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2%V$%&ÃÄ'()�� 1=l}~*���st

uv�Q+�� 800~1000 ,g¯Ç� Dyuv�-�

�./01/2C550~650 ,g¯Ç3wx=&0�N

¬uv��2��4ûü�ýñl>b�ÉÂ�2�\


5�6O�±Ñj��4jk7897Â�2Y��

[iþOÃÄ���>wx:��;¯Çuvwx= 

uvä��ÃÄ�#$« PFM14<�=>^�?

@A?Ó��2 Dy�±*� ICPØinductively coupled 

plasma mass spectrometer IRIS intrepidÙ?Ó��U O

�±î� TC-600 <ÂBV�C?Ó=D��l}~

;�ElFG EPMA-1720<HIJK?L DyEF�

VMNO=�2�\]"#^P��QÅÆx#$?

±@A(PPMS)���?@A²�2ÃÄ���CR�

¤Q]V�SB 9 T�^��T 2T�¤U#VWY
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±CKLMJfgKLM�OefGh=ôõuväñ

2 Dy�±ñlY��1ÉÂÃÄ�KLMi�É�7

ÂÃÄ�_�«ÉÂ
Úljkgþb=uv�ÉÂÃ

Ä� Dy�±JKLM£[�7�7ÂÃÄ=�%VJ

�#$�8^ñ�ç¯>¶A%L\ÃÄstuvä

� Dy mB±JKLMmB±�l�c 2=���3 �

7ÂÃÄ�Â�±�� 3500~4000 µg/g mn�[ 3 �

ÉÂÃÄ�Â�±î� 1200~1500 µg/g mn=½st

uvP¼[o�pq�� Dyuv±ç�r��KLM

mB±ç�3�ÉÂÃÄ��P¼�ef!� 3�7Â

ÃÄ=���0Dy-LC1Dy-LC4Dy-L 3 �ÉÂÃÄ�

Dy uv±V�& 0.53%C0.53%C0.57%�KLMV�

G7© 433C413C362 kA/m�[ 0DyC1DyC4Dy 3�

7ÂÃÄ� Dy uv±s& 0.3%C0.33%C0.35%�K

LMsG7© 303C313C273 kA/m=ÉÂÃÄ�Â�

±
7ÂÃÄhÉ© 2000 µg/g�ç�[ä�� Dyu 
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Table 1  Sample composition and size 

Sample 

No. 

Dy, 

ω/% 

Nd, 

ω/% 

Composition, 

ω/% 

Sample size/mm 

0Dy 0.0 32.8 Nd

32.8

Al

0.1

Fe

bal

B 

0Dy-L 0.0 31.3 Nd

31.3

Al

0.1

Fe

bal

B 

1Dy 1.0 31.6 Nd

31.6

DyAl

0.1

Fe

bal

B 

1Dy-L 1.0 30.0 Nd

30

DyAl

0.1

Fe

bal

B 

4Dy 4.0 28.8 Nd

28.8

Dy

4

Al

0.1

Fe

bal

B 

4Dy-L 4.0 27.3 Nd

27.3

Dy

4

Al

0.1

Fe

bal

B 

15×12×3 

 

 

 

 

 

 

 

 

 

 

 

³ 1  6L\]A Dy9:BCDE 

Fig.1  Dy contents (a) and coercivities (b) of six types of samples 

 

 

 

 

 

 

 

 

 

 

 

³ 2  6L\] O9:MDy´:MCDE´: 

Fig.2  Oxygen contents (a), Dy increments and coercivity 

increments (b) of six types of samples 
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³ 3  Z[ O9:>?\] Dy9:¶BCDE 

Fig.3  Dy contents (b) and coercivities (c) of GBDP samples with 

different oxygen contents (a) 
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Table 2  Dy contents of flakes sliced from six types of 

magnets (ω/%) 

After diffusion 

Sample 

No. 

Original 

1 2 3 4 5 

Average Block 

0Dy 0 0.45 0.29 0.26 0.28 0.44 0.34 0.3 

0Dy-L 0 0.58 0.48 0.46 0.50 0.60 0.52 0.53 

1Dy 1.06 1.47 1.31 1.29 1.35 1.50 1.38 1.39 

1Dy-L 1.00 1.60 1.49 1.46 1.47 1.58 1.52 1.55 

4Dy 4.05 4.52 4.35 4.32 4.36 4.50 4.41 4.40 

4Dy-L 4.00 4.63 4.52 4.49 4.50 4.60 4.55 4.57 

 

 

 

 

 

 

 

 

 

 

 

 

³ 4  6L\]·¸ Dy´¹:¶Bukjk 

Fig.4  Dy increments (a) and Dy content gradients (b) of the 

flakes sliced from six types of samples 
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³ 5  2L\] 300º%yz{ Dyri�³ 

Fig.5  Electron probe microscope Dy mapping at 300×: (a) 0Dy 

GBDP sample; (b) 0Dy-L GBDP sample 

 

