WaTHE 3 HBEERMBE1E Vol.47, No.3
2018 4 34 RARE METAL MATERIALS AND ENGINEERING March 2018

A DyZn S € REX R E TSR MMM E S

[REAYES:

FRFH 2 HREBL AKRE? XA BAEKD g, RERS B

& B 52 Mo

5‘(5& 1,2

(1. YEVEEE T K2 TRERFRE, Y75 &M 341000)
2. VLVGHE TR MRIRFES TR SE, T #IH 341000)
G. EHRM LERARDARAR, T &N 341000)

W OE. RAERMES 7%, Ehedi NdFeB RiAR MM % T DyZn #BE, R0 T By 95 A0 B0 % 44 77 ) ) REVE BE
W RGEVE RO AL R L5 A5 . G5 R, AT 0S DyZn M HLR, BT CRFFFRIRLIEAR RGO 0L R, FFmih
KM FESETE, B S R (K 963.68 kKA/m $2 15 5] 1544.60 kA/m, HFIE 63.31%. & L4 B AL BE nJ LU 35 B 44 (138 2
FaEE, 15 293~453 KGN, FBOR B REGEARNAS, TR W8 B R A H—0.5533%/K FE1KH-0.4885%/K . il id X}
FES O NS BRI, Dy JCRIEE G FOBARY 8, 32 S5 S0 S AR R SR AM G J2 AL, AR 45 4 55 e o 1 A
oy Kb SR RLZ 71 (Nd, Dy)2Fe B a8 J2 (1 7 302 B0t ) K i BE #2132 s N

R RS, PB. DyZn &4 BREE AN
RESEDES: TM273 XERFRIRAD: A

EHS: 1002-185X(2018)03-0995-06

B A S AR B, BRI I 5135 /N Ak
Al B R AR R T WA, B R RN
R ) e 45 NdFeB G A HY B N, Bk Th e
BHORF ST BT, MBI CEERD%E 1. 1)
B MR BRER . AR mbL LR,
IR BAT (1 5 SRR 2 Tz i N
HR e IR ATHRRAR R BT S S
SIS N, #51EBe4E NdFeB BEMKRIN & &, oIl
M RE R A

i, %245 NdFeB i 7 (1) 5 KRG e R CLIA FR B
(K1 93%., T fd A 10 dpe K i S AN R BB A 1) 1/6~1/2
fity, ARGIT R G S TTER N Dy, Tb #84)
B Nd JEJ(Nd, Dy/Tb),Fe B flifEA, HA i
b ) e, HEEM L Dy, Tb 5 Fe Ji F2 i@ T
WG A, S BRACREAR T TR o AN T I AR
ZMEM T IGE, R LCREBRABEED A
BB, FBUS R SCASE I T8 i i S IR
7 AR 7 3% T AR AN 8608 7 e P 56 Tl K s 12 v
RISy, HoAT LAk b s FH R - J6 % Dy A Tbe
T. Kim 2 A\ PSE L 78 0 Dy Fs B A 445 i g %
1974.08 kA/m. X. G. Cui % \195@ 5 5 45 11 Dy, 05

