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Zinc ferrite (ZnFe204) nanocrystalline powder material was prepared by combustion method. The X-ray
diffraction (XRD) and scanning electron microscopy (SEM) is used to study on structural properties. The
magnetic properties of the sample were measured at room temperature using vibrating sample
magnetometer (VSM) in the field range +15000 G. Hysteresis loop obtained room temperature for

ZnFe,04 nanoparticles indicates that the nanoparticles are ferromagnetic in nature.
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1. Introduction

The special features of nanomaterials arising because of their unique
physical properties viz., electrical conductivity, optical band gap,
refractive index, magnetic properties and superior mechanical properties
such as hardness of nanomaterials are being gradually revealed and
understood by many researchers. A new field of study known as
“nanotechnology” has been emerged due to deep understanding of these
unique behaviors and applications of nanostructured materials by the
research community [1, 2]. Among various nanomaterials, magnetic
nanoparticles mainly spinel ferrite (MFe.04, M = Ni, Co, Mn, Zn etc.)
nanoparticles, are of special interest for their attractive scientific and
technological aspects in different fields such as magnetic recording and
separation, catalyst, photocatalyst, drug delivery, pigments, ferrofluids,
magnetic resonance imaging (MRI), hot gas desulfurization etc., [3-8].
Apart from these applications spinel ferrites can also be used in many
electronic devices due to their high permeability at high frequencies, high
mechanical hardness, chemical stability and reasonably low cost. The
spinel ferrites are highly suitable for computer memories, logical devices,
transformer cores, recording heads etc. The size of the grain plays an
important role in all these applications [9]. The synthesis of spinel ferrites
is being carried out by different techniques in order to achieve desired size
and shape and to improve their physical properties and widen the scope
of their applications [10, 11]. Different methods, such as traditional
ceramic synthesis [12], ion implantation [13], co-precipitation [14], ball
milling [15], sol-gel combustion [16] combustion method [17] etc. have
been adopted by the scientists to prepare zinc ferrite nanoparticles. Here,
we have successfully synthesized zinc ferrite nanoparticles by combustion
route.

2. Experimental Methods

2.1 Materials and Methods

All the chemicals were of AR grade and were used as received. Double-
distilled water was used for preparation of the required solutions.
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2.2 Synthesis of Zinc Ferrite (ZnFe:04) Nanoparticles by Combustion Route

Zinc ferrite (ZnFe204) nanoparticles were prepared by known quantity
of zinc salt and iron salt was mixed thoroughly and is grounded well with
polyvinyl alcohol in 1:5 in a pestle and mortar. The reaction mass was
transferred in to crucible initially burnt in an electrical oven for complete
evolution of the fumes. The resultant residue was heated continuously for
complete combustion. The reaction was completed within 30 minutes to
form brown colored crystalline ZnFe204 is formed. On cooling to room
temperature carbon contaminations in the ferrite sample is removed by
treating with acetone. The carbon flowts on the acetone is decanted and
evaporated the acetone [18-21]. The various steps involved in the
synthesis of ZnFe;04 nanoparticles are shown in flow chart (Fig. 1).

| Zn salt Fe salt |

| Metal salt mixture }L{ PVA (Fuel) |

Reaction mixture

| Complete combustion |

Crystalline product ZnFe,0,
particles (brown color)

Fig. 1 Flow chart: Synthesis of ZnFez04 nanoparticles

2.3 Characterization Techniques

The X-ray diffraction patterns of the samples in this present study are
obtained on Bruker AXS D8 Advance, X-ray diffractometer using CuKq
radiation (A = 1.5406 A). The diffractograms were recorded in terms of 26
in the range 20° - 120° with a scanning rate of 2° per minute. The Joel
model JSM-6390 LV scanning electron microscope (SEM) is used to
observe the morphology and particle size distribution of the samples. The
magnetization measurements of the samples were carried out using
measured using vibrating sample magnetometer (LakeShore, Model-
7410) at room temperature with a maximum field of -15000 G to +15000
G.
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3. Results and Discussion

3.1 XRD Analysis

Fig. 2 displays the X - Ray diffraction pattern of ZnFe;04 and it is
observed that the peaks consummately coordinate with the
polycrystalline nature type of zinc ferrite JCPDS No. 82-1042. The
prominent peaks corresponds to 20 = 29.87° 35.32°, 40.58°, 42.98°,
49.21°, 53.80°, 57.09°, 62.23°, 63.75° and 71.66° are due to (220), (311),
(222), (400), (331), (422), (511), (440), (531) and (620) planes of ZnFe,0,
respectively. The crystalline size was determined by Scherrer’s formula
[22]. The sizes of the ZnFe,0,4 nanoparticles were estimated over the range
24 to 30 nm. The particle size calculated differ from peak to another peak,
which may be due to strain effect on the line width [23].
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Fig. 2 X-Ray diffraction patterns of ZnFe,04 nanoparticles

3.2 SEM Analysis

The morphological characteristics of the obtained ZnFe,0, were
investigated by SEM analysis to visualize the size and shape and to confirm
the nanocrystalline nature. Fig. 3 shows the SEM image of as synthesized
zinc ferrite nanoparticles and it is clearly shows that they are
agglomerated, highly branched and porous in nature.

SEM images of zinc ferrite nanoparticles were not well resolved,
because samples are highly magnetic and intensity of electron beam of
SEM may not be sufficient to provide the required resolution to make
estimates of sample sizes. Thus the particles are not well resolved and
magnified. This fact makes it impossible to make accurate estimates of
particle size distribution of SEM image of samples. Particle size
distribution was determined by using image ] software to obtain the
maximum size distribution range by selected area of the SEM image of the
zinc ferrite nanoparticles was found to be 26 - 129 nm. SEM Micrographs
with the particle size pie graph (Fig. 4) showing with maximum size
distribution range of ZnFe,04 nanoparticles are given below.
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Fig. 4 SEM micrograph with the particle size pie graph of ZnFe;04nanoparticles
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3.3 Magnetic Properties

Fig. 5 shows a typical hysteresis loop obtained room temperature for
ZnFe;04 nanoparticles. The magnetic parameters such as magnetic
saturation (Ms), retenivity (Mgr) and coercivity (Hc) of the ZnFez04
nanoparticles are found to be 18.6 emu/g, 725.5 G and 8.1 emu/g
respectively; it also indicates that ZnFe,0, nanoparticles are
ferromagnetic in nature.
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Fig. 5 Magnetization curve for ZnFe;04 particles

4. Conclusion

Nanocrystalline ZnFe;04 has been synthesized by combustion route.
XRD analysis validated the structure of ZnFe;04 nanoparticles with the
crystallite size of 24 - 30 nm supported by the SEM images. The results of
VSM indicate that the saturation magnetization of ZnFe;0s shows a
maximum value 18.6 emu/g at room temperature.
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