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ABSTRACT

FePt nanoparticles with thermally stable room-temperature ferromagnetism are investigated. The
monodisperse nanoparticles are prepared by chemical synthesis and a salt-matrix annealing
technique. Structural and magnetic characterizations confirm the phase transition from the
disordered face-centered cubic structure. In this paper, 3 nm FePt nanoparticles are first
synthesized by superhydride reduction of Fe and Pt. Transmission Electron Microscopy (TEM)
images show that the hard magnetic FePt are agglomerated after annealing at 675°C. Scanning
Electron Microscopy (SEM) images indicate that the size of FePt nanoparticles increase by

increasing of the annealing temperature.
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1. INTRODUCTION

Development of new high density magnetic media
for data recording has become a key issue for data
storage industry. In the near future current
magnetic media will reach the areal density beyond
of 1 Tbit/in? imposed by the phenomenon known as
superparamagnetism [1]. Generally, the FePt films
deposited at room temperature are face-centered
cubic (fcc) and show a soft-magnetic behavior [2].
The fcc FePt phase can be transformed to a
hard-magnetic face-centered tetragonal (fct) FePt
(L1, FePt) ordered phase after annealing at high
temperature [3]. In L1, alloy, the FePt system
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presents highly coercivity, good corrosion
resistance, large magnetic energy product but high
temperature annealing is required to transform fcc
disordered structure to L1, ordered FePt phase.
Recently, the areal density of recording media is
approaching to 1 Tbits/in2. Such a high density
would require a grain size of only a few nanometers
in diameter [4, 5]. For high density magnetic
recording media, the magnetic grains must be small
enough to be nanoparticle size and also requires
that uniform size and isolated magnetic particles to
reduce inter-grain interaction, which leads to lower
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media noise [6-8]. However, small particle size will
result in smaller K, V/KgT value (where K, is the
uniaxial magneto-crystalline anisotropy, V is the
particle volume, KB is the Bolzmann's constant and
T is the absolute temperature), which leads
increasing the thermal fluctuation of magnetization
[9, 10]. It well know that large Ku can resist
thermal fluctuation of magnetization even the
particle size is very small. The Ku value of FePt
alloy is as high as 7x107 erg/cm3 and the saturation
magnetization, Ms is about 680 emu/cm3.The large
magneto-crystalline anisotropy energy, may be due
to the spin-orbit coupling of Pt atom in which Pt
atoms can have some induced moment in ferromag-
netic state [11].

The chemical synthesis of very small FePt
nanoparticles was reported by Sun et al. [12]. Due
to the organic coating, particle size and geometry is
well preserved even after thermal treatments at high
temperatures. As-made particles crystallize in a
disordered fcc phase with a relatively small
anisotropy. The order-disorder transformation can
be obtained by thermal annealing [13]. In stoichio-
metric FePt complete order of the high anisotropy
L1, tetragonal phase can be only achieved with a
temperature annealing higher than 600°C which
undesirably lead to the particle agglomeration and
sintering [14].

In this paper, the colloid fcc FePt nanoparticles
are fabricated with 3 nm diameter. The size and
structure of the FePt have been studied by transmis-
sion electron microscopy (TEM), scanning electron
microscopy (SEM), X-ray diffraction (XRD) and
vibrating sample magnetometer (VSM) analyses
before and after heat treatment.

2. EXPERIMENTAL DETAILS

Synthesis of the nanoparticles, involves the
reduction of Pt(acac), and FeCl,, in phenyl ether
solvent. The oleic acid and oleylamine surfactants
were added to solvent, at 110°C, as a protective
agent in order to prevent agglomeration and
oxidation. By adding superhydride at 210°C, the
FePt nanoparticles were formed. The black reaction

mixture was cooled to room temperature and then
combined with methanol to remove the impurity.

The fcc FePt nanoparticles was stirred until all
the solvent evaporates at room temperature and
then annealed to complete the fcc to fct transition.
The annealing temperature fixed at 675°C for 3.5
hours. Morphology of the FePt nanoparticles before
and after annealing was observed by TEM analysis
using a Philips EM 208 TEM (100kV) with
resolution 200 kX. To determine the nanoparticle's
structure, XRD measurement was prepared after
evaporation of hexane on a Silicon wafer using a
Seifert with Cu-K, (wavelength= 1.54 A)
radiation. SEM analysis was done using VEGA
(15 kV) 50 Kx. The magnetization of FePt samples
in a variable magnetic field was measured using
vibrating sample magnetometer (VSM).

3. RESULTS AND DISCUSSION

Figure 1 indicates the as-synthesized colloidal FePt
nanoparticles. It is realized that the color of the
samples changes from light to dark with increasing
temperature from 110°C to 210°C. It is because that
the monomers are released from precursors with
increasing temperature and then the number of
nanoparticles increases.
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Figure 1: As-synthesized colloidal FePt nanopatrticles.

