogenization.

The properties of Zn-substituted nickel ferrites have

attracted considerable attention because of the importance

of these materials as high frequency ferrites for power

transformer core, rod antennas, RF coil and radar-

absorbing materials (RAM) [10, 11]. Yan et al. [12] have

synthesized monodisperse Ni–Zn ferrites (NixZn1-xFe2O4)
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microspheres via solvothermal method and reported the

application of these materials in bionanoscience and elec-

tronic devices technology. They also reported that Ni0.2
Zn0.8Fe2O4 microspheres could reach maximum magnetic

saturation value of 60.6 emu/g. Sreeja et al. [13] reported

the magnetic and Mössbauer spectroscopic studies of Ni–

Zn ferrite nanoparticles synthesized by a combustion

method. They obtained higher Curie temperatures for the

nanosized powders when compared to that in the bulk. This

was due to the difference in the distribution of the cations

in the tetrahedral and octahedral sites of the spinel lattice.

Saafan et al. [14] have investigated ac and dc conductivity

of Ni–Zn ferrites in wet and dry conditions. The behavior

of conductivity differs significantly in these two conditions

showing a noticeable effect due to humidity. Ramakrishna

et al. [15] have prepared a series of Ni–Zn ferrites with

composition Ni1-xZnxFe2O4 where x = 0.0 to 1.0 by

citrate precursor method. They observed that Curie tem-

perature and activation energy decreases from x = 0.0 to

1.0, whereas the DC resistivity increases gradually from

nickel to zinc ferrite. Min Zhang et al. [16] have studied

size effects on magnetic properties of Ni0.5Zn0.5Fe2O4

powder. They found that the saturation magnetization

increases with increasing particle size, which can be

explained on the basis of cation distribution in tetrahedral

and octahedral sites and due to domain wall movement.

Hajalilou et al. [17]. synthesized Ni0.64Zn0.36Fe2O4

nanoparticles by high-energy milling and subsequent

annealing treatment. They reported a saturation magneti-

zation of 5 emu/g for 30 h milled sample which increased

to 16 emu/g after annealing was done at 400 �C. However,
it was hard to find the studies on the effect of Zn content

on structural and dielectric properties of Ni–Zn ferrite. In

view of the above, the present study focuses on the syn-

thesis of Ni–Zn ferrites using combustion method and

investigates their structural, dielectrics and AC conduc-

tivity in detail.

2 Experimental procedure

Nanosized samples of Ni1-xZnxFe2O4 (x = 0.0, 0.25, 0.50,

0.75 and 1.0) were synthesized using nickel

nitrate[Ni(NO3)2�6H2O)], zinc nitrate [Zn(NO3)2�6H2O)],

and iron nitrate [Ni(NO3)3�9H2O)], and urea [(NH2

CONH2)] to serve as a fuel. Stoichiometric proportion of

these chemicals were weighed and dissolved in de-ionized

water to form solution. The mixed solution was taken in a

quartz bowl and stirred for 2 h to obtain a homogeneous

viscous solution. Then the bowl was placed on a hotplate

and heated to 300 �C to initiate self propagating exother-

mic reaction evolving large amount of gases. The gas

evolution was followed by frothing and swelling of the

resultant powder, resulting with the desired ferrites in the

form of foamy powders [18]. The synthesized powders

were finely grounded and calcinated at 800 �C for 5 h in air

by keeping the product in an electrical resistance furnace.

For the purpose of dielectric study, the required quantity of

powders were mixed with 5 wt% polyvinyl alcohol and

made into pellets. The pelletisation was done using a die

set and a hand operated hydraulic press at a pressure of

200 kg/cm2.

3 Characterization

X-ray powder diffraction (XRD) analysis was carried out

using X-ray powder diffractometer (BRUKER D8

ADVANCED) with Cu Ka radiation (k = 1.5406 Å). The

FTIR measurements were made with Perklin Elmer UK

paragon-500 spectrophotometer in the mid infrared region

(4000–400 cm-1). The elemental analysis of the powders

was done using the Energy Dispersive X-ray analysis

(EDAX) technique. The morphological features of the

synthesized nano powders were analyzed using JEOL-

JSM-3.5CF instrument. The dielectric studies were mea-

sured in the frequency range of 100 kHz to 1 MHz using

LCR Hi- Tester (Hioki 3532-56).

