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ABSTRACT

Strontium hexaferrite M-type nanoparticles doped with La and Cu (SrFe 2-«CuxO19-SrixLaxFei2-«CuxO19) with different
mole fractions (x=0.1-0.2-0.3-0.4-0.5) synthesized by self-combustion sol-gel technique. Firstly, a gel of metal nitrates
with the above-mentioned mole fractions were fabricated and the obtained powder was cured at 950°C. Microstructural
properties and the morphology of the compounds were investigated by employing X-ray diffraction (XRD) and
scanning electron microscopy (SEM). Also, in order to investigate the magnetic properties, Vibrating Sample
Magnetometer (VSM) was used. SEM images revealed that the particles had an average size of about 100 nm. Cu?* ions
were substituted with Fe*" ions within the crystalline sites of SrFel12019 structure. It was shown that the lattice
parameter (a) remained approximately unchanged with an increase in Cu-dopped while the lattice parameter (c)
decreased with increasing the mole fraction (x). By using VSM hysteresis diagrams, it was observed that the saturated
magnetization and coercive force increased with the addition of La; this was attributed to the variation in the
distribution of ions and the shape anisotropy of the nanoparticles. These significant changes in the magnetic properties
were for the sample with the composition of SrixLasFei2.xCuxOi9 and SrFe2«CuxOig, for the x=0.1 and x=0.5,
respectively.

Keywords: Strontium Hexaferrite, Sol-gel, Magnetic Properties, Doped elements

1. INTRODUCTION

Strontium hexaferrite is considered as a material
with promising scientific and technological
applications in the fields of telecommunication, data

self-propagating high temperature synthesis and sol—
gel methods [3].

In the present article, the magnetic properties
such as saturation magnetization, coercive force

recording, microwave devices, etc. Also, it has
relatively high values of magnetic anisotropy,
electrical resistivity, and Curie temperature in
addition to possessing excellent chemical stability
and corrosion resistivity [1]. To reach magnetic
materials with appropriate  remanence and
coercivity, adding or doping some elements have
been used widely. Substitution of Sr** by rare earth
La**, Pr**, Nd®" and Sm?*', and substitution of Fe**
by Co*, Sn*, Ti*, AP" and Cr** have been
investigated. On the other hand, hexagonal ferrites
with combined substitution such as La—Co, La—Zn,
La—Cu and Co-Ti, have been reported [2]. Several
methods have been developed to synthesize
nanoparticles of strontium hexaferrite, such as co-
precipitation, hydrothermal, glass crystallization,

*: gh.ghorbanisepideh@gmail.com

and microstructure of La/Cu substituted M-type
strontium hexaferrites by sol-gel method are
discussed. The morphological feature of
hexaferrites is also reported.

2. MATERIALS AND METHODS

2.1. Sample preparation

Samples of SrixLasFen«CuxOr9 and SrFeixCuxOig
nanoparticles with x=0.1-0.5 were prepared by a sol—
gel method. In the first step of experiment, the
stoichiometric amounts of Fe(NO;);9H20 and
Sr(NO;3), were dissolved in deionized water. Then,
the entire mixture was stirred in water bath at 80°C to
let the materials be completely dissolved. In the next
step, the citric acid was added to the solution with
molar ratio of 1:1. The pH value of the solution was
adjusted to6 with NH3.H>O.
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Figure 1. SEM images of nanoparticles synthesized with optimum x: a) pure sample, b) Cu-doped, and c¢) Cu/La-
doped at the same magnification (500 nm scale).

Table 1. Lattice parameters obtained from XRD.

Doping (x) a(A) c(A) c/a Cell volume Crystallite size
(A3) (nm)
SrFe2019 5.86 23.06 3.93 686.42 80.77

SI‘FC1.XCHXO19
x=0.1 5.85 23.06 3.93 684.96 82.98
x=0.2 5.85 23.06 3.93 685.34 83.31
x=03 5.85 23.06 3.93 684.96 84.86
x=04 5.86 23.05 3.93 686.06 87.98
x=0.5 5.86 23.05 3.93 686.06 88.18
Sri«LaxFe2xCuxOig

x=0.1 5.87 23.01 3.91 687.96 72.54
x=0.2 5.87 2299 391 686.73 75.60
x=03 5.87 22.98 391 686.78 74.90
x=04 5.87 22.98 3.91 686.73 74.48
x=0.5 5.87 22.97  3.91 686.37 73.92

After wards, this solution was evaporated until the
gel was formed. The gel was dried at 90°C. The
dried gel was calcined in a furnace in air
atmosphere at 950°C for 5h.

