29aC -1

HAT A AR DI (2023)

RE S KV~ T REZARNNSE R LTz Fe &7 Rl 1~

PRI DARIRTE Rk

CEE ST, ANINEZ, R R, FE R GRAERE)

Low temperature formation of oxide film on Fe-based micron particles

synthesized from magnetite by gas-solid reaction
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Fig. 1 XRD profiles for raw and after
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shown.
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Correlation between iron loss and features of B-H curves of dust cores under the application
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dust cores under DC bias fields.
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Study on magnetic properties of toroidal cores composed of electrolytic iron powders with different shapes

m
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Fig. 1 In-plane magnetic properties of

CogoFersNijs-MgF, film having thickness of

539 nm and resistivity of 14.7 pQ-m: (a)

Magnetization curves and (b) Complex

permeability spectra of magnetic hard axis.
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The structure and magnetic properties of submicron Fe-Ni-B amorphous particles
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SN EIZErbDEBELBND.
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[1] K. Murata, T. Miyazaki, H. Masumoto, Y. Endo, T. Magn. Soc. Jpn. (Special Issues)., 5, 1-5 (2021)

Fig. 1 (@) SEM image (b) the electron
diffraction peaks image of Fe-Ni-B particles.
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161 T DEVBs & BB EZHF TS FeCoETENT 7 AE5E&HK
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Novel FeCo based FeCoBPSiCr Amorphous Alloy Powder with High Bs of 1.61 T and High Corrosion Resistance
Y. Kajiura™, A. Hasegawa™?, M. Hosono™, K. Yoshidome™, S. Otsuka™?, H. Okubo™?, H. Matsumoto™
(*1 Materials Research Center, TDK Corporation, *2 Magnetics Business Group, TDK Corporation)

RIS 2 EFHERR D EERRLICEN, A & 7 22BN TUE, @O BIFIRE S FE (B 12N 2. TRk % 7Y
SRR HERBEIZE T~ 5 72 DI @iV Bs & AV M & % N2 T & 2@ JBEBEIER R A RO HL TV D,
AHFFETIX, FV Bs & WA fERR STV % FeCoBPSICr 7 /L7 7 A /41235 H L, FeCoBPSICr &
B OMRE R T, AWETIEL, 161 T OEWBs &, BEfFD FeSIB R T E/NT 7 AB@MREERET HE
NI BYEZ WL CT& 5 FeCoBPSICr 7E/NL7 7 AG&MAREZ T LIzE L bic, BonizhmRE A
VHE Y BFRAITBT D EREERMEERET D,

Fe(99.9 mass%), Co(99.8 mass%), B(99.5 mass%), FesP (99.9 mass%), Si (99.999 mass%), Cr (99.9 mass%o) D 5t}
Z AW TEERERIC TS S 2 FR U o — VIR GRTEIC £V IE 1-5 mm, JEZ4) 20-80 pm D4 & H47
AR U7, X BREHTG, TEALT 7 ARG LN LRERNELZHRESR L L, BRELORKE IND
TENT 7 ATERRE A RN Lo, Bsid, IRENREVREZ IR W CTHE L7z, IR MEIE. JEA 20 pm D28
HEHEZEREME L, HBIC PR, ZREMIZ Ag/AgCl BARE AWV CESILFNEEITH Z & TIMEi L 7=,
Flo, HAT b~A REZHNTHRILEIT o 7o, 1FRL7T2BERE 63 pm OfiiZ FVTofk L 72 R 2 i 1]
L. FERETFEME (TEMZ AW TH RO T ELT 7 ZREEAHR LI-, 7ERIL7=mEREE AL 2.0 (L)
X1.2 (W)X0.8 (Hymm D4 f &b A X7 ZaF L, LCR A —% —% W CEi BRI 274 L7,
REBRER

- ; L A X Table 1 Amqrphous form_ing ability, corro_sion_characte_zristics
Table 1 (< FeCoBPSICr 7" /L7 7 A &y s L UBEAT and magnetic characteristics of metallic ribbons in the

D FeSIBC 7E/L7 7 AEEITHIT HEAIEA, R FeCoBPSICr and commercial FeSiBC amorphous alloys.

B, BREREER X ORAFEE "9, Table 1 Amorphous i 7 >

X b FeCoBPSICr A 4xi, My AALAS ATfiE 22 87um gy Compositon b V) @Alend)  m) (D)
TENT 7 ATEREEE AT D ERIFFIZ, -520 mV D& FeCoBPSiCr 87 520 237 20.4 171
WIS RENL & 23.7 pAfem? DRV VE RFETEEEEA R L FeSIiBC 60 77 51 257 169

BEfFD FeSIBC &4k bENT-MEMEEZFT 654

ThDH I EBRENT, 030
Fig. LIZ A7 b~ XIT & Y {EHL L 7= FeCoBPSICr G0
TENT 7 AGEHARE LOBEFO FeSIBC TE/NLT 040 -
7 ARG RER A L F A RTICBI A EKE =03 |
B % FeCoBPSICr 7 /L7 7 A8 4K KD TEM 4 ; 030 |
BEUETBEI S =2 LIITFT. Fig 1Y F 005 | rommsicramonios
FRCOBPSICr 77 7 ARG 7 ey E | o
7 A% A L, FeCoBPSiCr 7 & /L7 7 A &4 K% H o1 ™ alloy powder with B,of 10T
WA XY B BETIIEEFED FeSIBC 7E/L T 7 AE 0.0 2.0 40 6.0 80 100
KRB VRS RS OB E RS _ Applied current, 1 (A) _
TS LR ERE, e e oot

image of the FeCoBPSiCr amorphous alloy powder with
SAED pattern
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Development of spherical iron-based amorphous fine particles
R. Tsushiro, Y. Endo*
(Toda Kogyo Corp., *Tohoku univ.)
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TWD, BYERIZ Tum BLF OBk OERIAREECH 5, IR ICIEZ OV O (T AT BE
THDHN, WEROTFEDITIE R ROE—HECREM O AEITRER H o 7o, 2 2Tk, Hiz7s
TWFR TCIE 2 Wat U LR OB A R L 7= Fe-B ORI T- 2B L7= 2 L IC oW THET 5,

