
� 48�    � 11�                                       ��������	                                       Vol.48, No.11 

2019�      11�                            RARE METAL MATERIALS AND ENGINEERING                        November 2019 

 

�����2018-11-15 

���	����	
�� (51564037�51661011)������������ (GJJ180472) 


���������1988������� ���!"#���� $% 341000�&'(0797-8312705�E-mail: jqz666@126.com 

 

Ce

17

Fe

78-x

B

6

M

x

(M=Cu, Al, Ga; x=0~1.0)���� 

���� 

 

��������Sajjad Ur Rehman��  	�
����� 

(��!"#� ���)*+,-./0123456��� $% 341000) 

�

��

�

�77���89:;<=>�?@AB93CD CuEAl F Ga GHI Ce

17

Fe

78

B

6

J+,KLMNOPQRS�TU

B93CDLHV�WXBAJL+YZ[�\]^_`abc[LdeOfg�Cu F Ga CDGHhiYjkl

mno�p Ga GHI Ce

17

Fe

78

B

6

J]^_Ldeqr`sOCe

17

Fe

78

B

6

Jtuvwxyz{�| Ga GH}r

0.75%(~�n�)��J�`�i�L�J+,K�tuvw���JO�} GaCDGHS��ZA Ce-Fe-B�J

j��c���J�����AJ�Wtu+���`sXBA Ce-Fe-B�J���,��+�gLK}��O 

����CeFeBJ�+,K����J���tuvw 

��	
���TM273        �����A       ����1002-185X(2019)11-3686-07 

�

��

�

������ 1983��	
�

[1]

������

���������������	� !"#$%&

'()�*+�,-./%�012/3456/$

78�9�:,/6;&'<

[2-6]

��=�>?@!"

#AB()�CDEFG��7HI#%&'E%J

K�LM�=����8������N���OP

�0� Nd

2

Fe

14

BQRS�TQRSU#V�$��W

XY��Z�[V�\�]^�_�	`a)�bc

OPd Nd/Prefghij�dklm 30% (nk]

o) pq

[7]

�� Nd/Prghijrstu�vw)

�x(yz#{\�z|} �~��
 Ce �O�

$��ghij\k������c������]

�����	\k��}

[8-10]

�yzgh�0���

������ 

����CeFeB �8��������#�\�

����

[11-19]

�6  Ce ¡¢ Pr/Nd��£l
¤¥

u�ghij Pr/Nd �¦�k�§$8�����

r¨©[���ªgh�¦���7«¬ª�gh�

0�����®¯�°~ CeFeBR±�²³���

{´�µ¶·¸�b����¹ Zhu <

[20]

�	º

(Nd

1-x

Ce

x

)

30

(Fe,TM)

bal

B

1

R±cCe�¡¢k� 30% (n

k]o)?�»¼�b�½\���¾� 342.28 kJ/m

3

�

V�{\�¿ÀÁ�rÂ� 

Herbst <

[21]

ÃB��#�>z]Äi Ce-Fe-B R

±������	 Ce

17

Fe

78

B

6

R±V�½��ÅR�

���x(cJÆÇÈÉÊËkij�ÌÍÄi��

������ÎÏÐÑ�$¸�Ëkijl]�$Ð

ÑijÒ¸ÐÑij�$ÐÑijÉÓ� Nb

[22,23]

/

Zr

[24-26]

 /Hf

[27,28]

<�ÔfijÆ�WÕcÖz×ØS�

lÙ�ÚÛcÜ�V�ÝQOÞWß�Ù��à�Ì

Í�b�²³áâ �ã 2 äå¸ÐÑij�


Cu

[29-31]

/Ga

[32,33]

/Al<�¢æ�¸ÐÑijÉÓÙ�

WÕÌ�ij�lçèWÕéghÞ�êë�Òìí

� � à � � Q � b � Ë î ¼ ï � Ga Ç È ¦

HDDR-NdFeB �ðWÕÞc� Nd dk§$�� Fe

Ò Co ij�dk¤¥�ÌÍ#Wñò�óRÙ��

çè#�b�áâ 

[34]