4 Results and discussion

4.1 Structural properties

4.1.1 X-ray diffraction

XRD profiles of the Ni1-xZnxFe2O4 (x = 0, 0.25, 0.5, 0.75

and 1.0) samples are shown in Fig. 1a. The XRD patterns

confirm the formation of spinel cubic structure with Fd3 m

space group, which is consistent with standard JCPDS: (86-

2267) files. The broadening of the diffraction lines ascer-

tains the nanocrystallinity of the synthesized powders. The

spectra exhibit the crystalline nature of the samples with no

extra peaks noticed in the spectrum which reveals the

absence of any unreacted constituents in the synthesized

compounds. Figure 1b shows the magnified XRD peaks

located in the vicinity of 2h = 35.5� corresponding to

(311) plane for pure and Zn-doped nickel ferrite. The lower

angle shift in the XRD peaks of Zn-doped nickel ferrite

nanoparticles indicates the replacement of Ni2? ions by

Zn2? ions.

The X-ray density (qx) of the samples was calculated

using the expression given by Smit and Wijn [19]:

qx ¼
nM

NAa3
ð1Þ
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where M, NA, n and a are the molecular weight of the

samples, Avogadro’s number (6.0225 9 1023 atom/mol),

number of formula unit present in a unit cell (in the present

case, n = 8) and the lattice parameter respectively. Fig-

ure 2 shows the variation of qx as a function of Zn content.

It is shown that qx decreases with increasing Zn content in

nickel ferrite. The value of qx for NiFe2O4 was found to be

5.435 g/cm3, while it was 5.402 g/cm3 for ZnFe2O4. The

decrease of qx with Zn ion content could be attributed to

the atomic weight and the radii of constituent ions.

The average crystallite size of the synthesized powders

was determined using Debye–Scherrer’s equation [20].

D ¼ kk
bhkl cos h

ð2Þ

where, k is the shape factor (k = 0.9), k is the wavelength

of Cu-Ka radiation and bhkl is the instrument corrected

integral breadth of the reflection located at 2h and h is the

angle of reflection. In order to obtain bhkl of each diffrac-

tion peak, a non-linear least square fit has been constructed

assuming that the experimentally obtained diffraction

peaks obey Lorentzian function. The instrumental cor-

rected integral breadth (bhkl) of the reflection located at 2h
broadening was corrected to each diffraction peaks of Ni–

Zn materials using the equation

bhkl ¼ bhklð Þ2measuredþ bhklð Þ2instrumental
h i1=2

ð3Þ

The average crystallite size of Ni–Zn ferrites obtained at

different concentration of Zn is listed in Table 1.

The strain in the powders due to the contribution of

crystal imperfection and distortion can be calculated using

the Eq. (4)

e ¼ bhkl
4 tan h

ð4Þ

Assuming that the crystallite size and strain contribution to

line broadening are independent to each other and both

have been Cauchy-like profile, the line breadth can be

obtained by combining Eqs. (2) and (4). That is,

bhkl cos h ¼ kk
D

þ 4e sin h ð5Þ

The above Eq. (5) is known as Williamson–Hall (W–H)

equation.

W–H plots (Fig. 3) are drawn for all the samples with

4sinh along the x-axis and bcosh along the y-axis for the

peaks of Ni–Zn with varying concentrations of Zn. From

the plot, lattice strain and crystallite size are calculated

respectively from the slope and y-intercept of the fitted

line. The positive slope from the plots indicates the pres-

ence of tensile strain in the Ni–Zn cubic system. The micro

distortion for the pure and Zn substituted nickel ferrite

compounds exhibit a slight increase in values for the higher

Fig. 1 a X-ray diffraction

analysis of Zn doped nickel

ferrite. b Dopant induced peak

shift (311) due to incorporation

of Zn

Fig. 2 Variation of X-ray density with Zn content
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concentration of Zn2? ions. It is also noticed that there is a

decrease in micro distortion when the concentrations of

Zn2? ions is above x = 0.5. This may be attributed to a

change in the cationic distribution in Ni–Zn lattice. The

obtained crystallite sizes from W–H plots were compared

with the same calculated by the Scherrer equation and are

found to be in good agreement. The variation of crystallite

size with Zn doping in nickel ferrite is shown in Fig. 4a. It

is evident that maximum crystallite size is found when

x = 0.5 for Ni1-xZnxFe2O4 samples.

