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SANS observations of initial magnetization process in Nd—Fe—B hot-deformed magnets
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Observation of magnetization reversal process in Nd—Fe—B hot-deformed magnets by small-angle neutron scattering
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Coercivity enhancement of hot-deformed Nd-Fe-B magnets by the eutectic grain boundary
diffusion process
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P’Graduate School of Pure and Applied Sciences, University of Tsukuba, Tsukuba 305-8577, Japan
“Toyota Motor Corporation, Advanced Material Engineering Div., Susono 410-1193, Japan

Hot-deformed Nd-Fe-B magnets have high anisotropic microstructure composed of ultrafine grains that is comparable with single
domain size of Nd,Fe 4B phase "), indicating that they have the potential for higher coercivity. Coercivity, as extrinsic property, can be
improved via modifications of grain boundary structure or its chemistry . Nd has eutectic reactions with various types of NdM,
compounds, where M includes Al, Cu, Ga, Zn, Mn, Co, Ni, and Fe. However, only a few eutectic systems, Nd-Cu and Pr-Cu, were
explored for the eutectic grain boundary diffusion process .. In this work, we applied the low-melting-point eutectic alloy grain boundary
diffusion process to 2 mm thick hot-deformed Nd-Fe-B magnets to adjust intergranular phase composition to achieve complete magnetic
isolation.

Hot-deformed magnets with the composition of Ndy3(Fe,Co)w B47Gags (at.%) in 4x4x2 mm’ size were used as the starting
materials. The eutectic grain boundary diffusion was carried out by coating the magnets with melted eutectic alloy ribbons, followed by
heat treatment at proper temperature for 1 hour. The microstructures of the samples were studied using SEM/FIB (Carl ZEISS 1540EsB),
TEM (Titan G2 80-200).

Demagnetization curves of the hot-deformed and diffusion-processed magnets of different heights are shown in Figure 1. After the
heat treatment at 700°C for 1 h by NdgAl,diffusion process, coercivity can be increased from 1.26 T to around 2.45 T; by Nd;Cus,
diffusion process satisfactory magnetic property for the diffusion-processed sample can also be obtained, with coercivity of 226 T
(Fig.1a). However, NdAl-diffused magnets exhibited a poorer temperature dependence of coercivity than that of NdCu-diffused magnets.
We find the good isolation between Nd,Fe 4B grains provided by the intergranular Nd-rich phase compared with hot-deformed magnets
(Fig.2) Based on SEM and detailed TEM results, the mechanism of coercivity enhancement as well as the thermal stability of the
hot-deformed Nd-Fe-B magnets by grain boundary diffusion process will be discussed.

This work was in part supported by JST, CREST.
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Fig.2 BSE-SEM images of the hot-deformed (a,b), NdAl-diffused(c,d) and
NdCu-diffused magnets (e,f) with c-axis in-plane.
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Effect of metallic glass infiltration on the coercivity and microstructure of
Nd-Fe-B hot-deformed magnets
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Anisotropic hot-deformed Nd-Fe-B magnets have variety of high temperature applications

such as servomotors and electric power steering motors. In order to raise their coercivity, grain

boundary infiltration process using low melting eutectics, for example Nd-Cu and Nd-Dy-Cu was

employed [1]. The binary eutectic of Nd-Cu is at 520 °C. In order to keep the infiltration temperature

lower, and to possibly form an amorphous phase in the intergranular regions, further low melting

alloy is preferred. In an attempt to realize the above, in the present work, a Nd-based bulk metallic

glass (Nd-BMQ) alloy with a nominal composition of NdeyAl;oNijoCuyg (at.%) [2] was used for

infiltration. The glassy alloy has a melting point at 481 °C, one of the lowest of all the Nd-based

alloys. The study was extended to Pr-BMG (PrepAl;oNi;oCuyg) as well. The infiltration process was

carried out at different temperatures between 600 and 700 °C. The resultant coercivity increased from

1.1 Tup to 2.8 T (Fig.1), which is the highest value of coercivity achieved so far for the bulk magnets

that do not contain the expensive heavy rare-earth elements Dy or Tb. High temperature coercivity

also showed improvement (Fig.2). Formation of an amorphous phase in many intergranular regions

was the most interesting feature of the microstructure (Fig.3). With detailed microscopic observations,

crystallinity and chemistry of the intergranular phases were studied. After crystallization studies, it

was found that coercivity does not majorly depend upon the crystallinity of the intergranular phase.
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Fig.1:

H (T)

Magnetization curves before and
after infiltration process
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Changes of microstructure and coercivity by annealing temperature for Nd-rich Ga-doped NdFeB

sintered magnets
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FABD Nd T 80at.% & . ARSI SN S Nd U v FRIFABICH T NDIBENE L&Y, £z,
ZONA Y vy FRAFHIT a3 EEZ A L TBY ., BiET DO Nd Y v FHEREOEEEZHT 5, Lo T, B
HIZ X DIEMIED Nd U v TR O DS BVLERC X 2 @B b DO E N TH D L TE 5,

-

g S Ay
0 20 40 60 80
Distance, nm

1 (a)BVLERRS O 53 - SEM . (b), (c): ()F DRFIT/RT Nd U v Fhi 48D HAADF-STEM 4, B X
O'Nd, Fe v > 7', (d): () D EBBNDHETRET 07 7 A1, (o), (O): KiFHH, BELONA Y v FH LD 15
BT B RRET R,

L 2D 8N

) EWING. BiEmRGEEHESEFRKESTRHE, 202 (2013)
2) RS, BAB RS RFHEE NS TR, ST ¢ 21 (2014)
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Grain boundary/Interface modification of Nd-Fe-B sintered magnets by low
melting temperature Nd-TM (TM : Cu, Al, Zn) alloys

H. Sepehri-Amin', T. Ohkubo', Y. Kaneko®, Y. Takada® A. Kato®, and K.Hono'

'Elements Strategy Initiative Center for Magnetic Materials, NIMS, Tsukuba 305-0047, Japan
T oyota Central Research Institute, 41-1, Nagakute, 480-1192, Japan
* Toyota Motor Corporation, Advanced Material Engineering Div., Susono 410-1193, Japan

One way to enhance the coercivity of Nd-Fe-B sintered magnets with minimum use of Dy is known to be Dy
diffusion process [1]. In this process, microstructure of Nd-Fe-B sintered magnets is modified to (Nd,Dy),Fe 4B shell and
Nd,Fe 4B core region. The mechanism of the coercivity enhancement in Dy-diffusion processed magnets has been reported
to be increase of magnetocrystalline anisotropy field, H, = 2K,/M; at the Dy-rich shell region [2]. Our finite element
micromagnetic simulation studies have shown that the main reason for the coercivity enhancement by Dy diffusion process
is reduction of saturation magnetization of Dy-rich shell region with a comparable magnetocrystalline anisotropy constant
to the core region. In addition, coercivity of Dy-diffusion processed Nd-Fe-B sintered magnets cannot be enhanced unless
Nd,Fey4B grains are enveloped by a Nd-rich grain boundary phase. In this talk, we will present our efforts on how to reduce
the saturation magnetization of the surface region of Nd,Fe 4B grains by introduction of a non-ferromagnetic element at the
surface of Nd,Fe 4B grain combined with grain boundary modifications of large grain sized Nd-Fe-B sintered magnets.

Porous Nd-Fe-B sintered magnet which was partially sintered at 950°C with a composition of
Ndy4s5Fer01Bs97Aly37 (at.%) was selected as starting material. The average grain size in the porous Nd-Fe-B sintered magnet
was ~6pm. The magnet was covered by various Nd-TM (RE : Nd, TM : Cu, Al, Zn, ...) powders followed by heat
treatment at a temperature range of 550°C-800°C for 1-3h. The magnetic propetties of the samples were measured using a
SQUID-VSM. Microstructure of the samples were analyzed using SEM/FIB (Carl Zeiss 1540EsB) and TEM (Titan G2
80-200)).

