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Influence of Misorientation Angle between Adjacent Grains on Magnetization Reversal in Nd-Fe-B Sintered Magnet
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To clarify the difference in orientation dependence and angular dependence of coercivity,
the crystal orientation distribution and demagnetization curves of Nd-Fe-B based sintered
magnets with different degrees of orientation were compared. Our results suggest that the
increase in coercivity due to the low degree of orientation of the Nd-Fe-B sintered magnet
cannot be explained solely by the angular dependence of coercivity, and the domain wall
movement is suppressed by the decrease in the degree of orientation. Based on the results
of the crystal orientation analysis and the in-situ observation of the magnetic domain in the
same position, the larger the misorientation angle between adjacent grains is, the larger
the ratio of grain boundaries which magnetization reversal stops. It is suggested that the
misorientation angle between the adjacent grains contribute to the suppression of domain

wall movement due to the decrease in the degree of orientation.
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Fig.1 Schematic illustrations of the misorientation angle 6 between
the easy axis of magnetization of each grain and the applied
magnetic field H, and the angle ¢ between the easy axis of
magnetization of each grain and adjacent grains
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Fig.2 Inverse pole figure maps of the Nd.Fe1,B phases of (a) highly aligned (HA) magnet and (b) moderately aligned (MA) magnet
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Fig.3 (a) - (d) Distributions of 8 and ¢ for HA magnet and MA magnet and (e) distribution for 8' of MA magnet calculated along a direction tilted

23° with respect to the orientation direction
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Fig.4 Demagnetization curves measured with the HA magnet, MA
magnet, and HA magnet titled at 23° and 48° with respect to the
magnetic field direction (spherical sample, demagnetizing factor
N=0.33)
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Fig.5 (a) Recoil curves of MA magnet and HA magnet measured along a direction titled 23° with respect to the magnetic field direction, (b) comparison
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Fig. 10 Reversed region for each value of the effective magnetic field
H.is extracted from the Kerr microscope image in the
demagnetization process of the Dy undoped (x=0) magnet
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Fig. 11 Reversed region in each effective magnetic field Hes extracted
from the Kerr microscope image in the demagnetization process
of the Dy doped (x=5.0) magnet

Orientation direction +H

PAzEAK S N Ze o 22 fHIRIE T~ F 5 X b OZEIEAE L
CINEPS 72 IR TH S LE 2 oh, GFHlid HIEBRA L 72,
WEOHE Y L FEB, BALE S I o TRBICH
B R T B THALHE L 720 x=0, 5.0 % 4 $L5 O Jsfis
BRI BIT D, He (20T 2 RO FEB O TR & D21k
ZR 12121 F, Dy ®mA% < BB TH % x=50 D&
WL & ) SR CRALEDSET L TB Y, IR
TRLZAERE =T HHATH - 72

& B EVINEES I B CTHEEB T 2ME R CRME IR L 72 &
X, WALBEZDSIE F A ALE RS> TIET A 2 L8
Zhotze & THRALKIEASIE F BRI &R T H 2 ¢
OBBZREHOSNICT 5720, LD > 72k A%
GB., BALBIEDS IS S4ad o2k R % GB, &L, #h?
NORFINZBIT S ¢ ZEIE L7z0 BBRLR IS S
Tpro 2 S MR Nd Y v FHIC X o TS W
NTZRFIIERAL L 720 x=0 OFEHI B TR 900 A A DR
%% GB.,, GBuIZX4rL, ¢ OFMBEHPHIZHIT S GB.,
GB, DEIEZRKOERLZR 13 @) ISR T. dHKEW
3L GB, DEIENKREL, BALRIEDILF 2 EEHKE
(BB Ebhrot. ZOMMZE 13 (b) IRT L9
12 x=5.0 DEEHZ B TH 1,000 H 77 0% F % f8HT L 735
GIZBEBETH Y, BALREOEIFEOIHNI X3 5 kT[]
FL7E DRI EARLT O SR L & % S R i PRS2
RAPAETOHOFMTHLILEEZRIELTWS, DEXD
8 2 BTz &) IARRE I NS X B PR BN AS 6 43 A
WZRIB T R O A ERAEOATIEIRE > T v
EZzDE, ¢OAITHIST S BREER T 52 ORI
X 2 WAL BCHE D3P b PREEI B IMICHF G- LT b L LR
N5,

100 =

90

£ o

x=5.0 L
80
e
70
60
i
50

o A

30

Ratio of unreversed area (%)

"

1

| |

20 #
»

| B |

-1,600 -800 0 800 1,600
Heq (kA/m)

12 5 —BEHSRI& D SHhE L 72 x=0, 5.0 & 4 REF DRBEERERICH
173, ENONBESR Her (CX3 9 2 RREREBOEEEI & DE1L

Fig. 12 Ratio of the unreversed area vs. He in the demagnetization
process for each of the 4 views of x=0 and x=5.0 samples
extracted from the Kerr microscope image

HiI£E#% Vol. 34 (2018) 29



x=0
(a) Total of 880 grain boundaries
100

80

60

40

Ratio of grain boundaries
for each angle range (%)

20

0
0O 10 20 30 40 50 60 70

¢ (deg.)

80 90

x=5.0
(b) Total of 1,025 grain boundaries
100

80

60

40

Ratio of grain boundaries
for each angle range (%)

20

0
0O 10 20 30 40 50 60 70

¢ (deg.)