The lattice parameter (a) of the synthesized ferrite

powders is determined using the formula given below [21]:

a ¼ k
2
� ðh2 þ k2 þ l2Þ

sin h
ð6Þ

where (h k l) are the Miller indices, and h is the diffraction

angle corresponding to the (h k l) plane. Figure 4b shows the

variation of lattice parameter with increase in concentration

of Zn2? ions in the Ni–Zn ferrite system. From the figure it

can be seen that the lattice parameter was found to increase

from 8.3053 to 8.4005 Å as ‘x’ varies from 0.0 to 1.0 in

Ni1-xZnxFe2O4. Since ionic radius of both Zn
2? (0.82 Å) and

Ni2? (0.78 Å) are larger than the interstices of A-site

(0.58 Å) and B-site (0.73 Å) in spinel cubic structure, the

doping of Zn2? or Ni2? ions into the interstice leads to lattice

expansion [22]. However, large expansion of lattice is

attributed to the higher doping of Zn2? for Ni2? ions in the

nickel ferrite [23]. Thus Ni–Zn ferrite system obeys Vegard’s

law. A similar variation was also observed by Sorescu [24].

These results suggest the formation of a compositionally

homogeneous solid solution of Ni1-xZnxFe2O4.

4.1.2 Fourier transform infrared spectroscopic analysis

(FTIR)

The FTIR spectrum elucidates the position of the ions in

the crystal lattice and their vibration modes. It can be seen

from Fig. 5 that the spectra exhibit two prominent

Fig. 3 Williamson–Hall plot for Ni1-xZnxFe2O4 (x = 0.0 to 1.0)

Table 1 Structural parameters

of Ni1-xZnxFe2O4 nanoparticles
Composition Crystallite size (nm) by Lattice parameter (Å) Strain

(Scherrer’s formula) (W–H method)

NiFe2O4 36 42 8.3053 0.0021

Ni0.75Zn0.25Fe2O4 26 31 8.3210 0.0054

Ni0.5Zn0.5Fe2O4 45 50 8.3504 0.0063

Ni0.25Zn0.75Fe2O4 36 40 8.3754 0.0020

ZnFe2O4 45 48 8.4005 0.0020
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absorption bands in the range 594–565 cm-1 (t1) and

nearer to 422 cm-1 (t2).
According to Waldron [25], the higher absorption band

(t1) corresponds to intrinsic stretching vibrations of metal

ions at tetrahedral site, (Mtetra $ O), whereas the lower

absorption band (t2) corresponds to octahedral-metal

stretching (Mocta $ O). It can be seen that the primary

band, t1, initially increases from 565 to 594 cm-1 and then

decrease to 586 cm-1 with increasing Zn content, whereas,

t2, remains unaffected with varying composition. Similar

behavior was reported by other researchers [26, 27]. This

behavior may be attributed due to the existence of mixed

cationic distribution by referring to cationic distribution

based Mossbauer studies [28] of similar compositions. The

existence of mixed cationic distribution depends on Ni–Zn

ratio and other factors. The absorption bands observed

around 3440–3436 and 1618–1622 cm-1 are due to the

presence of moisture (OH-) on the surface of ferrite

nanoparticles. Further, absorption bands around 2318–2324

and 1039–1045 cm-1 correspond to atmospheric or

absorbed Co3
2- and nitrate ions respectively.

4.2 SEM and EDAX analysis

The morphology of the prepared Ni–Zn ferrite nanoparti-

cles were examined by means of Scanning Electron

Microscopy (SEM). Figure 6a shows the SEM photographs

of Ni1-xZnxFe2O4 samples for varying values of x (A: x =

0.0, B: x=0.5 and C: x=1.0). It can be seen from the images

that the presence of voids and pores on the surface proves

that Ni–Zn crystals with enhanced surface area can be

produced by solution combustion technique. This mani-

fests in the release of more heat during the combustion

reaction, which causes fusion of the Ni–Zn nanoparticles.

