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Development of FePt and FePtCu Magnetic Nanoparticles
by Reverse Micelle Method

Koukichi WAKI*, Genichi FURUSAWA*, Keizou OGAWA, and Yasushi HATTORI**

Abstract

Nanoparticulate FePt, which is highly stable to heat, is an excellent magnetic material for super high

density magnetic recording media in the future.

FePt and FePtCu nanoparticles were synthesized by reverse micelle method (H20/sodium bis (2-

ethylhexyl) sulfosuccinate (AOT)/decane).

FePt and FePtCu nanoparticles obtained by using such a method had monodispersity and homogeneous
composition (both coefficients of variation < 10%) were obtained. Also, the average diameter of these
particles was freely controlled between 3 to 9 nm. Further, annealing of the FePtCu nanoparticles in an
Ar+H2(5%) gas lowered the temperature for modification from fcc to fct to the range of 350-375°C.

The nanoparticulate FePt and FePtCu media coated on glass substrates had a surface roughness (Ra) of

less than 1 nm, showing a magnetic recording capability.
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Fig. 1 Unit area required for magnetic recording.
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Fig. 2 Thermal fluctuation diagram of small size magnetic particles.
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SRR R TWE TH - Th, Fig. 20 & H I/ A
AL L 72354002, 2R o E TBEBMEICEIL T 2 5
BHY, ZORNEERIMFICL>TRERL LD
HMENTWAD, Table l Thh b X )12, R/NEERED
NS, o, BRBIC S IR AT & LT FePt
JRFDPEH ENTWD, FePt 2D H D3 » 54
ERNTVRYE (WNVr) THbY,

Table 1 Magnetic Properties of Various Materials.

Ku Ms Dp
BREAETE) | (L) | IEER)
MEL [ (x10%erg/em?)  |(emu/cm?) (nm)
CoPtCr 0.2 298 104
BaFe2019 0.3 —_—— 9.1
Co 0.45 1400 8
MnAl 1.7 560 51
FePd 1.8 1100 5
CosPt 2 1100 4.8
Fei1sNd=B 4.6 1270 3.7
CoPt 4.9 800 3.6
FePt 6.6~10 1140 3.3~28
SmCos 11~20 910 2.7~2.2

Ref.: |EEE Trans. Magn., Vol.30, 714-716(1994)". ;
IEEE Trans. Magn., Vol.36, 10-15(2000)°.
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Fig. 3 Preparation of FePt nanoparticles by a reverse micelle
reaction.
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CV.L25% & B L L7z A2 =3I FF =120, K
WAL E S R SNz L RSN D,

C.V. (Z#EMR¥%) =57.9% 50nm

Fig. 4a FePt nanoparticles prepared with a magnetic mixer.
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Fig. 4b FePt nanoparticles prepared with a special Omni mixer.
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Fig. 5a FePtCu nanoparticles prepared without dispersing agents.
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Fig. 5b FePtCu nanoparticles prepared with
37.3 mol % oleylamine.
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Fig. 5¢ FePtCu nanoparticles prepared with
373 mol % oleylamine.
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Fig.6 Grain size and monodispersity vs. oleylamine amount
used for nuclear formation.
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Fig. 7a  FePt nanoparticles composition change in the first and
second reduction processes (measured with ICP).
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Fig. 7b  FePtCu nanoparticles composition change in the first

and second reduction processes (measured with ICP).
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Fig. 8a FePt composition without the homogeneity-enhancing
measures.
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Fig. 8b FePt nanoparticles without the homogeneity-enhancing
measures (TEM image).
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Fig. 8c FePt composition with the homogeneity-enhancing
measures.
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8d FePt nanoparticles with the homogeneity-enhancing
measures (TEM image).
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Fig.

8e FePtCu composition without the homogeneity-enhancing
measures.

8f FePtCu nanoparticles without the homogeneity-enhancing
measures (TEM image).
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Fig.

8g FePtCu composition with the homogeneity-enhancing
measures.
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10nm

Fig. 8h FePtCu nanoparticles with the homogeneity-enhancing
measures (TEM image).
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Fig. 9a  Size of FePtCu nanoparticles as the function of

H20/AOT mass ratio.
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Fig. 9b Size of FePtCu nanoparticles as the function of water droplet
size.
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Fig. 10 Effect of annealing temperature and atmosphere on
coercive force.
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Fig.11 Phase diagram of FePtCu nanoparticles
(dashed areas : optimum composition).
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Table 2 Bonding States of FePt Nanoparticles.
XAFSHEITE (XANES, EXAFSHER)

YT e | EERMm XiEaH| XaME
FePt7 ——JLRi| Fe-O 0.197X2
Fe20OstZ i Fe-O 0.195X2.7
FePt7 ——JL#&| Fe-Fe 0.264X1.4
Fe-Pt 0.270X3.4
FetZ Fe-Fe 0.251X8.4 0.2482X8

Table 3 Bonding States of FePtCu Nanoparticles.
XAFSHEITE (XANES, EXAFSHEAR)

¥ T R (eV) | etk (hm)
FePtCu7 = —JLfiFe 7123 0.255
Pt 11573 0.275
Cu 8992 0.197
Fe2031Z & 7124 #90.2
CuOiEs 8993~4 0.188~0.197
FePtCu7 = —JL{%4Fe 7115 e
Pt 11574 0.275
_ Cu 8985 0.221
FelZi 7112 #70.25
PtiE5h 11573 0.278
CutZdm 8983 0.254
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Fig. 12  X-ray diffraction patterns of FePt nanoparticles
a: Before annealing
b: After annealing (N2+H2 400 “C 30min.)
c: Fe203 standard sample
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Fig. 13 Estimated phase transition mechanism.
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Fig. 14  Surface structure of a nanoparticulate FePtCu magnetic

layer on a glass substrate (by AFM) .

Table 4 Magnetic Properties and Surface Roughness (Ra) of
Nanoparticulate FePt and FePtCu Magnetic Madia.

FePt FePtCu
Annel  [425C30min.|375C30min.
(5%H2+Ar)  |(5%H2+Ar)
Hc(Oe) 2921 3259 | m) FdIETE
Hc (KA/m) 232 259 T
Ms (T) 1.09 0.31
Mr(T) 073 025
SR 0.67 0.81
[Ra(nm) | 0.87] 0.55 | mm) ti?ﬁ%ﬁ
18
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Fig. 15  Output property of the nanopaticulate FePt and FePtCu

magntic media using a glass substrate.
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