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Coercivity of Nd-Fe-B Sintered Magnets Produced by the Grain Boundary
Diffusion Process with Various Rare-Earth Compounds

H. Nakamura, K. Hirota, T. Minowa, and M. Honshima
Magnetic Materials Research Center, Shin-Etsu Chemical Co. Ltd., 2-1-5 Kitago, Echizen-shi, Fukui 915-8515, Japan

In order to clarify the origin of coercivity enhancement of Nd-Fe-B sintered magnets by the Grain Boundary
Diffusion Process (GBDP), microstructural observations were performed and the coercivities of magnets processed
with various rare-earth oxides were investigated. Microstructural analysis using FE-EPMA revealed that Dy supplied
from the magnet surface diffused into whole magnets with a thickness of 2 mm. At the center of a magnet, the Dy
distribution width around a grain boundary is almost comparable to the width of the Nd-rich grain boundary phase.
When rare-earth (R) oxides whose R provide higher anisotropy in RzFe14B than that of Ndz2Fe14B, are used for GBDP,
the magnets showed higher coercivity than that of the control, and vice versa. Although the diffusion depth of Dy into
the NdsFe1sB grains was unclear at the center of the magnet, the relationship between the kinds of rare-earth
elements used for GBDP and the resultant coercivities strongly suggests that the rare-earth elements supplied from
the surface of the magnets and absorbed along the grain boundary phase may diffuse into very thin portions of the
NdzFe14B grain surface.
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Fig.1 Demagnetization curves of Nd-Fe-B sintered

magnets before (a) and after the Grain Boundary
Diffusion Process with DyFs (b) and TbFs ().
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Fig.2 Back-scattered electron images and compositional profiles of Th and Nd taken from a magnet processed with
TbFs: near the magnet surface (a) — (¢); at a depth of 100 pm from the magnet surface (d) — (®); at the center of the magnet (1
mm from the surface) (g) — ().
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Fig. 3 Aback-scattered electron image (a) and compositional profiles of Fe (b), Nd (c), and Dy (d) taken from a thin magnet
processed with DyFs.
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Table 1 Contents of absorbed R elements and coercivities (He1) of magnets processed with F-O powders. Some
intrinsic properties of R2Fe14B 1D are also listed: Ha, the anisotropy field at room temperature; K1, the anisotropy
constant at room temperature; and o, the magnetic polarization at room temperature.

Content

R Hy MA/m) poHA (D) K (MJ/md) (D
(mass %)

La 0.07 0.770 2.0 - 1.38
Pr : 0.06 0.766 75 5.6 1.56
Control (Nd) - 0.844 75 5.0 1.60
Sm 0.19 0.162 - -12 1.50
0.07 0.848 2.3 0.67 0.84
Tb 022 1.315 - 5.9 0.70
0.11 1111 - 45 071
Ho 0.09 0.910 92 25 0.81
Er 012 - 0.786 - -0.03 0.90
Tm 021 0.634 - -0.03 115

Yb <0.03 0.778 - - -
Lu 0.07 0.805 26 - 117
Y 0.06 0.758 2.3 1.06 1.38

TAROTEA S BB L, AT onfEenn ErilFc& 5. KoV BHRE L. ROV TIZ R = Nd Ot %
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Y EREDD 1 mm PR OfECHD. FEREHRIZIAT
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Fig. 4 Demagnetization curves of Nd-Fe-B sintered
magnets processed with Sm20; (a), ThsO7 (b), Dy20s (o),
Tmz03 (d) and without compound powder (control, €).
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Fig.5 Changes in coercivity per 0.1 mass% of absorbed
rare-earth elements for the magnets processed with R
oxides plotted against the anisotropy fields of the F:Fe14B
compounds.
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Fig. 6 Changes in coercivity per 0.1 mass% of absorbed
rare-earth elements for magnets processed with & oxides
plotted against the anisotropy constant (K1) of the /2Fe14B
compounds.
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4. F&OH
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MEREEZR L OF TEBL A B L & E OREHD
FLERA~. 2 mm ORELEET HHEADHRESITE
WT R BRI « I8 & 7= F RS S L AR E
BRI L TWA 2 EBbhotz, iz, RFRFICIL
7713513 RoFe, B FESRIOREDEFR IV VT, H72< & HiFix
DB R B RIE RS E T L TS B2 601D,

Wit EBROVE—MIRL, KBEBOBEKIZEHNZLE
+. %7, FE-EPMA 881 "W AHVWEFEE Li-BKE
FHRESHIZEF N LET.
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