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Table 1 Sample number, composition and 15 mm>12 mmx>3

Dy (Al+Cu)

Salilnople content, content,
) wl% wl%
Al-1 0.0 0.25
Al-2 0.0 0.25
Al-3 0.0 0.25
A2-1 1.0 0.25
B1-1 0.0 0.50
B1-2 0.0 0.50
B1-3 0.0 0.50
B2-1 1.0 0.50

Composition,
wl%

Nds1.3Cug.1Alp.15FepaB1.o 3
Nds1.3Cug.1Alp.1sFepaB1o 4.5
Nds1.3Cug.1Alo.15FepaiB1.o 6
Nd3zoDy1.0Cuo.1Alo.15FepaiBro 3
Nd31.3Cuo.15Al0.35F€b21B1.0 3
Nds1.3Cug.15Al0.35F€paBro 4.5
Nds1.3CuUg.15Al0.35F€paiB1o 6
Nd3oDy1.0CUg.15Alp 35F€haiB1o 3

o/mm

FIFEA RS 15 mm>i2 mm>3 mm, HA 3 mm 2 FE i
B e 77 1) (R RS o JRRAE S i It e R H PFM14 24 (1)
Jik G758 (pulse field magnetometer) &, T
HUARESDIEI N 0.6 mm JERE IR S BOREYE AE
Quantum Design A & FIZEA YL el 7 R 48 (PPMS)
D, AR R K & v ICP Cinductively coupled
plasma mass spectrometer IRIS intrepid) . 4, FESLTC
ATt H AR S EPMA-1720 24 i 73R4 S i ss
(EPMA) JifF. BICREEYI NE T .

2 HR51H

2.1 HAMERER RS

F 24T AL-1. A2-1. B1-1. B2-14 # 3 mm &
FERE S b Y B AT /S 16 Dy & P EZERL) He
Pl AN B KWL RERY . AL-1. B1-1. A2-1. B2-1 (% /1
MR 1111, 1141, 1252, 1281 KA/m 4y 5l & 1544
1618. 1666. 1732 kA/m, HZ&Y BUS & FEM Y Dy & &
WIPE L) 0.5%. 4 FiRE L& & F 9 BUE N S0 )
(H) Rk iy Dy & &E35a R, 3 4 MR
KA Dy GRS BRI ST, TR S R
R T B B2 JE 5 /N o Dy £ 8 A X 4 ey 1) FE R A2 A
A2-1 Fll B2-1 ¥Jisarm JJus T Al-1 5 B1-1, £5d Dy
Pz a 2 A A+Cu)FM TR FEE . B 1
SR LG TR RIRE S Dy B0 A =
KRR, 4 ANFEMAE Dy $InEAIE MG T (B
0.50%~0.53%) , (Al+Cu)& &= & B1-1 F1 B2-1 F
Fem Sy i BT HA 2 MRS . HoR, B1-1 AR

Fomi I 8iE . AL-1 7 44 KA/m, B2-1 Ff 5L 1 0E
i EE A2-1 #8037 KA/m. 2 I8 5% SCRR[15]H 1) 5 5K,
MRIEFR 2 o EE 4 B S I B BT R LA Dy
Whng, DA E AL Dy ¥R SR HT U IR TR .
THEASHEN, ALl-1 1 A2-1 FEaL AL Dy F BUE R A
JuE 4y 815 A1 781 (KA m™h)/%, i B1-1 1 B2-1
FE b o X AR U 43 )k 954 A 884 (KA -mY)/%. =i
(Al+Cu) & &2 B R AL 5 1 AL Dy 3 HCE I Hr i ) 32
FRCEI R T A RIIFEM.

R T I W HUR Bl Dy JE A A T U7 1 R
SARTEL, AWK EIR AL R BL R HIFE R
FEHEAT VR, 43 B 17 AN [ JBE BE R it igE AT s A9 AT 5 1
By BevERe, HEE R IR 3. fEAHFRE SR A1 I
AL #2415 BL KHIFEMCED AL-1 5 B1-1 g AL-2
5 B1-2. A1-3 5 B1-3 th#) MR ER, @&(Al+Cu)
() Bl R5AEEEERES, Bl 3. 45, 6 mm 3 FhJEREE
BL FRAIFE i AR 70 7 348 o 48 v 5 L 1 [ ) B A
RYNEES, 2 Bl RBIAH (24 23K 50 KA/m, 4R
A T, PR ER AL BRI BL RALEH [H R JE
XML Dy # B E SR A —

M 3 RiREREE], 78 Al. B12 Fi R 5
H LA 0S8 Dy 5 R T S B R o R R
BN R R, 5 T RERE A R R N IR, 4
FEMEREIAE] 6 mm B 7 TEEERF(EZE 0.90 LR . X5
iR Dy B2 29 5O B RS A ¢, RIZEAHF Dy
PR 2T, MAERGEREM, MASHT Dy
PN R SRBRAEG , AT A A O R i R A P 3 3
Dy && Fk, HEAMRIMER, REEHEMH Dy &
J5 72 S A A R R AR SRR, ST T B .
DR, 78OS e A B AR 0T B 2 B0 AL, B R 515
T EFER . Bk, REFFOE AL, B1 RIIAFHE
JEFERE S o BICEY BOR BE 7 ) 3821 Y1819 0.6 mm
JEHHE . RGEHHTT SRS Dy W R 22 3 A AT
77 He (EIE WS DL . & 21 Dy & 25040 W& 4 fros.
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(3N, 3 ANFER O Ab R Dy & &I Al-1

