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Abstract

Nd-Fe-B is required to maintain stable performance in high temperature. In order to prevent
thermal demagnetization, an extremely high coercivity of the magnet is required. Grain boundary
diffusion could remarkably enhance the coercivity with little consumption of heavy rare earth, but
hardly decrease the remanence. In the present work, Dy is diffused into the magnet with the no-
minal composition of Ndz1.¢DyAlo.1FepaB via vapor sorption method, and the coercivity is increased
by 3.94 kOe whilst Dy is merely increased by 0.33 wt.%. The EPMA Dy mapping images show Dy is
highly concentrated in intergranular phase. Further analysis shows that, Dy diffusion increased
the anisotropic field by 6.01 kOe, which is the main driving force of coercivity enhancement.
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1. 5|8

FR G BRI R FLAR S I REME RS I M TR TR Tk EHL. SHERRIESESIE . HE
BRI R RALE 8 2 AL B TAR IR S0 200°C, WA TR L5 e il T S OB AL S [ 1] A T 8
BAGERE, RATER SR SRS, s Fm e 5 2O TERLR & IR K& Dy
Tb %5705, KN Dy,Fe B 8L Tb,Fe B K& 10 737 5 T NdyFe B [2] [3]. {HZIX R 1L SRR
Pl REANRE REA K T BE,  [FI IE S BUSMEHA KiE T 5 .

8 lius B/ IR TG N T8 i N % . O W/ 1 w8 A B A P OB el € i
NdFeB W& RIARKIR MG Dy/To S HM LRk G &M B &Y, HEE RN, BRI
Dy/Tb £ il Ge i A 1) it FEE NJGE 45 A N3, A 710 F2 40 NdoFe B BB 8L, AT E md ik e )y,
WAL D 4R o ZBORBEAE Dy, Tb &5 HM 1 70 3 WRAAR L I 7] N 4 BOTIRE &> NdyFe B FAH
KA B L E AR R, IITIER] T REREA S5l S WE A AZ 1 T B S R it G 254 L3k Pk N A,
B BAF G U BEAR 0 070 R B v 1) ) B SR e A AR, i AN i B A ) B A - B IR AR
METE . HAr AMICEId 72888, MRS WA, HMSEARMER Ly 8oy, B¥ER 7 3 BRI
HRIR[4] [5] (6] EARE T BUOHICAH K MBI T O 2 R IT, (HRHR 7 eV SUBAE T3 B & & 80
B B2 I B 55 2T, T O T R ) s e S HLER S AT I SO AR A D o AR S AR B I 2R N
R IMRAAR AT Dy ¥ EUCE, H oy B e R & 1 Y, SR N EEJZ TR HOZE 0

AL AT
2. LW

AT FEA BT FRGARFE ft A2 Z RV R BR A B A =2k Bl &, 44 X5 9 Ndsy ¢DyAly (FepB, KR
FER TN 15 x 12 x 3 mmeo ARBFFE A LLZEBE 1) 5 A FF it AT Dy 3780 9 BURE A 800°C~1000°C,
R ENETE 550°C~650 CHaE T FAT Rl K HAAb B . HEATH BOARBRAT . J5 IOFE S EYERE i PFM 14 24 (1) ik 37
T RZguifs; AbEERT. J5 FIRLAR Dy 5 & H ICP (Inductively Coupled Plasma Mass Spectrometer IRIS In-
trepid) 75 WAAA I Dy JCE 040t H A EPMA-1720 B e T3R5 B £#AE. A, ARHFFRIE
fEFHZR-E VB Re D B AR G (PPMS) I S AR I XE . 2 il Ak il 2 I3 & 10) S 1t 3 o BT AR RT3 <
3x3mm, WEFMETFEITRERNFEIE.