Phase identification and determination of
lattice parameters were carried out by powder X-
ray diffraction (XRD) (X’pert MPD), using Cu-
Ka radiation. Scanning Electron Microscope
(SEM) (SEM-TESCAMIRA3 LM) was utilized to
investigate the microstructure of the crystalline
hexaferrites. Magnetic properties (the saturation
magnetization MS and the coercive force Hc)
were discussed by magnetization measurements at
room temperature using a vibrating sample
magnetometer (VSM) (Magnet Physik C).

3. RESULTS AND DISCUSSION

Table 1 shows the lattice parameters obtained
from X-ray diffraction patterns of Sri.<LasFei..
«CuxO19 magnetic powders with different La/Cu
substitutions (x) from 0.1- 0.5. It is shown that all
the dopant ions diffuse into the lattice during the
sintering process which activates lattice diffusion.

This is further confirmed by an increase in both
the lattice constants @ and ¢ with doping as
explained earlier. The increase in lattice constants
causes an increase in the diffusion path which in
turn increases the rate of inter diffusion of cations
in the solid solution. In case of hexaferrites, c-axis
is easy axis to rotate and it is easier to rotate the
spins around this axis [4].

Figure 1. represents the SEM micrographs of
SrixLasFen«CuxO9 magnets with a La/Cu
substitution (x) of (a) pure sample, (b) Cu-doped,
and (c¢) Cu/La-doped. It is clear that the magnets
consist of the hexagonal shaped crystals and the
particles are distributed homogenously. Moreover,
it was found that the average particle size was not
changed with increasing x.

Figure 2. illustrates the effects of La/Cu
substitution (x) on the intrinsic coercivity (Hc) of
SriLacFen«CuOi9 and SrFeixxCuxO19 magnets.
It can be seen from the figure 2. that Hc of the
magnets decreases linearly with the increase of x
from 4289 (Oe) to 3002 (Oe) and 1991 (Oe) to
1230 (Oe), respectively. The reduction of Hc with
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Figure 2. Hc of the samples with different x values.

increasing x can be mainly attributed to the
reduction in magneto crystalline anisotropy. In the
M-type hexaferrites, the magneto crystalline
anisotropy is mainly from the single ion
anisotropy of the Fe*" ions on the 4f; and 2b sites

[5]. As mentioned above, Cu** ions occupy the 4f,
sites and have a negative influence on the
magneto crystalline anisotropy. This causes Hc of
the magnets to be decreased.

4. CONCLUSION

The role of La/Cu in the synthesis of nano-metric
M-type hexagonal ferrites SrFe2O19 with x=0.1-
0.5 was investigated. The nanoparticles were
prepared by the sol-gel method. The results of
XRD measurement revealed that crystallite size of
samples SrFei2.xCuxO19 increased from 82.98 nm
to 88.18 nm with increasing in x, whereas this
trend was increased and then decreased for the
samples with La/Cu. Also, it can be concluded
that achieving this hard magnetic material by
adding copper and lanthanum to the hexaferite
compound not only provides desirable magnetic
properties, but also helps use less strontium as a
more expensive material than copper. These
magnets can be used in the ferrite permanent
magnet industry in the automotive and other
industries. It is concluded that two effects
contribute to the significant increase of coercivity.
One, is the increase in the crystalline anisotropy
field (intrinsic effect) attributed to the substitution
of La and Cu. The other, is the decrease in the
shape demagnetization factor (extrinsic effect)
produced from La/Cu substitution which restrains
the grain growth of hexaferrite particles along the

c-plane. The maximum value of coercive force
achieved in this study was 4289 (Oe).
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