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é Sm(CobalFe0.1Cu0.1Zr0.033)6.9 Ü7, ² 810 ◦C �§���± 0.5 ◦C/min Åìe%, 3 600 ◦C—400 ◦C §Ý
«m|», ïÄ
ØÓ|»§Ýe�^¢£�!^ÆÚ
�å§ÝXê β. uy�� 600 ◦C |»�^¢£�Ñy�
�G, `²Æ9¥A�3ü?¹S. �|»§Ý�ü$, Ü7�¿§
�åwÍO\, ^¢£������. ÏL^
Æ/muy�� 600 ◦C |»��^Æ�C^/Æ, 1:5 �¥ Cu ©Ù�éþ!, /¤�Æ9¹S�f, l
¦^¢£
�Ñy��, û½
�å�Æ9¹S uü�.¡?; ���|»§Ý�ü$, ^ÆÅì[z, Æ9 1:5 �¥�Æ9
Uü$, /¤
�r�S�¹S, ¿û½á��
�å, ü�.¡?�Æ9¹S�ùX. éØÓ§Ý|»Ü7�p§

�åïÄL², �r�Æ9¹S uü�.¡?�, 
�å�§Ý,pÅìO\, 
�åÑy§Ý�~y�; �r
�Æ9¹S u 1:5 �¥%�, 
�å�§Ý,pÅìP~. �ÿÁ§Ý�� 500 ◦C �ØÓ|»§Ý�¬�
�å
A��Ó, d��rÆ9¹Sþ3ü�.¡?.

'�c: 2:17 . SmCo p§[^N, ^¢£�, ^Æ, 
�å§ÝXê

PACS: 75.50.Ww, 75.60.−d, 75.60.Jk

1 Ú ó

2:17 . SmCo Ä[^Ü7±Ùp^¬��É
5ÚpØp§Ý¤�p§[^N�­�ûÀá�.
��DÚ 2:17 . SmCo Ä[^Ü7�S�
�å

§ÝXê β = −0.3%/◦C
(
β =

dHc

dT

)[1]

, 3§Ýp

u 300 ◦C �, 
�å:ìü$, ��
Ù3p§Ý
e¦^. C5, �XÊ�ÊU�E�uÐ, é[^N
¦^§Ý��¦®Jp� 500◦C, ùÒI�JpÙ
p§
�å. Jpp§
�å���k�å»Ò´
ü$
�å§ÝXê β, 

�å§ÝXê β qÌ
��ûu^N�
�åÅ�. �(� 2:17 . SmCo
Ä[^Ü7I²�(Ú 1150 ◦C—1190 ◦C �M?
n, �² 800 ◦C—850 ◦C �§��2± 0.5 ◦C—
1 ◦C/min e%� 400 ◦C |»½úe�¿§. ��L

§¥ò¬/¤�G(� (�N� 2:17 �, �9� 1:5
�) ÚR�u´ c ¶�¡GL Zr � [2−4], L Zr �
�Ü7¥���*ÑJøÏ�, �G(��/¤K
¦ Cu �\8¥©Ù3�9 1:5 �¥, /¤
�r
�Æ9¹S, l
¼�
�p�
�å. �cÏL
3DÚ 2:17 . SmCo Ä[^Ü7¥~� Fe ¹þ!
O\ Cu ¹þ, ¿æ^�Ó�9?nó²L§, �
�Ñ� 2:17 . SmCo p§[^N��Jp
Ùp
§
�å, Ù
�åÅ��ÊH@�´¹S.�,
�éÆ9¹S� �%kü«*:, �«*:@
�
�åÌ�d�N Sm2(Co,Fe)17 ÚL Cu ��
9 Sm(Co,Cu)5 ü�m�Æ9U�û½, ��e%
L§¥�õ� Cu ¬l�N 2:17 �*Ñ��9 1:5
�¥, l
O\
ü��Æ9U�¼�
p
�
å [5−7]. ,�«*:´ Yan � [8], Gopalan � [9] ©
OÏL X ��UþÑ�B�&�!3 ��f&�

* I[g,�ÆÄ7 (1OÒ: 51071010) Ú¥
p�Ä��ï�Ö¤]Ï��K.

† E-mail: wgjylh@yahoo.com.cn

c© 2012 ¥¥¥IIIÔÔÔnnnÆÆÆ¬¬¬ Chinese Physical Society http://wulixb.iphy.ac.cn

187503-1



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 18 (2012) 187503

*	���L§¥�^5�� Cu �©Ù�3NÌ
©)y�, ���|»§Ý�ü$, Cu 3 1:5 �¥
�©ÙFÝ��Jp, Ó�
�å���O\, Ï
dJÑ
�åÌ��ûu Cu 3 1:5 �¥�©ÙF
Ý. Ó� Xiong � [10] l9åÆ�¡y²
NÌ©
)��3. ,
, þãü«*:ÿØÚ�.

