Transactions of the Materials Research Society of Japan 25 [3} 877-880 (2000)

Synthesis of Silica-Coated Cobalt Ferrite Nanoparticles Using Water-in-Qil
Microemulsion

Teruoki Tago, Takatoshi Hatsuta, Ryo Nagase, Masahiro Kishida and Katsuhiko
Wakabayashi
Department of Materials Process Engineering, Graduate School of Engineering, Kyushu University, Hakozaki 6-
10-1, Higashi-Ku, Fukuoka, Japan
Fax: 81-92-642-3505, e-mail: ttago@apex.chem-eng.kyushu-u.ac.jp

ABSTRACT

Silica-coated cobalt ferrite nanoparticles (CoFe,0,~8i0,) were prepared using a water-in-oil
microemulsion consisting of water, polyoxyethylen(15)ecetylether (surfactant) and cyclohexane (oil).
Co-Fe hydroxide precursors were synthesized in the microemulsion solution, where hydrolysis of
tetraethylorthosilicate was performed to produce SiO,. The samples thus obtained were calcined at
various temperatures ranging from 500 to 1000°C. X-ray diffraction patterns showed a peak
corresponding to the (311) plane of CoFe,0,. From TEM observations, the CoFe,0, particles (ca. 2—5
nm) were located nearly at the center of spherical SiO, particles (ca. 30-35 nm) and the size distribution
of the CoFe,0, particles was very natrow. The magnetic properties were determined at room
temperature by applying a magnetic field of 15 kOe. The magnetization increased with increasing
calcination temperature. The saturation magnetization was 2.4 emu/g at the calcination temperature of
1000°C. However, the coercivity had a low value because the particle size of CoFe,0, was smaller

than the critical size, below which the material becomes superparamagnetic.
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1. INTRODUCTION cotrosion®,

Magnetic ferrite materials such as magnetite and We have developed a method for preparing supported
cobalt ferrite have attracted the gtténﬁon of many metal catalysts using a water-in-oil (w/0) microemulsion®?.
researchers™™ because of their promising applications in As this work progressed, we were able to obtain SiO,-
magnetic recording, sensors, and magneto-optical devices. coated rhodium nanoparticles using a specific
Cobalt ferrite (CoFe,0,) has been prepared by sol-gel®? microemulsion system (polyoxyethylene(15)cetylether /
and precipitation methods®. However, the broad size cyclohexane / water system)t?, In this study, SiO,-
distribution of its magnetic particles is a serious limitation coated cobalt ferrite (CoFe,0,-Si0,) nanoparticles were
for electric devices™, because the particle size affects the prepared using a w/o microemulsion. The advantages of
magnetic properties. The difficulty of obtaining uniform- these particles are their uniform particle size and the fact
sized magnetic nanoparticles results from the fact that the that they are SiO,-coated. In this paper, we report the
nanoparticles easily aggregate during preparation, e.g, the synthesis of CoFe,0,~SiO, nanoparticles and their
nucleation and calcination stages. Moreover, these structural and magnetic properties.
magnetic materials need to be coated with silica (SiO,) or
alumina (ALO;) for protection against erosion and 2. EXPERIMENRTAL
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Fig. 1. Preparation procedure for SiO,-coated CoFe,O,
nanoparticles.

Table L Preparation conditions for SiO,-coated CoFe,0,
nanoparticles.

Time
Aqueous phase  TEOS Preparation of TEOS
hydroxide particie ~ hydrolysis
CoCl,
gfcl;':m'“c 15¢ ih 1h
03MX2.8¢c

A procedure for preparing SiO,coated CoFe,O,
nanoparticles is shown in Fig. 1, and the preparation
conditions are listed in Table L A w/o microemulsion
system  with  polyoxyethylen(15)ecetylether  (C-15,
C,Hu(OC,H,),,OH) as the surfactant, cyclohexane as the
oil phase and aqueous solutions of CoCl, and FeCl, as the
water phase was used. The microemulsion was prepared
by dissolving aqueous solutions of CoCl, and FeCl, in
stoichiometric proportions (see Table I) in a C-15 /
cyclohexane solution. The concentration of the CoCl, and
FeCl, in water was 0.3 M and that of the C-15 in
cyclohexane was 0.5 M. In the microemulsion solution,
the cobalt-iron hydroxide complex nanoparticles were
synthesized by adjusting the pH to approximately 9.0 with
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Fig. 2. X-ray diffraction pattern of CoFe,0,SiO,

samples calcined at different temperatures,
NH; solution. Tetracthylorthosilicate (TEOS), as a SiO,
source, and a dilute ammonium solution were added to the
solution containing the cobalt-iron hydroxide complex
nanoparticles, and the hydrolysis and polycondensation of
TEOS was performed at 50°C. After hydrolysis for 1 h,
the SiO, gel containing the cobalt-iron hydroxide complex
nanoparticles was centrifuged, thoroughly washed with
propanol, dried at 80°C overnight, and calcined under an air
flow at 500°C for 2 hours to remove the surfactant. Finally,
the samples thus prepared were calcined at 500-1000°C for
2 hours for complete conversion of the hydroxide into the
magnetic ferrite (CoFe,O,).

