
� 49�    � 8�                                   ��������	                                 Vol.49, No.8 

2020�      8�                        RARE METAL MATERIALS AND ENGINEERING                      August 2020 

 

�����2019-08-08 

���	����	
��
�51674123������	
��
�E2017209237� 


��
�������1994������������ 
!"#�$��� %& 063120�E-mail: wky3@sina.com 

 

NdFe

12

��������	
�� 

 

���������  	 

(��������� %& 063120) 

 

�  ��'() NdFe

12

*+,-. EDS"/01)23456*+678945�:;-.<=>?@'() NdFe

12

AB�C4 X DEFD01)AB687GHIJKLMN Nd(FeTiNb)

12

*+OP456�23QR�;STUHV

W8 1:128! 3:298�X23QRY;STUHWZ8 2:178! 5:178I[\723QR]^_ 1:12VW87`aI

b' NdFe

12

cdef68GHg8945hijklmnop7'(qrstu7vwI 

����NdFe

12

�mnop�8x9 

�������TM273        ������A        �����1002-185X(2020)08-2754-06 

 

��������	
��
����
����


��������������� !�"#�

!H

cJ

$����%!BH

max

$$&'�()� *(+,

-.,-�/0

[1]

123��45�����	678

��9�!B

r

$�:;67<��=>"#��?@A

�BC&DEF�G�H�IJK�LM	F��NH

!OG�PQ$RST�UV��WXY� ���M

Z

[2]

1[\������(+]^_.,-�/01 

`a,-��b^�������cdefgh

C&h+ 1:5 i!SmCo

5

$�2:17 i!Sm

2

Co

17

$�2:14

i!Nd

2

Fe

14

B$�1:12 i!NdFe

12

N$

[3]

�jk SmCo

5

l Sm

2

Co

17

����T+m 2 n����jop��

�*qr 2:14 i� Nd

2

Fe

14

B stuv1��swx

,-yzY Nd

2

Fe

14

B{|����,-�}~���

j���*q<��j��8�

[4-6]

�����7�1

1989 � Coehoorn �y

[7]

�(�����<����

%<�� Nd

2

Fe

14

B/Fe

3

B �|����1 1991 �

Kneller l Hawig

[8]

�����-���|�����k

���{���|���������W �¡¢£+

¤¥¦§¨©� !exchange spring$�?���ª«

��|����,-�¬­1Skomski�y

[9]

®¯��

°±²³ Sm

2

Fe

17

N

3

/Fe

65

Co

35

´µ�|�������

¶F����%C· 1 MJ/m

3

�67¸¹�,-��1 

ºI 2012���»W�³��swx¼	½¾¿

ÀÁÂ���d��Ã�ÄÅ��ÆÇ�����4

5�Èi������� �«�ÉÊ�swx_.

OË�,-ÌÍ11:12i NdFe

12

N������67

8����23��ÎJI��¶�dÏhÐ�RFe

12

��7Ñ R

2

Fe

17

��ÒÓ�ÔÕ�Ö& NdFe

12

|}�

ÄÅ×	��23K�mØ45!Ti�N�V�Si�$

CÙ²ÄÅ�Ø4��Ú��

[10]

1I��ÛÜhÐ�

Nd(FeTi)

12

��ÚÝÞßàk a/c�á<F�?VÝâ

�}Yã�äj	å�æ67<���ÝUÑç��

äè��7éê(+ë6�"#�l�ìl�í�O

Ü����� 1NdFe

12

N i������|bî

Nd

2

Fe

14

Bi������67ï�������:;

1:12 i��67ï��ðÄÅ�lEñ�òóô� 

�

[11]

�Ö& NdFe

12

N7ê(+È�n�������1 

)õö ÷�NdFe

12

øù&'Y��ú ûüý

þ1	 ÷¯�k�Y��k�|�(����Y�

������O���	
½��T�12345�

��������¶/M�
���12345�M

�k	�¦��45��O���l�¦ Fe 45�

·���Ý��T�?��
Ñ

[12-17]

1)õö®¯2

3��� Nb ��  Fe Ý�����&·��� α-Fe

Ý��`��:; Ti�23����ÄÅ NdFe

12

|�

Ýâ�T�1®¯
�ú lú ûü� ÷øùlû

üýþ�¡!�"#
$!SEM$&' XRDYøù'

ûüýþ�|�(��hÐ�%&'()ÜY����

|�(�/M*+&' Ti�Nb45�:;23Y�,

k�|��('Ý���Ö���/MT�1 

��������

õö-�.ÜFî 99.99%�/0 Nd,1�&'



� 8�                                  ���yzNdFe

12

mndef678x9JK                              {2755{ 

.Ü+ 99.9%�/0 Fe�Nb�Ti,1cÖLdef�

�2��!�3�
�ú � ÷�£4(h+

Nd(FeTiNb)

12

�,1øù1	�.56�78R��

ú 59�äøù(h:;1ú æ� NdFe

12

øù<

=(>�F?+ 15 g��,/�q@A�uBCDE�

FG�HIæ�J�KL+ 10 mmMNOPk�OP

QRSTKL 0.6 mm1JUî3�ú ûüVþW

k�	�.56�78R��� Nd(FeTiNb)