Nd-Cu diffusion process on porous Nd-Fe-B sintered
magnets just enhanced the coercivity from 0.4 T to 1.3 T. This
obtained coercivity is much lower than that of Nd-Cu diffusion
processed hot-deformed Nd-Fe-B magnets with a coercivity of
2.3 T. Back scattered electron (BSE) SEM observations showed
that Nd-Cu phases remain at the triple junctions as isolated Nd
and NdCu grains rather than infiltration into the grain boundaries
of ~6um grain sized sintered magnets. However, diffusion
process of porous sintered-magnet using NdgAl,g alloy led to the
coercivity enhancement from 04 T to 1.45 T. Fig. 1 shows
SEM—BSE mge of Nd-Al diffusion processed su?tered magr}et. Fig. 1. Back scattered clectron (BSE) SEM and EDS maps
A thick Nd-rich phase was formed at the grain boundaries. ¢ Fe Al and Nd obtained from grain boundary and
Composition analysis of the grain boundary phase showed that interfaice  modified sintered Nd-Fe-B  magnets.
this phase is free from Fe and Co suggesting that the grain ~ Ndx(Fe,Al),B shell region can be found on the surface of
boundary phase is non-ferromagnetic. Al was found to diffuse Nd;FeyB grains.
into the surface of Nd,Fe4B grains and substitute for Fe forming
Nd,(Fe,Al),4B shell and Nd,Fe;4B core microstructure as shown in EDS maps in Fig. 1. Diffusion of Al into the Nd,Fe;,B
grain and its substitution for Fe decreases saturation magnetization of the surface region leading to the enhancement of the
anisotropy field locally at the surface of Nd,Fe,4B grains [3]. Although achieved coercivity in this work is just 1.45 T which
is not as high as small grain sized Nd-Fe-B sintered magnets or Dy-diffusion processed Nd-Fe-B sintered magnets, the
obtained microstructure can shed a light for development of a new process as a substitute for Dy-diffusion process to
enhance the coercivity of Nd-Fe-B sintered magnets.

[1]1K. T. Park, et al. Proceedings of the 16th workshop on rare-earth magnets and their applications, Sendai; 2000. p. 257-64.
[2] H. Sepehri-Amin, T. Ohkubo, K. Hono, Acta Mater. 61 (2013) 1982.
[3] W. Rodewald et al. IEEE Trans. Magn. MAG-24 (1988) 2, 1638.
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Accurate measurement of hysteresis curve for Nd-Fe-B sintered magnet
with superconducting magnet-based vibrating sample magnetometer

H. Nishio* **, K. Machida**, and K. Ozaki***
("Research Institute for Measurement of Magnetic Materials, ~Division of Applied Chemistry, Osaka Univ.,
““National Institute of Advanced Industrial Science & Technology)

Introduction

In recent years, there has been growing interest in the developments of a new measuring system for the hysteresis
curve of large voluminal rare-earth magnets. There still remain some problems such as decrease in the maximum field
(H), the magnetization distortion, and the drift in the hysteresis graph (HG) method, and the eddy current effect in the
pulsed-field magnetometer (PF) method [1-3]. Therefore, we made the most use of a superconducting magnet (SCM)-
based vibrating sample magnetometer (VSM). We compared the SCM-VSM method with the HG and PF methods to
obtain accurate magnetic properties of Nd-Fe-B sintered magnets with very high coercivity (Hg) (> 2.1 MA/m).

Experiment

The sample was magnetized with an H,,, of 5.6 MA/m. The inner diameter of SCM used for NbTi wire is 50 mm. The
time for the measurement of a hysteresis curve was approximately 2.5 h. The applied field (Hy) uniformity within 0.1%
was 14 mm diameter sphere volume in the center of SCM. Magnetization (J) was calibrated at 1.0 MA/m by using the
saturation magnetization of a Ni (99.9%) whose size was the same as that of sample. He, was calibrated by the nuclear
magnetic resonance. The accuracy was better than 1% after calibration for both J and He,. Particular attention was paid
to accurate correction of demagnetizing field (Hg) for the cylindrical sample with diameter (D) of 10 mm and length (L)
of 14 mm using a magneto-metric demagnetizing factor (N,,) depended on the differential susceptibility (dJ/dHe,) [3, 4].

Results and Discussion

It was essential that the longer L of the sample be
magnetized uniformly for these methods [3]. Fig. 1
shows the hysteresis and dJ/dHs curves of Nd-Fe-B
sintered magnet with L-to-D ratio (L/D) of 1.4 for the

Technology Development Organization (NEDO). The
authors thank Mr. K. Tamakawa and Mr. N. Sasaki of
Tamakawa Co., Ltd., for providing a SCM-VSM system.

SCM-VSM method, where Hg is the effective field. 1L ' ] =
These curves were corrected for the Hy. The definition of = < ( 145 <
N was generally limited to dJ/dHe = 0. However, Ny, E’ 051L ;
was considered to be the functions of L/D and dJ/dH.y .g 430 E
[4]. The values of dJ/dH,, in the hysteresis curves were S 0 =
0.01-5.40 TM/MA (= 10° H/m) in the study. N,, of the b 115 %
cylindrical sample with L/D = 1.4 for the SCM-VSM §'0-5 - k? o
method is obtained by 0.240 — 0.037log (1 + dJ/dH) on S 1 0 3
the condition of 0 < dJ/dH < 10 [4]. Table 1 shows the =r -’J. .

magnetic properties obtained from these methods for
Nd-Fe-B sintered magnet. The squareness (Hy/Hc)
obtained from PF method was much smaller than that of
SCM-VSM method. It was suitable for the measurement
of hysteresis curve for large voluminal rare-earth magnet.
Acknowledgement This is based on results obtained
from the future pioneering program “Development of
magnetic material technology for high-efficiency
motors” commissioned by the New Energy and Industrial

4 -2 0 2 4
Effective field (MA/m)

Fig. 1 J-He and dJ/dH¢ curves of Nd-Fe-B sintered magnet.

References

[1] L. Ludwig et al., IEEE Trans. Magn., 38, 211. 2002.

[2] C. H. Chen et al., J. Magn. Magn. Mater., 320, L84, 2008.
[3] H. Nishio, IEEE Trans. Magn., 48, 4779. 2012.

[4] D. X. Chen et al., IEEE Trans. Magn., 27, 3601, 1991.

Table 1 Magnetic properties of Nd-Fe-B sintered magnet (D = 10 mm, L = 14 mm) measured by PF, HG, and SCM-VSM methods.

Method Correction JIm /B (T) Hes (MA/m) He; (MA/m) Hy/ Hg (BH)max (kJ/m?) dJ/dHe near Hey (TM/MA)
PF Ref. [3] 1.22/1.15 0.89 2.10 0.919 256 17
HG Ref. [3] 1.21/1.18 0.90 2.03 0.941 268 12
SCM-VSM Eq. of Npy 1.22/1.16 0.90 213 0.963 263 38
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RFAZHR, 8 pRE. BTHE—
ONT N
Reductive Diffusion Grain Boundary Modification for Nd-Fe-B Sintered Magnets using Heavy Rare Earth
Compounds and Their Magnetic Properties
G. Yamato, S.-H. Jung, K. Machida
(Osaka Univ.)

FLHIC

BRI TH 5 Dy 0 Tb %, ALK < BEHL S B 5 WKL 2 38 U Cea NER~BMER X & 2k 5t
WEEIX, Wb AR T ESED 2 R RN EZELE LT LETE 5720, 1ERORETIZE LAV E W
bR & & B b D Nd-Fe-B BEfE e A 2 BB TX 5 [1],
FRICZ %G, Al FEORMBIIHRZILIZHRNT52 LT, &
DL < Dy R0 Al &2 Y5 Aa NERICHEHCE AT 5 2 &3 Af
BE& 2D, ARBFSETIE. DyF, £ 7213 TbF, & LiAlH, THNEGE T
A3 DR E 15 % Nd-Fe-B BEfERAA 1T Y L, AL & P4
J1& DR ZE AT OTHET 5,

RBRAZE

FAW T2 BERE A 15 B b2 T 38 (BR) +R8L NB2 - (Br=1. 43T,
H,;=960 kA/M, (BH),,=378k]/m*) T, fEMIZHELH 3X3X
2.8mm* [ZHIWF L7, Zhbicwt LT, DyF, & 721% TF, (23824
O LiAlH, & Cal, CIRA L TIER L7 A7 U —RERHEIZ
#eAE L, 950°CHIIf% C 4 REEINEVE . 5] &Ht & 550°C T 2 ¢
T == VAR A i U Tn, 15D TR OBIRRE IS L 2T
Eﬁ{t/ﬁ”ﬁ%%%ﬁﬁb \ngﬁ“\“flo 10 20 30 40 50 60 70 80

HEREEE 20

1135 & L CLUTOF, & LiATH, Call, &£ % 700~900C gy | XRD patterns for the Nd-Fe-B
T2HBIEERZHBDOXRD XY —2Th b, MEVIEED magnet pieces treated by a mixture of
5 &I, T AL, BEITRINT 5 B — 27 SR 5 2 TbFs, LiAlH4, and CaHs powders.
EMIND, [AEROFEFIL DYF, O%ETH b7,

Intensity (a.u.)