�CuÇÈôçè»¼ õcW

ÕÞ�ö"��¦�WÕÞ÷Èø�]ù�OÞW

ßúû�ÌÍ�b�Ëî¼ïÒçè�b�áâ    

 

[35]

�AlÇÈ¦WÕü�÷Èìí��7§$#�b

�áâ Òáâ ý�Ão

[36]

� 

� Ce-Fe-BR±E Nd-Fe-BR±�Þþ�`�/

Ëî¼ï/���<����{\´�������Ù

�����# Nb

[37]

/Hf

[38]

/Zr

[39]

ÇÈvd Ce gh8

������ÒËî¼ï�����	�� CeFeB �

R±cÇÈ$ÐÑij���{
���P�¸ÐÑi

jÇÈv Ce-Fe-B R±�N�����I`���

Ô�|����ÐbL�&'��#¸ÐÑij�Cu/

AlÒ Ga�ÇÈv Ce

17

Fe

78-x

B

6

M

x 

(x=0,0.5,1.0) R±Þ�

z/���/Wñ�Þ�Ù�ÒËî¼ï���� 



� 11�                                 �����Ce

17

Fe

78-x

B

6

M

x

(M=Cu, Al, Ga; x=0~1.0)�	
����                      �3687�  

 

1  �  � 

|��ÎÏ��z] Ce

17

Fe

78-x

B

6

M

x

 (M=Cu, Al, 

Ga; x=0, 0.5, 1.0) I`����������6 :

�Ð���R± ��#!"#$R± z]�ø

��#$ %¥Ð� 5&���ÐbL�&'�� 15~27 

m/s'(CM�)¡�>z]�R±*+�� Cu�,

X -./-0]þR±*+�SÞ�z�6 ÅRS

�1kÃBæ234����ÒWñ�Þ�Ù���

�5-:6î7#R±Ëî¼ï�8B9]þ#R±

Wß:;]ù� 

2  ����� 

2.1   ���� 

< 1 å 3 f¸ÐÑijÇÈ= Ce-Fe-B �L�*

+� XRD <>�à<cl
?��@�34��2

AB�0� Ce

2

Fe

14

BN�ÞÒ CeFe

2

Þ�8CD1�

��Þ�z�� CeFe

2

Þ�EFý�� 235 K�G

ý��H���I]���J�����K¤LR±

cN�OÞdk�v���å������ÐÑ�

1198 K�¸��	a)�b�»¼ý��Ô�@�

��J� CeFe

2

Þ���l§$�bWÕ�êë��

���ìí�MWÕÞ�Öz

[40]

