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ABSTRACT

We synthesized ZnggFe,,0, ferrite powders by coprecipitation and hydrothermal techniques and analyzed the mor-
phology and magnetic properties. The morphology and structure of the Zn ferrite powders were investigated using
Scanning Electron Microscopy (SEM) and X-ray Diffraction (XRD) identifying the crystallization planes. Magnetic

hysteresis curves were obtained for the Zn ferrites samples.
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1. Introduction

Ferrite nanopowders have scientific and technological
importance in recent years due to their magnetic proper-
ties and have a broad range of applications such as mag-
netic recording, ferrofluids, magnetic resonance imaging,
biomedicine, catalyst, etc. [1,2]. They have been used for
high-frequency transformers cores, rod antennas, radio
frequency coils and more recently as radar-absorbing
materials [3,4]. Spinel ferrites are materials with good
magnetic and electronic properties, which depend strongly
on the cation distribution among the tetrahedral and oc-
tahedral sites [5]. Ferrite materials can also absorb elec-
tromagnetic radiation in the microwave bands when cast
in various forms, e.g., sheets, paints, films, ceramic tiles,
powders, and loads in matrix composites or mixed with a
conducting material [6-11]. Among the spinel ferrites, Zn
ferrites are utilized as electromagnetic wave absorbing
materials [12,13].

In this work we analyzed the morphological and mag-
netic properties of Zn,gFe,,0, powders synthesized by
the coprecipitation and hydrothermal techniques.

2. Experimental Procedure

The ZnggFe,,0, ferrite powders were prepared by copre-
cipitation (sample S1 in Figure 1(a)) and hydrothermal
technique (sample S2 in Figure 1(b)) using iron nitrate,
zinc nitrate and sodium hydroxide as reaction agents.

To obtain ZnygFe,,0, ferrite powders using the copre-
cipitation method we have mixed iron nitrate, zinc nitrate
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and sodium hydroxide with bidistilled water. The solution
was heated to 90°C during 5 hours on a Magnetic Agita-
tor at 400 rpm. To obtain the final zinc ferrite powder the
solution was then cleaned with bidistilled water and al-
chool, filtered for 5 hours for neutral pH and calcinated in
a Nabertherm Oven at 200°C for 2 hours.

Using the hydrothermal method for synthesing zinc
ferrite we combined iron nitrate and zinc nitrate with
bidistilled water and sodium hydroxide and introduced it
in an autoclave for 5 hours at 200°C in an Heraeus 6060
UT Stove. To obtain the zinc powder the final solution
was cleaned and filtered with bidistilled water for 5 hours
to obtain neutral pH and then dried.

3. Morphology and Structure
Characterization

3.1. SEM Analysis

Performing Scanning Electron Microscopy (SEM) with
an FEI Company microscope, type Inspect S we analyzed
the structure of ZnggFe,,0, powder and show typical
micrographs in Figures 1(a),1(b). For the sample S1
shown in Figure 1(a) syntesized by the coprecipitation
method the surface has compacted shapes with round
particles, while for sample S2 shown in Figure 1(b) ob-
tained by the hydrothermal method the particles exhibit
elongated shapes. For both samples the micrographs ex-
hibit compact structures with smallest particles sizes ty-
pically less than 100 nm. Thus we observed structural
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Figure 1. SEM micrographs of ZnggFe,,04 powders for
sample S1—coprecipitation (a) and sample S2—hydro-
thermal (b).

differences in the aggregation of the material for the two
synthesis techniques.

3.2. XRD Analysis

Figure 2 shows typical X-ray diffraction patterns of
ZnggFe;,04 powder analysed with a Philips difractome-
ter, type X Pert PRO MPD.

The measurements were done in the 20 range of 20°-
90° for samples of zinc ferrites obtained by the two tech-
niques. The calculated distance between the main crystal
planes was 0.2 nm. Well defined diffraction peaks corre-
sponding to the characteristic planes (311), (511) and
(440) apear at 35°, 57° and 64°. The intensity of the
peaks reveal that the sample S2 obtained by the hydro-
themal method has bigger particles then the sample S1
obtained by coprecipitation. Other wide diffraction peaks
corresponding to (220), (442), (553) and (731) planes are
also present with low relative intensities asumed to arise
from an amorphous structure. Using the Scherrer Equa-
tion [14] the measured size of zinc ferrites particles was
bellow 100 nm.
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Figure 2. XRD graphs of ZnysFe,,0, obtained by two syn-
thesis methods for sample S1—coprecipitation (a) and

sample S2—hydrothermal (b).
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4. Magnetic Hysteresis Measurements

We analyzed the magnetic behavior of the zinc ferrite
obtained by coprecipitation and hydrothermal methods
by measuring the magnetization as a function of an ap-
plied 50 Hz, AC magnetic field amplitude up to 160
kA/m [15].

In Figures 3(a),3(b) the M-H curves of the sample S1
and S2 obtained by the two synthesis methods are given.

In the case of the sample S1 obtained by coprecipita-
tion a superparamagnetic-like behavior was observed,
with a maximum magnetization of 200 A/m at 160 kA/m.
The maximum magnetization of the sample S2 obtained
by the hydrothermal method is 750 A/m for a maximum
applied field of 160 kA/m, the magnetic remanence was
70 A/m and coercivity about 6.40 kA/m.

5. Discussion

The analysis of the morphology and structure by electron
microscopy for zinc ferrites shows that the powders are
composed of particles with diameters bellow 100 nm for
both S1—coprecipitation and S2—hydrothermal samples.
From the x-ray diffraction measurements we observe for
both synthesis methods the crystal planes (311), (511)
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Figure 3. Hysteresis curves of the Zn,gFe,,0, powders for
sample S1—coprecipitation (a) and S2—hydrothermal (b).
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and (440) though the intensity of the peaks of the zinc
ferrite obtained by the hydrothermal method gave bigger
particles by about 10% as compared to the coprecipita-
tion method. These diffraction peaks correspond to the
main diffraction planes in zinc ferrites although some
amorphous material structure is observed also by the
wide and small peaks of planes (220), (442), (553) and
(731). We also observed that the structure for the sample
S2—hydrothermal is more crystalline while for the sam-
ple Sl—coprecipitation the surface structure is more
homogenous.

From the hysteresis measurements the ZnggFe,;,04
powders obtained in this investigation we obtained a fer-
romagnetic behavior [16] with stronger hysteresis for the
sample S2—hydrothermal wich means that they can be
stronger magnetized.

6. Conclusions

Two synthesis methods were investigated to obtain the
zinc ferrites with magnetic properties usable for shielding
applications.

The zinc ferrite nanopowder synthesized by the hy-
drothermal technique shows a higher magnetic behavior
as seen from the hysteresis curves. From x-ray diffraction
measurements the zinc ferrite particles for sample S2—
hydrothermal have bigger sizes compared to the samples
S1—coprecipitation. The ferrite nanopowder obtained by
both methods show small particles with diameters typi-
cally bellow 100 nm resting on a more planar structure.

We conclude that the synthesis method has important
influence on the morphology, structure and magnetic be-
havior of the zinc ferrite nanopowders and in our case the
hydrothermal method gave superior magnetic results.
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