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An investigation was carried out into the occupation sites for cobalt ions in a La-Co
substituted M type ferrite compound, and the grain-boundary microstructure in a
sintered magnet produced from this compound. The results of a local crystal structure
analysis using neutron diffraction and extended X-ray absorption fine structure (EXAFS)
suggested that Co™ is partitioned at the 4f;, 2a and 12k sites. An improvement in the
magnetization of the Ca-La-Co-M ferrite was shown to be attributed to partial
substitution of Fe’* by Co” at 4f; down-spin sites. Transmission electron microscopy
revealed the presence of a Ca-Si-La-Fe-based oxide with a step-terrace structure at the
boundaries between the M-type ferrite grains. The maximum width of these grain
boundary regions was 1.15 nm, which is about half of the c-axis unit-cell length for the M
phase. This suggests that the ferrite grains are magnetically isolated by the presence of
the Ca-Si-La-Fe-based oxide phase at the grain boundaries, thereby improving the
coercivity.
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Table 1 Composition and magnetic properties of Sr, Sr-La-Co and
Ca-La-Co M-type ferrites®

B, H,

Composition M K A;Jm )
SrFe; 60, 0.430 278
Sroglag,Cog,Feq; 40, 0.440 358
CapslagsCopsFe; 10, 0.453 435
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1 SIEMET 51 b (SrFei2010, R : P6s/mme) D 1/2
Bz

Fig.1 One half of unit cell for Sr M type hexaferrite SrFe;,01¢ (space
group: P6s/mmc)
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Table 2 The occupation sites for cobalt ions in Sr-La-CoM ferrite
proposed by other researchers

2a 2b 4f, 4f, 12k
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Fig.2 Dependence of cobalt ion site preference on cobalt ion content
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Fig.3 XANES and XMCD spectra at Fe K-edge for Sr, Sr-La-Co, and

Ca-La-Co M-type ferrites® ™7
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it (EDS: Energy Dispersive x-ray Spectroscopy) iZ& 0
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(a) CaCOs3:1.25 mass%, SiO2:0.68 mass%, (b) CaCO3:0.0
mass%, SiOz : 0.34 mass%

Fig.4 TEM images in vicinity of multiple-junction phases for sintered
bodies with additives' :
(a) CaCOgs: 1.25 mass%, SiO,: 0.68 mass%, (b) CaCOs: 0.0
mass%, SiO,: 0.34 mass%

R 3 BHEEROSRTRFAOHHHER 'Y (a) CaCOs : 1.25 mass%,
Si0,: 0.68 mass%, (b) CaCOs: 0.0 mass%, SiO2: 0.34 mass%

Table 3 Analyzed compositions of multiple-junction phases for
sintered bodies with additives' : (a) CaCOs: 1.25 mass%, SiOs:
0.68 mass%, (b) CaCOs: 0.0 mass%, SiO,: 0.34 mass%

(a)

Si (at%) Ca (at%) La (at%) Fe (at%)
1 30.2 63.5 1.2 5.1
2 30.9 62.0 1.5 56
3 30.7 63.3 1.7 4.3
4 30.1 62.2 1.9 5.8
5 31.7 60.5 1.1 6.7
Ave. 30.7 62.3 1.5 55

(b)

Si (at%) Ca (at%) La (at%) Fe (at%)
1 29.3 64.1 2.7 3.9
2 27.7 67.2 1.6 3.5
3 324 60.2 2.0 5.4
4 29.7 60.4 33 6.6
5 30.9 63.9 1.3 39
Ave. 30.0 63.1 2.2 4.7
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(a) CaCOs: 1.25 mass%, SiO»: 0.68 mass% (b) CaCOs: 0.0 mass%, SiO : 0.34 mass%
Fig.5 TEM images and elemental maps in the vicinity of grain boundaries in sintered bodies with additives'
(a) CaCOs: 1.25 mass%, SiO,: 0.68 mass% (b) CaCOz: 0.0 mass%, SiO.: 0.34 mass%
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Fig.6 HAADF-STEM image of sintered body with additives, CaCOs: 1.25 mass%, SiO,: 0.68 mass%.""

(a) in the vicinity of grain boundary (b) illustration of M-phase unit cell
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