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Abstract

Ultrafine CoFe1.9RE0.1O4 (RE=Y, La) powders have been fabricated by a sol–gel method. Structural and magnetic

properties of the powders were investigated by X-ray diffractometer, M .ossbauer spectroscopy, and vibrating sample

magnetometer. The CoFe1.9Y0.1O4 powders that were fired at and above 923 K contained only a single spinel phase and

behaved ferrimagnetically. Powders fired at 723–823 K had a spinel structure and were mixed paramagnetic and

ferrimagnetic in nature. M .ossbauer spectra of the CoFe1.9Y0.1O4 powder fired at 923 K were taken at various

temperatures ranging from 18 to 865 K. The iron ions at both A (tetrahedral) and B (octahedral) sites were found to be

in ferric high-spin states. The N!eel temperature TN was found to be 86572 K. Debye temperatures for A and B sites

were found to be YA ¼ 69575 K and YB ¼ 27975 K, respectively. The magnetic behaviors of the CoFe1.9Y0.1O4

powders fired at and above 1123 K and CoFe1.9La0.1O4 powders fired at and above 923 K, respectively, showed that an

increase of the firing temperature yielded a decrease in the coercivity and an increase in the saturation magnetization.

The maximum coercivity and the saturation magnetization were Hc ¼ 1208 Oe and Ms ¼ 69 emu/g in the

CoFe1.9Y0.1O4 samples and Hc ¼ 703 Oe and Ms ¼ 72 emu/g in the CoFe1.9La0.1O4 samples. r 2002 Elsevier Science

B.V. All rights reserved.
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Ferrites are well known as magnetic compounds that

have been studied for applications in microwave devices

and as magnetic recording media using their novel

physical properties [1,2]. 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 [3]. Recently, a sol–gel method has been

introduced for ultrafine Co-ferrite powders as magnetic

recording media [4]. One of the advantages using the

sol–gel method is the lower firing temperature that

enables smaller grain powders to be grown, e.g. nano-

crystalline particles. In this study, a sol–gel procedure

was used for the growth of ultrafine CoFe1.9RE0.1O4

(RE=Y, La) powders and their magnetic and structural

properties as a function of firing temperature were

characterized by using an X-ray diffactometer, M-
.ossbauer spectroscopy, and vibrating sample magnet-

ometer.

Ultrafine CoFe1.9RE0.1O4 (RE=Y, La) powders are

synthesized by using a sol–gel method. Weighted

amounts of Co(CH3CO2)2 � 4H2O, Y(NO3)3 � 5H2O, La(-

NO3)3 � 6H2O, 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 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 tem-

peratures were identified by an X-ray diffractometer

with CuKa radiation. M .ossbauer spectra were recorded

using a conventional M .ossbauer spectrometer of the

electromechanical type with a 30 mCi source in a Rh

matrix.
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