iz, IBE ATV —CREIHTEED DyF, £721% TbF, &
A LT R & 950°CHI: TIEVT % 2 & T, (RIS 23 19901
REN KT 5 = LD B AT 5T, AR BT P sm—
D722, BIBRATEDRECME L= (K1&2R) % Q 1000
ML CTAZ Y —L Lizb D%, Nd-Fe-B BEAEZ HIZFTE ‘E
BBATL, 950°CC 4 RERIIAVASE LSO MBI E L 2 ) [ oaniz 700C
212, KE D, 700°CH 5 950°C T T OMEN L 1=K Hr K —— Th3AI2, 800 C
L HRBEA DRI ELTVD 2 ERSHD, LivL, b
BRI Th,AlL, B & ICRIBT& 2 B — 7 BB Sh T 0 s o p» o .
7000@/)?%\\*(1%%@%75%\% LTHR 2 . BREET) O A Hej (KA /m )
To AL, &EOPRUC L S22 E 5 DIRETE BT D, Fig. 2 Demagnetization curves for the
B Ik Nd-Fe-B magnet pieces treated by r a
[1] B2 X, BTH, 2=, 4%, 78 (2008) 760 72 &', mixture of TbFs, LiAlHs, and CaH:
powders.
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AR X MR MCD SRS & 5 1A LBERG AT DL IXBI%2

HRFET e N, RN
(*JASRI/SPring-8, **ESICMM/NIMS)

Development of soft X-ray MCD imaging technique under high magnetic field
T. Nakamura*** Y. Kotani*, and S. Hirosawa**
(*JASRI/SPring-8, **ESICMM/NIMS)

&

AT DK AMEAT DWFFRIZ BT, BEX OGS, R T) & BRI OB &2 fRI 3 5 7o o D % e
FHNY TH D, FriZ, BBALIREED D IA R IREE 2 8 TR SR IS B 2R OBX 23 %, PRisd /5%
WA BSEmIICHEMET 5 ECHER SRS, UL, — MO BERBAMEE CITRUBEth & L CORRE 2 L2 b
T 572, ZL DGAEIRENINE LR T LB ZBZE L T\ D, —FH, Kia AR clibini
W Cld, R TH > THMEmIZHE S TEWRE D 2R 2 2 L M6 THWD[1], £ 2 TAZET
L EVOVEREE ) & MERF T D AT LS 6 L CREX O SMIESS 2L A 8152 5 2 & 03 ATRE e B AR X ) MCD
PEM S % SPring-8 ¢ BL25SU (2% L 7= (MCD: Magnetic Circular Dichroism) , ANGE{E Cid, HEME, B X
W, AT DBERERGA ORI % DX BRI OV THRE T 5,

Hik

AEAEX HE MCD BEIEEIE, I, MEFEEEA RS IR LTEBEEZRT v o X—& Ty o3—
W D#R X FREEC IR TRERR S LD, BRXBREEE L > XIZIE, A2IRAY 310 um Che A iE A 40 nm D
FZP (Fresnel Zone Plate) # V7=, HE-2MEAK 100 nm O FECHXEE— L2 EE L, 2B FINE
B L DWIHNE 21TV, MCD R 2SR & L CRIG 2572, 2oL & Mmoo - B FE LT
AESANLEDORVEALDLN, =26 100nm ~ ¢ 150 nm ZFFA LIZ5A OESEE T 10um TH Y |
— XA T R A Y BBERERG AT O SERPRIEE S um O b3 ITxN T D Z L AR L TV D,

BRER

A1 Ny 0Fer9 7Cug 1 Bg o B R A1 7R ORI 17 12 5%
L. Fe Ly WU (707.9 eV) DZER Y FRCHER X # 4 A
FUCE-WIRE DA T D, K45 um, #E 50 um D
FHIEZ 150 nm AT v T CHER Lz, BUORTEX, Fe i
JEDMEYY Nd-rich FHIZH Y35, HEBEHANO = F T
Z MEE X B MCD 2V RIC LD D TH Y . BUERLkEE
DR XIZXRS T 5,
HEE

AFFRO—EIL, SCHRVEE ORFEFETH 5 e Rk
WERE A B ZEBL A D AR & 52 THThivE Lz, $£7-,
ARPNE THO A REHT B SL B EORE D ZIEEIC &
D AW F L,

L ZDT;N

[1] T. Nakamura ef al., Appl. Phys. Lett. 105, 202404 (2014).
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Relationship between magnetic domain structure and crystal structure of Nd-Fe-B sintered magnet
T. Nagaishi, Y. Morimoto, M. Takezawa
(Kyushu Institute of Technology)

XL oI
Nd-Fe-B REEM AT OB 72 /5 SRR L, F ORBEITK & 7o
ERIETZENHE SN TWE Y, Z OERBEFHOFHEZ A & i

Hude
MR DB ATV, T OB LI~ Z & TR 22 Sk, € o 440
RN ED &S R BERETHEROLNITHZEEZHEMEL | 540w
Too ZDT2DIT, BIESHER D DWMELIEATEE A U, AR E O ol 41
Wl AT > oD THRET 5, ki =
== . s o T Voaihidan e
RERFG Fig.1 Magnetization reversal area at

BIEBHE, IREETIH 14 kOe, FRRABEAE LAY 13.9 kG @ Nd-Fe-B  j the magnetization process.
RPERHA T, BEMO-NEXERFHOR S S mm, 1§ 1.8 mm T
B 5, WEHIBHRICHLDIA E N TRV AFE GG 7 & AT 2 B2 % 85
FAFEE L TN 5, BEIXBIERIZIT, Kerr ZhRBAMEE 2 I\ 2, £k
B WAL IR Byl 7 A2 4+20 kOe THEBL L, Z 22 HHUMEESR % 1 kOe ¥
O EH20 kOe F TEL SH RO LB OB L 21T -7,
D%, BACRKEEFT 2 SMASRE LIt L, Fariilz, =
DOFESR L& [F—H18F O EBSD (2 X 25 fh 0L AT P ERE S, & OV EPMA
(2 X DR AT OWERER & DIl A 1T 5 7=,

EREREER

WA FE DB EHE 5% Fig.1. EBSD &R 5 & Nd @ EPMA &
K% Fig2 & Fig3 IZENEIURT, Fig2 [T d . ¢ ®iAEdm A mic
i > TV D IRONTREOEIIICIBN T, Sk S E M CRAL SR 518
MRHDLZENroT, T7bb, BN RWEITE S, Bbxis
BLOZDOEE~DREDEZITRET HRERIE ST,

LU, ¢ BASEL A TR0 B T TV D W IREB O ER S T b b
HRITE Z > T3, ZOEE. Fig2 WO RAOEFTIBAL K& T
DEDIHFET 5 2 ERED o7, Fig3 IZ”" T EPMA & Ol & 1T
572 & A, Fig2 TOREA TR I N D MALSHAEFTE L ORLAE &
DUVNIKIEHE & & 2 BN D E TNd 72 EOF LR ORENE L |
EDHIZ 0 ORELEL R-TND I EBRMERINT, ZODA+
MR EAET DRIF B D WIT R EARER > 13, B RliR o i &
720 AR IS B E 52 T D 2 E Ny ho Tz,

e Z- D4

1) FEE, KAEER;. H. Sepehri Amin : H A4 JE 425, 76, 2(2012).

Fig.3 EPMA elemental map of Nd..
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v A7 a7 %T 4 v 7 AT XD Nd-Fe-B #ElER A OEHEBLIREED
hos X AR S R

Rl RS, B T EAKREE, KELE, HRER, KREILE
(& RSttt RSt s @b e
Micromagnetic Simulation of Thermally Demagnetized Nd-Fe-B Magnet Thin-Films
J. Fujisaki, A. Furuya, Y. Uehara, K. Shimizu, T. Ataka, T. Tanaka, H. Oshima*
(Fujitsu Limited, *Fujitsu Laboratories Limited)

IEL &I

UAEBRBE A~ OB G | B —F R BME I SN 5 K ARH T D Nd-Fe-B i 1) o mtEREL~
OEEMEE > T D, Nd-Fe-B A OLRBENIIRALIBIRITIS T B IR AERCOREBED B =0 75 o K& <K
7L, E2N0ITEERIRESCERARIE COMMAEGE IR T 5 Z LN b T 5, T4 E T Nd-Fe-B fi#
HOREICE L CTE L OBEY 2 2 b—2 3 URMTRb TN D b OO, BiEEZ ZERICER Y - T2 BEIX RS D
RHTIZA D L Z AR EN TV, KABHG OWEEEZ EHT D FEO DL LT, ~Af 7 ua~ /X7
4 I ADFEND D, ZIUIBANESZ FEEISHIDAWERIC S L, 2O IREZ2HE T FETH D,
7272 L Nd-Fe-B A7 CTIEFEA RN E nm~% um TH 25—, BIEEE X3 Snm F2E L V2 E RIS T
WA, BEEZIE LSO ICIE Inm FBED A v 2 58BN 0E L 220 | FHEICHWS A v 2 BITIER IS
fERIC7 D, £ THAIXPC 7 7 AX ERWIZWHIFHEIZE Y, BENZRBERIN TORFFE Y I 21— 3
> & A[RRIZ Lz, A [BlE Nd,Fe B IR A 1231 2 BWHBOIRIEZ G L, £ OBXKAEICOWTEREITI,

