
e

re

sit

re

4
e
nd
s

O

Magnetic nanoparticles of Fe 2O3 synth
evaporation method

Y. R. Uhm and W. W. Kim
Nuclear Materials Technology Development Team, Ko
Daejeon 305-600, Korea

S. J. Kim and C. S. Kim
Department of Nano-Electro Physics, Kookmin Univer

C. K. Rheea)

Nuclear Materials Technology Development Team, Ko
Daejeon 305-600, Korea

~Presented on 13 November 2002!

Nanoparticles of Fe2O3 with a mean particle size of
evaporation method, and its structural and magn
intensity of x-ray diffraction the amount ofo-Fe2O3 a
and 30%, respectively. The coercivity~53 Oe! and the
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20% of those of the bulko-Fe2O3. A quadrupole
represents the superparamagnetic phase ofo-Fe2O3 w
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I. INTRODUCTION

Nanostructures of metal oxide have attracted conside
able interest as they exhibit materials properties that diffe
strongly from those of the bulk phases.1 A well-known char-
acteristic of the iron-oxide system is the variety of possibl
inter-conversions between different phases. This has be
widely investigated for large particles. Recently potential ap
plications ofo-Fe2O3 particles have great interests for inves-
tigation for magnetic storage media, bioprocessing, magne
refrigeration, and ferrofluids.2,3 The evidence of spin glass-
like behavior of surface spins ofo-Fe2O3 nanoparticles was
reported.4 The surface spins have multiple configurations fo
any orientation of the core magnetization. Magnetic particle
below a critical diameter that cannot support multidomain
are described as single domain.4,5

Various synthesis procedures were used for Fe2O3.
These procedures involve several treatment steps. The puls
wire evaporation~PWE! method is one approach to fabricate
nanoparticles of Fe2O3,6 which reduces the complexity and
time consumption involved. Also, we focused on high mag
netization for nanoparticles synthesized by PWE. In this a
ticle, we report a synthesis and magnetic properties of Fe2O3

nanoparticles by the Fe PWE method. The identification o
various phases has been based on their structural and m
netic properties using x-ray diffraction~XRD! and Möss-
bauer spectroscopy.

II. EXPERIMENTAL TECHNIQUE

High purity Fe2O3 powders were synthesized by the
PWE method. The apparatus consists of a high voltage
power supply, a bank of capacitors, and a plasma switch a
evaporation chamber. The as-prepared sample and annea
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–50 nm have been prepared by the pulsed wire
tic properties were studied. From the main peak
Ä-Fe2O3 in sample is composed about 70%
aturation magnetization~14 emu/g! are about
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line on the center of Mo¨ssbauer spectrum
ith a mean particle size of 7 nm or below.
3/1.1558234#
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samples were characterized by XRD, superconducting quan-
tum interference device~SQUID! magnetometer, and Mo¨ss-
bauer spectroscopy. Magnetization data were taken using a
commercial SQUID magnetometer~Quantum Design Inc.!.
A Mössbauer spectrometer of electromechanical type was
used in the constant-acceleration mode.7

III. RESULTS AND DISCUSSION

The formation mechanism ofo-Fe2O3 and Ä-Fe2O3 by
the PWE method is analyzed as follows. Under the impulse
of an electrical current during PWE, nonequilibrium over-
heating can be produced in the wire. The Fe wire began to
boil and clusters were formed at its critical temperature. At
the same time, the O2 converted from molecular to atom O
with high activity under high temperature and strong electric
field. The atmosphere of N2 and O2 in the PWE chamber
affects the iron oxide phase.6 The highly active O atoms
could diffuse into Fe clusters and reacted with Fe atoms. The
chemical equation of Fe2O3 should be6

2Fe13O�o-Fe2O3 or Ä-Fe2O3.

The nanocrystalline Fe2O3 was confirmed by the XRD
pattern as shown in Fig. 1. From the main peak intensity, the
amount ofo-Fe2O3 andÄ-Fe2O3 in the as-prepared sample is
about 70% and 30%, respectively.

The o-Fe2O3 indices have been assigned to all peaks
considering a cubic unit cell, and theÄ-Fe2O3 considering a
rhombohedral. The crystallite sizes were calculated from the
XRD line broadening of the peak~311!, using the classical
Scherrer relationship,8 Dhkl5kl/B cosu, whereDhkl is the
particle diameter,k is a constant~shape factor! with a value
of 0.9,B is the half maximum line width, andl is the wave-
length of the x rays. The XRD for powder combined system
shows the grains ofÄ-Fe2O3 ~223 Å! ando-Fe2O3 ~232 Å!.
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