The samples having multigrain agglomerations consisting

of very fine crystallites may be due to magnetostatic

interaction of crystallites. The changes in microstructure

with varying concentration of Zn2? in nickel ferrite can be

seen from the SEM images.

To verify the chemical composition and elemental sto-

ichiometry of the synthesized sample, EDAX analysis of

Ni1-xZnxFe2O4 samples (A: x = 0.0, B: x= 0.5 and C: x=

1.0) was done and the spectra are shown in shown in

Fig. 6b. The spectra show the presence of elements like Fe,

Ni, Zn and O. In the compound, the calculated percentage

of Ni/Zn value matches very well with the amount of Ni/Zn

used in the respective precursors.

4.3 Dielectric properties

The dielectric properties were measured using LCR Hi-

Tester in the frequency range 100 Hz–1 MHz at room

Fig. 4 a Variation of crystallite size with respective to Zn content. b Variation of lattice parameter with respective to Zn content for

Ni1-xZnxFe2O4 (x = 0.0 to 1.0)

Fig. 5 FTIR spectra of ZnxNi1-xFe2O4
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Fig. 6 a SEM micrographs. b EDAX spectra of Ni1-xZnxFe2O4 (x = 0.0, 0.5 and 1.0)
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temperature. The real (e0) and imaginary (e00) part of

dielectric constant, loss tangent (tan d) were determined

from the following relations

e0 ¼ Cd

eoA
ð7Þ

e00 ¼ e0 tan d ð8Þ

where C is the capacitance of the pellet, d is the thickness

of the pellet, A is the cross-sectional area of the flat surface

of the pellet and eo is the constant of permittivity for free

space.

To understand the conduction mechanism, the AC

conductivity (rac) of the samples was calculated from the

values of dielectric constant and dielectric loss factor using

the relation

rac ¼ xeoe
0 tan d ð9Þ

where x is the angular frequency.

4.3.1 Variation of dielectric constant (e0) with frequency

and Zn concentration (x)

Figure 7a displays the variation of dielectric constant (e0)
as a function of frequency at room temperature for the

samples Ni1-xZnxFe2O4 (x = 0.0, 0.25, 0.5, 0.75 and 1.0).

From Fig. 7a, it is clear that the dielectric constant

decreases continuously with increasing frequency and

remains almost independent at high frequency region. It is

also observed that the dielectric constant decreases steeply

at lower frequencies and becomes steady state or constant

at higher frequency region. This is normal dielectric

behavior of spinel ferrites which is already observed in

other nanoferrites at room temperature [29, 30]. This

behavior of dielectric constant with frequency can be

explained by Maxwell–Wagner [31, 32] two layers model

with Koop’s phenomenological theory [33]. In this model,

ferrite structure is assumed to consist of good conducting

grains separated by poorly conducting intermediate grain

boundaries.

The presence of Fe3? and Fe2? ions render ferrite

materials to be dipolar. The electron hopping between

Fe3? $ Fe2? ions in the ferrite lattice is responsible for

dielectric polarization. It is observed that the dielectric

constant is a combined effect of dipolar, electronic, ionic

and interfacial polarizations. At lower frequency, the

dipolar and interfacial polarizations contribute significantly

to the dielectric constant. As the frequency increases, ionic

and orientation sources of polarizability decreases and

finally disappear due to the inertia of the molecules and

ions. At higher frequencies, the dielectric constant remains

independent of frequency due to the inability of electric

dipoles to follow the fast variation of the alternating

applied electric field [34].

The variation of dielectric constant (e0) with different Zn

concentration for mixed Ni–Zn ferrites at 100 and

1000 kHz frequencies are given in Fig. 7b. This fig-

ure shows that the values of dielectric constant is found to

increase with increasing Zn content as polarization has

largely been attributed to the presence of Fe2? ions which

gives rise to heterogeneous spinel structure. Since Fe2?

ions are easily polarizable, the larger the number of Fe2?

ions, the higher would be the dielectric constant. In Ni–Zn

system, Ni ions strongly prefer the occupation of B-sites

whereas Zn prefers to go to A-sites. However, Fe ions

which exist in 2? as well as in 3? states, occupy both A and

B sites. As Zn substitution increases (at A-sites), replacing

Ni ions (at B-sites), some Fe ions will be forced to migrate

from A-sites to B-sites. As a result, the number of Fe2? and

Fig. 7 a Variation of dielectric constant with frequency. b Variation of dielectric constant as a function of zinc content (x) for Ni1-xZnxFe2O4
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Fe3? ions increases at B-sites while the number of Ni ions

decreases as Zn ions substitution increases. As a result,

electron hopping between Fe3? and Fe2? ions increases

which increases the probability for an electron to reach the

grain boundary thus resulting increase in polarization and

dielectric constant.

