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Nanoparticles of Ni(0.8−x) Co(0.2) Zn(x) Fe2O4 (𝑥 = 0.2, 0.4, and 0.6) are prepared by chemical coprecipitation method. Effects of
zinc substitution on structural and magnetic properties have been investigated. The X-ray diffraction and infrared spectroscopy
are used to characterize the samples. The XRD pattern of the samples provides evidence of single phase formation of spinel
structure with cubic symmetry. It is observed that the particle size decreases and lattice parameter increases with the increase
in zinc concentration. TEMmicrographs show a well-defined nanocrystalline state with an average particle size of around ≈17 nm.
The B-H loops of all samples that are obtained by using vibrating sample magnetometer are displayed.The effect of Zn addition on
saturation magnetization and the coercivity of all the samples are discussed.

1. Introduction

Co-Zn ferrites are used for magnetic applications such as
transformer core, noise filters, and recording heads because
of their excellent magnetic properties such as high initial per-
meability and high saturation magnetization. However these
ferrites have certain limitation for magnetic applications at
higher frequencies. Although Ni-Zn ferrites have a wide
spread role in many technological applications due to their
low eddy currents and dielectric losses, inferior magnetic
properties at higher frequencies limit their use. Properties
of these ferrites (Co-Zn and Ni-Zn) have been investigated
extensively [1, 2]; however, a very few reports are available
on the combination of these two [3]. In a previous work, the
authors have reported [3] the effects of zinc substitution on
structural and magnetic properties of Ni-Zn-Co ferrite. In
this work, an attempt has been made to understand the effect
of Zn substitution on structural and magnetic properties of
Ni(0.8−x) Co(0.2) Zn(x) Fe2O4(NCZF) (where 𝑥 = 0.2, 0.4, and
0.6). Nano size ferrites can be prepared by various meth-
ods including glass ceramic method, hydrothermal method,
ultrasonic cavitation approach, mechanical milling, sol-gel
method, and coprecipitation method. In the present work,

nanoparticles of NCZF are prepared by the coprecipitation
method, which had been previously reported as a good
method for controlling the stoichiometric compositions and
reducing the pollutions since no organic substances are
involved during the preparation [4].

2. Experimental

2.1. Synthesis. Nanoparticles of NCZF were prepared by
chemical coprecipitation route. In order to obtain the desired
compositions, stoichiometric amounts of NiCl2⋅6H2O,
CoCl2⋅6H2O, ZnCl2⋅6H2O, and FeCl3⋅6H2O were dissolved
in ultrapure water. The neutralization was carried out with
sodium hydroxide solution. The reaction temperature was
kept at 60∘C for 15min. The pH of the reaction was kept at
12. The precipitates were thoroughly washed with distilled
water until they were free from sodium and chloride ions.
The product was dried in an electric oven at a temperature
of 100∘C to remove water contents. The dried powder was
grained well in a cleaned agate mortar and pestle. By using
high temperature muffle furnace, the grained powders were
sintered at 600∘C for 2 hrs, then the furnace was switched



2 Advances in Materials Science and Engineering

Table 1: Particle size, lattice parameter, and X-ray density of nickel
cobalt zinc ferrite.

Composition
(𝑥)

Particle size
(nm)

Lattice
parameter (Å)

X-ray density
(gm/cm3)

0.2 62.49 8.231 8.572
0.4 60.46 8.236 8.556
0.6 17.84 8.245 8.528

off. The samples were cooled by slow cooling to room tem-
perature.

2.2. Characterization. The structural and crystallite sizes
were analyzed by X-ray diffraction (Rigaku ultima III model)
using CuK𝛼 (𝜆 = 1.5406 Å) radiation. The average crystallite
sizes of the samples estimated from the line width of the
high intense peaks, lattice constant (𝑎), andX-ray density (𝜌𝑥)
were calculated using well-known mathematical relations [5,
6]. TEM micrographs were recorded by using transmission
electron microscope (Philips model CM 200) to investigate
powder morphology as well as grain size. Room temperature
magnetization and the hysteresis loops were recorded by
means of a parallel field vibrating sample magnetometer
(Lakeshore VSM 7410 model). The IR spectra were recorded
by using Perkin-Elmer FTIR RXI spectrometer in the fre-
quency range 400–4000 cm−1.

3. Result and Discussion

3.1. XRDAnalysis. TheXRDpattern for the samples of NCZF
sintered at 600∘C is shown in Figure 1. Analysis of the
diffraction pattern of all the samples confirmed the for-
mation of spinel cubic structure. This was also confirmed
by two absorption peaks at frequencies ≈409.64 cm−1 and
≈579.68 cm−1 in FTIR spectra [7]. The average crystallite size
for each sample was calculated using the Scherer formula [8]
𝑡 = 0.9 × 𝜆/𝛽 cos 𝜃, where 𝑡 is the particle size, 𝜆 is the wave
length of X-ray, 𝛽 is the full width half maximum, and 𝜃 is
the angle of diffraction. The values of X-ray density of each
sample were calculated by using the formula𝐷𝑥 = 8𝑀/𝑁𝑎

3,
where 𝐷𝑥 is X-ray density, 𝑀 is the molecular weight, 𝑁 is
Avogadro’s number, and 𝑎 is the lattice parameter. The values
of particle size, lattice parameter, and X-ray density of the
synthesized samples are tabulated in Table 1.

