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Ultrafine Co0.9Mn0.1Fe2O4 particles are fabricated by a sol–gel method. Magnetic and structural
properties of powders are investigated with x-ray diffraction, vibrating samples magnetometer, and
Mössbauer spectroscopy. Co–Mn ferrite powders which were fired at and above 673 K have only
a single phase spinel structure and behave ferrimagnetically. Powders annealed at 673 K have a
typical spinel structure and the paramagnetic and ferrimagnetic nature, simultaneously. The
formation of nanocrystallized particles is confirmed when Co–Mn ferrite is annealed at 623 K. The
magnetic behavior of Co–Mn ferrite powders fired at and above 823 K shows that an increase of the
annealing temperature yields a decrease of the coercivity and an increase of the saturation
magnetization. The maximum coercivity and the saturation magnetization of Co–Mn ferrite
powders are 1523 Oe and 66.7 emu/g, respectively. 57Fe Mössbauer spectra of Co–Mn ferrite have
been taken at various temperatures from 13 to 850 K. The isomer shifts indicate that the valence
states of the Fe ions have a ferric character. © 1999 American Institute of Physics.
@S0021-8979~99!53608-6#

I. INTRODUCTION

Mössbauer spectroscopy measurements were used to identify
magnetic phases of ultrafine ferrite powders. VSM measurements gave the saturation magnetization and coercivities of
the ferrite powders. The magnetic and structural properties of
ultrafine Co–Mn powders as a function of annealing temperature are presented in this article.

Ferrites are well-known magnetic compounds that have
been studied for potential applications in microwave devices
and as magnetic recording media using their novel physical
properties.1–4 Cobalt ferrite, CoFe2O4, is a well-known hard
magnetic material which has been studied in detail due to its
high coercivity ~5400 Oe! and moderate saturation magnetization ~about 80 emu/g! as well as its remarkable chemical
stability and mechanical hardness.5 For use as high-density
magnetic recording materials, the grain size of ferrite particles must be less than 10 nm to avoid the exchange interaction between neighboring grains.6 As the grain size becomes smaller than the critical size to keep its magnetic
properties, the magnetization direction of the ultrafine ferrite
powder cannot be fixed in large crystals, but fluctuates spontaneously. Solution routines are commonly used to fabricate
ultrafine powders rather than a solid-state reaction process.
One of the solution routines is the sol–gel method, which is
known as a technique for low temperature synthesis of glass,
ceramics, and other materials.
In this study, a sol–gel procedure was used for the
growth of ultrafine Co–Mn ferrite powders and their magnetic and structural properties were characterized using an
x-ray diffractometer, a vibrating sample magnetometer
~VSM!, a transmission electron microscope ~TEM!, and
Mössbauer spectroscopy. X-ray diffraction and TEM measurements provide information about the formation of
phases, the crystallization temperature, and particle sizes.

II. EXPERIMENT

Ultrafine Co–Mn ferrite powders were synthesized by a
sol–gel method. Weighted amounts of Co~CH3CO2!2•4H2O,
Mn~CH3CO2!2•4H2O, and Fe~NO3!3•9H2O were first dissolved in 2-methoxyethanol and water for 30 min using an
ultrasonic cleaner. The solution was refluxed at 70 °C for 12
h to allow the gel formation and then dried at 100 °C in a dry
oven for 24 h. The dried powder was ground and annealed at
temperatures ranging from 200 to 850 °C for 6 h in air. These
compositions of samples fired at various temperatures were
identified from an x-ray diffractometer with Cu K a radiation. The Mössbauer spectra were recorded using a conventional Mössbauer spectrometer of the electromechanical
type7 with a 30 mCi 57Co source in a Rh matrix.
III. RESULTS AND DISCUSSION

X-ray diffraction patterns of Co0.9Mn0.1Fe2O4 powders
fired at various temperatures are shown in Fig. 1. The x-ray
diffraction measurement shows that all peaks of
Co0.9Mn0.1Fe2O4 powders annealed at and above 623 K are
consistent with those of a typical spinel structure of a cobalt
ferrite powder prepared by a conventional solid-state
reaction.8 In addition, the increase in the annealing temperature yields an increased sharpness of the major peaks, that is,
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