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ABSTRACT

Ni-Zn ferrite with a nominal composition of Ni,_xZnxFe,O4 (X =0, 0.2, 0.6, 0.8, 0.9 and 1.0) ferrite powders have been
successfully prepared at a very low temperature (180°C) by a novel auto combustion process using citric acid as a coor-
dinating agent. Phase purity of the solid solutions has been confirmed by X-ray diffraction. Morphological, elemental
composition characterizations of the prepared samples were performed by high resolution scanning electron microscopy
and energy dispersive spectroscopy (EDS). Magnetic properties of all samples are obtained by using VSM (Vibrating
Sample Magnetometer) in the range of 10 K oe. The saturation magnetization values of the samples are carried out from
the B-H loop. The effect of composition on saturation magnetization and magnetic moment are studied in this paper.
The results showed that Saturation magnetization and magnetic moment values increases gradually as Zn>* composition
increases, it reaches maximum value 70.28 emu/gm for (X = 0.6) and decreases further with increasing Zn** composition.
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1. Introduction

Among the different mixed ferrites, Ni-Zn ferrites have a
good utility as a conducted noise suppressor material in
various electromagnetic interfaces compared to other fer-
rites [1,2]. Because of their high resistivity, relatively high
permeability and low eddy current loss [3,4]. These soft
magnetic materials, crystallizes in the spinel structure of
the type (Zn,_cFe,) (Ni,Fe, )O4, where the metallic cations
Fe**/Zn** occupy the tetrahedral A sites, and the metallic
cations Fe’*/Ni** occupy the octahedral B sites[5,6]. It is
known that magnetic properties of ferrites are sensitive to
preparation technique and their microstructures [7]. The
electrical and magnetic properties of such ferrites depend
strongly on distribution of cations at the tetrahedral (A)
and octahedral (B) sites in the lattice [8-10]. It is well
known that zinc ions can be used to alter the saturation
magnetization. It is believed that the addition of zinc ions
also affects the lattice parameter and it would therefore
be expected to change the Curie temperature of the mate-
rial [11]. The substitution of divalent ions in pure ferrites
leads to the modification of the structural, electrical and
magnetic properties [12]. The conventional solid-state reac-
tion route is widely used for the production of ferrite
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because of its low cost and suitability for large scale pro-
duction. The citrate method is used to speed up the syn-
thesis of complex materials. It is a simple process, which
offers a significant saving in time, energy consumption
over the traditional methods. In this method the metal ions
or complexes are immobilized on atomic scale (inside the
matrix), which allows to obtain oxides at temperature lower
than ones produced in solid state reaction. This method
also produces homogenous and stoichiometrical oxides.
Several researchers have reported the synthesis of Ni-Zn
ferrites using different techniques like, refluxing process
[13], ceramic [14], hydrothermal [15], combustion [16],
co-precipitation [17], reverse micelle process [18], spark
plasma sintering [19], micro emulsion [20] and ball mill-
ing, etc. In this work, we present the results of systematic
doping of non-magnetic Zn content on the magnetic prop-
erties of Ni-Zn ferrite synthesized by citrate method.

2. Experimental

The starting materials were nickel nitrate, zinc nitrate, iron
nitrate, citric acid and ammonia all of analytical grade.
The solution of nickel nitrate (Ni(NOs),-6H,0, ferric
nitrate (Fe(NO3);-9H,0) and zinc nitrate (Zn(NOs3),-6H,0)
in their stoichiometry were dissolved in a deionized water.
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Citric acid was then added to the prepared aqueous solu-
tion to chelate Ni**, Zn** and Fe* in the solution. The
molar ratio of citric acid to total moles of nitrate ions was
adjusted at 1:3. The mixed solution 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 combus-
tion manner to form a loose powder. Finally the burnt
powder was calcined in air at temperature of 1000°C for
one hour to obtain spinel phase. Afterwards the powder
was pressed into pellets of thickness 3 mm and a diame-
ter of 10 mm with press by applying a pressure of 2
tons/in>. The final sintering was done at 1000°C. The struc-
tural characterizations of all samples were carried out by
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X-ray diffraction (XRD) and conforms the well defined
single phase spinel structure. XRD data were taken at
room temperature using CuKa radiation. Morphological,
elemental composition characterizations of all prepared
samples were performed by high resolution scanning elec-
tron microscopy, and energy dispersive spectroscopy (EDS).
The Magnetic measurements were carried out by using
Vibrating sample magnetometer (VSM) in the range of
10 K oe.

3. Results and Discussions

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

e

Figure 1.
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a=d(h2+k2+l2)1/2 [21]

where, a = lattice constant; d = inter planar distance; and
(h, k, 1) are the Miller indices.

The calculated lattice constant “a” is seen to increase
from 8.33 A to 8.52 A 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 con-
centration, there by indicating that the Ni-Zn ferrite sys-
tem obeys Vegard’s law [22]. A similar behavior of lat-
tice constant with dopant concentration was observed by
several investigators in various ferrite systems [23-25].
The variation in lattice constant with zinc content can be
explained on the basis of the ionic radii of Zn** (0.82 A)
ions is higher than that of NiZ* (0.78 A) [26].

The scanning electron microscope (SEM) images of all
prepared samples are given in Figure 3.