3. GRE5HR
#1720 Dy 5T B ROBEYERE K Dy SRR NIRRT, Zoid AL R
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Pl 7971 A Dy 7 83 M 13.35 kGs+ 16.59 kOe 1 1.01 wt. %22 4E 4 13.20 kGs+20.53 kOe 1 1.39 wt.%,
Hor B AR R A0 Dy S B BIBEIN T 3.94 kOe A1 0.38 wt.%. F#[MBAE S & 4471450 Dy TR A
WS, M1 wt.% Dy JCERMUXEINZ 1 kOe /247, (B AHE 7t o A FH 37 B 75 3 A 2 s A A
i Dy BUEF) RER S, AR 3 s B R R T BRI R AR N, BRI IR B BEAE B
T4 e N EE AR R T T E R

Table 1. Magnetic properties before and after grain boundary diffusion
F 1. RAY HEI S EE

B: Hg Dy AHgcj ADy
FE i
(kGs) (kOe) (wt.%) (kOe) (wt.%)
FEOET 13.35 16.59 1.01
3.94 0.38
¥ G 13.20 20.53 1.39

T AR T PR S BB XT3 HAT R B i3 EAT S 20 Dy JoERTE 20 AT K, UK RN 300
5o TP T 23 Af B PR A Sk I T i [ IR TED, 170 Dy T 3R A AR ff O A i 16 2 ¥ B B9 LR . Dy JoaR
rAatiE B 7 AR 2 300 pm FREERI XK. S 1(a) AT LA RSO AT B OL T, w1
Dy JUaR AL BN Vi Bl A 2 50 7045 (4, JF3cA o T A e SRR o (H R MK 1(b) T DA
Ly e LS BoR R 2 M e OB, T AET BB AR ROAT LA RS e FE DO X BT Dy 5 4&
<, U O R R A P 2 X A W R Dy e s R . B & (o) MR 10 MEER I,
1(b) FHIFTAT Dy & 4R X (A7 B 4 SO0 B B B (il A vk, B9 BAC B S Dy Joaifi Sie e
fr oML B AR XU, RYTEUR Dy JUERAE &ML S R S e R U R
TR N ] Dy T02 [0 i SO SR B SE w77, A Bk — 20 o Wb 4 S Bl s it 77 HLEE o

Figure 1. Distribution of Dy elements before and after diffusion; (a) Before diffusion
(b) After diffusion (c) After diffusion, the same backscatter diagram

E 1. ¥ 8EIEH Dy TRA; (F BRI, O EUE, (of #/E, HEEIIAR R
HHEE
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IREEECIN B LR B BUZ RS . BEGEER . ATHLER AR B IR A, AR B SR R
AT FE S A I R T AR AR i S AR B A3 AN R Hh 3 v ) A B R R IR [ 7] [8] [9]. B
FRRN[9], BRI REAR TEAR SR AL (3 AR b i S 5 BB R — M I R A% 0, BLAE S5 B4 5 IR
AR F R A% Ol A i FEARK IR 7 15 & R i 28 BE AW S A

FAAN NdyFe B FLIBE R, o — EUJE BORR E I ROBEAGAZ Lo, BB IS TE 12 R P 1 S A W PR ™ Pl B R
PSS SZ 2IETFLEE 77, BT DA — AN R e S R A A% 0 BT 75 B /N3 % F 38l I 1% 25 (7] T S B S0RE 19 4700 7
AR TE — N B AR 1) Nd,Fe B 55 RN 2 7E 12 DX SAS B ki 5 ) e 1 7 W 9 B IR W3 (M 3L RIE TR
TR, it LA BRI JR0RE (¥ 575700 70 3t 55 [R) T % ) S 14 3 1, 9802 B 5B #Ed%) Hyo

SEBRGEAE E R R CE NdoFe oB FAHRLA AR RIS B EEH,  TRIERR T F A& w7 K/ H,
2N, SRS A S AR 2™ SRR R ) . H. Kronmiiller 25 UG B R T HA AL A0 0k
AR BRI ARTE U BEAAZ ol BRSO X SRS 58 SRR A R 2R, A il Ak A4 B A 5

Hy=al,—N,;M, )

