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ABSTRACT
Mnyg 3Zng 2Fer«DyxO4 (where x= 0, 0.025, 0.05, 0.075, 0.1) ferrite nanoparticles were synthesized by auto- combustion
sol-gel method for the first time in this study. The effect of Dy-doping on the structural and magnetic properties of the
produced specimens was examined using the X-ray diffraction (XRD), Fourier transform infrared spectroscopy (FTIR),
vibrating sample magnetometery (VSM), and field emission scanning electron microscope (FE-SEM). The results
showed that a cubic spinel structure was formed in all of the synthesized specimens. It was also found that the addition
of Dy increased the lattice parameter while decreased the average of crystallites size. Furthermore, the FE-SEM
micrographs showed that Dy not only plays an effective role in reducing the agglomeration of nanoparticles and their
distribution, but also reduces the average of particle size. It was also observed that the addition of Dy had no effect on
the morphology of the synthesized nanoparticles. Investigation of the magnetic properties revealed a clear decrease in
the saturation magnetization and coercivity by the Dy addition. So that the saturation magnetization of the samples

decreased from 66.3 to 58.4 emu/g and the coercivity decreased from 78.5 to 71.9 Oe.

Keywords: Mn-Zn Ferrite; Sol — Gel; Nanoparticles; Magnetic Properties; Structural Properties.

1. INTRUDUCTION

Spinel ferrites are among the magnetic materials that
have been of interest to researchers in recent
decades. Among the ferrites, Mn-Zn soft ferrites are
as importabt ferrite, with a wide range of
applications due to their desirable properties.
Interesting properties of these ferrites include high
saturation magnetism, high permeability, and high
electrical resistance [1, 2]. The spinel structure leads
to the introduction of other suitable ions into the
lattice, replacing the metallic cations in regular A- or
B-sites, and thus altering the microstructure and
magnetic properties of ferrites nanoparticles [3]. It is
also reported that the properties of ferrites
nanoparticles can be improved by introduction of
rare- earth elements. Among the lanthanide series,
Dy*" ion has the highest value of the magnetic
moment and expected to modify the magnetic
properties of the spinel ferrite. Recently, some
efforts have been made to investigate the effect of
rare-earth ions such as Gd*" and, Dy*" on the
structural and magnetic properties of ferrite
nanoparticles [4, 5]. Literature reviw shows that

*: amashreghi@yazd.ac.ir

there is no report on the synthesis of Mn-Zn-Dy
ferrites using the sol-gel method. Therefore, sol-
gel method was used in this study to produce
nanoparticles of Mn-Zn-Dy ferrites due to its
advantages for producing magnetic nanoparticles.
The goal of this study is to produce Mn-Zn-Dy
soft ferrite nanoparticles with the highest
saturation magnetization and the lowest amount of
coercivity for biomedical applications.

2. MATERIALS AND METHODS

In the present study, Nanosized powders of
Mno,gzno,zFez_nyxO (X= 0, 0.025, 0.05, 0.075,
0.1) were synthesized by sol-gel auto-combustion
method. For this purpose, manganese nitrate, iron
nitrate, zinc nitrate and dysprosium nitrate were
used as cationic sources and citric acid was used
as fuel agent. Considering the ferrite compositions,
the stoichiometric amounts of metal nitrates were
added to citric acid. In the next stage, the obtained
sol was changed into a viscous gel by stirring at
80 °C. The self-propagating combustion process
employed with an increase in temperature up to
250 °C. Consequently, the flaky, lose powder was
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Figure 1. XRD pattern of the synthesis samples

obtained. At the last stage, the obtained porous
powder was calcined at 800°C for 30 min to produce
Mn-Zn-Dy spinel ferrite phase. Phase identification
of the prepared samples was performed using XRD
(Philips  MPD-XPET model). Microstructure
analysis was investigated using a FE-SEM (Mira3-
Czech Republic, TESCAN). Finally, magnetic
properties of the MFNPs were examined using a
VSM (Meghnatis Kavir Kashan, Iran).

3. RESULTS AND DISCUSSION

3.1. Structural Analysys

Figure 1 shows the diffraction patterns of the
samples produced by the sol-gel method. The
XRD paterns indicate that all synthesized samples
contain a single-phase spinel cubic structure.

The average crystallite size (D) of the synthesized
nanoparticles was calculated using Debye Scherer
Equation [6]. The calculated crystallite size for
the samples with x=0, 0.025, 0.05, 0.075, and 0.1
was 32.28, 26.91, 23.06, 20.18 and 22.99 nm,
respectively.

3.2. Magnetic Properties

The magnetizations (M) versus magnetic field (H)
of all samples are shown in Figure 2. According
to the data, the highest saturation magnetization,
the lowest coercivity and the lowest magnetic
remanence belong to the samples with x=0, 0.075
and 0.1, respectively.

3.3. Microstructural Observations

The particle size and morphologies of the
synthesized samples were investigated using FE-
SEM as shown in Figure 3.
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Figure 2. Hysteresis loops of synthesized samples

Examination of the FE-SEM images reveals that the
addition of Dy had no effect on the morphology of
the synthesized nanoparticles and thus, the samples
are roughly spherical in their shape. The average
particle size was determined from the FESEM
images. It was also found that the addition of Dy
reduces the average particle size of samples No. 1
to 5, namely from 130 to 33 nm.

4. CONCLUSION

In this study, the effect of the addition of Dy on the
magnetic, structural and microstructural properties
of Mn-Zn ferrites was investigated. The results
demenstrated that all produced samples contain a
single-phase spinel cubic structure. Furthermore,
magnetic properties and microstructure of the
synthesized nanoparticles were affected by the
addition of Dy, so that both saturation
magnetization and coercivity was reduced.
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