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FEPT NANOPARTICLES: SYNTHESIS, CHARACTERIZATION AND MAGNETIC PROPERTIES

HAHOYACTHUEI FEPT: IIOJIVUEHUE, XAPAKTEPHUCTHKA
W MAI'HUTHBIE CBOUCTBA

FEPT HAHOBOJIYKYOJIOPY: JAAPA00, MYHO3J6MO BEPYY }KAHA MATHUTTHK
KACHETTEPH
Abstract. This work presents the synthesis of anisotropic, hard magnetic FePt nanoparticles
using pulsed plasma in ethanol. As-synthesized disordered Al-FePt nanoparticles transformed
into ordered L10-FePt after annealing at 4000C in vacuum furnace. Structure, morphology, size and
magnetic properties were studied using XRD, HR-TEM and VS-Magnetometers.
Key words: FePt, nanoparticles, pulsed plasma in liquid, ferromagnetism

AHHoTanuA. B jgauHoi paboTe IpejCTaB/ieH CHHTE3 AHHU3IOTPONHBIX MATHHUTO-ECTKHUX
HaHo4yacTHI FePt M3 MMINyABCHON NAa3Mbl B 3TaHoAe. Pazynopsa/oyeHHble HaHO4YacTHIkI FePt Tuna
Al nocne cunTeza TpaHchopMUpORaATKCH B ynopaaodyeHHbie [L10-FePt, nocne omxura npu 400 °C
B BakyyMHOH neyu. CTpyKTypa, Mopdonorus, pasMep M MarHUTHbIE CBOMCTBA HCCAE/0BANHChH C
NOMOIIBI PEHTTeHOBCKOH AH(PPAKIHH, IPOCBEYHBAIONIETO 3/EKTPOHHOTO MUKPOCKONA BRICOKOTO
pa3spelieHHsa H MarHHTOMEeTpPa C BEPTHKA/bHBIM C/IBUTOM.

Kmo4essble cioBa: FePt, HAHOYACTHIBI, UMIIYLCHAA T11a3Ma B XHJKOCTH, GeppoMarHeTH3M

AHHOTanuA. Byn Wi 3TaHOANO UMOYALCTYY T/Aa3MaHbl KOAJOHYY MEHEeH aHHU30TPONTYK,
KaTyy MaruMTTHK FePt HaHOBONYKYeMOPYHYH CHHTE3WH CyHymTanT. CuuTe3aenred upasrcus Al
Tubuuaeru FePt nanobenykuonepy Bakyymayk memre 4000C remneparypasa KyHaypyyAeH KMHHUH
upastrryy L10-FePtre afinanraun. Tyzyaymy, Mop$osioruacel, 61496MY aHA MArHUTTHK KACHETTEPH

XRD, HR-TEM xana VS-MarHuTOMETPAEPAMH XKaPpAAMBI MEHEH H3WJ/IEHIEH.
Herusru cezaep: Felt, HanoGonyK40a6D, CYIOKTYKTArbl MMILYALCTYK I11a3Ma, eppoMarHeTHaM

INTRODUCTION

FePt nanoparticles are notable for
their applications in high-density magnetic
storage, catalysis, and biomedical fields. FePt
nanoparticles can be two types: as synthesized
-A1l type with disordered and annealed -L10
type with ordered crystal structures. Thermal
annealing after the synthesis induced the Fe
and Pt atoms to rearrange into the long-range
chemically ordered FCT structure. Sun et al.
reported that annealing at 600°C results in
an increase of the average particle size and a
broadening of the size distribution [1]. Weller
et al have calculated that FePt as a recording
medium could be thermally stable, even for grain
sizes as small as 3 nm [2]. It was also proposed
that the coercivity of these ferromagnetic
assemblies is tunable by controlling annealing
temperature and time, as well as the Fe: Pt ratio
and particle size. The FePt nanoparticles shape
changes dependence on sintering temperature
was reported by Stappert et al. on gas-phase
preparation [3]. L1,-FePt phase exhibits high
coercivity (resistance to demagnetization), high
magnetocrystalline anisotropy, thermal stability

at nanoscale makes FePt nanoparticles ideal for
ultra-high-density data storage (e.g., over 1 Th/
in?).

Here, we present.10 type FePt nanoparticles
synthesized from FePt alloy electrodes using
pulsed plasma in liquid and thermal treatment.
Synthesized Al and L10 type FePt nanoparticles
were analyzed using XRD, TEM and VSM
for structural, morphological and magnetic
characterization.

