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J. Appl. Phys. 55 (1984) 2083 of Nd2Fe14B hot-deformed magnet.
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(b). Initial curves for various grain sizes.
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Thermal activation analysis on Nd-Fe-B hot-deformed magnets with Pr-Cu
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T. Ohkubo?, K. Hono?, T. Akiya®, K. Hioki®, and A. Hattori®
(*Tohoku Univ., 2ESICMM-NIMS, ®Daido Steel Co. Ltd.)

Since the discovery of Nd,Fe 4B magnets[1, 2], numerous and extensive efforts to increase the coercive field
H. have been made. Nevertheless, the value of H, remains as small as 1/3 of the anisotropy field Hy. Moreover, H,
rapidly decreases with the temperature T above the ambient temperature. The low H. and its large temperature
dependence are well known as the coercivity problem of Nd-Fe-B magnets. To solve this problem, it is essential to
understand the magnetization reversal mechanism of Nd-Fe-B magnet. In this study, thermal activation analyses
based on the magnetic viscosity measurement were performed to discuss the magnetization reversal process of the
Nd-Fe-B hot-deformed magnets.

Nd-Fe-B hot-deformed magnet with the Pr-Cu eutectic alloy grain boundary diffusion (GBD) process was
used in this study[3]. Under finite temperature, the magnetization reversal takes place through the thermal
activation process against the energy barrier Ep(H). Ex(H) is usually expressed as Ey(H) = Eo(1 - H/Ho)", where H
is the magnetic field, Eq is the energy barrier height at H = 0, n is the constant depending on the magnetization
reversal mode: n = 1 for domain wall pinning and n = 1.5 ~ 2 for nucleation or coherent rotation. Since E, strongly
depends on the magnetization reversal process, it is expected that detailed information about the reversal process
in a Nd-Fe-B magnet can be obtained if E, is accurately evaluated. Recently we proposed the method to determine
these energy barrier parameters based on the magnetic viscosity measurements [4]. Fig.1 (a) shows the
hysteresis loop of Pr-Cu GBD sample measured at 100°C. Fig.1 (b), (c), (d) shows the viscosity curves of Pr-Cu
GBD sample at H,(M/M, = 0), nucleation field H, (M/M; = 0.9) and saturation field Hs (M/M; = -0.9) measured at
100°C, respectively. The values of n are about 1 at H, and Hs. These facts indicate that the domain wall pinning is
the major magnetization reversal process at H = H; and Hs. While for H = H,,, the values of n are about 1.4,
indicating that the nucleation is the dominant magnetization reversal process.

This work was partially supported by ESICMM
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Development of high performance sintered Nd-Fe-B permanent magnet suitable for grain-boundary diffusion
process.
T.Hidaka, T.Hayakawa, A.Kakoki, F.Baba, N.Tsukamoto, M.lwasaki
(TDK Corp.)

XL ®HIS

Nd-Fe-B R BERERB A IZRB W T, D WER HH TR E CTEHRM DR TE 5, Wb DRI LR (R4 -
HAL(High Anisotropy field Layer )it @ H L 72BN L C& 72, ZOFEE BRI 2EMG LR ES
HIC&E 2720, SREMAEE L b S5, ECRERAT Th oo @K FrEE2 EBTE 5, —H,
D Nd-Fe-B SRBERGE A DAEPE LR & Il 2 & RIFURE LRGBS N D720, L= X NI
5o Lo T, RIRIEBUEIC X DR FRER EOMEE —@RD 5 Z LR RD LTS, BEMIZIE
DI NEATHEEAEICB VTSI LIRS 21 E(AHy : 77 AME) S5 & & bICEREBMREE IR T (I
B : v T AE)EMHITHZ EBHEL LTETONS

o 1T BRLRREEICRIE Lo, B a (LR, TS ) YOBRZITS 2 &2 ARV & L, R AR LR M
\Z L DR EAbD THM ) IRIFME AR L, ZOEVORINIZOW TR EZIT- 70T, @55,

KEBRA &

#7325 Nd-Pr-Dy-B-Co-Al-Cu-Zr-Ga-Fe 55 DD b Z il E Oy RIGSiEIC KV ER U, fERIL
Te Bob 29 14 x 10 x Amm(BL ) 5 ) D H A ZIZIN L L7 6 O % Th YEBALERICfE U7z, Th EITEHDKAE L
L. R e\ THREDLBE 21T o 7o, BERUAFIERFAMIZ BH L —HIC L0 To7, /2, —#ov
7 WAZE T, EPMA(Electron Probe Micro Analyzer)<> 3DAP(3 Dimensional Atom Probe)iZ & ¥ Jr3 434 O HERR
AT 77,

1.4

ERKER B

BEELD TER | W63 DR 2 AT o 7ol R, THAT ) 1.2

RNy @2/:42}:1 jﬁ'fti))j(g‘ < ,Esfcﬁ%) Z N %’géﬂflo % 1.0 | High Cucontent region ‘m‘.\
WJZ_ UV ARY T AB B BN, E (=grain boundary Iaver)ll :"\I\ —Sample A

cakwﬁﬁ%fﬁfz Rtz oR Uiz, ZOECORB O - § 08 i 1: ---Sample B
—Bg & LT 3DAP % H W THEHBULERTE 0 2 RS 'g 06 I:, ‘\,:‘

DMEHEREAT -T2, ZDOFEEA Figl ITRT, CuldE  § /- -
FRICEEES, A TERETHD Vo b, T O §a4 |
WA 2 bR SE LIl Ls, WE OESILFRIETH - 0 ;,/ \"f“
2o 7. b 2 K FR R A B AR [ e LT J\)j S e
W5, T BITEARY TV A TIEEMIMER O 0.0 : : ‘ ‘

0 40 80 120 160 200

Th JEEAE <. 20 Th B ODIEH NN 2 & 2353 )
STz, ZORERIT ERLOBKEMEZEL E FTE LR,

Foxix, At rs@mL bR se, Fig.l Tb concentration profile of samples
Wk 7 7ok RS A D T A )y TIEFE A #EDH T D, near grain boundary after HAL process.

L ZD ;N

distance / nm

1) A. Sakamoto, T. Hidaka, C. Ishizaka, N. Uchida and A. Fukuno: Trans.Mater. Res. Soc. Jpn. 29 (2004) 1719-1722.

— 133 —



6aD - 11 FAOR]  HAMKFREITEEIEAE  (2016)

A 1S 2 A9 5 (Nd,Y)-Fe-B HEBRsE A DO RE KA

BABER], daARRE—. HIFE, B
(TDK #Rz4t)
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Anisotropic magnetic property of Nd,Fe 4;B/Mo/Fe multilayer films
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