Figure 4 shows the EDS pattern obtained for all the
samples which gives the elemental and atomic composi-
tion in the samples. The compounds show the presence
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of Ni, Fe, Zn and O without precipitating cations.

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

S. No. Ferrite Composition Lattice Parameter (A)
1 X=0 8.33
2 X=02 8.43
3 X=04 8.45
4 X=0.6 8.46
5 X=0.8 8.48
6 X=09 8.50
7 X=10 8.52
_ 855
T 8.5
5
E 8.45 1
8.4
g
28.351
8
2 83 w \ \ : ‘
& 0.2 0.4 0.6 0.8 0.9 1

Composition(X)

Figure 2. Variation of lattice parameter with composition.

X=1

Figure 3. SEM images of Ni-Zn ferrites.
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Figure 4. EDS of Ni-Zn ferrites.

Figure 4 shows the EDS pattern obtained for all the
samples which gives the elemental and atomic composi-
tion in the samples. The compounds show the presence
of Ni, Fe, Zn and O without precipitating cations.

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

Dx = ZM/Na®

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

Copyright © 2012 SciRes.

number.

The bulk density of the specimens has been determined
accurately by the hydrostatic method and the percentage
of porosity was also calculated. The values of the bulk
density, X-ray density and the percentage of porosity for
Ni-Zn ferrites are given in Table 2. 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 con-
forms the observation that the addition of zinc to nickel
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Table 2. Bulk density-ray density and porosity data for
mixed Ni-Zn ferrites.

1 X=0 4.68 5.02 6.6
2 X=0.2 4.88 5.14 5.06
3 X=04 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=09 5.68 5.88 3.40
7 X=1.0 5.80 5.99 3.01

ferrite results the densification of the material [27].

The variation of bulk density with zinc content for
mixed Ni-Zn ferrite is shown in the Figure 5. It may be
seen from the figure that bulk density increases linearly
with the increase of zinc content.

3.1. Magnetic Properties

The magnetic measurements of all the samples were meas-
ured by using Vibrating sample magnetometer in the range
of 10 Koe, which shows that samples exhibited magnetic
behavior.

From the VSM measurements, hysteresis loops are
plotted as shown in the Figure 6. The value of saturation
magnetization was carried out from hysteresis loops. The
variation of saturation magnetization with composition is
shown in the Figure 7. It is seen from the figure that the
value of saturation magnetization increases gradually and
reaches to the maximum value of 70.28 emu/gm for X =
0.6 composition and then decreases gradually while Zn*?
composition increases. The behavior of this plot is simi-
lar to the [28]. The dependence of saturation magnetiza-
tion is explained in terms of spin-disorder and spin-canting.
In mixed Ni-Zn ferrite, the Zn®* ions concentrate prefer-
entially in the A site and the Ni** ions in B site in cubic
spinel lattice. When the concentration of Fe’* ions in the
A site is diluted by low concentration of diamagnetic
substances such as Zn2+, As the Zn*" content increases
the exchange interactions are weakened and the B spins
are no longer held rigidly parallel to the few remaining A
spins .The decrease in B sub lattice moment, interpreted
as spin departure from co linearity causes the effect known
as canting. Sattar [29] also described this effect in sam-
ples of Cu-Zn ferrite.

3.2. Magnetic Moment

Magnetic Moment is calculated in Bhor Magnetron using
the following relation [30] and tabulated in the Table 3

Uy =M xMs/5585

M = Molecular weight of particular composition; Ms =
Saturation Magnetization.

Copyright © 2012 SciRes.
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Table 3. Saturation magnetization and magnetic moment
for mixed Ni-Zn ferrites.

Saturation magnetization

Composition (emw/gm) s (Bhor magnetron)

NiFe,04 40.32 1.69
NigsZng.Fe, O, 42.79 1.80
Nig¢ZngsFe, O4 30.83 1.90
Nig4Zng¢Fe, Oy 70.28 2.99
Nig,ZngsFe, Oy 58.26 2.55
Nig.1ZngoFe; O4 44.40 1.91

ZnFe,0, 37.28 1.62

WJCMP



158 Synthesis, XRD & SEM Studies of Zinc Substitution in Nickel Ferrites by Citrate Gel Technique

It can be seen from the table that the ferrite with com-
position Nij4Zn, ¢Fe,O4 shows highest value of magnetic
moment. It is evident from the Table 1, that the magnetic
moment increases with Zn composition up to X = 0.6 and
then decreases. It can be concluded that as Zn replaces
magnetic ions from “A” sites. The magnitude of A site
moment decreases but the difference between the A site
and B site moment increases , as a result magnetic mo-
ment increases but the decrease in magnetic moment
after X = 0.6 indicates the possibility of canted spin
(non-collinear) structure in the present system. The de-
crease in magnetic moment with increase Zn>* concen-
tration indicating ferromagnetic behavior which decrease
with increasing Zn** [31].

4. Conclusion

The mixed Ni-Zn ferrite samples are prepared and we can
observe the following conclusions. The lattice parameter
increases with increase of zinc content, the bulk density
increases linearly with zinc content, SEM pictures shows
that the morphology of the particles is very similar. The
values of saturation magnetization, magnetic moment
increases gradually reaches the maximum value and then
decreases as Zn** composition is increased. The ferrite
with composition X = 0.6 shows highest value of satura-
tion magnetization and magnetic moment.
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