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² 1  NdFeB?@A TEM�HRTEM²³ 

Fig.1  TEM (a) and HRTEM (b) images of NdFeB intermediate 
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² 2  NdFeB?@AP TEM ³f EDS�� 

Fig.2  TEM image (a) and EDS analysis of zone b (b) and zone c (c) in Fig.1a for NdFeB intermediate 

 

 

 

 

 

 

 

 

 

 

 

 

² 3  NdFeB?@AP XRD²^ 

Fig.3  XRD pattern of NdFeB intermediate 

 

 

 

 

 

 

 

 

 

 

 

 

² 4  �EFGHI6!P XRD²^ 

Fig.4  XRD patterns of the first-step reduction annealing process 
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Fig.5  DSC curve of second-step reduction annealing process 
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Fig.6  XRD patterns of the second-step reduction annealing  

process 
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2

Fe

14

B magnetic powder 

 

�x�7�� VSM :k@hyz{�Z[F-�`]

� hi|}Q~ h�#���/�U 246.76 kA/m�

�\��/�� ���I�Q)�%���hiH

�%�]���A������������:��

�AO�������A�����n V�����

 ¡O¢S=£'�%�IJ�%T�\h�#¤¥

7¦�§¨©� 7b Aª«;vwA¬�Q­®¯ 

¡� ¡°±²}³´µ¶�+´°±��·�¸®

¹h º»°±�IJhiA®� ¡ ®¹h�O

¢�\��/¦¼� 

-13000 0 13000

-8

-4

0

4

8

-450 0 -3000 -150 0 0 1500 3 000 4500

-4

-2

0

2

4

 

 

 

 

M
o
m
e
n
t
/
M
a
s
s
/
A
·
m

2

·
k
g

-
1

 

 

 Applied Field/�79.6 A·m

-1

d=0.30 nm 

(221) 

d=0.254 nm 

(312) 

10 nm 

b 

a 

100 nm 

20 30 40 50 60 70 80

 

⊗

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

⊗

⊗

⊗

⊗

⊗

⊗

⊗

∇

∇

∇

2θ/(°) 

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

•

•

•

 

�

��

�

�

I
n
t
e
n
s
i
t
y
/
a
.
u
.

•

•

• •

•

•

•

•

•

•

•

•

•

•

•

• •

•

•

•

•

•

••

••

•

•

•

•

•

•

•

•

•

•

�

•

678 °C 

950 °C 

 501 °C 

 

895 °C 

� NdFeO

3

 ∇ Nd

2

O

3

  ⊗ α-Fe  

� NdH

2

  � CaO   � Nd

2

Fe

 

B 



� 5�                                     ������	
�� Nd

2

Fe

14

B
�������                       �1647� 

3  �  � 

Nd

2

Fe

14

B��������	
(1) ��
���

�������������� NdFeB ������

� !"#� Fe

3

O

4

$%#� Nd&B '()*+,-

��./�0(2) 
� 800 ��12345678

NdFeO

3

&B

2

O

3

&Nd

2

O

3

&α-Fe9:��;<0(3) =7

Nd

2

Fe

14

B9�>23456��� 3?@A
��B

2

O

3

B 501 �	C34�B0DE 678 �F�Nd

2

O

3

$NdFeO

3

C34G-� α-Fe$ NdH

2

9�HIJK8 895 �F�B&

NdH

2

$ α-Fe�L�-� Nd

2

Fe

14

B��M 

 

����    References  

[1] Liao Hengcheng(�� � ), Ma Liqun(� �� ), Yuan 

Haoyang(���). Rare Metal Materials and Engineering(�

 !"#$%&�)[J], 1999, 28(2): 65 

[2] Coey J M D. Journal of Magnetism and Magnetic Materials[J], 

2001, 226(1): 2107 

[3] Takehisa M. Resource Geology[J], 2008, 58(4): 414 

[4] Song Xiaoping('()), Wang Xiaotian(*+,). Rare Metal 

Materials and Engineering(� !"#$%&�)[J], 1994, 

23(3): 1 

[5] Yue Ming(- .), Liu Xubo(/01), Xiao Yaofu(234) et 

al. Rare Metal Materials and Engineering(� !"#$%&

�)[J], 2003, 32(7): 490 

[6] Huang Zhaohua(56�), Li Qiang(7 8), Zhang Shiyan(9

:;) et al. Rare Metal Materials and Engineering(� !"

