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T AEURE B A S B LE 3500~4000 pg/g 2 1A], 1T 3 A
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PRUSCR S, LR Dy ¥ Sue b, A
s b, 3 AMCERE R ORI BT 3 AN mEA
Fefh . H, ODy-L. 1Dy-L. 4Dy-L 3 MREERE ST
Dy BB 9 M 0.53%. 0.53%- 0.57%, i 11435
P T 433, 413, 362kA/m; I ODy. 1Dy. 4Dy 3 4>
HEAFER Dy RO 0.3%. 0.33%. 0.35%, HF
TR T 303, 3134 273 kA/m. IRAERE S IS
BELL PR B AT T 2000 pg/g BL L, TfRT# 9 Dy 4
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Table 1 Sample composition and size
Sample Dy, Nd, Composition,
No. /% /% /%
0Dy 0.0 328 Nd;2.3Alo. 1 FepaB
0Dy-L 0.0 313 Nds; 3Alp. 1 FepaB
1Dy 1.0 31.6 Ndsi6DyAl FevaB
IDy-L 1.0 30.0 Nds;oDyAl FepaB
4Dy 4.0 28.8 NdassDysAlg FevaB
4Dy-L. 4.0 27.3 Nds73DysAly 1 FepaB

Sample size/mm

15x12x%3

%48 %
X
\S 5f 0Dy be fore a
< 4f —O0— Dy after
5 3l
> 1
a of
240 . . .
_ 2100_—I—chbefore ° b
g —e@—H after
-~ 1800t ¢ —n
2 1500f o /
T 1200 I\/.\
900y ODy-L 1Dy 1Dy.L 4Dy 4DyL

Sample No.

16 Bl f ) Dy & & X Hrmi )

Fig.1 Dy contents (a) and coercivities (b) of six types of samples
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Fig.2 Oxygen contents (a), Dy increments and coercivity

increments (b) of six types of samples
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2000} Sampl After diffusi
?2000 n_u__/n/ ampre Original crorusn Average Block
S 1000— . . M . No. 1 2 3 4
L—o—D
g\; 82(5) ° Y b 0Dy 0 0.45 029 0.26 0.28 0.44 0.34 0.3
- 030 ODy-L 0 058 048 046 050 0.60 052 0.53
> 0.45
A 0.40¢f o/°’°\ 1Dy 1.06 1.47 1.31 129 135 150 138 1.39
0.35 . . . . . o—0
= 1550 ="H, c IDy-L  1.00 1.60 1.49 146 147 158 152 1.55
< 1500} \\A—A\A 4Dy 4.05 4.52 435 432 436 450 441 440
e ‘_\\ 4Dy-L  4.00 4.63 4.52 449 450 460 4.55 4.57
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Fig.5 Electron probe microscope Dy mapping at 300x: (a) 0Dy

GBDP sample; (b) 0Dy-L GBDP sample
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kA/m, T4 ODy #f 5 3E SR AU 484 kKA/m, Hif
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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
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Sample  Hard axis., Slope/ Ha/ AHa/
Ms/T 5 1 0
No. MIT %10 kA-m kA-m
0Dy
iinal 1.335 1.425 7.785 7525
oréima 484
Y 1286 1402  7.069 8010
diffusion
0Dy-L
i inal 1.408 1.516 9.600 7494
origina 640
0Dy-L
. . 1.321 1.480 9.003 8135
diffusion

). REGIRA LR T, A R FEKREAE Dy oo
RERLY R AEEINDY, AR SR BT LLRESE I
Dy ¥ HURCR RN, 248 T Hogma 7458 Dy 97
BSE S URGRINTE, P NIR N3 q L S CARIN CID S AT
BRI FR G 465 BE AR (K0 8 S AR T R I A2 A fee-NdO, AL
AN dhep-Nd <2 » J5 3 S AT A 78 T AR R0 st 233
B W B . R P S BRI, S AR 4Lk
¥eA% Jy dhep-Nd <)@ 3=, AT RES A Jim 48 5 L3081
RAFR K Dy JeER AR MESE A 1Y I0EE . 7218 5 T
2 FEFEGL I Dy JoER I A B Pt 2, ARG T



% 6 ]

FRRAEAR . SO R g B BB 4 Dy & 79 B 2 m

* 2013 -

JREEWTR) Dy 5 AR A GUE N e S B AR & A A
R, 5 _EIRPAR RS DAY o i 2835 1) S 7 M 5
R, RAEMEAR HIX R Dy J03 BNy g 54
AT R (R TRV 5 K T S REE B 1) R Il b de
e, NTE B HE— B3R TH BUS FRm U i H

3 &£ it

1) ARSAHER K Dy I HCE AR ) 32 5 3 W A
TR, B RS RSN, Dy M. B
O MR B

2) ARSAHEARIK) Dy 3 AN Axifiit T
SRR, N AMAR PR S /N T i AR

3) ¥ EUA MRS P i AL Dy &R A EUE Y
S, SRR AR, RAAEY U 1%
T S P37 388 oo e 5K e S A

S0k
[1] Gutfleisch O, Willard M A, Bruck E et al. Advanced Materials
[J1, 2011, 23(7): 821

References

[2] Sugimoto S. Journal of Physics D: Applied Physics[J], 2011,
44(6): 64 001

[3] Gutfleisch O. Journal of Physics D: Applied Physics[J], 2000,
33(17): 157

[4] Shi Yongjin(fi 7K 4x), Zhang Xiaoli(7k/N37), Yi Yigang(5) 5

WI). Rare Metal Materials and Engineering(%if &)@ ML 5
THE)[J], 1999, 28(4): 236
[5] Cui Xigui(# EL5%), Yan Mi(" %), Ma Tianyu(4 K 5%) et al.
Rare Metal Materials and Engineering(%iH 4 )& ¥ ¥ 5 T
F£)[J], 2009, 38(10): 1839
[6] Herbst J F. Reviews of Modern Physics[J], 1991, 63: 819
[7] Nakamura H, Hirota K, Shimao M et al. IEEE Transactions on
Magnetics[J], 2005, 41(10): 3844
[8] Deshan L, Shunji S, Takashi K et al. Japanese Journal of
Applied Physics[J], 2008, 47(10): 7876
[9] Sepehri-Amin H, Ohkubo T, Hono K. Journal of Applied
Physics[J], 2010, 107(9): 745
[10] Nakamura H, Hirota K, Ohashi T et al. Journal of Physics D:
Applied Physics[]], 2011, 44(6) : 64 003
[11] Zhou Lei(Jdl #), Li Jian(Z= #), Cheng Xinghua(f2 £ %) er
al. Journal of Rare Earths(Fi 1)[J], 2017, 35(6): 559
[12] Loewe K, Benke D, Kiibel C et al. Acta Materialia[J], 2017,
124: 421
[13] Bae K H, Lee S R, Kim H J et al. Journal of Applied
Physics[J], 2015, 118(20): 203 902
[14] Kronmiiller H, Durst K D, Sagawa M. Journal of Magnetism
and Magnetic Materials[J], 1988, 74(3): 291
[15] Li W F, Ohkubo T, Hono K et al. Journal of Magnetism and
Magnetic Materials[J], 2009, 321(8): 1100

Influence of Oxygen Content on Dy Grain Boundary
Diffusion in Nd-Fe-B Sintered Magnets

Cheng Xinghua1’2, Li Jianz, Zhou Lei2, Liu Taoz, Yu Xiaojun2, Li Bo'
(1. Central Iron and Steel Research Institute, Beijing 100081, China)
(2. Advanced Technology and Materials Co., Ltd, Beijing 101318, China)

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
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