� 

v XRD <>NOl
9P���>z]R±c

2:14:1 OÞ�WsÆoÒWß:;�v�Äi

Ce

17

Fe

78

B

6

R±�2:14:1OÞWsÆo a=b=0.877 nm�

c=1.215 nm�QERS[41]cT4� Ce

2

Fe

14

BQRS�

WsÆoÉU�ºCu/AlÒGaij�ÇÈk� 0.5%(V

^]o)?�OÞWsÆoWXYüQ�1.0%� Cu i

jÇÈvOÞWsÆo¾WXY���Ce

17

Fe

77

B

6

Al

1.0

R±cOÞWsÆo a=b=0.881 nm�c=1.220 nm©v�

Ce

17

Fe

77

B

6

Ga

1.0

R±�OÞWsÆoZ� a=b=0.881 

nm�c=1.219 nm�Ô�º Al/Gaij�ÇÈkçÈ

% 1.0% (V^]o)?�2:14:1OÞWsÆo[�çÈ�

�>z]R±cOÞ��Wß:;\�æ 1 c� 

Ce

17

Fe

78

B

6

R±c 2:14:1OÞ�Wß:;� 40 nm�

Cu Ò Al ij�ÇÈvOÞWß:;WXY����

GaijÇÈR±cOÞ�Wß:;�@¤L� 

2.2  ��� 

3 f¸ÐÑijÇÈ= Ce-Fe-B �L�*+�Æ

ý]�^.*< 2 @_�l
?��#$34V�

{`��Ö��a	bÉ����2�R±����

ocdæ 1� 

àæcl
?��ÇÈe��ij Cu/Al/Ga

=�R±�fÒ�Qè�Ògh�Qè�·¸�ÇÈ

0.5%(V^]o)� Cu/AlÒ Gaij=�R±�fÒ

�Qè�à 0.82 T]i�·� 0.68/0.77/0.73 T�Ç

È 0.5%� Cu/Gaij=�R±�gh�Qè�ªË

�·��ÇÈ 0.5%Al �R±gh�Qè���XY

Ìü�R±�²³áâ jk¸ÐÑij�ÇÈa	

lF�mn�oX¸ÐÑijlÌÍR±�Ëî¼ï�

ÔZ�R±�g�¨ J

r

/J

s

\� 0.5�æ	�XY�

g�çè7Á� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 1  Ce-Fe-B��	�� XRD�� 

Fig.1  XRD patterns of as-spun Ce-Fe-B based ribbons 
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Table 1  Magnetic properties of as-spun Ce-Fe-B based ribbons at room temperature and average grain size of main phase 
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� 2  Ce-Fe-B��	��� !"# 

Fig.2  Demagnetization curves of as-spun Ce-Fe-B based ribbons 

at room temperature 
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� 3  Ce-Fe-B��	��$%"# 

Fig.3  Susceptibility curves of as-spun Ce-Fe-B based ribbons 
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Fig.4  M-T plots of as-spun Ce-Fe-B based ribbons 
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� 5  �	��'()* 

Fig.5  TEM images of as-spun Ce-Fe-B (a) and Ce-Fe-B-Ga 

ribbons (b) 
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Fig.6  Grain size of as-spun Ce-Fe-B (a) and  Ce-Fe-B-Ga 

ribbons (b) 
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� 7  �	�� Henkel"# 

Fig.7  Henkel plots of as-spun Ce-Fe-B and Ce-Fe-B-Ga ribbons 
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� 8  �	��12"#3�	��12"#45 

Fig.8  Recoil loop of as-spun Ce-Fe-B ribbon (a, b); recoil loop of as-spun Ce-Fe-B-Ga ribbon (c, d); recoil loop area of Ce-Fe-B and 

Ce-Fe-B-Ga ribbon (e) 
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Jiang Qingzheng, He Lunke, Sajjad Ur Rehman, Song Jie, Ouyang Han, Zhong Zhenchen 

(Jiangxi Key Laboratory for Rare Earth Magnetic Materials and Devices, Jiangxi University of Science and Technology,  

Ganzhou 341000, China) 

  

Abstract: The effects of low melting point elements Cu, Al and Ga on the magnetic properties of Ce

17

Fe

78

B

6

 alloys prepared by melt 

spinning technique were studied. The results show that the addition of these elements decreases the saturation magnetization, while the 

coercivity increases to a certain extent. Among the additive elements, the additions of Cu and Ga optimize grain size distribution, Ga 

addition is the most effective way to improve the coercivity of Ce

17

Fe

78

B

6

 alloy. The recoil loop of Ce

17

Fe

78

B

6

 alloy is slightly open. The 

best overall magnetic properties are obtained for Ce

17

Fe

77.25

B

6

Ga

0.75

 alloy. Compared with that of Ce-Fe-B alloy, the exchange coupling 

interaction between the grains of Ce-Fe-B-Ga alloy is enhanced. The recoil loops closes completely and the average recovery permeability 

decreases, which effectively enhance the resistance of Ce-Fe-B based alloys to external magnetic field interference. 

Key words: Ce-Fe-B alloy; magnetic properties; exchange coupling; recoil loop 
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