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Microstructure of Sm;Co;7 magnets and its influence on coercivity®
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Abstl’act: Sm( CohalFe()_ 197CU()_ 049Z1‘()_ ()26) 7.5 magnet With H o Of 2105 kA/ m and BIS'ZOO U'e) Of = 0 17%/ DC was rnade by
sintering processing. The magnet has uniform celluler structure. The cell interior is a rhombohedar]l 2 17 phase, and the

boundary is a hexagonal 1: 5 phase. The average cell size is 93 nm and the cell boundary thickness is 20 nm. T he cells are

enriched in Fe, and the cell boundaries are enriched in Cu. More Curriched 1. 5 cell boundary phase would be helpful to

obtain a higher coercivity and lower temperature coefficient. White secondary phase mainly consisting of Sm can decrease

the coercivity of the magnets, but the closely paralleled grooves can increase coercivity.
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1 INTRODUCTION

Permanent magnets capable of operating at high
temperatures( 2400 C) are required for advanced
power systems ', Since they combine the highest
Curie temperature and crystalline anisotropy, perma-
nent magnet materials based on Sm>Co17 compound
are the best candidates among all known materials for
the required high temperature applications' 2.

The microstructures of Sm;Co;7 magnets consist
of two phase cellular morphology where the 217
phase forms the cell interiors and the 1: 5 phase the
cell boundaries!®®'. Tt was reported that precipita
tions inside the 2! 17 main phase cells pin the domain
wall movement and thus enhance the coercivity'® . It
was also reported that the 1. 5 cell boundaries impede
domain wall movement which has a similar effect to
that of homogeneous wall pinning!”*. The low H
magnets generally exhibit smaller cell structure and
the high H . magnets exhibit larger cell structure' .
However, it has not been understood very well in the
studies that the effect of the secondary phase, phase
boundary and other crystal defections on coercivi
tyl 10
erties of Sm>Co17 magnets and argued the factors that
influence the coercivity through TEM, SEM and oth-

er analysis methods.

. In this paper, we have investigated the prop-

2 EXPERIMENTAL

Samples with nominal composition Sm ( Cop.r
Fe,Cu,Zr.)7 5 with x= 0.19770.282, y= 0.049 ~
0.074 and z= 0. 024 ~ 0. 026 were prepared by arc

melting. Alloy ingots were ball milled and then com-

pacted in a magnetic field. The green compacts were
vaccum sintered at 1 180 to 1 210 C for about 60 ~
120 min and solution treated for 70 = 120 min at 1
160 =1 190 C. The further precipitation hardened at
800 ~ 860 C for 9~ 20 h and slowly cooled to 350 ~
400 C at a cooling rate of 0.5~ 1.5 C/min. Mag-
netic properties were measured using a vibrating sam-
ple magnetometer with a maximum applied field of
2 387 kA/m. Microstructure analysis was carried out
using transmission electron microscope( TEM) with
high resolution energy-dispersive X-ray spectrometer
(EDX), scanning electron microscopy(SEM), X-ray
diffractometer( XRD) , respectively.

3 RESULTS AND DISCUSSION

Table 1 shows the intrinsic coercivity at room
temperature and 200 ‘C and the temperature coeffi
cent of the magnets. It can be seen that samples A, B
and C, which have higher Cu and Zr contents but
lower Fe content, have much higher intrinsic coerciv-
ity and lower temperature coefficient. Coercivity and
temperature coefficient are decreased with increasing
Fe content. But as Cu content increases, the intrinsic
coercivity is also lightly increased. According to Tang
et all''" the addition of Zr leads to a fine uniform
cellular microstructure and thus improves coercivity.
The addition of Fe leads to the disappearance of the
cellular microstructure and deterioration of coercivi-
ty!"?. Increasing Cu content leads to a higher domain
wall energy gradient along the cell boundaries and
thus to a higher coercivity! "'

Sm;Co17 type magnet is domain wall pinning
type magnet. At the heat demaganitization state, do-
main wall is pined by pinning dots. The pinning cen-
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ter could be second phase, phase boundary and other
crystal defects, such as crystal boundary, vacancy. It
is well established that the coercivity of Sm,Co;7 mag-
nets is due to a pinning at the Currich 1: 5 cell bound-
aries. The cell size, cell form and the thickness of cell
boundary control the coercivity of Sm»Coi7 magnets.
Fig. 1 shows the TEM image and electron diffraction
patterns of sample A, respectively. We can draw that
sample A has a uniform cellular microstructure. The
average cell size is 93 nm and cell boundary thickness
is 20 nm. From the electron diffraction pattern, we
can draw that the cellular structure consists of 20 17H
phase, 20 17R phase and 1. 5 phase. The cell interior
is a thombohedarl 2. 17 phase, and the boundary is a
hexagonal 1: 5 phase. The 2! 17R phase is absolutely
separated by the 1 5 phase. Fig. 2 shows the EDX
profiles of the elements Cu and Fe within the 1: 5 cell
wall and the 2: 17R cell, respectively. From the