·��O
 Sm(CobalFe0.1Cu0.1Zr0.033)6.9 Ü
7² 810 ◦C �§���3 600 ◦C—400 ◦C «m
ØÓ§Ý|»¢�, æ^^¢£�ÿÁÚ^Æ*	
��{, &¢��úeL§éÜ7Æ9¹S�K�,
©Ûdd���Ü7�
�å§ÝXê�CzÚ
Ùp§
�åÅn. (½
þãü«Å�þ�3,
±9�A��3^�.

2 ¢�á�9�{

± X Ý � 99.99%� Sm, Co, Cu, Fe
Ú 99.5%� Zr � � �, æ ^ > l ¬ � E L õ 4
g¼�¤©� Sm(CobalFe0.1Cu0.1Zr0.033)6.9 �Ü
7 ¼. Ï L o » � Ú ¥ � ¼ � 4 µm � m � ®

", ò®"3ý�Ã@�¥C\���ä�, 3
ó À ^ | e ¿ ^ � �, æ ^ � · Ø Ø � ¤ . ¬
� Φ10 mm × 10 mm ��ÎN. .¬3�í�o
e² 1190 ◦C �M 5 h ��Ñ|», ��² 810◦C
�§�� 24 h, 2± 0.5 ◦C/min ©Oe%� 600 ◦C,
500 ◦C, 400 ◦C, �§ 10 h �|». ÏL���\ó
¤ Φ3 mm × 3 mm ��¬, ©OP� A �¬, B �
¬, C �¬. æ^�Ä�¬^rO (VSM) ÿÁÜ7
ØÓ§Ýe�^¢£�9^5U; ^Æ(��*	
æ^
{I Veeco úi)��^åw�º (MFM).

3 ¢�(J�?Ø

ã 1 � 3 ��¬¿§9p§ 500 ◦C �¢�ÿ
þ�^¢£�, �� 600 ◦C |»� A �¬�
�
å�$, ¿§^¢£�Ñy²w���, `²Ü7
�
�å´¹S.�, LyÑü��.¹S| H01,
H02, ddíäÆ9¥�3ü?Æ9UUþFÝ4
��. ���|»§Ý�ü$, B, C �¬�¿§

�åÅìO\, ^¢£�¥��������.

ã 1 Sm(CobalFe0.1Cu0.1Zr0.033)6.9 Ü7ØÓ��§Ý|»�¬�¿§ (¢�) 9 500 ◦C ^¢£� (J�) (a) ��� 600 ◦C
|»�¬; (b) ��� 500 ◦C |»�¬; (c) ��� 400 ◦C |»�¬

ã 2 ´²�� 600 ◦C, 500 ◦C, 400 ◦C |»�
Ü7�^Æ(�. ^Æ°Ý0u 300 � 500 nm �
m, ���u 2:17 ��N�º�� 100 nm[11], `
²�N�ÏL�9�m��p�^/¤^Æ. �
� 600 ◦C |»Ü7�^Æ(��C^/Æ, L²
d�Ü7¥�?�^5UCq´þ!�, �^5
�� Cu 3 1:5 �¥�ßÝ©ÙFÝ��, Ó� 1:5
�Ú 2:17 ��^5Ué�C. ���|»§Ý�
ü$, 500 ◦C, 400 ◦C |»Ü7�^ÆCÄ, L²Ü

7¥�Æ9Uü$, Ó�^Æ¥Ñy
�õ�N\
Æ, L²Ü7¥Ñy
^5�þ!«�, AT8(
u 1:5 �¥�3�^5�� Cu ��þ!©ÙÚL
8 [11]. Xiong � [10] l9åÆ�¡y²
DÚ 2:17
. SmCo Ü7��L§¥�3NÌ©), ��|»
§Ý�$, Cu 3 1:5 �¥�M)Ý�p, ÙßÝÌ
��p. ,��¡p§ 2:17 . SmCo Ü7�éu
DÚ 2:17 . SmCo Ü7k�p� Cu ¹þ, Ïd�
9 1:5 �¥ Cu �ßÝFÝ©Ù¬�p, �X Yan
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� [8], Gopalan � [9] ¤*ÿ, Ïd 1:5 �¥ Cu �L
8A5gNÌ©).