(DT o FECE ERIDZAI T SRS XK A AR DT IR, T Neg & R EAHIA G LN
HEAA T, SRR R TR A K. ERRARERIMIAA T, NdyFe B F:AH5 5 A AR I X 3K
FERAN GRS X, iR 3 A I Z X80 i AT REDL S O B AL X35 HRTALERTR
FRO AR SRR, BB A AR A L on DN Nd,jFe B AR s FE AR A6 Nd
Zeii RN, Dy),Fe B A& Wmifem & 0 itk . Ml L&A HomU B e v &, B i AR A
AR 2% 1) S P AR SR REAATS U HOAR AR, FE A AR G5 A BRIE 238 RBP4 ) S M PRI O
BE PP E TR O Y, A SR iU i N TGS S . AR, AL G DX 25 1 5
P — B, BT RS TR AN e ABE N, AUt — e A S .
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Figure 2. Magnetization curves in different directions before
and after diffusion

2. Hmi AR TR Ef L

Table 2. Anisotropic field test parameters of the sample

2. HmEEFHHNLSH

FE SRS M (kGs) Ms(kGs) Ha(kOe) AHa(kOg)
i 12.76 14.14 97.28
6.01
¥EUE 12.26 14.15 103.29
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RIS PO E A 1 wt.% Dy BIRAAFE St — 0 ET Dy ¥ BRI ARE S i 73 = 3.3 kOeo HL
THREMMO R R BN, 7EC& Dy MR 34T 5 276 A TR BGH 78 (Nd, Dy),Fe 4B (L& WIH)
Tt — P e Dy . Oy 1 HE—2 i Dy 3§ BOR U IS, JRATE AR TR &
g, BRI 5202, 20 BTG AR S MERG A 7 RN 55 A 7 R AR T R A 2k . 7R MEREAL J5 7]
MREAC T 22 I I — SO T 14k, ARAE VIR M K5 5wt 77 m r h 228 s, A8 mU6 R
BEARBRED A ) S . AR B KA N 90 kOe, BT FE il 48— e BUHERE AL 75 17 1 il 28 b 3k He
80 kOe M B fAE T VIR LAMEFEAT LA, &) 2 o o B AR A% 7 1204 (0 2 B A WA AR B 1 4% 1) S 1k 3
5 B ARG — A M AR 0 % ) S BT XA, (Bt RT DU BT S RS S s R, (BN
FEBCAN RIRE R 5 1) e M B S8 (. 2RI & 0GB RS iy VDR 2R G HE B4 1 1 25 1) S 4
1B AT A J5 I ZAE ) T4 20 b R, FEAES HUHT S 5 SR 0 & 1m0 52 V3% 40 5l 97.28 kOe 1110329
kOe, B TH UG & M T 3532 M T 6.01 kOe .o F AT 0, RIE7E R A4 P 355 2 981 0.33 wt. %[ Dy J0&,
(AT EM S5 A I B R, X R 1 R (3 s IE R AR 4 i i R IR Bl Ay T B
B, Reah B Bk AR AR IR % h) S V37 2 A EAH SR & I R I R BB NG R, (A S
BT AL R 77 1A A AR SE A5 G —, 17 S B R A A (1 4% 1) S M 37 S S TR 45 iR % 1) S M 3%

BAMRYE LR, WS AXP RSN SEWIE L, 4T T2 5. ) aran, w4
PRI 5 %% ) S 3 2 TR SRR M SR R W SR A SR GG MR BE . TEARASTEI, U7 I et
F X SRR PR AR R B . W R S A B B AR R, R P O S AR S A AR 4k, W]
B PR BT S RO S A SR T o A1 B AR RSB AT R T, R b Sl Bos A7 e H A
A HFARNTE 2 s BT 5 e AR S i s 5UE,  mT DA SRR S R ) o 8 0.656, B oA 47.23.

4. &g

AW FCE T A 7 A4 S AT Dy I BT LU TS 1B b RE L SR, SRR B
1) Dy ¥ B BAE AR R0 13 7 3.94 kOen N Dy & &3 11 0.33 wt.%;

2) HTHRE Dy AR R, § 80U & A X 0 2 & 2 =k Dy JoE;

3) B35, Dy ¥ B R & ) S V3R = 6.01 kOe, IX 2 RE 2 & 3 i il /0 1 2R A
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