80 90

13 NFBHMZES ST B GB,, GB, DIEE N (@) Dy RAMBEA (x=0) (b) Dy AR (x=5.0)
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doped magnet (x=5.0)

4. #&

PREEET T DL EEARATE & A FEARAF I D 2 B & 222§
HZErEHMEL, BINEDRZ S Nd-Fe-B RBEMRERA
DAE GG & LR % TR U 7= 3, KRR &
2 PRI OBEIMANREE ) O f AT DO A TITHPITE %
W2 EERL, U aA VA —TRIEIC X Y ARE ARG
WEGBR I B W THEBEREI S R W L 2RI L7,

% 72, Nd-Fe-B RBERS A 10 OMEIX BIGE O A %)% % B
LI B 728, 2NV 7 D) & KB PR DA %
NRTAGR, 7V 7 BT & FERE PRI L L IBERR I B
BERHRAT D KNG TH - THANIR L R OWE
B L ORI L TRBI DI E > TWBE 2 L 2R
L7ze TNEBE ZT, RSV & A RXslis%
[ —BLEFCAT o 7o 0L, BN 222K & W T L
(LD I F B2 RAOEEPRKEL BoTHEY, LD KE
e i % A R RARALS R 2 Wi 2 BER OO L DT
HHIEERLTZ

DEofEREL D, BREETIC X 2 HMINE, B
KFRIDOHMENKEL 2B LICX o> TR TORILK
OB SIH SN DL Z ENFLGLTwD LRSI,
LT 18 5 0L 725 ASREAL B iz O AR 4% % #0 2 B D W T
(&, BT R ORGSR AR OGRS A0 &R AR & of
B BARMEDZLZE 2 5B, Nd-Fe-B REBERBA I
B CERB RS & BRI 2 W3 5121, SRR
JEEZRD RS LR OEIEZ I35 2 L ABLETH
D, RROKMEES X OBIEICOWTESHRE 5% A5 n i
BPLEEEZ BN,

30 Hi£BHER Vol. 34 (2018)

ARlx, (&) OARBRFEXOHFHEDOT. T Ok
WP ED 2O L O DI TH 5,

Journal of the Magnetics Society of Japan

(1) ## : T. Maki, R. Ishii, M. Natsumeda, and T. Nishiuchi
% 4 bV : Relationship between bulk coercivity and
coercivity of surface layer in Nd-Fe-B-based sintered

magnet
FEATAE 2018 4F T3 (42 % (2018) 2 HH8#¥ )

(2) 3% : T. Maki, R. Uchikoshi, R. Ishii, M. Natsumeda,
T. Nishiuchi, and M. Takezawa
% 4 h )V : Influence of misorientation angle between
adjacent grains on magnetization reversal in
Nd-Fe-B based sintered magnet
FEATAE 2018 4P oE



Nd-Fe-B RtiaiA - & 1T 5 BN FRIAAIE & B REDEE

5| A3k

1) K. Hiraga, et al.: Jpn. J. Appl. Phys., Vol.24 (1985), No.1,
p.L30.

2) R. K. Mishra, et al.: J. Appl. Phys., Vol.59 (1986), No.6,
p.2244.

3) F. Vial, et al.: J. Magn. Magn. Mater., Vol.242-245
(2002), No.2, p.1329.

4) Y. Shinba, et al.: J. Appl. Phys., Vol.97 (2005), No.5,
053504.

5) H. Sepehri-Amin, et al.: Acta. Mater., Vol.60 (2012),
No.3, p.819.

6) A. Handstein, et al.: J. Magn. Magn. Mater., Vol.101
(1991), No.1-3, p.382.

7) Y. Matsuura, et al.: J. Magn. Magn. Mater., Vol.336
(2013), p.88.

8) b, Ml Hi&lE¥k, Vol.30 (2014), p.20.

9) D. Givord, et al: J. Magn. Magn. Mater., Vol.72 (1988),
No.3, p.247.

10) D. Li, et al.: J. Appl. Phys. Vol.57 (1985), No.8, p.4143.

11) A. Fukuno, et al.: J. Appl. Phys. Vol.65 (1989), No.12, p.
4959.

12) Y. -G. Park, et al.: J. Magn. Magn. Mater. Vol.238 (2002),
No.l, p.68.

13) T. Yamaoka, et al.: J. Magn. Soc. Jpn. Vol.35 (2011),
No.2, p.60.

14) J. Thielsch, et al.: J. Appl. Phys. Vol.111 (2012), No.10,
103901.

15) T. Kohashi, et al.: J. Magn. Soc. Jpn. Vol.33 (2009), No.4,
p.374.

16) H. Suzuki, et al.: J. Appl. Phys. Vol.109 (2011), No.7,
07A746.

17) M. Takezawa, et al.: J. Appl. Phys. Vol.101 (2007), No.9,
09K 106.

18) M. Takezawa, et al.: IEEE Trans. Magn. Vol.49 (2013),
No.7, p.3262.

19) M. Takezawa, et al.: J. Appl. Phys. Vol.115 (2014), No.17,
17A733.

20) K. Toyoki, et al.: Proceedings of the 24th International
Workshop on Rare-Earth and Future Permanent
Magnets and their Applications, (2016), p.129.

21) M, i HSZ 4@ #H, Vol.24 (2007), p.34.

18 8-
Tomohito Maki

H 37 s bRt
WM FL A v 8= —
WEVER FLE 22T
A (25)

A fmAER

Rintaro Ishii

H 37 g bRt
REHEMFL A v 8= —
WaPEAT R 72

ZEH xR

Mitsutoshi Natsumeda
Haz g lm kst
WEVER LA 8= —
TEMERT BT FE T

A K E
Takeshi Nishiuchi
H 37 s bkt
RAHERERL A 75 ==
VR FLE 22T
it (%)

Tl %

Ryo Uchikoshi

UMM TR AR e AR e ke
vtk AE > A 7 A LT R

iEER

Masaaki Takezawa

U IR PR A B Lo 7E b
Jeumbkik > A 7 A T2 98 %
Eoeid

S R D))

HiI£BH R Vol. 34 (2018)

31





