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ABSTRACT: The suspension plasma spraying technology is used to prepare a Dy,O; coating with complete structure,
controllable thickness and high bonding force on the surface of the sintered Nd-Fe-B magnet, and the coercivity of the Nd-Fe-B

magnet is improved by the grain boundary diffusion. The method is to prepare Dy,0; suspension, and prepare Dy,O; coating on
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the surface of sintered Nd-Fe-B by using suspension plasma spraying technology. The particle size of the powder is tested by a
laser particle size analyzer. The microscopic morphology, structure and phase composition of the Dy,0; coating is analyzed by
the optical microscope, scanning electron microscope (SEM), energy spectrometer (EDS), and X-ray diffractometer (XRD). The
coating adhesion is tested by the coating adhesion automatic scratch tester. The magnetic properties of sintered Nd-Fe-B
magnets were tested and analyzed by the NIM-2000H automatic magnetic property measuring instrument. The result is that the
grain boundary diffusion Dy,0; at 875 “C increases the coercivity of the magnet from 1161.19 kA/m to 1277.74 kA/m, and the
remanence decreases by 0.01 T. The coercivity is improved higher and the remanence decreases slightly. SEM and EDS analysis
results show that the improvement of grain boundary structure and the formation of (Nd,Dy),Fe 4B epitaxial layer are the main
reasons for the increase in coercivity. It is proved that the suspension plasma spraying-grain boundary diffusion technology is a
green and efficient technology for preparing high-coercivity sintered Nd-Fe-B magnets that can control the thickness of the
coating.

KEY WORDS: Nd-Fe-B magnets; suspension plasma spraying; grain boundary diffusion; diffusion temperature; magnetic
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1.1 ##

SEH R ALk & SHHEAT FR /A A N42 Ji-5-hesh
2 Nd-Fe-B #if&, KRR ¢24.5 mmx¢5 mmx6 mm,
Fin BRI IS, MR 2.5% il B ¥ W R
UE30s, 2%MIFFERRIE I TG AL 2 min, ZBEHEEA
VR, TEAEH

Dy,0; ZVFMIHI & 1 10% (i 5%k )
Dy,O0s ZKPE S HOE TH A 1%89 R I TR AE R 43 5IH
BREE 2h 5, B THIR.
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1.2 REHERALGETZ

KBTS E T WR 24 ( model MC 60,
Medicoat AG, Fiit: ) TESE4, Nd-Fe-B A3 ifi il 7%
Dy,0; I%JZ2, iR TZ2SHNE 1 PR, HmOREm
FES A Bz B b R AT A0 B, 7E 850~925 C
TP HL 10 h, 500 Clalk 2 h,

1.3 TMHEERIE
I X 5245 59HY ( XRD, D/MAX-2500/PC, H
A S BT E RAAR A A, BRI AR

AR 5°~90°, FTHliHE] 10 min, $93573% 8.5(°)/min.,
fifi Fi ZEISS sigma 500 47748 i i i Be ( SEM ) Al
AEIE (L (EDS ) MLEH BT 5 B R A TOW 4 U1 5 K&
2H A AL TR 2 B 0 B SRR WS-2005, =%
MR ) MERURZ S Ao, HARIELA
JNZEEEE 100 N/min, Ze1b#m 100 N, KR KE N
10 mm, 77 & A &G, oo gk sk b &N,
HEFAON 120°, 230242 R=0.2 mm, #JH BT2003 %Y
WOGRL RS AU AR BE ;SR NIM-2000H H 3t
P R e S AR i A R i

x1 BEREBTHARIZSH
Tab.1 Process parameters of suspension plasma spraying

P W Plasma gas Plasma gas S dist / Liquid flow Atomization
ower Ar/(L-min ") H,/(L-min™ ") pray distance/mm rate/(mL-min ") pressure/MPa
36 40 6 50 40 1.2

2 ZERMITIE

2.1 BiFRAIMERERIE

I 8 T 5 5 T WA Rl A o % e A i g v R
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i RENE . E i HERE R Dy,0, B IF, &
TFIRAESA) . il . FasE st BImESHE T . B
J A R EREEAN IR S Dy,O5 KA iR BE 43 A Fil
TR E 12 h JE ot 5 ol I 1AL, RS Dy,Os
WHARY R AIA2 0 2.83 um, 222 h RS, Fh7
RREARE] 2.21 pm, HRIEEAR AL T I B, #

6.3  Sample ball-milled
90 15.6

5 14.9
70 /N 142
13.5
2.8
2.1
1.4
0.7

Diff%

~ / 1

R AV 14
10 / \/ \\ -0
10.0 100.0 1000.0

0 0.1 100
Size/um

a RALIRIAE

c | BE12h0)5
HR PRI

0 0.1 100 10.0 100.0 1000.0
Size/pm

b BRI

Bl 1 BRI PRI Dy,Os B AR AORLEE 73 A A& 12 h
Je BB RO IR

Fig.1 Particle size distribution of Dy,0; powders before and
after ball milling and optical pictures of suspension after
standing for 12 h: a) untreated sample; b) ball-milled sample;
c) suspension after standing for 12 h
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22 REHANRMREHDH

FoE L B R E TR ARIE T Dy,05 IRJZ
FIAEZER . & 2 R Dy,Os )2 R AME Y SEM JE
$i. B 26 ATLAEH, Dy,0; BZEEZ N 30 um,
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FAH A AR SRR T AR, R AR AL R T
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RS T 1 (Nd,Dy),Fe 4B #H T 2L . A Dy,Fe 4B #H
1) Sk S8 a=0.8757 nm, ¢=1.1990 nm, I Nd,Fe B
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Fig.2 Morphology of sintered Nd-Fe-B magnet after suspension plasma spraying: a) optical picture; b) cross-section of the
Dy,0; coating; c) surface of the Dy,Oj; coating; d) high-resolution SEM image of Dy,0; coating surface
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Fig.3 Scratch test adhesion test chart
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2| ¥ s Dy,Os A B REVERE o JEL AR BEA AN B4 HIORL B A
ga o U ¢ * 4000 C PRI T = AN, BN R L 0 =S REARRE T Y
o R Bl 2 SR I L, BCH T30 45 80 T 5800 KR
g Ho S ERARE VM H , 4 SR P R g A
AT ARG, (R 2 T — e R B4R T o BT
o FHCHR JE2 A I, R g S5 BRI S A A B e
T S H 5 9 5 e e o PR EE S 875 CH, jﬁé'f@kﬁﬁﬂim, Wemi Ay e G
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Fig.4 XRD patterns of the base magnet and diffused magnet
at different temperatures
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> Je Tab.2 Magnetic properties of the base magnet and diffusion
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S TG PRI B4 O B S e S o e
Fig.5 Demagnetization curves of base magnet and diffused 900 °C 1.38 1204'71 382.95

magnet at different temperatures
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Fig.6 Cross-sectional optical pictures of base magnets and diffused magnets at different temperatures: a) base magnets
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Fig.7 Line scan from the surface of the magnet to the inner area
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Fig.8 SEM images and EDS line scan pattern of the micro-area inside the magnet after diffusion at 875 'C
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