#$%&�)[J], 2009, 38(2): 247 

[7] Yu Lianqing(<=>), Yan Mi(? @). Rare Metal Materials 

and Engineering(� !"#$%&�)[J], 2008, 37(9): 1681 

[8] Une Y, Sagawa M. Japan Inst Metals[J], 2012, 76(1): 12 

[9] Swaminathan V, Deheri P K, Bhame S D et al. Chemistry of 

Materials [J], 2010, 22(24): 6509 

[10] Deheri P K, Shukla S, Ramanujan R V. Journal of Solid State 

Chemistry[J], 2012, 186(2): 224 

[11] Bhame S D, Swaminathan V, Deheri P K et al. Advanced 

Science Letters[J], 2010, 3(2): 174 

[12] Rahimi H, Ghasemi A, Mozaffarinia R. Journal of Super 

conduct-ivity and Novel Magnetism[J], 2016, 29(8): 2041 

[13] Rahimi H, Ghasemi A, Mozaffarinia R et al. Journal of 

Magnetism and Magnetic Materials[J], 2017, 444(15): 111 

[14] Jadhav A P, Hussain A, Lee J H et al. New Journal of 

Chemistry[J], 2012, 36(11): 2405 

[15] Hussain A, Jadhav A P, Baek Y K et al. Journal of 

Nanoscience and Nanotechnology[J], 2013, 13(11): 7717 

[16] Ma H X, Kim C W, Kim D S et al. Nanoscale[J], 2015, 7(17): 

8016 

[17] Haik Y, Chatterjee J, Chen C J. Journal of Nanoparticle 

Research[J], 2005, 7(6): 675 

[18] Zhang Q, Jiang Z, Yan B. Inorganic Chemistry Frontiers[J], 

2014, 1(5): 384 

[19] Dong X L, Kim B K, Choi C J et al. Journal of Materials 

Research[J], 2001, 16(4): 1083 

[20] Boulanger J L, Autissier D. Journal de Physique IV[J], 1993, 

03(C7): 1305 

 

Preparation and Reaction Process of Nd

2

Fe

14

B Magnetic Powder Synthesized by 

Chemical Method  

 

You Junhua

1

, Zhao Dong

2,3

, Guo Yaozu

1

, Wu Chun

2,4

, Pei Wenli

2,3 

(1. Shenyang University of Technology, Shenyang 110870, China) 

(2. Northeastern University, Shenyang 110819, China) 

(3. Key Laboratory for Anisotropy and Texture of Materials, Ministry of Education, Shenyang 110819, China) 

(4. Key Laboratory of Ministry of Education for Electromagnetic Processing of Materials, Shenyang 110819, China) 

 

Abstract: NdFeB intermediates were prepared by a chemical method and then NdFeB magnetic powder with a main phase of Nd

2

Fe

14

B 

was obtained by two-step reduction annealing. Phase, microstructure, phase transformation at different temperatures and magnetic 

properties of the samples were analyzed by XRD, TEM, DSC, VSM and so on. The formation mechanism of Nd

2

Fe

14

B magnetic powder 

was discussed. The results show that the nano-sized NdFeB intermediates with good dispersion, which are composed of spherical Fe

3

O

4 

particle and flocculent organic ligands of Nd and B elements, can be synthesized by the chemical method. In order to obtain NdFeB 

magnetic powder, the intermediate should be subjected to two-step reduction annealing. In the first-step reduction annealing process at 800 °C, 

the NdFeB intermediates are converted into NdFeO

3

, B

2

O

3

, Nd

2

O

3

 and α-Fe phases. The second-step annealing is performed with the aid of 

CaH

2

, and the reaction process is as follows: firstly, B

2

O

3

 is reduced into B phase at 501 °C, then Nd

2

O

3

 and NdFeO

3

 are reduced into NdH

2

 

and α-Fe phases at 678 °C, and finally, B, NdH

2

 and α-Fe are alloyed to form Nd

2

Fe

14

B magnetic powder at 895 °C. 

Key words: chemical method; ligand; reduction annealing; Nd

2

Fe

14

B; magnetic powder 
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