F2 ATitmeR Y R R ARt RE

Table 2 Magnetic properties of the samples before and after grain boundary diffusion process (GBDP)

Dy content, /% He/kA m™ B/T (BH) max/kJ m™
Sample No.
Bef. Aft. Bef. Aft. Bef. Aft. Bef. Aft.
Al-1 0.00 0.53 1111 1544 1.432 1.404 386.0 370.3
B1-1 0.00 0.50 1141 1618 1.425 1.398 384.0 368.2
A2-1 1.02 1.55 1252 1666 1.402 1.378 370.5 357.7

B2-1 1.01 1.52 1281

1732 1.392 1.366 366.2 351.8
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Fig.1 Dy content and coercivity increments of four types of

GBDP samples
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Table 3 Magnetic properties of the samples with different thicknesses before and after GBDP

Sample Dy content, /% He/kA m? AH/kA m™ Hi/Hej B/T
No. Aft. Bef. Aft. Aft.—Bef. Bef. Aft. Bef. Aft.
Al-1 0.53 1111 1544 433 0.90 0.91 1.432 1.404
Al-2 0.49 1111 1535 424 0.90 0.90 1.432 1.407
Al-3 0.42 1111 1520 409 0.90 0.87 1.432 1.412
B1-1 0.50 1141 1618 A77 0.90 0.91 1.425 1.398
B1-2 0.48 1141 1607 466 0.90 0.90 1.425 1.400
B1-3 0.40 1141 1595 454 0.90 0.88 1.425 1.405

RYIFER IS BRI ES L AL RIS SRS,
Wi F1 2 40~80 kA/m.
2.2 WML

B 3 R T AL-1 BES AT B1-1 kE 5 38 Dy TR K
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VUK. Dy 94 PRI, i 2 i T 20 68 D 3R TR A JBE ik 5
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Table 4 Dy contents of the flakes sliced from the GBDP

samples with different thicknesses (/%)

D;pr;h’ Al-1  Al2 A13 Bl-1 B12 B13
000 058 059 055 058 061 058
075 038 037 032 036 036 033
150 036 031 024 034 029 024
225 040 029 018 036 025 017
300 060 033 016 059 027 0.4
3.75 ) 038  0.19 ) 033 0.16
450 ; 057  0.26 ; 057 022
5.25 ; - 0.35 ; ) 0.30
6.00 ; 0.57 - - 0.55

x5 TREERAY MEREREHBH

Table 5 Coercivities of the flakes sliced from the GBDP
samples with different thicknesses (kA m™)
Dripr;h/ A1l Al2 Al-3 Bl1 Bl-2 BI1-3
0.00 1537 1540 1518 1631 1635 1628
0.75 1494 1482 1436 1554 1541 1525
1.50 1475 1445 1385 1539 1497 1471
2.25 - 1430 1332 - 1476 1420
3.00 - - 1311 - - 1386
525 T
—<} A1-3—>—B1-3
_ 4501
€
& 375¢
<
< 300
225+
150 1 1 1 1 1 1 1
00 05 10 15 20 25 3.0
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Fig.2 Coercivity increments of the flakes sliced from the GBDP

samples with different thicknesses
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Fig.3 Dy mappings of the GBDP samples: (a) Al-1 and (b) B1-1
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Fig.4 HRTEM images (a, b) and corresponding EDS results (c, d) near the grain boundary region in the GBDP samples Al-1 (a) and
B1-1 (b); Nb, Dy content (c) and Cu, Al content (d) of position 1~5 marked in Fig.4a, 4b
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Influence of (Al+Cu) Content on Grain Boundary Diffusion in Nd-Fe-B Sintered
Magnet

Liu Tao'?, Zhang Xin?, Li Jian? Chen Jie?, Cheng Xinghua? Zhou Lei? Yu Xiaojun?, Li Bo®
(1. Central Iron and Steel Research Institute, Beijing 100081, China)
(2. Advanced Technology & Materials Co., Ltd, Beijing 101318, China)

Abstract: Nd-Fe-B base magnets with 0.25wt% and 0.5wt% (Al+Cu) were treated by Dy grain boundary diffusion process and the
coercivity distribution, Dy content distribution and microstructure were analyzed. By comparing the composition and properties of the two
types of magnets, it is found that the coercivity increment of high (Al+Cu) magnet is 37~44 kA/m higher than that of low (Al+Cu) magnet
in spite of the same Dy increment. Further gradient analysis of composition and coercivity shows that the change of (Al+Cu) content does
not change Dy distribution versus to the diffusion depth, but the coercivity increments of high (Al+Cu) magnet slices are 40~80 kA/m
higher than those of low (Al+Cu) slices. The subsequent EPMA Dy mapping images show that Dy-rich shells are distributed more clearly
and continuously at the high (Al+Cu) magnet, and the TEM EDS analysis results also show Dy concentration near the grain boundary
region is higher in the high (Al+Cu) magnet. With the increase of (Al+Cu) content, the fluidity of grain boundary phase is enhanced and
Dy-rich shell wraps the main phase grains more continuously, which further enhances the coercivity with the same Dy increment.
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