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Abstract

NdFeB magnets have been positioned as the core materials in advanced technologies such as MRI (magnetic resonance
imaging), FA (factory automation system), robot, motors, and so on based on the highest magnetic properties. To effectively
improve the refined microstructure, the plastic deformation has been known as the good alternatives by the recrystallization.
However, it has been regarded as being impossible because of the few slip systems in the RE-Fe-B magnets at room
temperature. The purpose of this study was to investigate the possibility of control of grain refinement and magnetic
anisotropy of NdFeB alloy powder by the severe plastic deformation. The NdFeB magnet powder was fabricated by gas
atomization process, and the powder was pre-compacted at high temperature. The pre-compacted billets were deformed by
HPT (high pressure torsion), and then the deformed billets were observed microstructure and magnetic properties. After the
HPT process at room temperature, the grain size decreased with increasing because of the melted Nd-rich phase, and the
anisotropy of Nd,Fe14B phase was formed after the HPT process.

Keywords: Rare Earth permanent magnet, Severe Plastic Deformation, Gas Atomization, Grain Refinement, Magnetic

Anisotropy

1. M &

RE(rare earth)-Fe-B S|EF/F 97242 1910
G A o] TR olef® &3t | A T UM
-7 A71A BEA4E JHAaL len oo uwe

MRI(magnetic resonance imaging), FA (factory automation

A

L @ 2E A7, A99Td

2 St 7 A RS, Sy
3. RFANEATA P 1A T2, AYATY
4. FTNNEAT ReEAT A, FAAT

# Corresponding Author : Research Institute of Advanced Manufacturing &
Materials Technology, Korea Institute of Industrial Technology.

E-mail: tskim@kitech.re.kr

ORCID : 0000-0002-0258-0526

system), =3, RE|, sfEr A, AVIAEAy,
A T ke Al g ARgH I vk 53] A
o EBAFTY olfr ToE A% W3 Ajle] Fa
7V S7hgel wEr &F 1 e E ¢S s5old A
o= o dE 1]

A4 SEF GFAAdd # A FE AF
H vAs £ A4y NS T a5 aE
9l A Az [2], La, Ce T Aol FH-3 AHIEF
A A Az [34], 2EWY T 71 F4S U
Ak A Az Fol FEIL Ut [5-8]. °] F
2WY 55 ol &g FAHUA A4 A RE-Fe-
B AA ¢ AAAdAFSl 2-14-1 AL AL YA AH



JpR 2 A% NdFeB aE2o] 7F4

(tetragonal T3, 2 7)< 7HAH 24 &
7VsskAl s Vel wAsHA] @]
2ol A AW e] Evbssitkal gl A dn [5].
ad ANHAY JEF AT Ax W
A FHAE AA, 2EY AE"HS T3 =
A3 3 olZ A4 I E jet mill FH
2t gk 5 AP ste] ost BTt
£ N, AR “*‘E:EJ]%
LS Axg H ols g
N B}

col ¢4l

2
m

2L X0 [ O o ox o o
L oo o oft Ok
QL

—~

«
QD
w

N
[>
r
1

e ¢
ﬂ
E)
jag)

=) rZ

atomization) ]
ﬁ]’ﬁ] ;1;(49. A@é}@-
& FX4 (packing density)S 7HA ™ 3%
Qo] Atgluto] EAsle] FHFo] |
2 o7 FHER JrgMow ZﬂJ_O} ]
Ay FYPHA oY [6-8] WAL= 7
T g2 Az TAH v ik =
o] AR en a3 AHE T3
Sugdog FAHEBRE 1A
stol @d 57t AaAEHA X

F&E_H
o
2o
~N

ﬂ (2
fr =

o
T O

L
o
2 [y 2o o

SN
o
)

of
o M

—_

O

Jm
o,
e 2 oo 2 o N oo L oHF =

T =

ol
o
=
%2,

NdFeB & e

& (severe plastic deformation)Ql 5 =3t s
ZS Jlste] FES AAWMYHITO RN O o
}\1 SFA] O]

i%
° N
(ihJ

—

0 ot & E od
feoroe (oMo ool

AR R R s A
i Aol e sty AASs AT S
AMZE BHS AN F s o2 ke
whepa] B ATl A s 7T E NdFeB 3
TS 2, P § Rl AW WU
% &}1bel HPT (high pressure torsion) i3-S Zaf A&
A S FYSEa Nd FFel wE Adst 4=

HYgs 8 2A™Y A 2 ool Ao 125
A" vAsh oA F4 THeAde s

NdFeB 33 =22 NdiFewuxBs (x= 12, 14) A
2 AlxFglen AdFuu (ALOs) =7FA &
g3 & 9 1500 T oA 7F=w5 FA] (model :
DTIH-0050MF, Dongyang Induction Melting Furnace
Corporation, Korea)E ©]83t9 27 5 @2 BNC
(boron nitride composite)e] L F IS FI| 5& X~

o
-y
T ==

EY AA F 40 bar 9 1% Ar TbAE BRES
=3

Fojxl FH2 AAEVIE 5 F 25~38 ym =
719l s aEste] Sps ] (spark  plasma

sintering (model : SPS-20, Welltech Co., Korea)) & &3
10 @ ¢ WAS zH= graphite Z=o)4 750 C,9
S5, 20 MPa g o2 7HE Sgit) o] ¥ 1A
=o] 1.5mm & 7| A7}E 3
sFol we vz W
2 ol WA Blelr] A8 HPT Fuldl <)

3Fe] 2 turn, 1~6 GPa W 9lol Al ©] 1 GPa ¥ 3}%
WA A AP S Fdsider Fadwd 01
S B A dESAS HFAE &85l on
FE-SEM (model : Jeol, JSM-7100F, Japan) <= S3f v |
A4S dEFo RN AHY vAs oJFE AF3t
St o] wA = o] sHEA] (Image J software)=
Al VEE H FHE SAFoEN AW
ol st 9 FAolWAd FAF AFE GAsA
o AAdWY olF ANELE

VSM (vibrating
sample magnetometer, model : VersaLab VSM, USA) =
daglon Zaddde 53 FedAl
e S

[SeRE=1

[e]

shak 9 RBuk 7)o wE
W A Z4S Fig. 1 (a~f) ol YERQIY e
AzA A F&2 AZEE= A4S Fig. 1 () oA BE
viel o] ZFakAd Al NdFewB A (71417, A
4 9), Nd-rich %} (32 49), a-Fe % (1F% 3

=Ry v}



126

BN
N
o2
T
>

10pm

Fig. 1 Microstructure of gas atomized NdxFewu-xBs powder
with composition and powder size. (a) x=12, 10um, (b)
x=12, 30pum, (c) x=12, 50pm, (d) x=14, 10pm, (e) x=14,
30pum, (f) x=14, 50pm.
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Fig. 2 Microstructure of Ndi2Fes2Bs plates after HPT process
(a) 1 GPa, (b) 2 GPa (c) 3 GPa, (d) 4 GPa, (e) 5 GPa and
(f) 6 GPa

Fig. 3 Microstructure of NdisFesoBe plates after HPT process
(a) 1 GPa, (b) 2 GPa (c) 3 GPa, (d) 4 GPa, (e) 5 GPa and
(f) 6 GPa
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