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Abstract
Hard magnetic SrFe12O19 (SrM) nanoparticles were synthesized by a
facile sonochemical reaction. The magnetic nanoparticles were then
added to acrylonitrile-butadiene-styrene, polystyrene, polycarbonate,
and poly sulfone to make magnetic nanocomposites. The magnetic
properties of the samples were also investigated using an alternating
gradient force magnetometer. The strontium ferrite nanoparticles
exhibited ferrimagnetic behaviour at room temperature, with a
saturation magnetization of 39 emu/g and a coercivity of 5070 Oe.
The distribution of the SrFe12O19 nanoparticles into the polymeric
matrixes increases the coercivity.

1. Introduction
Hexagonal ferrites such as strontium ferrite have
been widely used as the hard magnetic materials for
permanent magnets, recording media, absorption of
microwave radiation, magneto-optic materials and
microwave filters. These materials have a potential
application at high frequency range due to their very
low electrical conductivity, fairly large magnetocrystalline anisotropy, high Curie temperature, large
saturation magnetization, mechanical hardness,
excellent chemical stability and low production
costs [1-12].
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In the last two decades polymer matrix
nanocomposites have also been extensively
investigated since only a small amount of
nanoparticles as additives leads to production of
novel high-performance materials with excellent
physicochemical properties. Polycarbonate (PC) is
an important engineering thermoplastic that
possesses several different properties such as clear
transparency, high impact strength, dimensional
stability, flame resistance, high heat distortion
temperature, high impact strength and excellent
mechanical properties. PC has been widely applied
in many areas, including electric and electronic
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devices, automobiles, aviation and spaceflight.
Acrylonitrile-butadiene-styrene
(ABS)
is
a
thermoplastic polymer that is widely used because
of its desirable properties and relatively low cost.
ABS is composed of a styrene-acrylonitrile
copolymer matrix and a grafted polybutadiene
phase, which possesses easy processing, good
mechanical properties, thermal stability and
improved impact strength [13].

prevent charge accumulation. Room temperature
magnetic properties were investigated using an
alternating gradient force magnetometer (AGFM)
device (Meghnatis Daghigh Kavir Company) in an
applied magnetic field sweeping between ±10000 Oe.

It is well recognized that ultrasonic irradiation causes
cavitation in an aqueous medium where the
formation, growth and collapse of bubbles occur.
Cavitation can generate a temperature of around
5000 0C and a pressure of over 1800 kPa, which
enables many chemical reactions to occur [14]. In
this work, we report synthesis of SrFe12O19 (SrM)
using a sonochemically-assisted reaction. The
SrFe12O19 nanoparticles were then incorporated into
the different polymers. The magnetic properties of
SrM nanoparticles and polymer/SrM nanocomposites
were compared.

distilled water. NaOH solution (50 mL, 1 M) is then
slowly added to the mentioned solution under
ultrasonic waves (80 W) for 30 minutes. The brown
precipitate is then centrifuged and rinsed with
distilled water and left in an atmosphere environment
to dry. The resulting brown powder is then calcinated
at 900° C in an oven for 4 hours.

2. Experimental

2. 2. Synthesis of SrFe12O19 nanoparticles
Sr(NO3)2(0.001 mol), Fe(NO3)3.9H2O (0.012 mol)
and CTAB (0.5 g) are dissolved in 100 mL of

2. 3. Synthesis of PS-SrM nanocomposite
Polymer (0.8 g) is first dissolved in dichloromethane
(10 ml). The SrM nanoparticles (0.2 g) are dispersed
in dichloromethane (10 ml) by ultrasonic waves. The
nanoparticles dispersion is then slowly added to the
polymer solution. The new solution is then stirred for
6 hours.

2. 1. Materials and characterization
Fe(NO3)3.9H2O, Sr(NO3)2 and dichloromethane were 3. Results and discussion
purchased from Merck Company. All the chemicals The XRD pattern of SrM nanoparticles is shown in
were used as received without further purifications. X- Fig. 1. and is indexed as a pure hexagonal phase
ray diffraction (XRD) patterns were recorded by a (space group: P63/mmc).The experimental values are
Philips X-ray diffractometer using Ni-filtered CuKα very close to the literature (JCPDS No. 24-1207).The
radiation. A multiwave ultrasonic generator (Bandeline crystallite size measurements were carried out using
MS 73) equipped with a converter/transducer and the Scherrer equation, the estimated crystallite size of
titanium oscillator with a maximum power output of product is about 24 nm.
130 W was used for the ultrasonic irradiation. Scanning
electron microscopy (SEM) images were obtained
using a LEO instrument (Model 1455VP). Prior to
taking images, the samples were coated by a very thin
layer of Pt (BAL-TEC SCD 005 sputter coater) to make
the sample surface conductor obtain better contrast and
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Fig. 4 illustrates SEM image of the SrM nanoparticles
that shows nanoparticles with average diameter of 30
nm.
Fig. 5 depicts TEM image of the SrM
nanoparticles that shows nanoparticles with mediocre
diameter of 30 nm.
The room temperature magnetic properties of the
samples were studied using an AGFM device. The
Fig. 1. XRD pattern of SrFe12O19 nanoparticles

The XRD patterns of ABS-SrM and PS-SrM
nanocomposites are shown in Fig. 2 and 3
respectivelly.

