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Microstructure and coercivity mechanism of
Sm,Coy; type high temperature rare-earth permanent magnets

LI Li-ya, YI Jian-hong, GE Yi-cheng, PENG Yuan-dong

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

Abstract: High temperature Sm,Co,;-based permanent magnets used at 500 ‘C were attained and the cellular structure,
domain structure and crystalline phase were investigated by transmission electron microscopy (TEM), scaning electron
microscopy (SEM), magnetic force microscopy (MFM) and in-sute X-ray diffractometry. Sm(CoFe 1;Cuq 10Zr0.03)7.5
shows better high temperature properties at 500 C with B=0.708 T, H.;=646.7 kA/m, BH,,=85.4 kJ/m’. 1t is discovered
that the domain spacing is much smaller than the grain size and larger than the cellular structure. The magnet used at
higher temperature shows smaller domain spacing and cell size. When the temperature is lower than 300 C, the
microstructure of the magnet consists of 2:17R phase, 1:5 phase and lamella phase, and the the 1:5 phase acts as a barrier
for domain wall displacements. In the intermediate temperature range (300°C <t<\t,'*®), a part of 1:5 phase transform to
2:7 phase, and the coercivity mechanism changes to pinning at the 1:5 phase and nucleation at the 2:7 phase. With
increasing the temperature higher than the Curie temperature of the 1:5 cell walls a nucleation mechanism at the 1:5
non-magnetic phase and 2:7 phase may be dominant.
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Table 1 Magnetic properties of Sm(CoFeg 14Cug09Z10.03)7.5
measured at 20500 C

Temperature/ B/ H/ BH., ../ pl
C T kAm")  Km? (%Th
20 0.986  1316.8 184.0 -
100 0.948 11296 164.0 -0.17
200 0.905 972.0 147.2 -0.14
300 0.857 7872 129.6 -0.14
400 0.804  546.4 110.4 -0.15
500 0.707  349.6 80.0 -0.15
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Table 2 Magnetic properties of Sm(CoFeg;Cug19Z10.03)7.5
measured at 20—-500 C

Temperature/ B/ H/ BH,,,/ pl
C T kAm"Y  KIm?  (%THhH
20 0.982 2 400.0 200.3 -
100 0.946 22433 181.9 —0.134
200 0.900 1811.6 160.4 -0.136
300 0.836 1395.0 134.9 -0.149
400 0.783 1092.5 108.5 -0.143
500 0.708 646.7 85.4 —0.152
1.2
1.0
0.8

20C
5 0.6
100 °C
0.4
0.2
0 560 1120 1680 2240
H/(kA-m™)

1 20~500 OC HTJ‘ Sm(COFeoAl1Cu0_102r0A03)7A5 E"Jj&m Eﬁaéf
Fig.1 Demagnetization curves of Sm(CoFeg;Cug10Zr03)7.5
measured at 20—-500 C

R K L) MEM B0l e, G473 2 h Ak
Bl e fh, FIEVEEEY 40 pm X 40 pm. BRI IR
ZNHE IR 7 o) T BT AR () L, R O X R s
J5 ) JE LT AR R A e AT, AR A AR
TAWEE by, WHEETE LT ¢ Hlle WAARIE S5 A4 1R 58 K/
AEYE) . Sm(CoFe,14Cuo.00Z10,03)7.5 W5 B 294 2~5 pm,
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FA S/ (R s 95

Kl 3 Fion A BEAR Sm(CoFeq14Cug0oZros)rs A
Sm(CoFeg 11Cug 10Zr0.03)7.5 ] SEM W A0E3H o HH B W] AL,
Sm(CoFeg 14Cug00Zr0.03)7.5 I AR 29 24 20~50 pum,
Sm(CoFe11Cug10Zro,03)7.5 AR/ NN E), 3
BT HAI2) 8 40~50 pme

Kl 4 Fros MR KDIR Gk TEM BR0ES. &l
AL, AN E B MR S5 R R B, B 2:17R A
JfLBEN 1:5 A . Sm(CoFeq 14Cug 00Zr0.03)7.5 AR T2
47 100~200 nm, Sm(CoFey 11Cuq.10Zr0.03)7.5 FA E N4
ANHRALR, AR 22 50~60 nm.

Bl 2 SmyCoy; BUREARIN 40 pmx40 pm MFM R Bl
Fig.2 40 um X 40 pm MFM images of typical domain structure
of Sm,Co;; type magnets: (a) Sm(CoFeq14CuggoZ1003)7.5;
(b) Sm(CoFey,11Cuq.10Z10.03)7.5

3 SmyCoyy ZUFR KA AL R
Fig.3  Grain sizes of Sm,Co;; type magnets: (a) Sm-
(CoFeg.14Cu,09Zrg,03)7.5; (b) Sm(CoFeq1;Cuy,10Zr0.03)7.5
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Fig.4 Cellular sizes of SmyCo;; type magnets: (a) Sm(Co-

Feg.14Cu0,00Z10,03)7.5; (b) Sm(CopaFeg.11Cug.10Zr003)75 (Obser-

vation surface parallel to ¢ axis)
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Fig.3 Grain size, cell size of 2:17R phase and domain size

Grain size/ 2:17R cell Domain size/
Magnet .
pum size/nm pum
A 20-60 100—200 2-5
B 40-50 50-60 0.5-1.5

A: Sm(CoFeg,14Cu0,09Z10,03)7.5
B: Sm(CoFey 11Cuq,10Zr0.03)7.5
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Fig.5 XRD patterns of Sm(CoFe ;Cuy 1¢Zrg03)7.5 measured
at 20-700 C
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Table 4 Crystalline parameters of 2:17R main phase at
20400 C

Temperature/'C a/nm ¢/nm V/nm®
20 0.848 5 1.2297 0.766 8
100 0.844 8 1.2511 0.773 3
200 0.843 4 1.263 2 0.778 3
300 0.849 7 1.2393 0.774 9
400 0.858 8 1.208 7 0.772 1
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