4.3.2 Variation of dielectric loss tangent (tan d)
with frequency and Zn concentration (x)

The values of tan d depend on a number of factors such as

stoichiometry, Fe2? content and structural homogeneity,

which in turn depend on the composition of the samples

[35]. The variation of dielectric loss tangent for mixed

Ni–Zn ferrites at different frequencies at room tempera-

ture is shown Fig. 8a. It is observed that the dielectric loss

tangent has the same trend as in the case of dielectric

constant. This is due to the fact that at higher frequencies,

the domain wall movement is inhibited and magnetization

is changed by rotation and hence losses are found to be

lower [36]. Similar results have been reported by Ahmed

et al. [37] as in the case of nickel ferrite. It can be shown

that all the samples show dispersion in tan d at lower

frequencies and particularly predominant at x = 0.5. In

this case, the loss factor decreases from 5.27 to 0.026 with

the increase in frequency from 100 kHz to 1 MHz as

shown in Fig. 8a.

The initial decrease of tan d with increase in frequency

may also be explained on the basis of Koops’ phenomeno-

logical model [33]. The variation of tan d with addition of

Zn content at 10000 Hz is shown in Fig. 8b. The decrease

and then increase in tan d beyond x = 0.5 may be due to

redistribution of cations on tetrahedral (A) and octahedral

(B) sites and forming mixed cationic distribution.

Fig. 9 a Variation of AC conductivity with frequency. b Variation of AC conductivity as a function of zinc content (x) for Ni1-xZnxFe2O4

Fig. 8 a Variation of dielectric loss tangent with frequency. b Variation of dielectric loss tangent as a function of zinc content (x) for

Ni1-xZnxFe2O4

J Mater Sci: Mater Electron (2016) 27:7062–7072 7069

123



4.3.3 Variation of AC conductivity (rac) with frequency

on Zn concentration (x)

The conductivity of ferrites, in general, depends on the

density, porosity, grain size, grain boundary and chemical

composition of the samples [38]. The conduction mecha-

nism and the frequency dependent AC electrical conduc-

tivity (rac) of nanophase Zn doped nickel ferrites are

shown in Fig. 9a.

It is observed that AC conductivity (rac) increases with the

increase in frequency for all the samples as observed by other

worker [39]. It can be explained by the hopping of charge

carriers between localized states. It is evident that as the fre-

quency is increased, hopping of the charge carriers is also

enhanced, thereby increasing conductivity. Further, at lower

frequency, the resistive grain boundaries are more active which

act as a hindrance for mobility of charge carriers and hence the

hopping of electrons between Fe3? and Fe2? ions is less which

is responsible for the slow increase of conductivity. At higher

frequencies, the conductive grains become more active [32] in

promoting the hopping of electrons between Fe3? and Fe2?

ions and also responsible for creating charger carriers from

different centers thereby rapid increase in conductivity.

It is observed from Fig. 9b that rac increases with the

increase in Zn concentration (x = 0.0 to 0.50) at room

temperature. This can be explained by the Verwey and de

Boer mechanism [40]. According to El-Sayed [41], the

conduction mechanism in Ni–Zn system is a result of

electron transfer from Fe2? and Fe3? ions and hole

transfer from Ni3? and Ni2? ions at the octahedral (B-

sites). On the substitution of zinc in the place of nickel,

the hopping of electrons between Fe2? and Fe3? ions on

octahedral site increases resulting in the increase of AC

conductivity. The increase in conductivity is also due to

fact that Zinc has smaller value of resistivity as compared

to that of nickel. The decrease and then increase in con-

ductivity beyond x = 0.5 may be due to change in con-

duction mechanism by means of hopping of holes

Fig. 10 Cole–Cole plot of Ni1-xZnxFe2O4 (x = 0.0, 0.25, 0.50 and 1.0)
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between Ni3? and Ni2? due to redistribution of cations on

tetrahedral (A) and octahedral (B) sites and forming

mixed cationic distribution.