Fig. 2. XRD pattern of ABS-SrM nanocomposite

Fig. 3. XRD pattern of PS-SrM nanocomposite

SrM nanoparticles exhibit a hysteresis loop (Fig. 6).
The appearance of a high coercive field in this loop
correlates with the fact that there may be some
particle aggregation, which behaves as a single large
particle that may result in a multi-domain state. In
such a case, the magnetization process may proceed
by domain wall motion, which has a smaller coercive
field than a re-magnetization process by coherent
reversal.
In the best of our knowledge and based on our
literature search, there are very few reports on hard
magnetic polymeric nanocomposites. Therefore, we
studied the magnetic interaction between the
nanoparticles surrounded by polymeric chains. This
interaction leads to a remarkable increase (from
5070 Oe to 5600 Oe) of nanoparticle coersivities
relative to pure strontium ferrite nanoparticles. The
hysteresis loops for ABS/SrM, PS/SrM, CA/SrM
and PC/SrM are illustrated in Figs. 7-10
respectively.
In order to make 1g of magnetic nanocomposite,
0.2 g of strontium ferrite nanoparticles is added to
0.8 g of polymer. Thus, the nanocomposite
magnetization (defined as the magnetic moment per
unit volume) is about one fifth of that obtained for
strontium ferrite nanoparticles.
The hysteresis loops for the polymer/strontium
ferrite nanocomposites are practically the same as
calculated originally by Stoner and Wohlfarth for an
assembly of non-interacting single-domain particles
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with uniaxial magnetic anisotropy, the assembly of
which possesses a random orientation of the
magnetic easy axes (Hc≅ 0.5 Hk where Hk = 2K/Ms
is the anisotropy field, K is the anisotropy energy
and Mr/Ms≅ 0.5). This result is reproduced in many
magnetic textbooks [15]. The origin of K may be
magnetocrystalline anisotropy, shape or stress.
Considering the data in Table 1, it is concluded that
all the studied magnetic nanocomposites fulfill the
requirements for such an analogy. A slight variation
of coercive field and remanence values may be due
to a non-uniformity of the ferrite powder or a
different filling factor of the ferrite in the polymeric
matrix. It can be concluded that the strontium ferrite
particles in the nanocomposites are sufficiently
distanced from each other in order to prevent their
magnetic behavior be influenced by the stray fields
of other particles; i.e., they are uncoupled (noninteracting).
The saturation magnetization of SrM nanoparticles
is much higher than that obtained for the
polymer/BaM nanocomposites. the nanocomposite
magnetization (defined as the magnetic moment per
unit volume) is much lower (about one fifth) than
that obtained for strontium ferrite nanoparticles.
The results also indicate that forming the
nanocomposite and distributing the magnetic
nanoparticles into the polymer matrix leads to an
increased coercivity. A possible explanation is the
following: the magnetic moments of the
nanoparticles are fixed by the surrounding polymer
matrix chains so that a higher magnetic field is
required for the alignment of the single domain
nanoparticles in the field direction.
The coercivity of PC/SrM nanocomposites is also
higher than that of the other polymer/SrM
nanocomposites.
Coercivity
of
magnetic
nanocomposites depends on the magnetic
nanoparticle distribution into the polymeric
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matrixes. Since these distributions differ from
polymer to polymer, the coercivities also differ from
one nanocomposite to the other, though the
magnetic nanoparticles are similar (but in different
distributions). The coercivity of ferrite nanoparticles
distributed in the polymeric matrix is higher than
pure nanoparticles.

Fig. 4. SEM image of SrFe12O19 nanoparticles

Fig. 5. TEM images of SrFe12O19 nanoparticles
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Fig. 6. Room temperature magnetization curves of
SrFe12O19 nanoparticles.

Fig. 9. Room temperature magnetization curve of PCSrM nanocomposite . .
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Fig. 10. AGFM curve of PSu-SrM nanocomposite.
Fig. 7. .AGFM curve of PS-SrM nanocomposite
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Fig. 8. .AGFM curve of ABS-SrM nanocomposite .

4. Conclusion
SrFe12O19 nanoparticles are synthesized by a simple
sonochemical-assisted reaction. The SrFe12O19
nanoparticles exhibited ferromagnetic behavior with a
saturation magnetization of 39 emu/g and a coercivity
of 5070 Oe at room temperature. SrFe12O19
nanoparticles were then added to ABS, PS, PC and
PSu polymeric matrixes to make magnetic
nanocomposites.
The
nanocomposites
were
characterized by XRD and SEM spectroscopy. The
distribution of SrFe12O19 nanoparticles into the
polymeric matrixes substantially increases the
coercivity. A maximum coercivity of 5600 Oe was
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found for SrFe12O19distributed in the PSu matrix
forming PSu/SrFe12O19 nanocomposite.
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