HEFX
AT alb—va rTREBIERY ML m 220 TLL T Landau-Lifshitz-Gilbert(LLG) S 2K (2 & fi# & |
Z DORALIRREZ KD 5,

om
a+ acz)—at = —y(m xH, )— YoM X (m xH, H,=H, 6 +H,+H, +H,
2K
H,=—"*(-k-mk, H, =2 Gy H,=-VU, VU=V-(Mm)
M HoM,

ST H, BAIBR. o BFVEL TR, S EY A RRREK. kRIS ML, KRR AR
B, TEZEERER, M ZBRIRL, AR O TR, U IR RART vy LTl D,

HERRE

Fig. 1 lIZABIOFREO—Fl%ZRT, ZIUIFIRKE X 960 nm X960 nm X 30
nm @ Nd,FesB HE# A E7 /L (FHE 5000 ) #HNT, PCY T A¥F
[ZT 1500 =27 ZHWIZEHIEHE AT 1o R CTh 5, Ml owb~<27
N 2 TN EF T 7 AICERE L AN & B a (2R - TR B TR
BT % £ CTRIFEZ1T o7, Fig. 1 ITEVHBIRRE DAL % AL
L72bDTHY, +z Fiazm < b7 b EIRE T, z FROBME~
7 M EBFBETEIL TS, ZORITIHE, REEX & ST IVREX A A
B U - -7 ZREKIRREN G DLz, Y H I, SRR Aok o
MAETLHLED T, TNLOFHE/EICOVTHET S,

L Z DN Fig.1 Thermally demagnetized
1) M. Sagawa, S. Fujimura, M. Togawa, H. Yamamoto and Y. Matsuura: J. Appl.  state of Nd2Fe14B magnet thin-film
Phys. 55 (1984) 2083 in the micromagnetic simulation

2) H. Kronmiiller and M. Féhnle, “Micromagnetism and the Microstructure of
Ferromagnetic Solids”, Cambridge University (2003)
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Dy 7 U — 475 NdFeB ®&¥y % AV 7=
M, SRS 2 A T D HRTE R o RigA D B3

FrefEst, B o, IR T R TR
(AR AU Ah)

Development of Dy free NdFeB anisotropic injection molding magnet with high heat resistance and high
magnetic properties
M.Shintaku,K.Noguchi,C.Mishima,H.Mitarai
(Aichi Steel Corporation)

[XC&HIC

NdFeB 5 PER o FREATIE 160kI/m® O i@ WA S BN - TRIRERIEZ A L TE Y, 2o 0kt
H LT, = o/ - BEAVICERN L T& 72", NdFeB BEfSEA CTiX, % Dy 24252 Lick»C
MHEME 24 G- S/ TV 523, =0 513 d—HDDR ZLEE% 0 NdFeB BA AR 12 NdCuAl 5K ZRA L, &
I CRERERALEE 5 = 212 & > CTHEWEGE iHo)OBEFIZRE LT\ 50, Ba ik s L Cid@EEEL
DNAIRE 7R TEMERRIAE & MR & — IR 23 FTBE 70 SRR IE 3 LT B, SHHHAERGA Tk, FEIC
PA12 £ PPS 3~ b U 7 A& LTSNS0, HllHEOMEWEN R EN D E— X EIILERAE AT 5
PPS OANEHAFEETH H, Lo L., PPS TIIMKFHEDRAR 0 TH L=, BHNEHEL <. Z D5 NdFeB
BIGMEAR Y FEA O DEED D> TH o1, AL, BREFE & WEWEZ O R> 2 & 23 aTRE 72 BT v
PEBHIEE LT, PAG6 &2~ b U 7 AL LTHWERGWER Y FiEAZBFE LD T, #ET 5,

E 37

d-HDDR #LEEf: . NdCuAl % il CRIFIEBALEE 5 Z LI &k » TH 53172 NdFeB B 5 VERK) % 6.5wt% D
PA66. 20wt%D SmFeN AR LIRE L, £0%, “HEHE CTEMT 52 LIk s Tar "y v e/
L7ce SHICINEZESMFx v BT 412 1.8T OELASGZFIIN L2 BRI T 5 Z ik > T, Ay M
FxfFle, HFOIIZAR Y AT 4.0T THEBE, B BH  L—Y%—% W TR DHIE 21T - 72,

1 =

L) >

112 PA12, PPS, PAG6 % FIVNTYERL L 72K RREAT 0D IR i % 08 §
Y, PAL2 & FAVERETIE 8.7KG &V Br 245 LTV 5 2%, PAI2 O 06 §
RN 180CTH D72, HHAREIREIL 120CE TL 72> TV D, —H, 04 £
PPS % W =A% 7.4kG & Br MK < 72 5 T 5 23 PPS DR A3 280°C 02 é
EHEFITE W=D 1S0COREE T2 5 Z E XA TH D, KEIC g
PAGG 4 VN IZREAE, Br S 83KG & PPS KV b 1< fro TG, - T T O
F72. PA66 DFlSIL 260CTH 5728, PPS & R CEMHEREIX Magnetic Field, H / kA/m
150°CE CHREETH 5D, Y HIIMIERTEDOE =, u—F WA %A Fig.l. Demagnetization curve of various
H— I L7= & X O Flux fHIZHOW TS, I THET 5, binder resin as a) PPS, b) PA66 and c) PA12

Z DRRFATMNATBHE AT = RV X — « FEELITRE BRI (NEDO) D EFLRF O RGO 2 b DT,
BEIR

1) Y.Honkura, Proceeding of 19th International Workshop on Rare Earth Permanent Magnets and Their Application,
Beijing, CHINA 2006, pp. 231-239.

2) C.Mishima,k.Noguchi, et.al. Proceeding of 21st Workshop on Rare Earth Permanent Magnets and Their
Application, Bled Solvenia 2010, pp. 253.
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Nd-Fe-B 52 HDDR ¥3 K O RSB EZ K IE 3 Pr & # o s 28

AIUHEZ, @A, EMESE, HRA—
(OF H TR th)
Influences of Pr substitution on magnetic properties of Nd-Fe-B HDDR powder
N. Katayama, S. Kaneko, K. Shigeoka, K. Morimoto
(Toda Kogyo Corp.)

LI

Dy 7 U —® Nd-Fe-B 52 HDDR ¥y RIZ @R 2 RBLSE 5 FHike LT, Nd-Cu X Nd-Al 72 & O
a4 A R S 2 51k D0 5URHE 412 Al 23RN L HDDR SR 2692 HiE AnlE S Tns. L
MDLZRN D D DOFIEL, RESI(Ho)Z KRS 2 ERBEARBEEB)OWAD ZH LW MERRH - T-.
FEH ST, Nd SRR & IZIF 5 LW IR k() & 30%FREE @ W E 5 ML (Ha) & & D PrR et AHIC & B L,
Nd O—#R% Pr CiE#a L TR R OBRFHEZ R T, ZORE, KD B O T E2MA 22 5K 18k0e £ T
Ho DENFRETH D Z L 2R LD THET H.
ERFE

Nd-Pr-Fe-Co-B-Ga-Zr A& ERL L, SEALEGLER,, /KB RRAREE K O 21T > TR 150pm L
TOHREMAE Lz, ZOBMRICBEHR O HDDR AWHE 2% fii UMM R 21572, K OBKREIXIRE R
WeARHZ LV AE L, ui#EARkIE FE-TEM IC K D BlgE L7z,
EBRKER

Fig. 1 I Pr{E#i &2 2 b S CT1572 HDDR My K OBKAFEZ 7R3, Pri@iEINC LY, HKRD B % 1Z

E—TFIHE BN D, Hy% 3.0at%Pr T 11%, 5.2at%Pr T 18% F T RKEEAZ LN TE . 20 Ham k
UL, Pr@EEND PRINDWMEFD Hy KRB RE L, RENERICITSRABHIERNGH L Z &
PRS2, Fig. 2 1TIX Pr &7 0 XUV 5.2at% DR D TEM 1§ 4 tle U TR, B G REMEARRS Shkhzfi o
U Nd-rich fHOE X728 Pr @I L VML TRV, ZOZEN Hylil BIZEFE5E L TnbEEzonb. ¥
DOBTIIE LN RO IR > Figa OFERMEICE L THL®ET 5.
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Fig. 2 FE-TEM images of the HDDR powders with
Pr content of 0at% (a) and 5.2at% (b).

Fig. 1 Pr content dependence of magnetic
properties for the HDDR powder.

