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The site occupancy and anisotropy distribution of Al substituted BaFe12–xAlxO19 (0.0 ≤ x ≤ 4.0) have been 
studied with Mössbauer spectroscopy, X-ray diffraction, and vibrating sample magnetometry. The results 
suggest that the coercivity, magnetization, and magnetocrystalline anisotropies are closely related to the 
distributions of Al3+ ions on the five iron sites. Mössbauer spectra indicated that Al3+ ions have a strong 
preference for the 4f1, 2a and 12k sites. The substitution of Al3+ by Fe3+ in the system causes a drastic re-
duction of the saturation magnetization while the coercivity first increases to 8.6 kOe, for x = 2.0, and 
then decreases to 6.9 kOe, for x = 4.0. The origin of the changes in the magnetic properties caused by Al3+ 
substitution can be attributed to the site preferences. 

© 2004 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim 

1 Introduction M-type hexagonal barium ferrite (BaFe12O19) has been well established as a permanent 
magnetic material. It has been intensively investigated as a high-density media for perpendicular and 
longitudinal recording, because of its high saturation magnetization, good chemical stability, and large 
magnetocrystalline anisotropy, as well as its mechanical hardness. For high-density magnetic recording, 
barium ferrite materials with high coercivity and small particle size are desired [1–4]. 
 The structure of the hexaferrite is based on a hexagonal lattice in which closely packed sites of oxygen 
atoms have, in every fifth layer, a mixture of Ba2+ and oxygen ions in the proportion of three at one. The 
smaller Fe3+ ions are arranged in five different kinds of sites. Three are octahedral sites (12k, 4f2, and 2a), 
one is a tetrahedral site (4f1), and the last one is a site in which the ferric ion is surrounded by five oxy-
gen atoms forming a trigonal bipyramid (2b). The magnetization of the ferric ions on three sublattices 
comprised of the ensemble of ferric ions in the 12k, 2a, and 2b sites are antiparallel to that of the ferric 
ions on the other two sublattices, comprised of the 4f2 and the 4f1 sites [5]. 
 In this paper, we report on the site occupation, as determined by Mössbauer spectroscopy, and the 
crystallographic and magnetic properties of Al substituted Ba-ferrite powders. Based on the distributions 
of the Al3+ ions on the five sites obtained from Mössbauer spectra, the origins of the remarkable increase 
in magnetic anisotropy field, magnetocrystalline anisotropy constant, and coercivity at 2.0x ≤  and then 
decrease at 2.0x >  are suggested. All of these results are also very helpful for understanding the  
magnetic properties of other Al3+ substituted M-type hexagonal ferrites such as SrFe12–xAlxO19 and 
PbFe12–xAlxO19. 
 
2 Experiments Nanocrystalline BaFe12–xAlxO19 (0.0 ≤ x ≤ 4.0) powders were fabricated by the sol-
gel method [6–8]. One of the advantages of using the sol-gel method is the lower annealing temperature 
that enables smaller grained powders to be grown (eg., nanocrystalline particles). Barium nitrate 
(Ba(NO3)2), iron nitrate (Fe(NO3)3 · 9H2O) and aluminum nitrate [Al(NO3)3 · 9H2O] were used as starting  
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