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Abstract

In this work, grain boundary diffusion of Dy was performed on three types of Nd-Fe-B substrates
with Dy contents of 0 wt.%, 1 wt.%, and 4 wt.%, and their magnetic properties were analyzed and
compared. The results indicate that the coercivity of all samples increases by 3 kOe to 4 kOe after Dy
diffusion, and no obvious correlation is observed between the enhancement magnitude of coercivity
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and the initial Dy content of the substrates. Elemental mapping of Dy obtained by electron probe
microanalysis (EPMA) reveals that the Dy concentration rises remarkably in all samples after grain
boundary diffusion, regardless of the initial Dy content in the substrates. For the 1 Dy and 4 Dy sam-
ples, grain boundary diffusion further elevates the pre-existing Dy enrichment at grain boundaries.
In contrast, grain boundary diffusion in the 0 Dy sample realizes the coverage of heavy rare earth
elements with high concentration near grain boundaries, where heavy rare earths were originally
absent. By comparing the anisotropy field of the three samples, the 4 Dy sample only presents an
anisotropy field increment of 5.33 kOe, which is lower than that of the 0 Dy and 1 Dy samples. This
finding verifies that the increase in anisotropy field caused by grain boundary diffusion is less sig-
nificant for Nd-Fe-B magnets initially containing Dy than for Dy-free magnets.
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L. sl B H A S E EPMA-1720 B4 i 4R TR0 WIIRE & o Dy TG 3R IO/ A5 -

Table 1. Sample names and designed compositions

1 HmARAIT RS

Sample No. Dy wt.% Nd wt.% Dy/ZRE x 100% wt.% Composition at.%
0 Dy 0.0 32.8 0.00 Nds2.8Cuo.1Alo.1FebalB
1Dy 1.0 318 3.05 Nds1.8DyCuo.1Alo1FebalB
4 Dy 4.0 28.8 12.20 Ndz2s.8DysCuo1Alo.1FebalB
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1M 2 875 7 0Dy 1Dy, 4Dy Rt AT @ S HUC BT OB/ Hej $3 i) Hk. 5l
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B T 3~4kO0e, TFIBAZMARD, BEARIELZ) 0.23~0.27 KGso FAN R FEAAR 2 [RIBEAT EL AT AR IR,
W& RAR T Dy & 380, B A ST Hej AR Ui ) H HEA 2R nkads, I #4 Br 1%
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Figure 1. Demagnetization curves of substrates with different Dy contents
before and after grain boundary diffusion
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Table 2. Magnetic properties of substrates with different Dy contents before and after grain boundary diffusion
2 2. TFE Dy @ 2 &K &I a4t ae

v Hcj (kOe) Hk (kOe) Br (kGs) BHmax (MGOe)
it #f & #f & #f & i i
0 Dy 14.75 18.56 13.24 16.90 13.62 13.39 43.50 42.69
1Dy 16.59 20.53 14.96 18.48 13.43 13.16 42.46 41.57
4 Dy 22.89 26.33 21.07 24.66 12.59 12.36 37.47 36.98

