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Effect of Methods to Improve Coercivity on Temperature
Dependence in Nd-Fe-B Magnets

Toshiyuki Morita

Synopsis

1t is investigated that the influence of the methods to improve the coercivity on the temperature dependence of hot-deformed
magnets, to reduce the Dy-addition to Nd-Fe-B magnets.

The initial magnetization curve of a hot-deformed magnet has two steps, and the first and second steps correspond to the
magnetization for the multi magnetic domain grains and for single magnetic domain grains, respectively. Then, using the single
domain grain ratio as an alternative value of the grain size, the influence of Dy-addition, amount of total rare-earth metals and
single domain grain ratio on coercivity were compared.

With multiple regression analysis, with increasing using temperature, the coefficients of Dy-addition and amount of total
rare-earth metals decrease, but the coefficient of single domain grain ratio slightly increases. As for the improvement of the
coercivity by making fine grains the coercivity rarely decreases at high temperature, and making fine grains is important for the
development of high heatproof magnets.
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Fig.1. Typical microstructures for a sintered magnet and a hot-deformed magnet.

Table1. Chemical composition of materials (at.%).

Grade Nd Dy Fe Co B Ga
A 12.8 - 773 39 5.5 0.48
B 133 = 76.7 39 5.5 0.46
C 13.9 - 76.0 39 5.6 0.47
D 11.0 2.0 76.7 3.8 5.8 0.47
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Fig.2. The initial magnetization curve for powder B after
deformed at 1123 K.
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Fig.3. Schematic illustrations for initial magnetization curves of a sintered magnet and a hot-deformed magnet.
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Fig.4. MFM and AFM images for powder B after deformed at 1123 K.

KRS Y DEBRIER L AR OEBRER X, FhER
AL R EE 7 [~ DAL & A5 SR I L C BB DK Sk %
ERLTBYEROPRTIERLZb00, &b ITHEX
Mk & SRR & O RA IS B W T 2 BRoRL
MO NL eV HTHBLTWSE, TOEE, 7
WALHIAR O 1 BEH & 2 BRHIZE N E N R Skl & B
DRGSR AT I T B 728, LD W TENEN
DRRERODLIENTELEEZLND., 22T, ¥
AL AR 22 M 2 ORAL % SRR L TEl o 7ol & 2R IX
FERRIEE, 1 20 & RIS SR & 5 [\ 7ol & BB X

=
()}

-
~

-
N

e
o

[C)
=
<
K]
S s 1073K
=
s = = 1098K
&
z, —_—1123K
esssce 1148K
2 — 1 173K
0 . A .
0 10 20 30 40

Effective magnetic field (kOe)

Fig.5. Initial magnetization curves for powder B after

deformed at various temperatures.
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Fig.6. The relationship between deforming temperature

and single domain grain ratio for powder B.
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Fig.7. Microstructures for powder B after deformed at various temperatures.(a)1073 K, (b)1123 K, (¢c)1173 K.
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Fig.9. The relationship between deforming temperature and coercivity at room temperature (a) and 453 K (b) for
powders A-D.
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Fig.10. The relationship between single domain grain ratio and coercivity at room temperature (a) and 453 K (b)

for powders A-D.
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