L Z &N

1) H. Sepehri-Amin, T. Ohkubo, T. Nishiuchi, S. Hirosawa, K. Hono: Scripta Mater. 63 (2010) 1124
2) N. Katayama, K. Morimoto, H. Akamine, and M. Itakura, Proceedings of the 22nd International Workshop on
Rare-Earth Permanent Magnets and Their Applications, 2012, pp. 221-224.
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Nd-Fe-B # &g A OEfLE X U‘&é%fﬁfﬁ

TG, EGEE, ErE. Faalt, B
(EINKF)
Fabrication and magnetic propertics of Nd-Fe-B thin films
Chuang Ma, Yusuke Hara, Siyuan Wang, Akimitsu Morisako, Xiaoxi Liu
(Shinshu University)

IZL&IC

NdoFewB (&% 140 & 35 Nd-Fe-B B A 138k A TRk & L, b EERN— NI O —>TH 5,
Nd-Fe-B A OB D A J1 = X L EfRI$ 5 Z & 13, Nd-Fe-B i DI K= VX — a2 ET HICHE
Thbd, KHFETIL, WMdRBMWTEEﬁ%%%%wTﬁﬂ%Wﬂb\@%ﬁﬁﬁ%%%“f\%ﬁ®ﬁ
THREIR B B OV B L7 B IR RE OB XA SR K » T, @RS Nd-Fe-B I D REALAERE DRI A 7,
RERAE

IR 1T Ny Z U v 73 E 2 LT, W(20 nm) /Nd—Fe-B (50 nm) /W (20 nm) /Ti (5 nm) @ X 5 7ZpkiE <k
B2 ERL L 7=, MR 650 CC 5 4y MBI Z2 VLI % i L 7~

2BV % it U 7o 3B & VM X D RESURFPE 2 IIE L7z, MEM Z WD CUERE U 72 30RO RE XA 1 % 81 22
L7, F7-. BERFEEEOBIECHER L- MM 7' o — 7 1324428 E TYERL L 72 CoFe0 M0 iFRE Y v — 7 %
7=
REREER

Fig. LIZHIEIZH W3Rt o FE OB b % 7R3, Fig. 2 (a) ICEHBOIRRED MPM 8 2717, ZAHRE
RAEETIX, 9 307150 nm OIEF IR X A BlEL STz, T OBX OY A XI3Wr i E 1 P cilss
L7 Nd-Fe-B RO #ESRL 7 L IIEFEEDO YA X TH D, Fig. 2(b) (FilEHI+24 kOe DAMBEIR ZHIINL |
FRAWALARAE T D MPM 8 2 7~ 7, ZR R B LIRRE Tl I XIZIE R — B b F a2 Fo 2 & 2 s T & 72, Fig. 3
WX Fig. 1 OFEFEL 0 LB D/ OB O LR 27777, Fig. 4 |2 Fig. 3 T L7zalkl & +24 kOe D4}
EBERZEI L, R BACIRETHIE L7z MMM %2R 7, Fig.4 & Fig.2(b) ZHikT 5 &, RED/HNE N
BT, BEBLIRE T OBXBR T T L TWA Z E 2 LI Lz, £/, Fig.2(c) X Fig. 1
TR L725BHZ+24 kOe 7255 -24 kOe DAMERRE R & FIUIN U721 O MM & %2 7~k §°, 2 OIRRETIE, KERREIX O
4%1Fm ua;w%w’ﬁ%m —HEROBE A I3 1 pm FTEE L, R SR O SR 1-4
ARXED@EPICKRE, 2D LIZL ST, BALKERRFIC, R 7 LRIV S ERR S 5 L& 2
HiLd,
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Fig.1 Hysteresis loop of ~ Fig.2(a) MFM image of Nd-Fe-B  Fig.2(b) MFM image of Nd-Fe-B  Fig.2(c) MFM image of Nd-Fe-B

Nd-Fe-B thin film thin film at Virgin state thin film at +24~0 kOe thin film at -24~0 kOe
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Fig.3 Hysteresis loop of Fig.4 MFM image of Nd-Fe-B
Nd-Fe-B thin film thin film at +24~0 kOe
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INIRAY, /NHIRTE, BWRZET, KEEE, WA, LHEKR, EZEY
(LR, ALK, TINKR)
Structure and magnetic properties of interface-orientation-controlled nanocomposite films
D. Ogawa, K. Koike, T. Miyazaki*, Y. Mizuno, M. Itakura**, Y. Ando*, and H. Kato
(Yamagata Univ., Tohoku Univ.,  Kyushu Univ. )

IFL®HIC

Nd,FeB/a-Fe 27/ a2 RYy MégAlE, Nd-Fe-B RigAOHGHMA LRI DR KX LF—FHERGFOLND
ENHIE SN TOVDER, REICEWMEIZEE > TWa. ZORMEE R 5 72 DICHEK D NdyFe 4B fH DS
Ti] 7] 1oz 728 1 A1 D TR AL S N 2, & 1 NdyFeyB/a-Fe S COFESE HALIZE H LT 5. NdyFe 4B/o-Fe
S DOAHAE S NI R E ORGSR FAIRF L TR L, B TEDLVEDL Z ENERIUIC TR IS, &
BREUIZ & NdyFe4B(001)/a-Fe(100) i CIXIE 2] TH Y, —JF Nd,Fe4B(100)/a-Fe S CITEDE [3]1% & 5 2
EWRENT. 22T, @mMERIEORT LR 2 A ORHSEG R, D F Y NdoFe,B D(100)iH % & T ¢ il
B0 & o-Fe & O F i Z [AIkE L7z, #Esh 5 ALHIEIR 0 NdyFeyB/o-Fe -/ Ry » b 2 @2 ER L, %
D&M 2 51 L 7.

EERAE

Si HAR BIC THUE O Ta & 5 nm A L 721210, falifb Lz A8y 2 G (FEWARE T, = 600°C, Ar # A&
Py =0.7Pa, A/Xv ¥%EJ)DC 150 W) T Nd-Fe-B J& % 40 nm & L7, FAHEIEIZ ¢ $li23E A L 72 Nd,Fe 4B
Ki1- & o-Fe WNEDIKHAER & 72 D FHTE K & [BI#ES 5 72 %, — % Nd-Fe-B J& 112 Ta % 50 nm 5% L, Nd,Fe 4B
b0 bl (cm) CMEEE ST, TO%, WAy ZIEIZ KXY NdyFe B b1 LD Ta @A RE L7#,
Fe J§ % tpe=3~10nm B9 2 Z L1280, S s 00 & §il4## L 7= Nd,Fe 4B/o-Fe 2 JERDAER 25772, Ta
JE D AR X GHE, Ty=R.T., Pa=0.7Pa, RF15W, —J Fe BD A%y X &M%, T=300°C, PA=02
Pa, RF30W TH 5. Felgd LIZ@{bBiilkfg e LT Mo JE% 10 nm AR L7-.

EERER
JE M ORERIIFRE G A TN 5 72 D18, G RRICI 1T 5 U = A L ah#R 2 JE L7z, Fig. 1 1% Fe J8JF 5=3 nm,
BIEOSmm ORBHIBIT DY a4 vilifindb AM ey k [4LT= —
GRTHS. T, BEOBROE 2 SIRCHNT, WRHE H 2 10} [re=3mm|
B m TR LT & & Ok My(H) & 5L M, & D2 AM
(=M, — My(H)) %, 2M, THIL LTZETH S, KLY AM OfElE, H=
6 kOe {1 TR L TE Y, T X b/ SEciiiziEte
T2 CTholz. Thbb, "— NHEPEALKEET D H=6k0e £V &)
SV TIE, BMED MR ECTHEILTDHEVI AT Y TNy T
BRN/EZ > TnDZEE2REBLTEY, Y7 b — B O
[E] ORZEFEEDFTITHEEEL TWDH Z Enbhoiz.
B H (kOe)

KBFFEIT IST PE2 AR TIZE 7 1 & 5 A D KIE %2 Tiibh -, Fig.1 AM/2M, versus reverse field for the SiO,
/ Ta(5 nm) / Nd-Fe-B(40 nm) / Fe(tr.) / Mo(10

ﬁ%iﬁ nm) films

AM I 2M,

[17 Y. Toga, H. Moriya, H. Tsuchiura, A. Sakuma, J. Phys: Conf. Ser., 266, 012046 (2011)

[2] D. Ogawa, K. Koike, S. Mizukami, M. Oogane, Y. Ando, T. Miyazaki, and H. Kato, J. Magn. Soc. Jpn. 36, 5 (2012)
[3] D. Ogawa, K. Koike, S. Mizukami, M. Oogane, Y. Ando, T. Miyazaki, and H. Kato, submitted.