EXPERIMENTAL

The schematic of experimental setup for
pulsed plasma in liquid method is presented
in many of our previous works [4-5]. For this
work, FePt rods with diameter of 6 mm and
purity of over 99.9% (Tanaka Kikinzoku Kogyo.,
Ltd. Japan) and ethanol of 99.5% purity (Kanto
Chemical Co, Ltd), were used as starting
materials. Experimental conditions were as
following: power source (200 V, 6 A); the gap
between two electrodes is about 1 mm, and
electrical current duration between pulsed
plasma discharges is equal to 10 microseconds
(us). After 30 minutes experiment, FePt samples
were cooled and separated from the liquid
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using strong rmagnets, then dried at 110°C for
2h. Further, the powder-like FePt nann-samples
were divided into two: the first half we indexed
as "as syrnthe sized” while another Ialf has been
thermally treated at 400°C for 1 howr in an Ar
gas atmo sphere, and indexed as "annealed”,

Both “as smthesized” and “annealed”
sarnples were characterized by ¥-ray diffraction,
high-resolution fransmuission electron
i cro seo pyrand vibrating sample mametometer.

RESULT S AMD DISCUSSION

Figure 1 shows ¥-ray diffract on patternis of

FePt nanoparticles synthesized by PPL. before
[A1] and after annealing [L10] Broadening of
the peaks indicated that the particles were in
nanometer scale, As-synthesized nanoparticles
possess a chemically disordered FCC crystal
siructure [(PDF#25%-0718] showing the broad
peaks at 41.05, 4712, 70.35 and 833% 286,
which are indexed as [111], (2007, [220]. and
[311] peaks respectively, Affer annealing at
4000C extra peaks appeared at 2356 [001]
and 32.80 [110]. Theze peaks provide evidence
of a chernical ordering phase (L10] transition.
matching with FCT FePt (PDF#43-1359].
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Figure 1.XED pattern of Fe-Ptnanoparticles synthesized by pul sed plasma in ethanol

Figure Z presents HE-TEM results of the
FePt nanoparticles, Assgmthesized FCC- FePt
nanoparticl esthat have spherical shapesandare
well isolated (a); a magnified view of HE-TEM
image shows that there are larger particles were
detected [b]: inset shows the d-spacing 01514
rrn whichis well agreement with ¥ED d-spadng
01908 ren of (200] indexed, the second most
intense peak at 4758 28, The as-deposited
particles had the chemically disordered FOC
sructure and cowld be transformed to FCT
ordy after annealing, which resulted in particle

agaregation, This fact was noticed also in our
sarnples. Agoregated FCT- FePt nanoparticles
can be gseen at igure 2c), and d) is an HE-TEM
image of single FePt particle; inset shows
interplaniar d- spacing, estirmnated as d=0.2157
nm which is correspond to [111] planes of
FCT FePt [d-spacing 0.2197 nm] In high
ternperatures, nanoparticles have high randorm
robility, =0 the probability of their aggregation
increases In addition, after transtion to the
L10 phasze, magnetic interactions also appear in
FePt and these elements cause nanoparticles to
coalescence,
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Figure Z. HRTEM images of Fe-Ptnanoparticles by pulzed plasma in ethanol: ab - as-
synthesized Fe-Ptnanoparticles; o, d- annealed Fe-Ptnanoparticles

Magneticproperties of FePt are composition
dependent, and are affected by Fe-Ptinteractions
withinthe partices, Alza,the structure variations
have dramatic effects on the mamnetic properties
of the alloys. For example, the Fe3 Pt material is
paramagnetic, the PtiFe iz antiferromagnetic,
while the L10 structured FePthas alarge uniaxial
magneto-crystalline anisofropy (Ku=7=10& [/
m3] and shows strong ferromagnetic properties.
Magnetic suzceptibilities of FePt zamples were
measured with a VoM as shown in Flgure 3.
Blue line iz hysteresis curve of as synthesized

—— as synthesized
— 400

Magnetization {(emu)
M2

510 & 10

o 110* 210* 310* 4 10*
Magnetic field {Oe)

FePt with coerdivity of He= 750 Os. Annealing
converts the parficles to the high-anisotropy
FCT phaze and fransform them into room
temperature nanoscale ferromagnets.  After
annealing at 400°C, the coercivity of FePt
nanoparticles increased up to He =1100 Oe as
showr in figure (red line]. This value is tunable
by controlling annealing termperature and Hme,
as well as the Fe:Pt ratio and particle size [6]. In
our case, the FePt samples are Pt rich as it was
estimated by EDX and XRD, which has weaker
ferromagnetic property than thoze that Fe rich,

Figure 3. Magnefization ourvez of Fe-Pt
nanoparticles by pulsed plasmain ethanol
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CONCLUSIONS

The present synthesis provides a simple
procedure for the preparation of Al type FePt
nanoparticles that are transferred to L10 type
after annealing at 400°C. X-ray diffraction
analysis revealed a good crystallinity of FePt
samples and the phase transformation of cubic
FCC- FePt to a tetragonal FCT order phase FePt.
HR-TEM indicated the spherical shape of FCC
nanoparticles with an average size of 3 nm, and
semi-aggregated .10 FePt nanoparticles with a
mean diameter of 6 nm. Soft magnetic behavior
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