12

ûüý

þ� ÷�W'XYKL 220 mm�Y) 35 m/s�ûü

ýþZ 2 mm�[Ü 0.016 mm��Ü? 100 mm1!�


\]^_`Wa
�ú ²��bcdøù_«�

®¯"#
ee�$!SEM$fgøù��fhi�

:;ä�"#
$jþ� EDS �klYøùOm�

�t"�&nÅj(hho�:;ä� Xp^qp!r

!s X-pert$Yøùlýþ|�(��tÅ1 

������	
�

���������	
��
�

u 1 +3�	ºvd
�ú wú ¯�k
�

pÜHxyu�	ú ¯�k�
zvF��{|!8

}�p|$�pÜv��:;
�pÜ~Ü	
F!?

3000 K/mm$1ú ¯�k�
�|�Ch+ 2�Rh�

� 7000 K&=��{|�&'�e���xpÜ=�

�p��|1�î? 2 �|�×	�äøù	ú ¯

�k³�� 2V}:�0N1	�{|�,�s���

ú ¯�k7�ú�0N�J	�p��|��,�

�s����Î	ú ¯�k�T����ä�{|

	øù���&äøùU�R����¡3�
��

���ä(h:;��	��ú ����äøù�

��h|���?��õö�����1 

Y
�ú ²��bcdøùä�
\]^_`

W_«��îfgøù�=R��1u 2 +h�q¯

3�
�ú wú 19�39�59� Nd(FeTiNb)

12

�,øù��_e�$�fhi1®¯YfC&�³

q¯ 5 9��ú æ�øùk�|�hoÓ²:;�

���F� �(h¡Ð1ä�"#
ee�$Yø

ù_¢���fhifg�²�£u 3 Ö¤��fh

i1Iu 3 kC&�³�¥�,øù¦R§QR��

���×	¨e©ç�øù¦R7F�� α-Fe �ª

Ý�J«�¬­�øùQR7<�� α-Fe ®¯0Ý

 1?�[+	ú ¯�k¥�,øù	
�T�R

�ú�0N�pÜb�13�ú ��æ�°8±}

���
���²³�\;¥�,øù�7�8��

pÜ�¥�,øùQR�pÜ	X¬­=´P'(W

�'(T�Rµ)R¶�h(�u 3bÖ¤�b��®

¯0Ý1ú æ�¥�,øùQR§¦R×	bF�

pÜ©�·¸¦RpÜb�¹ð�º»}';�ä¦

Rh(�ªÝ!u 3c$1:;�îd��(k Fe2f

b^�[\C&��<^bF� α-FeÝ��J¼Q+

Nd-Fe ��Ú1�îøù�¦R§QR�'()Ü×

	¨e�©ç�h(�£u 3a Ö¤�¨e�hx�

�1'()Ü�}:½Î¾·¸���}:�?Yæ

¿�ú ûüýþ>��*+<F1 

������������
�

�����¼)ßà9�!B

r

$�=>"#� 

 

 

 

 

 

 

 

 

 

| 1  }~<�6}~�R���| 

Fig.1  Simulation diagram of arc temperature field in arc melting 

 

 

 

 

 

 

 

 

 

 

| 2  ��}~�<� 1��3��5�7 Nd(FeTiNb)

12

*+�������U� 

Fig.2  OM images of the Nd(FeTiNb)
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Fig.3  SEM images of Nd(FeTiNb)

12

 ingot: (a) the ingot, (b) the 

bottom near the water-cooled crucible, and (c) the top 

away from the water-cooled crucible 
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Fig.4  SEM morphology (a) of the top of the ingot and EDS mapping of Nd (b), Nb (c), Ti (d), and Fe (e) 
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Fig.5  Position of EDS points analysis in the top of the ingot 
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Table 1  Element content at each point on the top 

of the ingot in Fig.5 (at%) 
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Fig.6  SEM morphology of the bottom of ingot (a) and location map of EDS spectrum selection (b) 
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Fig.7  XRD patterns of Nd(FeTiNb)
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 melt quenched ribbon 
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Phase Transformation in NdFe

12

 Permanent Magnet Materials 

 

Wang Kunyu, Feng Yunli, Liu Kun 

(North China University of Science and Technology, Tangshan 063120, China) 

 

Abstract: NdFe

12

 ingots were prepared and EDS spectra were used to analyze the phase transformation process in the ingot during cooling. 

A NdFe

12

 ribbon was prepared by melt quenching method and the composition of the phase in the ribbon was analyzed by X-ray diffraction. 

The results show that during the solidification of Nd(FeTiNb)

12

 ingots, metastable phases of 1:12 and 3:29 are likely to be formed when the 

cooling rate is high, and stable phases of 2:17 and 5:17 are easily formed when the cooling rate is low. A higher cooling rate is the key to 

obtain a 1:12 metastable phase. Controlling the phase composition and phase transformation process of NdFe

12

 compounds is of great 

significance for the preparation of rare earth permanent magnet materials. 

Key words: NdFe

12

; permanent magnet material; phase transformation 
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