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Aging treatment and kinetical analysis of
Sm,Co,; based permanent rare-earth magnets

LI Li-ya, YI Jian-hong, HUANG Bai-yun, PENG Yuan-dong

(State Key Laboratory of Powder Metallurgy, Central South University, Changsha 410083, China)

Abstract: The magnetic properties and one-step aging, two-step aging and multilevel aging treatment of
Sm(CoFeg2Cuq 12210 03)7.5 Were investigated, and the kinetic mechanism was analysed by inducing diffusion length. The
results show that the higher the first step aging temperature, the larger the diffusion coefficient Dr; and the shorter the
time necessary to achieve a certain diffusion length, which implies the shorter the time to reach the coercivity peak value.
During the continuous cooling treatments, the time necessary to achieve a certain diffusion length is related to the
temperature decreasing rate and diffusion coefficient, and the diffusion length of Cu is the main factor, respectively. The
microstructure of Sm,Co,;-based rare-earth permanent magnets consists of 2:17R main phase, 1:5 cell boundary phase
and lameller phase. When the aging temperature 7 and 7, are fixed, the time necessary to achieve a certain diffusion
length is inverse-proportional to the diffusion coefficient. Because the diffusion rate of Cu in the lameller phases is larger
than that in the grains, the diffusion coefficient of Cu can be increased with increasing the content of lameller phase, and
the diffusion time can be shortened effectively.
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Table 1  One-step aging treatment procedure of Sm(CoFe»o-

Cug.12Zr0.03)7.5

Aging temperature/C Aging time/h
Solution state 0
950 2,5,10
900 2,5,10,15
850 2,5,10, 15,20
800 2,5, 10, 15, 20, 25
750 2,5, 10, 15, 20, 25, 30
700 2,5, 10, 15, 20, 25, 30
650 2,5, 10, 15, 20, 25, 30
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Fig.1 Dependence of Hy(7, f) on temperature and time after

aging for Sm(CoFeg0Cuy.12Z10,03)7.5
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Table 2 Magnetic properties of Sm(CoFe(2Cuy 12Zr003)75

after multilevel aging treatment

Aging Aging treatment H/ (BH) may /
stage regime (kA-m™) (kJ'm™
1 800 C,15h 350.2 60.8
2 14700 'C, 10 h 580.2 101.6
3 24600 C,10h 859.7 139.2
4 34500 C,10h 1433.8 164.8
5 4+400 C,10h 1631.8 188.6
6 5+300 C,10h 1 630.9 187.2
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Table 3 Design of two-step aging process of Sm(CoFeg,o-

Cug.12Z10,03)7.5

Aging treatment regime (k:{;i%) ((iJHI)I?;)/
800 C,20h 398.0 81.6
800 C, 20 h+700 C, 10 h 591.2 105.6
800 ‘C, 20 h+600 'C, 10 h 860.7 141.2
800 C, 20 h+500 C, 10 h 1439.6 168.7
800 ‘C, 20 h+400 ‘C, 10 h 1711.4 190.8
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Fig.2 TEM images of typical cellular (a) and lamellar structure (b) of Sm(CoFe, 14Cuq09Zr003)75: (a) Perpendicular to c-axis; (b)

Parallel to c-axis
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