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Mössbauer studies of BaFe11.9Mn0.1O19 by a sol–gel method
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BaFe11.9Mn0.1O19 powders were prepared by a sol–gel method. Magnetic and structural properties
of the powders were characterized by Mössbauer spectroscopy, x-ray diffractometry, and vibrating
sample magnetometry. X-ray diffraction and Mössbauer measurements showed that the
BaFe11.9Mn0.1O19 had an M-type hexagonal structure with a 0 ⫽5.900 Å and c 0 ⫽23.219 Å.
Mössbauer spectroscopy was performed at various temperatures ranging from 13 to 800 K, and each
spectrum for a temperature below the Curie temperature (T C ⫽775⫾5 K) was fitted with five
subspectra of Fe sites in the structure 共4 f VI , 2a, 4 f IV , 12k, and 2b兲. The area fractions of the
subspectra at 13 K were 18.0%, 10.2%, 17.5%, 46.1%, and 8.2%, respectively. The 2b site had a
very large quadrupole splitting. The isomer shifts indicated that the valence state of the Fe ions was
ferric (Fe3⫹). The saturation magnetization M s was 58 emu/g, and coercivity H c was 5141 Oe at
room temperature under an applied field of 15 kOe. © 2000 American Institute of Physics.
关S0021-8979共00兲41008-X兴
I. INTRODUCTION

II. EXPERIMENTAL PROCEDURES

The magnetoplumbite of hexagonal ferrite, M-type
BaFe12O19, has been intensively investigated as a material
for permanent magnets, high-density recording media, and
microwave devices.1 The structure of the hexaferrite is based
on a hexagonal lattice in which closely packed sites of oxygen atoms have, in every fifth site, a mixture of Ba2⫹ and
oxygen ions in the proportion of three to one. The smaller
Fe3⫹ ions are arranged in five different kinds of interstitial
sites. Three are octahedral sites 共12k, 4 f VI , and 2a兲, one is
a tetrahedral site (4 f IV), and the last one is a site in which
the ferric ion is surrounded by five oxygen atoms forming a
trigonal bipyramid (2b). The magnetization of three sublattices, the ensemble of ferric ions in the 12k, 2a, and 2b
sites, are antiparallel to those of the other two sublattices, the
ferric ions in the 4 f VI and the 4 f IV sites.2 Various preparation methods have been developed, including the glass flux
method,3 the chemical precipitation method,4 the salt-melt
method,5 and the sol–gel method,6 and so on.
Recently, the sol–gel method of processing has been
successfully used for the synthesis of ultrafine metallic and
ceramic powders. One of the advantages of using the sol–gel
method is the lower annealing temperature that enables
smaller grained powders to be grown 共e.g., nanocrystalline
particles兲. Barium ferrite particles of high purity can be synthesized in a short time utilizing this technique. In this work,
the sol–gel procedure was used to grow ultrafine
BaFe11.9Mn0.1O19 powders to elucidate the role of the Fe ion
in the barium ferrite effect by replacing it with a similar
transition metal, manganese, and their magnetic and structural properties were characterized using the follow procedures; an x-ray diffractometry, a vibrating sample magnetometry 共VSM兲, scanning electron microscope 共SEM兲, and
Mössbauer spectroscopy.

Figure 1 shows the experimental procedure for preparing
ultrafine BaFe11.9Mn0.1O19 powders. Barium nitrate
关 Ba共NO3兲2兴 , iron nitrate 关 Fe共NO3兲3•9H2O兴 , and manganese
acetate 关 Mn共C2H3O2兲2•4H2O兴 were used as starting materials. These were dissolved in ethylene glycol
(HOCH2CH2OH) with the stoichiometric ratio of
Ba/共Fe, Mn兲⫽1/11. The solution was refluxed at 80 °C for 12
h. Afterwards, it was dried at 250 °C and finely powdered.
The ferrite powders were annealed at 1000 °C for 12 h in air.
They were characterized by x-ray diffraction using Cu K ␣
radiation. A slow scanning speed of 0.25 ° advance in
2  /min was used in order to optimize resolution of the
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FIG. 1. Preparation process for BaFe11.9Mn0.1O19 powders.
6244

© 2000 American Institute of Physics

Downloaded 12 Aug 2002 to 210.123.40.67. Redistribution subject to AIP license or copyright, see http://ojps.aip.org/japo/japcr.jsp