[4] E.E. Fullerton, J. S. Jiang, C. H. Sowers, J. E. Pearson, and S. D. Bader, Appl. Phys. Lett. 72, 380 (1998)
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Sm-Co/Ta/a-Fe f&ETIF / 22 R v NERERGA OReR
R EERE, I HE, o ®AE, R OER, fmk R
(Rl K=t TirgeF)

Magnetic Properties of Sm-Co/Ta/a-Fe Multi-Layered Nanocomposite Thick Film-Magnets.
Hiroaki Koga*, Yuya Furukawa, Takeshi Yanai, Masaki Nakano, Hirotoshi Fukunaga
(Nagasaki University)

X C®IZ

& 1XNd-Fe-B RA D 5 @i T THEHATRERAREMEE LTF 2 U —IRE DR Sm-Co AT
#4H L, PLD (Pulsed Laser Deposition) %% fV 7= Sm-Co/o-Fe f&Jg )/ a2 Ry v MgaREERL, &
O REZ L CTE -, ZOAME TIL Sm-Co & a-Fe BT Co & Fe MHAICIEE L TV D Z & AR
Eh, B LZRWESHEOH LR DR TN > Tng V) 2 2 TRIFFE T, BRIOILEZ I Z
%7212 Sm-Co J& & o-Fe EIZmfA D Ta Ny 7 7 —J@ &4 L CREKUERED M) L2 B L2,

EX s

FEEEEER D729, Sm-Co, a-Fe, Ta 02bL R 5EE X —5 v ME MW, Sm-Co & a-Fe OHEFEHIT3 @ 1
L L, Ta% Sm-Co & a-Fe DEEFRICHE L7, Ta DHifEIL Sm-Co & a-Fe DAHSHANER 28] 57272912,
ZOFEBIED Inm LLTF &R 58RICIRE LT, BT 2854 —57 > FE2 VAL —H (A=355nm) CTT7 7 L
—a LT, T 5 B AEIC 390 JEHIO TM/Sm-Co/TM/a-Fe #84 JE Hifs @t s 2L L=, 4
JEAMIEA 14nm TH Y, BUEIX 6um FRE TH D, FEEBRIFTEOZEMIZSCIAITR Lz,

ERAER

Fig. | [Z/ERL U7 BE A RO AEfLi% O X RRBIPT ¥ — L ZoRd, Ny 7 7 =@ & A LI-Aa ORI %
— T, SmCos 25 DEFTHEATIE U, SmCos 2> 5 DEIFTHENIRLS 72 o72, ZIUL, BT Co & Fe 254
AAZYER L T Sm-Co JE Db Rk L 0 D7 e T2 DR, Ny 7 7 —J@OAIZ LY Co & Fe &
OB O A HH S, Sm-Co JBDHAA SmCos & o= Z ENFEREEZ BNLD,

Fig2 \ZPREET), FRBEERALD Ny 7 7 — B DOIEHEFEZ R T, FRT Ny 7 7 —BE2FA L WO LR
71, BEBAALOZNETNOTPHEEZRLTCND, iz, ERLAEEO Sm &6 &i1X Sm/(Sm+Co) = 17.6
~19.5[at.%] T D, FHRMETH D Ta #A LT Z LIT Lo TET, BEBERED LTnWb, —F, R/
IERIBIZM EL TR Ry 77 —@OHAOEIMEEZ R LT,

Fig.3 |\ZfRHE) L FRBBREAL DOBR EERL L 72D v A7 U v A —T 2R LT\ 5, FERIBUL DO % i)
LOOREN ZH ETE 52 NS0 5,

AHFFEDFER, (BH)pax 1273y 7 7 —BEFEA L720 B DI 15%0A E L, (BH)m=59 kiim® 85 5h
776
iR

(1) A.Touetal. :J. Appl. Phys 115, 17A748 (2014).

(2) HPERM  ERFRY T RT 4 v 7 AFRSER MAG-14-179 (2014).
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Fig.1 X-ray diffraction patterns for Fig.2 Coercivity and remanence Fig.3 Relationship between
films with and without buffer layers. as a function of buffer thickness. coercivity and remanence,

together with a hysteresis loop.
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RA N7 ==V v 7 ANTER L7 E5% Sm-Co BEREA OBER R

w IR, PSR, UGS, TR, KR
(I R F)

Magnetic property of an anisotropic Sm-Co thick magnet prepared by post-annealing

Y. Furukawa, H. Koga, T. Yanai, M. Nakano, H. Fukunaga

(Nagasaki Univ.)

Uiz Mim® & LCEHED) & Hled 5 LIRVETH Y, A
Sm-Co/a-Fe -/ a iRy y MR L, @mfafifil & & B L OBWBE SO 2RI N LETH D,

W 2 U IR RS 7200 IR T b TR AR R 72 1L
BEHO—>ThH D, FoxlIBEIZ% 5 Sm-Co/a-Fe F/ = =)

VAV MEREER L, FERT 100 k/m® DRk R E T
F—mWMEL TR, BAT 5 & TREHEHEDR L 5

PSHIEE S B BT HERE 111 RIBE L B 2 IS 5 = & £ ‘

(ko TRBRD A, REFI (60 min) OMIC L 5T I 1000
Sm-Co J& & o-Fe JERICHEFALHANE = 0 . BUE G 23 % —
BN TLE S, —J7, Nd-Fe-B Rl TiL2 A7 v 7 # p= ——in-plane

W (BB R R T ==V v 2) ZRANDZ L TR ] out-of-plane
HHEBABEOLND Z L BHE S TWDHE, RIFZE T, Effective field [kA/m]

5 Sm-Co/a-Fe F/ a RNy Mg & VBRI 2 mi Bk (a) As-deposited

Bl LT.2 AT v FEVLER A U TR Sm-Co SRR 1+
HOMERERA, EROFED Sm-Co RREA IR 54
IR IR LTz,

EBRFE

73 DYERLZ X PLD ¥ YN r Sm; 4,C -, A !
e AT ﬁf;@ | /ﬁfi’ﬁﬁ E%ﬁ.&#é m; 4L 05 _100’0’/, /0;, 1000

Magnetic polarization [T]

X —/7y M2 Nd:YAG L— (A=355 nm) ZMH L. I s

SN Ta BHLICHERE S 7o, WRBCRIE, Ta EHUCE 0§ ~———

e L, ¥a— L 8xFH LU CEREIE L7z, ARBRE ——in-plane

B ORA BB CH o TmDTHERA R T == v/ I R out-of-plane
(600°CC 0 min) |Z X > CTHEARMICH L STz, Effective field [kA/m]

EBE R (b) After post-annealing
Fig.1 I[ZFEHUREE 200°C TER L 72 Sm-Co WA R D A Tig.1 Hysteresis loops

B (a) & BULILE (D) D & AT U ¥ A — T %m g, =5 =g =5 =

B4 DB TRIRGME 2 = S 7S N F AN Bk LT L
7o BULEL I EN R A LT EARBE AN L7, T
Fig.2 1255 714 @ Sm-Co BéA (a) & FEARIEE 200°C Tk
i U 7= BV IR % DREA (D) D X BREF DR B A2 7T, &
HHOES FIC SmCos NHDE—7 BNEEESNDM,
Fig.2(b) CIXia B 5 I ELE LTV A (002)EH 5 D B — 7
MR S PH I MIICZ L LTS Z &R
TIN5, BIrE VSM (i KEIANEZA 4800 kA/m) %
HOTHIELZE 27 U v 2 i b ENG & OEE S bl R NP S W -
MICRHME T A7 DIC LB AT I A X — 5B L BT 20 40 60 80

Intensity [arb.U.]

