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Abstract

Y-, La-, Nd-, Gd-, and Bi-doped ultra"ne CoFe
2
O

4
particles are fabricated by using a sol}gel method. Magnetic and

structural properties depending on annealing temperature of powders are investigated with X-ray di!ractometer (XRD),
MoK ssbauer spectroscopy, and vibrating sample magnetometer (VSM). Y-, Gd-, and Bi-doped samples "red at and above
923K have only a single cubic spinel strcture and behave ferrimagnetically, but in La- and Nd-doped samples a-Fe

2
O

3
phase was observed at and above 1123K. Powders annealed at 823K have a typical spinel structure and have
a paramagnetic and ferrimagnetic nature, simultaneously. The isomer shifts of all samples indicated that the iron ions
were ferric at the tetrahedral [A] and the octahedral sites [B], respectively. The magnetic behavior of CoFe

1.9
Bi

0.1
O

4
and CoFe

1.9
Nd

0.1
O

4
spinel powders "red at and above 923K shows that an increase of the annealing temperature

yields a decrease of the coercivity and an increase of the saturation magnetization. The highest coercivity of 1368 Oe and
saturation magnetization of 76.2 emu/g are observed in CoFe

1.9
Bi

0.1
O

4
compound. ( 2000 Elsevier Science B.V. All

rights reserved.
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Cobalt ferrite, CoFe
2
O

4
, is a well-known hard mag-

netic material which has been studied in detail due to its
high coercivity (5400 Oe) and moderate saturation mag-
netization (about 80 emu/g) as well as its remarkable
chemical stability and mechanical hardness [1]. For use
as high-density magnetic recording materials, the grain
size of ferrite particles must be (10 nm to avoid the
exchange interaction between neighboring grains [2]. As
the grain size becomes smaller than the critical size to
keep its magnetic properties, the magnetization direction
of the ultra"ne ferrite powder cannot be "xed in large
crystals, but #uctuates spontaneously. Solution routines

are commonly used to fabricate ultra"ne powders rather
than a solid-state reaction process. One of the solution
routines is the sol}gel method, which is known as a tech-
nique for low-temperature synthesis of glass, ceramic,
and other materials. A few sol}gel methods for ultra"ne
cobalt, cobalt}manganese, and barium ferrite powders
have been introduced [3}5]. However, Y-, La-, Nd-, Gd-,
and Bi-doped ultra"ne CoFe

2
O

4
spinel powders have

not yet been investigated to a great extent. In this study,
a sol}gel procedure was used for the preparation of Y-,
La-, Nd-, Gd-, and Bi-doped ultra"ne CoFe

2
O

4
spinel

powders and their magnetic and structural properties as
a function of annealing temperature were characterized
by using an X-ray di!actometer, MoK ssbauer spectro-
scopy, and vibrating sample magnetometer.

Ultra"ne CoFe
2~x
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4
(R"Y, La, Nd, Gd, Bi and

x"0.1) spinel powders are synthesized by using a sol}gel
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