The CoFe,0,~Si0, nanoparticles thus prepared were
inspected by transmission electron microscopy (TEM,
Nihon Denshi JEM-2000FX). The particle size of the
CoFe,0, was measured from TEM photographs. The
crystallinity and the magnetic properties of the
nanoparticles were investigated as a function of the
calcination temperature using an X-ray diffractometer
(XRD, Rigaku Rint-2400) and a vibrating-sample
magnetometer (VSM, Tamagawa Seisakushyo VSM-
1550HGC).

3. RESULRS AND DISCUSSION

Xray diffraction pattems of the CoFe,O~SiO,
nanoparticles calcined at different temperature are shown
in Fig. 2. The sample calcined at 500°C showed a small
peak around 26=35°. On the other hand, at the
calcination temperatures of 800°C and 1000°C, the
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patterns clearly showed the peak corresponding to the
(311) plane of CoFe,0, (26=35.4°). As shown in the
figure, the intensity of the peak increased with increasing
calcination temperature, The increase in the intensity
resulted from the formation of CoFe,O, from Co-Fe
hydroxide during calcination®?,

The magnetic properties of particles depend on their
particle size. Therefore, the materials used for electric
devices should be ultrafine with narrow size distributions.
Figures 3(a)-3(c) show TEM photographs of CoFe,0
Si0, nanoparticles calcined at 500°C, 800°C and 1000°C.
At the calcination temperature of 500°C, CoFe,O, particles
could not be observed. On the other hand, at the
calcination temperatures above 800°C (Figs. 3(b) and 3(c)),
the CoFe;0, particles could be observed, and they were
located nearly at the center of uniform, spherical SiO,
particles, The concentration of CoFe,0,, which was
evaluated from the total weight of the CoFe,0,~SiO,
nanoparticles and an amount of Co and Fe ions added (see
Table I), was approximately 3.5 wi%. Although the
overall size of the spherical SiO, particles was almost
identical regardless of the calcination temperature, the
average size of the centered CoFe,O, particles increased
from 2.0 nm to 5.5 nm with increasing calcination
temperature from 800°C to 1000°C. These results
indicated that the Co-Fe hydroxide nanoparticles were
covered with SiO, during the TEOS hydrolysis, as
described in Fig. 1, and that the conversion of the
hydroxide into the magnetic oxide of CoFe,0, took place

Fig. 3. TEM photographs of SiO;~coated CoFe,0, nanoparticles prepared using microemulsion.
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Fig. 4. Size distribution of CoFe,0, nanoparticles

calcined at 1000°C.,

during calcination, as discussed above (see Fig. 2).

Figure 4 shows the size distribution of the CoFe,0,
particles calcined at 1000°C, obtained from TEM
photographs. The size distribution of the CoFe, O,
particles was very narrow. The narrow size distribution is
due to an inhabilation of coagulation by the SiO,
smrbﬁnding the CoFe,0, particles. Since the CoFe,0,
nanoparticles were covered with SiO,, the motion and
aggregation of the CoFe,0, nanoparticles were physicaily
restricted even though they were calcined at 1000°CA412,

The magnetic properties were determined at room
temperature by applying a magnetic field of 15kOe. Fig.
5 shows magnetization curves of SiO,coated CoFe,0O,
nanoparticles calcined at 500°C, 800°C and 1000°C. The
saturation magnetization increased with increasing
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calcination temperature, The reason was that the particle
size of CoFe0, increased with increasing calcination
temperature.  The saturation “magnetization was 1.2
emw/g and 2.4 emu/g at the calcination temperatures of
800°C and 1000°C, respectively. On the other hand, the
coercivity was as low as approximately 50 Oe because the
particle size of CoFe,O, was smaller than the critical size,
below which the material becomes superparamagnetic??.

4, CONCLUSION

Silica-coated cobalt ferrite nanoparticles (CoFe,O4
8i0,) were prepared using a water-in-oil microemulsion
consisting of water, polyoxyethylen(15)ecetylether
(surfactant) and cyclohexane (oil). X-ray diffraction
patterns showed peaks corresponding to CoFe,0,. From
TEM observations, the CoFe,O, particles were located
nearly at the center of spherical SiO, particles and the size
distribution of CoFe,0; particles was very narrow. The
magnetization increased with increasing calcination
temperature and the saturation magnetization was 2.4
emu/g at the calcination temperature of 1000°C.
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