FAR—EFHT 5 & 400 K/m’ BIEThH - 72, = DI, 20 [degree]
R OREALE BTN 10T T > 5 MCELR LT85 Fig-2 XD patterns

B ORI F VX —OHRME 107 MI/m® (K, = 17.2

[1] A. Tou, T. Morimura, M. Nakano, T. Yanai, and H. Fukunaga: J. Appl. Phys. 115, 17A748 (2014).
[2] Ya. L. Linetsky and N.V. Kornilov: J. Mater. Engineering and Performance 4, 188 (1995).
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Ndg(Fe, M) 4 DRI RAT S IIN o0 3R D 52 %8

Ve 5. @SR, xR, RARGE . EHME, g 27, &r#is
(- H B 7ET, WE - MORHFZCEEE, T b 3 2 B EED)

Influence of additive elements on magnetic properties of Ndg(Fe, M), 4 films
T. Sato, Y. Takada, T. Sasaki’, T. Ohkubo", K. Hono", A. Kato™ ", and Y. Kaneko
(TOYOTA CENTRAL R&D LABS., “National Institute for Materials Science,

“Toyota Motor Corporation)

[TL&HIZ

Nd-Fe-B &A1 Tld, Dy HIBOERZ T, 2 E Tk Bk R SCE 2 8 X D RBE o) B
REtEnTnsd, —FH, Nd U v T Ga IR Nd-Fe-B JEf5feA CTEWRBEN 215 D05 2 & BTFERE S
T3 12, ZORERERA TIE, —%H7e Nd U v FHIZIN 2 T NdsFew B2 a@MHBSRIICER L TR, 2
NETOMETH DRI TO N DIRIES Fe IR OW/D L IX B> T REBEI M LA B = X AR END 9,
Z 2 CARMFFE T, NdeFews 2 EEFHDORE ) ~DOIEH Z ST 572D, IIcHEZ 2 2 T Ndg(Fe, M)y
A ERL L WSOt M B X OVRINEIZ L DA EDZ (b2 Bat LT,
RERG K

ABHT., BEEZE Ay X AEEFEEZERE 5X 10 Pa LT TERL L, By bl & Si A I Ta 10 nm/
NdgFe 4 M 100 nm/ Ta 20 nm O &R & L7z, WIIoCHE M 121X AL, Si. Co, Ga Z M\ /2, Nd-Fe-M [,
650°CIZHIZEA L 72 IRHE T NdgFe, A8 & NdoM , #HAKE % 22 A

R L, 208, B |5 - & CREILETO o ool ]
(R LT, MAFRxI10~27 L2 5 L 5 CREEATHE 5

Ut BEGUBMEORHRCIE VM 2, (ML stktope 2 400] ]
WO HANZONWTRIEEIT -T2, £i2, SN XRD(Cu Ko L 300_— .
BRI T 72, 3 200f ]
EEE 2 100} :

112, NdgFep,sM(= Al Si, Co), 4 5 & U NdgFesGa [0 & ol
Bt 2R, SiB L Co DIFAICIT., FFIRALIZAINEE L w/o Al Si Co Ga

DA D 461 emu/em® [Z5%F L 10%FEE DB CTH 7=, — 7. 1 NdgFe,M(= Al, Si, Co)4flid L
Al DEFAIZIE 267 emu/em®, Ga Tl 27 emuw/em® (2380 L7z, NdgFesGa BED TR L. FINE L DA
XRD fEHT 6. WTILDEE S NdoFey FAAER L7223, Al % wlo L EI.

& Ga DY AITITHIZ Ndg(Fe, M)y FH OAERR D ERR S A72,

X212, AlR L O Ga DRI L 2 fafiifb O 2 b & ~d,
WIS ESITEIS R U TR LI XA L, Ga Tl
GEHEx>1TIERIEFO0 & 2o72, ZOMBKIETIL, Nd,Fe;; fiD
AERIT NI 40, Ndg(Fe, M) FHOAERA T & L TBIZE STz,

PLED X 512, Ga=e Al DUSHNT Ndg(Fe, M), RO g Fifsg b
DWWV HTEEIZ R S0, Ndg(Fe, M),4 FH7% Nd-Fe-B 47 O RL R
AR L2 AT KR ORI L 2 K8 L Nd-Fe-B #& dhiz ] O i
KL EAER Z 832 2 LB BT o Tz,

BAFNREAE (emu/cm?®)

o 1 2
EER . NdeFereM(= Al, Ga)JEDOME
) ERIG, BB RGEEEFTRKETRE, p.202 (2013).

2) LS, AARSRTFSFRFHRBASTRE, S7 - 21 (2014). 2 Nd¢Fe M(= Al, Ga), I'ED M &4 5 x
3) H. Sepehri-Amin, et al., Scripta Mater., 63, 1124 (2010). W% B EAFRA L D 2L
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ThMn, B (Ndy 7Z13)-(Feg75C0025)11 5-Tio s-N #1231 2 IIon R0 R

PERREIR, SoARMRIG* . ABFE T+ BURE R T+ KREFIEME, MBS, B R E
(haZABEE ()., @hRE—7 — HBEMEH BHOT 70 & (MagHEM),  # i BE TRHR*)
Elemental substitution effect on ThMn;, phase stability of (Ndy 7Zr3)-(Fey75C00.25)11.5-Tigs-N powder

N.Sakuma, S.Suzuki, T.Kuno, K.Urushibata , M.Yano, A.Kato, A.Manabe, K.Kobayashi
(Toyota Motor Corporation, Technology Research Association of Magnetic Materials for High-Efficiency
Motors (MagHEM), *Shizuoka Institute of Science and Technology (SIST))

FLHIC

ThMn,, B S E 2 A5 1-12 SR R 13 O R b (M) & BRI (H,) &2 A L. NdFe,B DFs
KU ABZ D AREMENH HME L L TIHER SN TWA D, Zh 6 OO BEKEHE O B, ek
BRSO, AWE OB MERERG L O ATRENE 2 RS 2 72 DICEE TH 5, ARE TIEE WAL #
5 DE R 72(Ndg 7210 3)~(Feo 75C00.25)11 5-Tios-N # A D Zr, Co, Ti DRI RIZHOWTELE LT,
ERAE

AR w7 Hy A MEIZE 5 THERLL 72(Ndy 7210 3)-(Fe 75C002s)11.5-Tio s B4 & TRV LER 1% . Bk L C
B umBOMKE U EFRT AR CTEMIZAT > Io, 5B O RS BHEIERHE 21X XRD(RIGAKU, SmartLab),
Cs-STEM(JEOL, ARM200F), R&5URFEREAMIZ 12 VSM(QuantumDesign, Inc. PPMS(9T)) % FH\ M7=,
ERER

(Ndyg.7Zr¢3)-(Feo.75C00.25)11.5-Tip5s-N MR
[001]J7 117> 5 @ STEM-EDX #i 5 % Fig.1 {2
T, Nd & Fe Do, T fRETE
NENDOTLHEY A FOFRINTETWDE D
LMD, WINTEFETH D Zr 15 Nd2a
A M, TilX Fe8i 4 MIE(ELTND D

LAGIND | B ST B RS EART ° Fesj:{‘: e s
AR LA LT, RELTEO Ti & O -rsi :“ ﬁ”“’"”"f& o
N % Q@ resi—repe © 0 g 0 ©
%{{a/} é'ﬁ—_f ke tti%iﬁ%}jﬂk\ Nd %EF[ O Nd2a—=0 do.c 2 ; oe
Lok L FeBi, Fe8j ¥ b TSNS 6 BB e wn/]o®ce2el
D100 5 MO X (Fig.1 DJFR1ET VXS '?%;;% g%;;b [;;ﬁ; c =

FODHEL T D ME DI AZIE L 72 573, Nd Fig.1 Element specific STEM-EDX mapping of
D—E% Nd L0 AR O/NE W Zr TE (Nd, Zr, )-(Fe,.Co
W 52 L THREDLERNH SN TS
RSN D, TOIZD, Fe s RMHIML TH RIS 20 b FITBME O LR AIETH D LB X b
%o H TSGR REFED Zr B EKAEICB L THEREIT O,
HEE

AWFFEL, ENLOFFERIRIE N = 1L X — « PERBANR A PR (NEDO) OARKBHIIET 7Y =
7 & R E B AT @A — 2 — AR RN B ORER G SN2 b O TH 5,

S E 3R

1) Y. Hirayama et. al., Scripta Materialia, 95, 70 (2015)
2)  S. Suzuki et al., AIP advances, 4, 117131(2014)
3) IMARRR S, HASEFSFH#HEAZ, S1-9 (2015)
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Analysis of nitriding mechanism in ThMn,;, new magnet materials
T. Kuno, S. Suzuki, K. Urushibata, K. Kobayashi
N. Sakuma, K. Wasio, M. Yano, A. Kato, A. Manabe
(Shizuoka Institute of Science and Technology,*Toyota Mortor Corporation)

XC®IZ

ThMn,, R/ TlE, EL \Eﬁiﬁ\ﬁ PEA TR HE L AR R SN Y, L, ZoFbalm oz vk
EOFEMII A TH 5, ARBFZETIE, TERMIE S 4172 Nd(FepsCopo)n Ti Ar4(( 1 )nﬁﬂ)%ﬁﬁnﬁﬂ L LT,
(Ndo7Zro 3)(Feo.75C00.25)11.5Tio 5 T*ﬁ%ﬁﬂﬁ/a\%(Ti, Co, Zr & H &%= A ) (IHREHEHIZB T 2 ERZN)E O R O
AL E R IOV TG D,

ERFIE
T EHR & LT ThMn,, REI O ER O BILBOMER ZAT o 7o, REE<B32pm O(1)ilEHn K% Ny T AR
FAKCEAL Lzakkl & | FRE A S 512 Ar RER T =— 1 l,f_nitﬂ%ﬁ%w_o X%B%Lf_%{ZIWDN/»;%I“
ik IR —T~A 7 a7} 7 A FEPMA)THHT LT, - e