��¯�2�U� Dy EF¯>¶uv¯° Nd

2

Fe

14

B

XYs�����¦ÜXY��UV Nd W	L��

%(Nd,Dy)

2

Fe

14

B¤ÅÆ[G7\]"#^=]^�Á

^KLMxqdÂ

[14]

��2��#YªO��s\]

"#^�GÃ�2KLM�]l�(��ºñ�ç�

Äûü�ýÅÆaÇ%ÈU\]"#^hÉ��¯>

¶ÐÏÉÊ#�ûüv�^�N¬;ÓÍÎKLMË

~��s\]"#^=eõ�XY�\]"#^��

2KLM��I#¹F=¹º��¦?	\]"#^

d�l�#££ÌL Dy uv²�2KLMGh�Í

Î=l}~�?	©��ÃÄ�2�\]"#^��

& RE

2

Fe

14

BXY\]"#^�nwP=�2\]"#

^?	��ÞO��CRÏ�¤U#VW�Ó|Xg

�QRç¯Ç¾¯�T?	NÌ��^mB} 7166 

kA/m¯Ç�¤�����¤U#ç� 6369 kA/m²�

§¨Ð�#�VW�ÑL�9RÏ�¤U#�Xg�

ÓL�2\]"#^=?±U#&�#V�l�c 6�

[ÐL�#�XgÒâ&�#ÓÔD78P)��

3=Z��d�e|�ÕOuv� 0DyC0Dy-Lñ2�

\]"#^ñlY�=���Ö× Dy EF;�XY

s�Û�« Nd

2

Fe

14

BØ%�þ�³qÃÄ\]"#^

�nÙÅÍÎ_µ=�¦uv��³qÃÄ\]"#

^G7ÊËL��"��� 0Dy-L\]"#^G7 640 

kA/m�[7Â� 0DyÃÄG7ÊËs& 484 kA/m�ä

�
��7L~156 kA/m=�¦çè�¼dÂ�ÉÂ�

2��s Dyuv±�Ì�iuv�\]"#^G7±

`�Ì�[_`�KLMG7±�Ì�Á¦+,M= 

l}~�Y�
ÚTÚg²��Â�±�2¯Ç

Dy uv�È��Â�±�¸´�Í$mB Dy uv±

JKLMG7±=�·z¡%V�¼el�ÉÂ�2�

Dy �±«�&�¢�7�7Â�2�[���ËVM 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

³ 6  0DyM0Dy-L\]>?»@¼M½¾5¿ÀÁ 

Fig.6  Hysteresis loops of 0Dy and 0Dy-L samples measured in c- 

axis direction and c-axis perpendicular direction: (a) hys- 

teresis loops and (b) magnetization curves and correspon- 

ding tangent lines 
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Table 3  Estimated anisotropic field values of 0Dy, 0Dy-L 

samples and auxiliary parameters 

Sample 

No. 

Hard axis., 

M/T 

Ms/T 

Slope/ 

×10

-5

 

Ha/ 

kA·m

-1

 

∆Ha/ 

kA·m

-1

 

0Dy 

original 

1.335 1.425 7.785 7525 

0Dy 

diffusion 

1.286 1.402 7.069 8010 

484 

0Dy-L 

original 

1.408 1.516 9.600 7494 

0Dy-L 

diffusion 

1.321 1.480 9.003 8135 

640 
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Influence of Oxygen Content on Dy Grain Boundary 
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Abstract: Influence of the oxygen content in sintered NdFeB magnets on the increase of Dy and coercivity after the grain boundary 

diffusion process (GBDP) was investigated. By comparing a variety of high and low oxygen magnets after GBDP, we find that the amount 

of Dy diffusion and the increments of coercivity of the low-oxygen magnets are significantly higher than those of the high-oxygen ones. 

Comparison of nine 0 wt% Dy samples with different oxygen contents proves that the decrease of oxygen content is beneficial to rise of 

Dy diffusion amount and coercivity. Dy content gradient analysis reveals that Dy amount gap between each layer is narrower in the 

low-oxygen ones. According to the EPMA figures, Dy-rich shells in the grain boundaries of the low-oxygen magnets are more continuous 

and brighter, and Dy almost completely surrounds each matrix grain. The optimization of the microstructure also enables the low-oxygen 

samples to possess more noticeable increment of anisotropic field in comparison to the high-oxygen ones. Decrease of oxygen leads to a 

phenomenon that Nd-rich phase surrounds the matrix phase more homogeneously and continuously, which provides a more continuous 

tunnel for Dy to diffuse into the magnet, thus improving Dy content and coercivity. 

Key words: Nd-Fe-B sintered magnet; grain boundary diffusion; low oxygen magnet; Dy content; coercivity 

 

Corresponding author: Cheng Xinghua, Candidate for Ph. D., Senior Engineer, Advanced Technology and Materials Co., Ltd, Beijing 

101318, P. R. China, Tel: 0086-10-80485830, E-mail: xhch12@126.com 


