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Fig.1  Model of exchange coupling effect between hard-soft grains 
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Table 1  Magnetic parameters of soft and hard magnetic phase 

in nano-composite permanent magnetic materials

[9,13]

 

Phase 

K

h

/MJ·m

-3

 J

s

/T A

s

/pJ·m

-1

 

Nd

2

Fe

14

B 4.3 1.61 7.7 

α-Fe 0.46 2.15 25 

 

Schrefl����|
5�6
�
æ�74J�

�	�JI8�C���C���vw�ÏsJ��

ûü�I	 29

[13]

9�< 1�J���	¸¹º@i

î A

h

=7.7 pJ/m�|S¡¢!�íî K

h

=4.3 MJ/m

3

�U

VJ���	ûü�IW 4.2 nm9 

Fischer åæ����	ûü�I�ã<3��

e¸¹º@�­£����	�:¸¹º@hI L

ex

�

2a;c�;��¼.�<	�CJ�e¸¹º@h

I L

ex

.��J��ûü�Iã<3�t�\=|>

s��5��9?@ Schrefl|
5�6	:;�7C

��vw.ÛsJ���ûü�I	 2 9���C�

���vwAW 8.4 nm9 

� Han ���

[14]

�C���ñ·º@	�	cJ

����Ä�7$��º@£�%&'(ÑÒC���

	Sb���C���	vw�	W: 5.4~8.4 nm9 

CJ����É�Ê£�ù��	BÙC©¾I

¼.�D	9UWç A�0�Wj¸¹��Ï�E��

óô 3dFô	¨B�¦GHWI�:gV´¢Ç�«

¬�JKL��º@�ç AM0�Wj¸¹��Ï�E

��óô 3dFô	¨B�¦GHN 180°�:gV×¢

Ç�«¬�KW×L�º@9ç A=0�¸¹£�OzP

Q9/�RW A 	S�TÕÛ�¨B��Õ©ñ·B

ÙNÇ�«¬9T���ëé¡³¸¹º@iî¼��

	����/.01ù�J���	¸¹º@iî

A

h

=7.7 pJ/m�C���	¸¹º@iî A

s

=25 pJ/m�

A

s

/A

h

=3.247�ß�/�TU�¸¹º@£�ùC���

��§É�Ê%¢	©BÙ¾IWJ�����©B

Ù¾I	 3.2479����à/�RWCJ���ñ·

º@£�Ø��C��ëéñ·º@£�	�	¼J�

�ëé��º@�		 3.24799Vïs Han��W


	º@£����òsCJ���¸¹º@iî	.

´��
�4CJ���	º@£��	���XY9

����CJ��e¸¹º@hI+, (1)��æ

A

s

=25 pJ/m�K

h

=4.3 MJ/m

3

���/
�L

ex

=5.35 nm9

òCJ��º@3Z�/
�C���ëº@�	hI

�<ê�À L

s

=3/4L

ex

=0.76L

ex

=4.09 nm�J��ëé	

º@hI�<ê L

h

=1/4L

ex

=1.3 nm����Ò��º@

3Z�2� 2ß39 

Uncoupled 

Hard 

Soft 



� 7�                           �  ���Nd

2

Fe

14

B/α-Fe���� ��!��"#$%&'()*              �2217� 

 

 

 

 

 

 

 

 

 

 


 2  ������+,
 

Fig.2  Coupling schematic diagram of soft and hard grains 
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Fig.4  Effect of hard magnetic grain size and content on the  

effective anisotropy of materials
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Fig.6  Plane graph of stacking model of soft and hard grains 
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Fig.7  Solid diagram of stacking model of soft and hard grains 
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Determination of Size and Content of Soft Magnetic Phase Grain in Nd

2

Fe

14

B/α-Fe 

Permanent Magnetic Material 

 

Liu Kun, Wang Shuhuan, Feng Yunli, Zhao Dingguo 

(North China University of Science and Technology, Tangshan 063210, China)  

 

Abstract: Based on the experimental results and analysis of grain size and content of soft magnetic phase in Nd

2

Fe

14

B/α-Fe permanent magnetic 

material, simple models were established to give a further evidence and relatively accurate result of grain size and content of soft magnetic phase 

in two-phase nanometer composite permanent magnetic materials. The comprehensive analysis shows that the optimal soft magnetic phase size of 

Nd

2

Fe

14

B/α-Fe permanent magnetic material is ~8 nm and its content is ~40%. The data lay a foundation in theory for the requirement of grain size 

and phase content to obtain the optimal magnetic properties of two-phase nanometer composite permanent magnetic materials, such as FePt/Fe

3

O

4

 

and Sm

2

Fe

17

N

3

/α-Fe.  
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