Fio. (IDFEHEIZOWTIX, Z OFLA(TI, Co, Zr & H ) & 2
fbEEterEb L ERGARLE(L S —EDILEY
ZRH U7 55N O ThMn, #EEF OE RO G A &,
DA EEYA MCOWTHRRB Lz, £ LT, (1)ibkHE R
2. BROBFILEAE HLICE LI O W T BB L7z,

EBRAER

Fig.1 1Z( I )ikt % N, I A ZRPHA T 450°C/4h 210 L 7=7E
EPMA (2 L% NIRESHAOHTRERThH 5, Fig2 LRI TE Toum
b, Ar FPHET 450°C/48h VLB L 7= 30L& [RIFRIC N 2% Fig.1 N-distribution in (1)-sample
BT Lo R TH D, EEMEMALEH L N ZEIZRTEN (Nitrided at 723K for 4hrs)
9.7at% . HED 11.0at% Th D, £7o, HH ORBHIR-LKE
DBERDH L A~IEH L TS, LEOFEREN S, ThMny, &
L TEVLERIC L) N R FOBEIEEMNATRE TH 5 = & 238
HinkpoT,

—J7. (I1)#VEHEE Tl ThMn, M o 0 25 547 B3 (Nd,Zr)
(Fe,Co)yy5 TigsNy 278 T x>1 DAL NS iz, Z 0fE
b | PRI S 2b o RUSAONLEE N RT3 A
L CWABRREMEMNH B o7, £, BibeE 7 =— 44k
DEcE iz X 0 . BERO(EA Y DOWPEIC VSR B Bl R i
ﬁﬂ%j;ﬁwzﬁ**ﬁféiﬁ;ﬁ%;%@ ThMn,, HE s 00 22 25 7- F;;Zm N-distribution in ( I )'s;lulu;ple
D & [ﬂ;#{ o g%ﬁi&) 5f/\ o (Annealed at 723K for 48hrs of Fig.1 sample)

HEE

AMFZEIE. ENCAFFER S A N = v — - PEERIN R OB (NEDO) DOARKBHIIIE
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BE R
1)  S.Suzuki et al. AIP Advances 4, 117131 (2014)
2) J.Crank, Mathematics of Diffusion, (Oxford University Press)(1956)
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Effects of substitution with Ti on the NdFe;,.,TiyN, compounds with ThMn;, structure
Y.Hirayama, YK.Takahashi, S.Hirosawa and K.Hono
(The Elements Strategy of Initiative Center for Magnetic Materials, National Institute for Materials Science)
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R-Fe 2fb&W (R: A HHITHE) 113 < OFBIFET 523, ThMn, HITEKOEFENR K TH L7290
RERBACIHIFF SN D, £o, T HERROGHEEN DR BIROBLE D HIEF ﬁﬂ%iﬁﬁﬂf%éo
VAR, B FEHFEIC LY. ThMn, &2 A5 NdFe,N OffIf LI Nd,Fe,B O LV & K& kil
EHTHAREMAN R S N2 Y, 2%, HEEIC LD . NdFe N B (<70, ~360 nm) OALITHKI L, £
DO IARRER R (RGMERR. faffifb, = U —iRE) X, NdFeuB OEZNOLAEBADMEEFETH I Ln
WhESh P, BEFADMEZ-- TS, LMrLAERDL, HEIN TV D NdFe N, FBEIZHAE T2 < Fe O
HZAIHTE TE LT, RENICOVWTIZERTE TWARY, 512, 2L TiE NdFe N, DA R L
TE 5T, NdFe | TiN, D KL 9| Fe & & HFRE Ti % TEHL L2 1F 41U ThMnp & 2 5 5 N2 WO RBLK TH
%Y, I T, ARBFETIEIEELZ EbTFE L LT T AV, aFe *ﬁﬂj@f;u\z B4 % ¥ % L NdFey,, Ti /(N5
TERLZ MgO(100)HLRE i bk EICikA, 2 OFUEHNTO Ti O EFN 27 L 7=,

ERFAE

AEHERLZIZI DC ~ 7% b v U [RIRFA 2Ny Z iK% VY, 600°C (ZNEY L 72 MgO(100)FE4) iz FHE & LT
W00 Z =X ¥y /LfE S, £ EIZK 50 nm @ NdFe;Ti (at. %) [HEEKLTZ, TDH. 15 mtorr
DN, ZZBHR T 400°CI2 3T 1R ZEALALEE 21T 9 Z & CNdFe TiN, & 2 15 7=, #1554 12 12 XRD (RIGAKU,
SmartLab), TEM (FEI, TitanG2) % . ®&{t il EZ1L VSM (Quantum Design, Inc. MPMS SQUID VSM)% i\
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FEBRAER

Fig.1 (ZfER L 7230k XRD #5278, (a) i Z (LA,
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1) T. Miyake et al., J. Phys. Soc. Jpn., 83, 043702 (2014). ) ) )
2) Y. Hirayama et al., Scripta Materialia 95, 7072 (2015). Fig.1 XRD srz))ectra of (a)NdFe,, Ti and (b)NdFe;, TiN,
3) Ying-chang Yang er. al., Solid State Commun. 78 (1991)  (¢) NdFeN;
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Magnetic properties of Sm-Fe-N melt-spun ribbons
Tetsuji Saito
(Chiba Institute of Technology)
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Sm-Fe-N A& RILEIE CTHOMT 2720 Nd-Fe-B Bifs L I1XRR 0 | BEFREIC L ELRE TE 202 L83
RERo TV, D78, BUE SmFeN A 3Ry FRAE LTRSS, &k, # LW E(LERE
HETH D EREMEE AWHEIC LD SmFe-N A& KNELRIE TE 5 2 L8 bh o TE M, WEMEA
WHE TSR ORE LG D e nw®, 22T, BT 7 A~ BEIEIC LY SmFe-N A& KB EILIE T
EXDBMEIMDIZONVTHHLTIZE A, BIRTHMET S SmFe-N 548K S oMIRELL T CHE Y 7 X<
FETDHZLICEVEILRE TE D Z ENbho TE LY, AT, AWERIEIC XL ER L7 SmFe-N
RAERBEHEORET 7 X< BRI L D EIERIBIC OV TR Lo TG 5,

EBRAE

BRI LD SmFe B4 2 /FR L 721 . RAEEENEIC LV SmFe &-&Gmidim 2 /ER L7z, RIZ, SmFe
AERTET BN A i L=k, EHF CEHEEZIETZ LICX Y SmFe- N A REER L, Boh
72 Sm—Fe-N &M KD EMLAIE & it 7 7 A~ BEfSiE TR AT, 7o, BERESME & L ik, RIEAIIEZEH,
PERGIRE 1Y 673 —873K, BERETE I 100MPa & L7z, F7o, KD Sm-Fe-N 54RO BELEIE b i
7T R BERE TR AT, B O N TR B OB E LT L% AT ZETHIE Lz, 557 B ok s & kT,
X BRIEHTAEE . FE A s s TR, B oo B AR L OB o v 27 U o A B IR
R ) 5 CHE L=,

RERBIUER

WE T T A~ BekiiE T SmFe-N A4 BMEKIT/ L7 OREAIZ
BEALRE T& 2 2 &3, T OMKFFEIZFE RIZH TR E
SARTFT 52 Enbhoiz, 2L SmFe-N A4 K ©
g ThH EBbivd, £IC, AmEEENEICEY
Sm-Fe-N &&amiEm 2 ER L, TOEILRE A BT 7 X~
HerkikCitrdz, X 112 SmFe-N A &AM ER ZE T 7 X~
BEREHEIZ X D 673—8T3K CHULAIE L=t oe 27 ) o2 %
Hift 4 ~7, SmFe-N A& EMEMR % 673K THEILAIE L 72k
FHIBEHZ W 2 SmFe-N A4&Sunids: & R @O RRE
ERTZENDNoT, ZDOZ L XV, SmFe-NA&AnHEE
IHET 7 A~ B CREILIE T& 2 Z &b droiz, Lo
L. Sm—TFe-N §&AmEs: %2 T713K THEILEE U 7=k O 1R 1
INIhE <, 8TBK TR L7albHEiz & A R %277 Fig.1 Hysteresis loops of Sm-Fe-N magnets
SRV ERDhroTe, ZTOZ L XY AMEEIEICEIVIER L produced by spark plasma sintering at (a) 673
72 SmFe-N A&2MmMH L BIR TIN5 Z L ¥bho Tz, K, (b) 773 K, and (c) 873 K.
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150 (c)
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1) T. Saito, H. Sato, H. Takeishi, and N. Nakayama, Appl. Phys. Lett. vol. 89, 162511 (2006).
2) T. Saito, J. Magn. Magn. Mater., vol.320, pp.1893-1897 (2008).
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