Fs HEA: 2017-03-15

KA BT IR M T el R A T i 1
k. F. M. Wan %5 AUV ok 76 J0 5 958 45 Sk 0 1 A v %
I PresCusy M AU S 005G AR o F A, A3 4 )
M 1114.4 KA/m 88K 5] 1671.6 kA/m, X J& H b 128
Bl be &5 Flo Bk B R AR R A 0 B W ) . Bk,
Y5Cox™*. Algo, Cu,l”'s Hogs sFessq s Dysy sFesgst'!
F1' Dysa sFesyCus st VAR 204 4 U8 1K 7 V#8471
G I b AN N 7 R AT LKA ) K R A T
TR O PR, T S R BT ) sk R
WA 5 . N. Oono 2 NIPUR I A L DyFs 4 15 fid /R 45
I 1154.2 kA/m #2753 1751.2 kA/m. W. X. Ji %
U 0L 76 B TF ek B i A SR T 9 2 DyH; 40K it
K, A A3 G AR o ) s T 940.08 kA/m . H.
Sepehri-Amin 25 A\ UE o 2453 TH 805 Dy, 1
RS ) M 1042.76 kKA/m T 5 31 1623.84 KA/m, 11
WAL RS T 0.02 T. X. J. Cao & AUV gt v vk i A7
DyF; 177 84T d 7 5L, AF43 % ) A 1281.56
KA/m H41N%] 1814.88 kA/m, Zoid Hk— 5707,
A4 0 A 00 2 0 %1 1913.58 kKA/m . Q. Zhou 25 A8
I8 W S 10 D10, FUAEERG &4 MgO iHAT
iR, AR AR ) B T 76 kA/m.

HEWB: FEFAREZEIEESE (51561009); TLIHE S RAESTEHTRITH (KILD14043); JTPUEEERERE 4RI H (20151BAB216005);

TLVEE #0E TSI H (G1T14448)
TEE"NY: =X, W,

1981 4R, 1oL, yHIm, VLB K% TRBESIRE, TLP %N 341000, E-mail: lifest@163.com



+ 996 » W& B RS TR

47 %

WAk, A BRI T Z MR, (A
AR ER A . ALY R S ALY S HOE BT
GO, KI5 A Sy ORI U D o AR IR FH R4
W T, AR R % — )2 K 2 DyZn &4
JBL 2 HEAT & T, R ol R T R R R R I
WO EER . B BEAT I 5T
1 X &

SEE JE AR A RS 10 mmx10 mmx=4.5 mm
N35 pe4ia NdFeB Wik, W H# MR 4 B
WA RAT, L 4.5 mm JE D514 ¢ SR 5
FERZE 4004, 800#. 1200481 1500#R0 48T BE . POk
EWAGOEECEE, BamE. X8 KRR
PR IE e, MR o BB 0 S B R R
T FBH R AR 212 VCK-450 145, ¥R 24 @60 mm»6 mm
() R, %93 A Dy(99.95%), Zn(99.99%). 4% ik I,
AR A A <, WS UK 0.6~1.0 Pa, Vi
P H 80~100 W, LRI IF R 2 120 min. H4 il #5 1)
B REERE 5 AE VS-300RP BL2X B 45 I b HAT i il 8 b
P, AR 1123~1173 K, B[] 3~5 he SRJ5HEAT
[ K AL BE, AR B 773~823 K, N E] 1~3 he
H T ITAEXTEE, T e TR AR BE A AR AL Bedi A T
5] R (ED 2R BE 47 38 38 Ak #1f 308 47 [R] KAk BE fY Bf
fi)o A T ERRE R PG NIM-500C 284 A% 6 1
DA £ 1 B o A FH A R /R 25 W) SIGMA AL 6
H 1 S PO AT A H 7 TXA-8100 %) EPMA X ¥ i ik
AT PO ZH 2RS4y IR W58 5 40 H o

2 HREWR

2.1 K45 NdFeB #iKBIREMERE BURE R EL

Bl 172 N35 Le g S JRUAE . be 4 S 1 R ORI B 45
A DyZn §BFERERE ML, LR ARRETE B8 B W2k
Lo FI L, & FE9 HOAR 38 5 IR RE AR i g4 =1 T 580.92
KA/m, BIFE 5K ERE BN T 63.31%, i 6 Al
I KR RERIE AR AN AR . AH 5 TR AT BT BRAR, X2 IA
i B B B S, Dy M1 Zn JC R A AR T,
Wik E AL EBAL ) Dy Zn JCE S B ZE BRI
JRCIRT o ST A B A A AR O R A S A R 1 7K
ITRIE R B 4 iy RE AR T ), X SR A i
I Dy JCE 551 T i W B AT B 2 2 e, B
i TP AL B RT DA A Y 2R PR

