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Ultrafine CoFe1.9RE0.1O4 (RE5Gd, Nd) powders
Magnetic and structural properties of the pow
Mössbauer spectroscopy, and vibrating sample
were fired at and above 923 K contained only a s
The grain diameters were estimated to be 11–3
1123 K. Mössbauer spectra measurements show
823 K and the CoFe1.9Nd0.1O4 powders fired at 523
paramagnetic and ferrimagnetic in nature. Mo¨ssbaue
923 K were taken at various temperatures rang
~tetrahedral! and B ~octahedral! sites were found
temperatureTN was found to be 87562 K. Debye te
QA564065 K and QB521765 K, respectively. T
powders fired at and above 723 K, and CoFe1.9N
respectively, showed that an increase of the firin
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and an increase in the saturation magnetization
magnetization wereHc51,149 Oe andMs572 emu
5959 Oe andMs563 emu/g in the CoFe1.9Nd0.1O4
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I. INTRODUCTION

Cobalt ferrite, CoFe2O4, is a well-known hard magnetic
material which has been studied in detail due to its hig
coercivity and moderate saturation magnetization as well a
its remarkable chemical stability and mechanical hardness.1,2

These magnetic and physical properties of Co ferrite enab
the development of high density magnetic recording medi
Although the nanometric Cobalt ferrite magnetic particle
have the saturation magnetization much lower than bulk m
terial, the large coercive forces and the still reasonable ma
netization make them promising hard materials for high den
sity recording.3 Recently, a few sol-gel methods has been
introduced for ultrafine cobalt and cobalt-mangane ferrite a
magnetic recording media.4,5 However, rare earth elements
~RE!-doped ultrafine CoFe2O4 spinel have not yet been in-
vestigated to a great extent.

In this study, the growth of ultrafine CoFe1.9RE0.1O4

(RE5Gd, Nd) powders is introduced by a sol-gel method
and their magnetic and structural properties were characte
ized by using an x-ray diffactometer, Mo¨ssbauer spectros-
copy, and vibrating sample magnetometer. X-ray diffractio
measurements provide information about the formation o
phases, the crystallization temperature, and particle size
Mössbauer spectroscopy measurements were used to iden
magnetic phases of ultrafine ferrite powders. Vibrating
sample magnetometer~VSM! measurements gave the satura
tion magnetization and coercivities of the spinel ferrite pow
ders. The magnetic and structural properties of ultrafin
CoFe1.9RE0.1O4 (RE5Gd, Nd) powders as a function of an-
nealing temperature are presented in this article.
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ave been fabricated by a sol-gel method.
rs were investigated by x-ray diffractometer,
agnetometer. The CoFe1.9Gd0.1O4 powders that
gle spinel phase and behaved ferrimagnetically.
nm for the Co-Gd ferrite powders fired in 773–
d that the CoFe1.9Gd0.1O4 powders fired at 723–
1023 K had a spinel structure and were mixed
spectra of the Co–Gd ferrite powder fired at
g from 14 to 875 K. The iron ions at bothA
to be in ferric high-spin states. The Ne´el
peratures forA andB sites were found to be
e magnetic behaviors of the CoFe1.9Gd0.1O4

.1O4 powders fired at and above 923 K,
temperature yielded a decrease in the coercivity
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. The maximum coercivity and the saturation
/g in the CoFe1.9Gd0.1O4 samples andHc

samples. ©2002 American Institute of
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II. EXPERIMENT

Ultrafine CoFe1.9RE0.1O4 (RE5Gd, Nd) powders
are synthesized by using a sol-gel method. Weighted
amounts of Co(CH3CO2)2•4H2O, Gd(CH3CO2)2•H2O,
Nd(CH3CO2)2•H2O, and Fe(NO3)3•9H2O were first dis-
solved in 2-methoxyethanol and water for 30 min using an
ultrasonic cleaner. The solution was refluxed at 343 K for 12
h to allow the gel formation and then dried at 373 K in a dry
oven for 24 h. The dried powder was ground and fired at
various temperatures for 6 h in air. These compositions of
samples fired at various temperatures were identified by an
x-ray diffractometer with CuKa radiation. Mössbauer spec-
tra were recorded using a conventional Mo¨ssbauer spectrom-
eter of the electromechanical type with a 30 mCi source in a
Rh matrix.

III. RESULTS AND DISCUSSION

The x-ray diffraction measurement shows that the forma-
tion of CoFe1.9Gd0.1O4 powder starts at 723 K and all peaks
fired at and above 923 K are consistent with those of a typi-
cal spinel structure of a cobalt ferrite powder prepared by a
conventional solid-state reaction.6 However, the diffraction
peaks for the powder fired at 723 K are fairly broad, indicat-
ing that the sample consists of quite fine crystallites. This
line broadening for the other samples decrease with an in-
crease in the firing temperature corresponding to the growth
of larger particles of CoFe1.9Gd0.1O4 spinel powders. The
mean particle diameters were obtained by the Scherrer
method7 from broadening of x-ray diffraction peaks and are
estimated to be 11–30 nm for the powders fired in 773–1123
il:
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