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Mössbauer and magnetic properties of C
hexaferrite nanoparticles
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Co–Ti substitutedM-type hexagonal barium fer
<1.0) have been prepared by a sol-gel method.
were characterized with a Mo¨ssbauer spectros
diffraction ~XRD!, thermogravimetry ~TG!, and
decomposition of amorphous hydroxides in the d
to a TG-DTA analysis. The result of XRD measur
increase with increasingx from a55.882 andc5
523.295 Å forx51.0. The57Fe Mössbauer spectr
four subpatterns of Fe sites in the structure and
sites. The relative spectra areas of BaFe10CoTiO19 at
4 f 112a, 12k, and 2b subspectra, respectively. T
The isomer shifts indicated that the valence sta
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slightly decreases and the coercivity,HC, drops dra
increases from 0.0 to 1.0. Co–Ti substituted bari
coercivities with a small decrease of their magneti
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I. INTRODUCTION

The magnetoplumbite of hexagonal ferrite,M-type
BaFe12O19, has been intensively investigated as a materia
for permanent magnets, high-density recording media, an
microwave devices.1–3 When various combinations, such as
Co–Ti or Co–Sn, are substituted for some iron inM-type
barium ferrite particles, the coercivity is substantially re
duced with only a little change in the saturation magnetiza
tion. These properties make the compounds useful in hig
density and perpendicular recording.4 It has, therefore, be-
come important to understand the origin of the propert
changes when these substitutions are made. Mo¨ssbauer spec-
troscopy permits the site occupancies and hyperfine distrib
tions to be determined and consequently contributes to th
quest. The structure of the hexaferrite is symbolically de
scribed RSR* S* where R is a three-layer block~two O4

containing one BaO3! with composition (Ba21Fe6
31O11

22)
and S is a two O4-layer block with composition
(Fe31

6O8
22), where the asterisk means that the correspon

ing block has been turned 180° around the hexagonalc axis.
The smaller Fe31 ions are arranged in five different kinds of
interstitial sites. Three are octahedral sites~12k, 4f 2 , and
2a!, one is a tetrahedral site (4f 1), 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, is antiparallel to those of the other two sublat
tices, the ferric ions in the 4f 2 and the 4f 1 sites.5 In this
article, the site occupation was determined by Mo¨ssbauer
spectroscopy and magnetic measurements for samples
BaFe1222xCoxTixO19 (0<x<1.0).

a!Author to whom correspondence should be addressed; electronic ma
cskim@phys.kookmin.ac.kr

8460021-8979/2002/91(10)/8465/3/$19.00

Downloaded 13 May 2002 to 129.82.31.230. Redistribution subject to A
–Ti substituted barium

02, Korea

te nanoparticles BaFe1222xCoxTixO19 (0<x
agnetic and structural properties of the powders
py, vibrating sample magnetometer, x-ray
ifferential thermal analysis~DTA!. The

ed precipitate continued until 570 °C, according
ments shows that thea andc lattice parameters
3.215 Å for x50.0, to a55.895 andc
were fitted by a least-squares technique with
rresponding to the 4f 2 , 4f 112a, 12k, and 2b
5 K were 15%, 30%, 50%, and 5% for 4f 2 ,
2site had a very large quadrupole splitting.

s of the Fe ions were ferric. The magnetization
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matically from about 5014 to 228 Oe asx
um hexaferrite to be controlled to reduce their
zation. ©2002 American Institute of Physics.
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II. EXPERIMENTAL PROCEDURES

BaFe1222xCoxTixO19 (0<x<1.0) were prepared by a
sol-gel method.6,7 Appropriate portions of barium nitrate
@Ba(NO3)2#, iron nitrate@Fe(NO3)3•9H2O#, cobalt acetate
@Co(C2H8O2)2•4H2O#, and titanium isopropoxide
@Ti(OCH(CH3)2)4# were used as starting materials.
These were dissolved in a mixed solvent~2-
methoxyethanol:distilled water55:1! with the stoichio-
metric ratio of Ba/(Fe,Co–Ti)51/11. All reactions were car-
ried out under dry nitrogen in a glove box. The solution was
refluxed at 80 °C for 12 h. After cooling to room tempera-
ture, an appropriate amount of diethanolamine was added,
and the solution was refluxed for 3 h at 80 °C andthen
cooled. Afterwards, it was dried at 120 °C and finely pow-
dered. The ferrite powders were annealed at 950 °C for 2 h in
air. Thermogravimetry and differential thermal analysis~TG-
DTA! were conducted on the powdered xerogel up to
1000 °C at a heating rate of 5 °C/min. Crystallographic struc-
tures were examined by x-ray diffraction~XRD! using Cu
Ka radiation. A slow scanning speed of 0.25° advance in 2
u/min was used in order to optimize resolution of the closely
spaced reflections. Mo¨ssbauer spectra were recorded using a
20 mCi 57Co source in a Rh matrix with the spectrometer
working at constant acceleration. The saturation magnetiza-
tion and coercivities of the fired powders were measured
using a vibrating sample magnetometer at a maximum ap-
plied field of 15 kOe.

III. RESULTS AND DISCUSSION

The thermal decomposition characteristic of gel system
with temperature was studied by DTA and thermogravimetric
analysis~TGA!. TGA indicated a major weight loss step be-
tween 200 and 300 °C, and final weight loss was completed
at 570 °C. It can be seen that the gel exhibited approximately
il:
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