Bl 2 g0 HUL BERT /5 1 0 Dy 1 Dy #1 4 Dy #£ 5T EPMA T34, FHHLE T Dy Je& oA
MR TCERTH A7 B B Ebr RObR 506 B G 3R IR I, BRI L AR BT R IR bk sy, R A
VT AR TR IR BB . 3883 T 4347 T LT X R 58 76 38 A FLLE X3 P9 1) 4 A 17 450, A B g — R i) O
R H1E] 2(a)F ] 2(b) TN, O Dy B i FAH X8k o B AR 2R T =ik FE Dy o, 1EIE 2(a) el ]
LAE B — 2@k EE Dy B4R, XM TRMUTTR T RINEE Dy &8 JE . B IR &R IR B2 W N
7, Dy & X MBI R ML AR sk gt ta, 10 H Dy & S0 2% IR A fifs, BIEW Dy &
IR EE B TR EEINGROEHT N R 54k, R BR T i B 20 6 DL IR SR €8 Dy & 4R rUIX a2 4, 5% R JR] S
FIHRR ZORIR I 56 80, BRI i Dy WREERAR . M 2(b)2k LIk AiskE, PR K% W B Dy
B IR AR 2 w0 bh b, FR AL E AR IX IR A B T 5~6 wt.%. A 7T AR HAth L BR A
I3 ITVE S ERITER AR E . [ 2(c)EoR T 1 Dy BESI HUS I Dy 2 A t500, 7E3 BUGE RE N X
H I Z 61 Dy &S5 HE 2(d)H Dy WREEZp A 4 ml %0, 4 8505 BORE i AR LA s
I 4 wt.%~8 wt.% AN I E Dy W, Fopt DXCIrb (1 B2 0 2 0 wt.%~2 wt.%. 5] 2(e) s T 4 Dy #Eib
FHUS 1 Dy 73 ARES, Gl i A HUL B, 4 Dy FEGN I Dy & RS RUR IR AR . T B S AR X5
#oEk E E 4 Dy, AHXT 0 Dy 80 1 Dy i, &5 5 AR AT B = (BB 2T), 1ff & AN EAH A
AR S Dy EHEX, EFERASGEIEEG. £8 20MRIRES AR LLER], § 85U 1
KB IEAEIB ] 7 wt.%~12 Wt %A%, FRIRIER & 5t Dy & AR Al 48 . Bl RO Sk
CE A ik 4wt B S N T G T39R AR B.CE Dy BARRHE, Bl Dy (s X /AR AT S A A Hak
FET . Joibst 1 Dy FERhIE2 4 Dy #fdh, ¥ HOS R85 — 7 TAEJF R A & % Dy M TP A R s
ERIRIE Dy, MTTERTH & A B RE Sk B & 4E Dy, B — ATl s S — T Dy ikE. k
A FHREHS H 1) Dy A ARRFIE ARG M E T RETERE AT AE R, RICIR ARG Dy S EZ 5/,
2l i A HUS Dy SR RE . 1Dy 1 4 Dy #f s E S HUHT st AE 3240 2 AR &AL BN A — =
Dy JL& . {EXFPICE Dy Wifsr i) 7 i, HAEH EERIG A & 5t Dy & ikt —Pitm. MLk
M5, 0Dy FE&H S S B, AR 1) i S BT DX 38 S M T B - 3 =ik P A L w1 i e, X
I 5 S HON T 57 SRR Bl

WRAETEAZ I3 0 0 BEAE , WENE AR AL R i 25 17) S 14 70 2 e 2 B RN A AR 5 77 0 A% Lo AR VR o KT
T AR PR SR AEAE 1) S5 S AROU 5 R S P 2 18 = S T 3 25 1) S R I 3k, (DB 7 A AR M O e it 7, A
FFREAR S BRI A T HAERE % ) S 13« TEIRGE B BRI BE AR T, NdoFewB F- 4015 &t FAH 13 I
XIFH & WA R o 5 A5 M AR SR, IOV S5 AL R R PR B rh X3, DRI X3 S Rl A E L 2
S A R TG, NGRS T ) S D DG B S 0 o I 2 800 R B DG FLAIE S, VB T
PRI B TR AR RRLE I NdoFewB ZEAH SR EY 1, B3R A 135 Nd 574 (N,
Dy):FewB & &Y, A RSEE A SREA S IO A1 SRTHZ XS E 2 1) e e BOR
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Figure 2. EPMA mapping of Dy element in different samples after diffusion: (a) Elemental mapping of 0 Dy sample; (b) Line
scan of 0 Dy sample; (c) Elemental mapping of 1 Dy sample; (d) Line scan of 1 Dy sample; (e) Elemental mapping of 4 Dy
sample; (f) Line scan of 4 Dy sample
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Figure 3. Hysteresis loops of samples after diffusion in different directions: (a) 0 Dy; (b) 1 Dy; (c) 4 Dy; (d) Combined magneti-
zation curves and tangent line at 80 kOe
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Figure 4. Variation of anisotropy field for 0 Dy, 1 Dy and 4 Dy samples
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