Craik Ú Hill[12] JÑ�p^¬��É5^5á
�¥�3^5�þ!«�=�^5����þ!
©Ù�, C��f�¡m���^�~f, ½ö^
¬��É5~ê�~f, Ñ¬��é��Æ9U³
²Ú���UþFÝ, ¿�)�r�Æ9¹S, Ï
d 1:5 �¥ Cu �Øþ!©Ùò3¥%/¤�r�
S�¹S. l^ÆÚ^¢£�©Û�(J�±wÑ,
600 ◦C |» A �¬� 1:5 �¥^5�þ!, 1:5 �
¥/¤�Æ9¹S�f, 3�^zL§¥, �9 1:5
�¥�^ÝAkÑy
�=, Ó�duÙNÈ©ê
��, ¤±^¢£�¥Ñy
�����, û½

�å�Æ9¹SA uü�.¡?. ���|»
§Ý�ü$, ^¢£�¥�����, ^Æ[z�
Ñy�õN\Æ, 1:5 �¥�Æ9Uþü$, l
3

T«�¥/¤�r�S�¹S. Ïd 2:17 . SmCo
Ü7¥A�3ü?Æ9¹S, ¹S| H01, H02 ©
O�

H01 =
1

2Ms

∆Emax

a

[12]

, (1)

H02 ∝ ∆γ =(K2:17
1 A2:17

1 )1/2

− (K1:5
1 A1:5

1 )1/2[13], (2)

Ù¥ (1) ª¥ ∆Emax �Øþ!«�ü���f
�¡m���Æ9Uþ�, a �¬�ëê; (2) ª
¥ K1 �^¬��É5~ê, A1 ���§Ý~ê.
���|»§Ý�p�, ¹S| H01 < H02, 
�
ådü�.¡?�Æ9¹Sû½. ���|»§
Ý�ü$, 1:5 �¥¬/¤�r�S�¹S H01,
� H01 À H02, l
ùX
ü�.¡?�Æ9¹
S H02.

ã 2 Sm(CobalFe0.1Cu0.1Zr0.033)6.9 Ü7²ØÓ��§Ý|»�¬�^Æ(� (a) ��� 600 ◦C |»�¬; (b) ��
� 500 ◦C |»�¬; (c) ��� 400 ◦C |»�¬

L 1 �ØÓ��§Ý|»� Sm(CobalFe0.1

Cu0.1Zr0.033)6.9 [^Ü7�¬�^5UÚ
�å
§ÝXê. ØÓ��|»§Ý�¬�
�å3ÿ
Á§Ý 500 ◦C �ªu�Ó, dd`²K�Ü7p
§
�å�Ï�Ø==´ 1:5 �¥ Cu ¹þ�õ
�, �AÚ 1:5 �¥ Cu ���©Ù���'. 
�
å§ÝXê β �|»§Ý�ü$

(
βRT−500 ◦C =

Hci,RT − Hci,500 ◦C

Hci,RT × (RT − 500)
× 100%, RT �L¿§

)
Å

ì C � K �, � |β| Å ì O \, X L 1 ¤ «; �
� 600 ◦C |»� A �¬Ñy
��
�å§
ÝXê, βRT−500 ◦C = 0.163%/◦C, �� 500 ◦C |
»�¬� βRT−500◦C �k −0.005%/◦C, 
�å�
±
�Ð�p§­½5; �� 400 ◦C |»�¬

� βRT−500◦C = −0.094%/◦C.

L 1 Sm(CobalFe0.1Cu0.1Zr0.033)6.9 Ü7ØÓ��
§Ý|»�¬^5U9
�å§ÝXê

�¬?Ò
¿§ 500 ◦C

β/(%/◦C)
Mr/T iHc/T Mr/T iHc/T

A 0.63 0.37 0.43 0.69 0.163

B 0.70 0.78 0.45 0.76 −0.005

C 0.69 1.32 0.45 0.73 −0.094

éu
�å§ÝXê, Liu � [14] ïÄ
ØÓ z

�� 2:17 . SmCo Ä[^Ü7�
�å§ÝXê,
JÑ
�å§ÝXêÌ�d�N(���û½, �
N��K
�å§ÝXê�$. �N3�§�� L
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§¥®²/¤, 3��e%L§¥�¬UCü��
¤©, 
�N(�´Ø¬u)UC� [10], Ïd
�
å§ÝXê���|»§Ý�Czw,Ø�U´
d�N��û½�, 
Ì�´dü�¤©û½�.
�� 600 ◦C |»�¬�rÆ9¹S3ü�.¡?,

�ådü�.¡?�Æ9U�û½

Hic ∝ ∆γ =(K2:17
1 A2:17

1 )1/2

− (K1:5
1 A1:5

1 )1/2[12], (3)

�ÿÁ§Ý�,p, du 1:5 �¥ Cu ¹þ�õ, Ø
p§Ý�é�$, Ù^¬��É5~ê�§Ý,p
�' 2:17 �¥� K1 Ñy�¯P~ [15], l
¦ü
�.¡?�U��§Ý,pÑy ∆γ/dT > 0, 

�åÑy�ÿÁ§Ý,p
O\�§Ý�~y�,
Xã 3 ¤«, ¼�
�
�å§ÝXê.