analysis of the element, the cells are enriched in Fe,
and the cell boundaries are enriched in Cu. With
more Cu substituted in, the 1: 5 cell boundary phase
becomes close to nonmagnetic, resulting in complete
magnetic isolation of the 2! 17R cells and thus in a
high room temperature coercivity[ 4
Fig. 3 shows the X-ray patterns of samples A,
B, C, D and E. Similar to the results of electron
diffraction pattern, a mainly rhombohedral 2: 17
phase and a hexagonal 1 5 phase are found in those
alloys, but the diffraction intensity of 2. 17R phase
and 1: 5 phase are different from these samples. We
can see that, samples A and B have the highest
diffraction intensity of 1. 5 phase, and the diffraction
intensity of 105  phase of sample E is  the
lowest. The CaCustype  Currich 105 cell
boundary phase is responsible for the high

intrinsic ~ coercivity by  pinning the domain

Table 1 Intrinsic coercivity and temperature coefficient B
H il (kA*m™ )
Sample Composition Bigma00 ¢/ (%* C™ 1)

20 C 200 C

A Sm( CopaFep. 197Cuo. 124710, 026) 7. 5 2 105 1472 -0.17

B Sm( CopaFeo. 197Cu0. 074Zr0. 026) 7. 5 2 160 1432 -0.19

C Sm( Copaleo. 197Cu0. 049710, 026) 7.5 2 088 1 352 -0.20

D Sm( CopaFeo. 197Cu0. 049Zr0. 024) 7. 5 1928 1128 -0.23

E Sm( CopalFeo. 230 Cuo. 049Zr0. 024) 7. 5 1 808 984 -0.25

F Sm( CopalFeo. 282 Cuig. 049Zr0. 024) 7. 5 1672 832 - 0.27

Fig.1 TEM micrograph and electron diffraction patterns of magnet Sm( ConaFeo. 197Cuo. 124710, 026) 7. 5
(a) —TEM photograph; (b) —Electron diffraction pattern of 2: 17H phase;
(¢) —Electron diffraction pattern of 2: 17R phase; (d) —Electron diffraction pattern of 22 17R and 1. 5 phase
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walls. More 1. 5 phase would be helpful to obtain a
higher coercivity. So the coercivities of samples A and
B are much higher than that of sample E.

Fig. 4 shows the SEM microstructures of the al-
loys. It can be drawn that, besides matrix, there are
white phase, small holes and grooves in the magnets.
The EDX analysis of white phase shows that it con-
tains Sm 94.98%, Co 4.02%, Fe 0.90% and Zr 0.
20% . We can find that the white phase is mainly
consisted of Sm. Sm precipitated from the matrix be-
cause of the high sintering temperature, which makes
Sm volatilized from the matrix! ™. The decrease of
Sm content in the magnetic phase will reduce the
square of demagnetization curve and affect the maxi
mum energy and coercivity. At the  other
hand, we «can find that there are
closely paralleled grooves

many in the crystals.

Mole fraction%

=20 =10 0 10 20
ofnm

Fig.2 EDX profiles of elements Cu and Fe
within 10 5 cell wall and 2! 17 cell of magnet
Sm( CopaFeo. 197Cu0. 124Z10.026) 7.5

But the orientation of paralleled grooves is different
from crystals. And the same result is found when ob-
served at the single polarized light and colour polar
ized light through metallurgy micrograph. There are
much more paralleled grooves in the crystals of the
magnets having high coercivity, such as magnets A
and B, but we hardly can find any grooves in magnet
E. Those grooves could be looked as crystal defects.
When domain wall moves to grooves, they would be
pinned. More domain wall pinning sites would be
helpful to obtain a higher coercivity.

Sample A » — 2:17 phase
. « — |5 phase

Sample C

Sample D

Sample E

20 40 60 80
20/(7)

Fig. 3 X-ray diffraction patterns of samples
A, B, C, Dand E

Fig. 4 SEM images of full treated magnets
(a) —Sample A; (b) —Sample B; (c¢) —Sample C; (d) —Sample E
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4 CONCLUSIONS

1) Sm ( Copa Feo. 197 Cuo. 049 Z10.026) 7.5 magnet
with Hci of 2 105 kA/m and 618-200 cof —0.17%/
‘C has uniform celluler structure. The cell interior is
a thombohedarl 2. 17 phase, and the boundary is a
hexagonal 1. 5 phase. The average cell size is 93 nm
and cell boundary thickness is 20 nm. The cells are
enriched in Fe, and the cell boundaries are enriched
in Cu. More 1: 5 cell boundary phase would be help-
ful to obtain a higher coercivity and lower tempera
ture coefficient.

2) White secondary phase mainly consisting of
Sm decrease the coercivity of the magnets, but the
closely paralleled grooves could increase the coercivi-

ty.
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