5 Complex impedance study

In the complex impedance study, the variation of real (Z0)
and imaginary (Z00) parts of impedance is analyzed by the

cole–cole plots (or) Nyquist plots. This plot can be effec-

tively used for complete understanding of the electrical

properties of the electro-ceramic materials such as impe-

dance of electrodes, grain and grain boundaries. It also

provides the information about the resistive (real part) and

reactive (imaginary part) components of a material. A

cole–cole plot typically comprises of two successive

semicircles. The first semicircle at low frequency is due to

the contribution of the grain boundary and second semi-

circle at high frequency is due to the grain or bulk prop-

erties of the materials.

The real and imaginary part of the complex impedance

(Z*(x)) is given by the following relation

Z�ðxÞ ¼ Z 0ðxÞ þ jZ 00ðxÞ ð10Þ

The real (Z0) and imaginary part (Z00) of the complex

impedance is given by

Z 0 ¼ Z cos h ð11Þ

Z 00 ¼ Z sin h ð12Þ

where h is the phase angle measured by LCR meter.

The Z0 data is fit to the equation

Z 0 ¼ 1=R1

1=R2
1

� �
þ x2C2

1

þ 1=R2

1=R2
2

� �
þ x2C2

2

þ 1=R3

1=R2
3

� �
þ x2C2

3

ð13Þ

Single semicircle behavior is usually due to the contribu-

tion from the grain or intrinsic bulk contribution (R1, C1),

whereas, two or more successive semicircles are account of

contributions from grain boundary (R2, C2) and/or elec-

trodes (R3, C3) in a polycrystalline material

Figure 10 shows the room temperature complex impe-

dance or cole–cole plot for the samples Ni1-xZnxFe2O4 with

x = 0.0, 0.25, 0.50 and 1.0 as a function of frequency. Two

partially overlapping semicircles are found at high and low

frequency sides which may be due to the grains and grain

boundary effects, respectively. The centers of semicircles

are found to lie below the real axis thus indicating a non-

Debye type of relaxation process. A sample is assumed to

have a microstructure that is made up of parallel conducting

plates (grains) separated by resistive plates (grain bound-

aries). According to the Maxwell–Wagner two layer model,

the phenomena is typically related to the existence of a

distribution of relaxation time, in which the resulting com-

plex impedance is composed of two overlapping semicircles

[42]. The diameter of the semicircles corresponds to the

resistance of the grain and grain boundaries. The plot shows

that as the Zn concentration increases, the diameter of the

semicircle varies indicating the change in resistance of the

grain interior and grain boundary.

6 Conclusions

A series of Ni–Zn ferrite with composition Ni1-xZnxFe2O4

(x = 0.0, 0.25, 0.50, 0.75 and 1.0) were prepared using

nitrate precursors and urea as the fuel by combustion

method. X-ray diffraction measurements confirmed the

single phase spinel structure for all the ferrites. The

increase in lattice parameter has been observed with

increasing Zn concentration in Ni–Zn samples following

Vegard’s law. The average crystallite size from Scherrer

equation is in close agreement with W–H plots. In order to

obtain FWHM for both equations, a non-linear least square

fit was constructed assuming experimentally obtained

X-ray diffraction peaks, obeying Lorentzian function. FTIR

was used to identify the formation of Ni–Zn spinel ferrites.

EDAX analysis confirms the elemental composition of the

synthesized compounds. The dielectric constant and

dielectric loss were found to decrease continuously with

increasing frequency for all the samples, thus exhibit-

ing the normal dielectric behavior of ferrites. The doping

of Zn into Ni1-xZnxFe2O4 has a significant effect on

the dielectric constant in the low frequency range, but no

pronounced effect was observed at the high frequency

region. It is observed that AC conductivity (rac) increases

with the increase in frequency for all the samples which

may be explained on the basis of hopping of charge carriers

between localized states. The cole–cole plot shows that as

the Zn concentration increases, the diameter of the semi-

circle varies indicating change in resistance of the grain

interior and grain boundary.
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