ã 3 Sm(CobalFe0.1Cu0.1Zr0.033)6.9 Ü7�� 600 ◦C |
»�3ØÓ§Ýe�
�å

éu�� 500 ◦C, 400 ◦C |»�Ü7, du Cu
A��±��Mu�9 1:5 �¥, 
3�N 2:17 �
¥�M)Ý%é$, 800 ◦C ��k 4%, §Ý�$M
)Ý���ü$, ¤±Ü7² 810 ◦C �§��Ú
ú�e%� 600 ◦C |»�, �Ü©� Cu ®²*Ñ

� 1:5 �¥, 3�$§Ý|»é 1:5 �¥� Cu ßÝ
©ÙFÝK���, 
éü�.¡?� Cu ©ÙK
�Ø¬�� [16], ¤±�ÿÁ§Ý�� 500 ◦C �, Ø
Ó��§Ý|»�¬�
�åªu�Ó, L²d�
�rÆ9¹SþªCuü�.¡?. dd�`²Ü
73�$§Ý|»�, 
�å3�p§ÝÿÁ��
P~A´d 1:5 �¥�Æ9UþFÝ3p§eu)
CzÚå�. äN�ÏK�U´�XÿÁ§Ý�,
p, �9¥% Cu ¹þ�p, Øp§Ý�$, Ù^5
ò¬Åì~f, ¤�^^5, ^¬��É5~ê K1

��ü$, l
¦ 1:5 �¥%«���S�¹S�
^, �rÆ9¹SÅì�	£Ä, l
¦
�å3
p§eÑyP~. �ÿÁ§Ý�� 500 ◦C �, �
� 1:5 �¥�^¬��É5~êÑ®é$, ÙS�
¹S�^�����, 
�åò¬dü�.¡?�
Æ9U�û½.

4 ( Ø

1) � � 600 ◦C | », Sm(CobalFe0.1Cu0.1

Zr0.033)6.9 [^Ü7�^¢£�Ñy²w��, ^
Æ�C^/Æ, �9 1:5 �Ú 2:17 ��^5���
�, �9 1:5 ¥/¤�Æ9¹S�f, 
�ådü�
.¡?�Æ9U�û½, Ü7¥A�3ü?Æ9¹
S; ���|»§Ý�ü$, ^ÆÅì[z, �Ñy
�õN\Æ, Æ9¥�Æ9Uü$, /¤�r�S
�¹S, 
�åd 1:5 �¥ Cu ¹þFÝ©Ùû½,
l
ùX
ü�.¡?�Æ9¹S.

2) �Ü7 1:5 �¥�Æ9¹S�f, �rÆ9
¹S uü�.¡?�, ò¬��
�å§Ý�~
y�.

3) ��|»§ÝéÜ73ÿÁ§Ý 500 ◦C �
�
�åA�vK�, 3ÿÁ§Ý�� 500 ◦C �,

�åþdü�.¡?�Æ9U�û½.
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Abstract

The hysteresis behaviors domain structures and temperature coefficients of coercivity are investigated in Sm(CobalFe0.1

Cu0.1Zr0.033)6.9, which is aged at 810 ◦C and slowly cooled with a rate of 0.5 ◦C/min, and then quenched at different tempera-

tures. It is found that the demagnetization cures show two steps clearly as the alloys are quenched at 600 ◦C, which means that there

should have two pinnings on the domain wall, and its domain structure appears more as a zigzag shape domain, which means that

there should be a small gradient of Cu distribution in the 1:5 cell boundary phase and a small domain wall pinning in the cell boundary

phase. The maximum domain wall pinning should be at the interface between the 1:5 cell boundary phase and 2:17 cell phase. As the

alloys are quenched at a lower temperature, the steps in the demagnetization cures disappear. At the same time, their domain structures

become narrower, and show more attached domains, which means that a lower domain wall energy is in the 1:5 cell boundary phase

and that the maximum domain wall pinning should be in the center of the 1:5 cell boundary phase. As the maximum domain wall

pinning is at the interface between the 1:5 cell boundary phase and 2:17 cell phase, the coercivity will show an abnormal temperature

dependence. While as the maximum domain wall pinning is in the center of the 1:5 cell boundary phase, the coercivity will decrease

with temperature increasing. As the testing temperature rises to 500 ◦C, the coercivities for all samples nearly come to the same values,

and the maximum domain wall pinnings all should come to the interface between the 1:5 cell boundary phase and 2:17 cell phase.

Keywords: 2:17 type SmCo high temperature magnets, hysteresis loop, domain structure, temperature coefficient
of coercivity
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