Figure 2a shows (TEM) image of the as-synthe-
sized fcc FePt nanoparticles in presence of oleic
acid and oleylamine surfactant stabilizers. The
samples were refluxed at 250°C for 20 min. As you
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Figure 3: SEM image of the annealed FePt nanoparticles.

can see from the picture, the 3 nm FePt nano-
particles are dispersed on the TEM grid because of
surfactant stabilizers. Figure 2b indicates TEM
image of the salt-matrix FePt nanoaprticles with
size of 50 nm in diameter annealed at 675°C for 3.5
hours. It is observed that the nanoparticles
agglomerate to each other and the size of them
increases [15].

Figure 3 shows the SEM image of the FePt
nanoparticles without salt-matrix annealing after

heat treatment. SEM image indicate the size of
annealed FePt increases to 1 um in diameter. In
fact, by increasing annealing temperature the
surfactants are removed and the FePt agglomerated.
Figure 4 indicates X-ray diffraction (XRD)
pattern of the FePt nanopartcles annealed at 675°C
for 3.5 hours. The sharp peaks indicate that size and
crystallity of FePt nanoparticles increase after
annealing process. These peaks provide evidence of
chemical ordering phase fcc to fct transition.
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Figure 4: XRD patterns of the annealed FePt nanoparticles.

Figure 5 shows the results of magnetic measure-
ments after heat treatments by vibrating sample
magnetometer (VSM). It is understood that after
annealing process the saturation magnetization
increases to 50 emu/g and the coersivity increases
to 6.5 kOe. This high coercivity of fct FePt
nanoparticles is because of the high magneto-
crystalline anisotropy in L1 phase.

1.0

0.5-
o
= 00
p=

0.5

101

2 1 0 1 2
H(T)

Figure 5: Magnetic hysterisis loops of annealed FePt
nanoparticle.

4. CONCLUSIONS

Fcc and Fct FePt nanoaprticles were fabricated by
chemically route. It was found that by salt matrix
annealing the size of FePt nanoparticles increased
from 3 nm to 50 nm in diameter after heat

treatment. The size and crystallity of FePt nano-
particles were increased with increasing annealing
temperature. Phase transition from fcc to fct were
done after heat treatment.

ACKNOWLEGMENTS

This work was supported by the Physics Research
Center, Science and Research Campus at Islamic
Azad University.

REFERENCES

1. Bertram H.N., Zhou H., Gustafson R., IEEE
Trans. Magn., 34 (1998), 1845.

2. Zhang J.L., Kong J.Z., Li A.D., Gong Y.P., Guo
H.R., Yan Q.Y., Wu D., J. Sol-Gel Sci. Tech., 64
(2012), 269.

3. Daniill M., Farber P.A., Okumura H.,
Hadjipanayis G.C., Weller D., J. Magn. Magn.
Mater., 246 (2002), 297.

4. Joseyphus J., Shinoda K., Sato Y., Tohji K.,
Jeyadevan B., J, Mater Sci., 43 (2008), 2402.

5. Tournus F., Sato K., Epicier T., Konno T.J.,
Dupuis V., Phys. Rev. Lett., 110 (2013), 055501.

6. Ding Y., Majetich A.S., Kim J., Barmak K.,
Rollins H., Sides P., J. Magn. Magn. Mater., 284
(2004), 336.

7. Ranjan R., Christner J.A., Ravipati D.P., IEEE
Trans. Magn., 26 (1990), 322.

8. Lee Y.H., Wang J.P,, Lu L., J. Appl. Phys., 87
(2000), 6346.



Farahmandjou M. Int. J. Bio-Inorg. Hybd. Nanomat., Vol. 2, No. 3 (2013), 443-447

9. Gittleman J.I., Abeles B., Bozowski S., Phys.
Rev. B, 9 (1974), 3891.

10. Shimatsu T., Lodder J.C., Sugita Y., Nakamura
Y., IEEE Trans. Magn., 35 (1999), 2697.

11. Kuo C.M., Kuo P.C., Wu H.C., J. Appl. Phys.,
85 (1999), 2264.

12. Sun S., Adv. Mater., 18 (2006), 393.

13. Wanga H.L., Huanga Y., Zhanga Y,
Hadjipanayisa G.C., Wellerb D., Simopoulosc
A., J. Magn. Magn. Mater., 310 (1) (2007), 22.

14. Aslam M., Fu F., Li S., Dravid P.V., J. Colloid
Interface Sci., 290 (2005), 444.

15. Farahmandjou M., Sebt S.A., Chin. J. Phys., 47
(2009), 561.