Kl 2 24 N35 Begia IR ah FEFIBE 2575 DyZn §78FF
Iy BIAEE R . 353, 393 453 KN [KV3E #E h & Ko pd v
R BT P52 1) 7 A il e, R I Ry L A 1 P e s LR 2.
B 2b WA, Rl R T, 2 4 A R

1.2+
0.8F
= —m—DyZn diffused of N35 as-sintered
_ N35 as-sintered
—A— Tem pered of N35 as-sintered
0.4

800 -400 0
H /kA-m"

0.0 L
-1600  -1200

B Ak IR W i 2

Fig.1 Demagnetization curves of the magnets
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Table 1 Magnetic properties of the magnets

Hc/ HC/ B max H/HC

Samples BIT s nom fenms "o

N35 as-sintered ~ 1.21 917.53 963.68 280.59 98.00

Tempered N35 120 920.71 1032.92 281.86 94.60
as-sintered

DyZn diffused N35 ) 0 93583 1544.60 279.40 95.70
as-sintered
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Fig.2 Demagnetization curves of the magnets at 353, 393 and 453 K (a) and the variation of magnetic properties as a function of

temperature (b)
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Table 2 Magnetic properties of the magnets at 353, 393

and 453 K

Temperature/ H (BH)max
Samples K BT pam?  kAm®
293 1.21 963.68 280.59

N35 as-sintered 353 1.14  481.44 238.89
393 0.99 287.27 161.46

453 0.98 110.61 70.25

293 1.20 1544.60 279.40

DyZn diffused 353 1.11 971.64 236.90
N35 as-sintered 393 1.05  648.56 206.90
453 0.97 337.41 161.30
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Fig.3 SEM back scattering electron images of as-sintered N35 sample (a) and as-sintered N35 with DyZn diffusion (b); (¢) EDS element

line scanning of as-sintered N35 sintered state with DyZn diffusion
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Fig.4 EPMA mapping images of magnets with DyZn diffusion treatment at the depth from 0 pm to 250 pm
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Fig.5 EPMA mapping images (a) and EDS element line scanning (b) of the magnets subsurface with DyZn diffusion treatment
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Effects of Thermal Diffusing DyZn Alloy Film on Magnetic Properties and Heat
Resistance of Sintered NdFeB Magnets

Li Jiajie'?, Guo Chengjun?, Zhou Toujun?, Liu Wujie?, Chen Jinshui®, Liu Renhui', Zhou Huijie®, Yang Bin'*
(1. Institute of Engineering and Research, Jiangxi University of Science and Technology, Ganzhou 341000, China)
(2. School of Material Science and Engineering, Jiangxi University of Science and Technology, Ganzhou 341000, China)
(3. Ganzhou Qiandong Rare Earth Group Co., Ltd, Ganzhou 341000, China)

Abstract: DyZn films on the sintered NdFeB magnet surface were prepared by DC magnetron sputtering. The magnetic properties,
temperature stability and microstructure change of the magnets before and after the thermal diffusion treatment were compared. The
results show that after DyZn thermal diffusion the coercivity of the magnet is enhanced significantly from 963.68 to 1544.60 kA/m with an
increase of 63.31%, and at the same time it keeps the remanence invariable. The magnet temperature stability can be improved by grain
boundary diffusion. The temperature coefficient of the remanence keeps constant while that of the coercivity is reduced from —0.5533%/K
to —0.4885%/K in the range of 293~453 K. SEM and EPMA with EDS observation indicate that Dy elements diffusing along the grain
boundary phase mainly aggregate in the grain boundary phase and the grain epitaxial layer. The optimization of microstructure and
composition of the grain boundary phase and the formed (Nd, Dy),Fe 4B transition layer are the main reasons which upgrade the coercivity
dramatically.
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