The variations of particle size and lattice parameter with
an increase in Zinc concentration are shown in Figures 2
and 3. FromFigure 2, it is seen that the particle size of samples
was decreased with the increase in Zn concentration. The
above observation tells us that presence of Zinc obstructs
the crystal growth [1]. This is due to the increase in crystal
surface temperature with an addition of zinc, decreasing
the molecular concentration at the crystal surface. From
Figure 3, it is seen that the lattice parameter increases with
Zn concentration. This increase of lattice parameter can be
easily explained on the basis of ionic radii differences of the
constituent ions, Zn2+ (0.83 Å), Ni2+ (0.78 Å), Co2+ (0.72 Å),
and Fe3+ (0.67 Å). The increase in lattice parameter with
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Figure 1: XRD patterns of nickel cobalt zinc ferrite.
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Figure 2: Variation of particle size with Zn in NCZF.

addition of Zn2+ is due to the fact that its ionic radius is
greater than other component ions for which it substitutes.
Similar observations had been reported by other researchers
[9].

3.2. FTIRAnalysis. The IR absorption spectra recorded in the
range 4000–400 cm−1 are shown in Figure 4 for NCZF sam-
ples. The two prominent absorption bands, approximately
in the ranges ≈500 and ≈400 cm−1, are caused by stretching
vibrations of tetrahedral metal ion and the presence of diva-
lent metal ion-oxygen complexes in the octahedral sites [10,
11]. From the Figure 4, it is also observed that the absorption
bands in the frequency ranges ≈500 and ≈400 cm−1 shift
gradually towards the low frequency side with an increase in
Zn concentration.Thismay be due to the increase in the bond
length as a consequence of the addition of larger Zn ions.
Similar results had been also observed by Shaikh et al. [10].
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Figure 3: Variation of lattice parameter with Zn in NCZF.
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Figure 4: FTIR spectrum of NCZF.

3.3. VSM Analysis. The room temperature B-H hysteresis
loops of NCZF compositions sintered at 600∘C are shown
in Figure 5. The loops areas are minimal with small coer-
civities indicating that the hysteresis loop is negligible in
these ferrites. The magnetic properties such as saturation
magnetization (𝑀𝑠), coercivity (𝐻𝑐), retentivity (𝑀𝑟), and
squareness ratio were calculated from the hysteresis data and
tabulated in Table 2.

Figure 6 shows the variation of saturation magnetization
as a function of Zn concentration. The saturation mag-
netization has been found to decrease significantly with
substituent’s concentration throughout. In the basic composi-
tion, the zinc ion (magneticmoment 0𝜇B) occupy tetrahedral

Table 2: Magnetic properties of NCZF.

Composition
(𝑥)

Saturation
magnetization
𝑀𝑠 (emu/g)

Retentivity
𝑀𝑟

(emu/g)

Coercivity
𝐻𝑐

(Gauss)

Squareness
ratio

0.2 45.55 2.02 59.08 0.044
0.4 32.34 0.254 11.40 0.007
0.6 30.86 3.699𝐸 − 3 0.20 6.165𝐸 − 6
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Figure 5: B-H hysteresis loops of NCZF.

(A) site. The ferric ion has magnetic moment 5𝜇B that
occupies both octahedral (B) and tetrahedral (A) sites.TheNi
ions havemagneticmoment 2𝜇B and cobalt ion hasmagnetic
moment 3 𝜇B that occupy the octahedral B site. The observed
variation in saturation magnetization can be explained in
terms of exchange in interaction between B and A sites,
respectively.The A-B interaction is known to be the strongest
and dominates the B-B and A-A interactions.

The small quantity of ferric ion present in B site is
observed to be too small to maintain the predominant A-
B exchange interaction among A and B sites. Since the
paramagnetic zinc ions with magnetic moment of 0𝜇B have
marked preferences in A site, substitution of zinc ions in the
composition forces some ferric ions to migrate into B site. As
a result of substitution, the A-B interaction as felt by the B
site ferric ion weakened which reduces the net magnetization
[12]. From Table 2, it is also observed that because of the
paramagnetic nature of the zinc ion, coercivity of Ni(0.8− x)
Co(0.2) Zn(x) Fe2O4 samples gradually decreases with zinc
concentration.

3.4. TEM Analysis. Figure 7 shows a typical transmission
electron microscope (TEM) micrograph of the nanosized
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Figure 6: Variation of saturation magnetization with Zn in NCZF.
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Figure 7: TEM image of NCZF.

NiCoZn ferrite with a zinc content of 0.6.The image indicates
the nanostructured nature and spherical morphology of
the powder with uniform size. The particle size is about
17 nm, which agrees well with that estimated using XRD.
This reveals, as obvious from the image, that the synthesized
powder is well dispersed and that no aggregates are formed.

3.5. EDX Spectra Analysis. Figure 8 shows that the composi-
tional analysis of the nanocrystalline NCZF particles which
are prepared by coprecipitation technique has been carried
out using Energy-dispersive X-ray spectra. The EDX analysis
reveals the presence of Ni, Co, Zn, and Fe in the prepared
samples. This matches well with the stoichiometry of the
samples without any impurity.

4. Conclusion

Nanocrystalline nickel cobalt zinc particles had been syn-
thesized by coprecipitation method. XRD patterns of the
samples showed sharp peaks consistent with cubic inverse
spinel structure. The particle size decreased and the lattice
parameter increased with an increase in zinc concentra-
tion. TEM micrographs confirmed that the particles are
in the nanometer range. The saturation magnetization and
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Figure 8: EDX spectra of NCZF.

coercivity of the samples measured at room temperature are
found to decrease with the increase in zinc content.
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