EERAE

AR TIEO FUEHE, SELAI. BOSSRME (pH, IREE, FHK. #E5M7e L) MG OEL 5% Bt
L. BIELT D Fe-BH DT BN T 7 AR A ER LTZ, 15062 MRO—URIF & AT AR
BT BE(SEM) & | SRR BITRIE DA ot & AV CRl L 7=, B RER O B R 1E 30~40v0l% 5
BHIEBRRS Y — e xry NU—2 T F 74V THIE LT,

ERER

Fig.1 IZ/Ef L7z Fe-B R SEM R Th 5, iidEhk:
WCHR R BEIRDRL - & 72> TWD Z R o Tz,
Fo, ERELMERE TS Z Lk, kKT
&A% 0.2um LU F OB 751585 2 LR TE, — ks
FREDOY—ME L S BIEIZ DWW T, Sample A, B L [FAIFE
FEDORE S D Fe-B R A FERIETER LR LT, £
DOFEFR% Table 1 1R, RO —MEE2EKT DI B
FOERE 2T D2/DI L 1T, fERdih L0 b AR
DTN SUVMEE 72> TRV B THEED B

Sample A

Sample B

Average primary particle size

l,rl pm

0.2 pm

Fig.1 SEM images of

Fe-B particles.

Table 1 Characteristics of samples.

Primary (@]
BT > TWA T EN o T, Sample  Method particle  §/DI  D2/DI at 1GHz
N - . . N Si Ju?
HREHE D BB Z Fig2 (R, BRI, B i Beded 10T 105
BB VTRl L O NI E iR 23 38 4 N fB) . CDevek;ped | (11(2) g-;g gg 125~79
o N - eI. onventional B . . .
LEHEDME T2 2 E0MBEE D25, ARBAFESIL  Ref)D Conventional 05 028 33 43

IGHz O &AW T, kLY b/ hS v
oL AU Eomn» QEERTZ &0, WENE
DD L TWEEEZLND,

S: SD of primary particle size, DI: average primary particle size,
D?2: average agglomerated particle size

BENERI T4 S Fo i L BB 5 2 & ThA v &Y 4L ReD)SampleC
5 OB BT B, BUE, RMESEER 0pm 3 d e &
DRKF LRGSR HEOBILFMS AT THE, 5 / 7
g b /
$% 3Tk ‘2 ]
1) K. Murata, T. Miyazaki, H. Masumoto, and Y. Endo: Trans. g ! . l--—”'""—"““"3"_"_"::.:-_—_-
Magn. Soc. Jpn, 5(1), 1, (2021). e gAY _
0.1 1 10

2) S. Yuki, K. Shimba, N. Tezuka, and S. Sugimoto: Journal of the
Japan Institute of Metals and Materials, 76(4), 278, (2012).
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Speeding up of Micromagnetic Simulation for Nanocrystalline Soft Magnetic Material by Implicit Method
T. Tanaka, T. Ataka, M. Kazama
(Fujitsu Limited)

[EFLHIC

WA T — 238K % -T2 ST —F 3, 20 & JEREEIL & 2/ « B =R X — b3 #ifF ST
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K DRI OBEX AL « RO SHTIL B BRE R OB IER ORI F 5 TE s B2 oD, L
LB OAAL vy F o ZJHINIKAR~ A 70~ 32T 4 v 7 v ab—ra CORRZ RIS RE W v
Ralb—varOEmER RO LN TND, B LiESR) A2 5Lk % Landau-Lifshitz-Gilbert (LLG) 7 #2203 HE( b
@ﬁ#%&ﬁ%@#%ﬁéﬁ Fk 4 1355 100 kHz ~ 1 MHz 4 CIZRACIEB) 202 < 72 0 5 25 & AR Lo 72
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HEAX

T FEREKBEEAEHT 10 7/ A= FARBREDO A v 2 2 23RS TEY . £ A v ¥ 2B IRICB W TR R
FYENRT o ZLARMLTWD T ¥ DERBRGTEET V2 HWTERBLT 2, —EEEEE b DI 2
PERIC —RRICEIINT 5, RALEENILL T O & 5 2228 o 41 U7z LLG SRRt 9 & 9%, KLl A0
RD7= LLG FFERIC L D REEF R IT =R — R/ Mb a2 R U7z gt 2 B LW 5,

Jdm

Y
Sr = pmX (m X Hegr)

m, y, Hegld ZNENBARMEN T BV Vv A B BEKER, AR THY, ¥ e 7EHIT1 Th
Do

R
BRI DY 1.6 T. YA X2 10 um x 2 um x 0.05 um DOFEHE T /LICHRIE 3000 A/m. J8KE IMHz DR

WS 2 FIIn U 7= St lost LE 2 3BR%E LT Pk 2 W TR 35, D 72 Crank Nicolson 1512 X 5 fi#
& it L7z & Z A F1EIL Crank Nicolson {EIZ L~ TH) 2 5 mdE b S v b, Fig. 1 ICHALIREED XS~ 7
Tay bERT, BKEZ O 5 L EDLOFIELBIXIE 180nm~400nm (2 — 27 2EFE D | RAEHZ T
T DEIL IMHz LR Tl hsneExbhd,
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>0 NG Is e MRV 13

,./-— ‘.,.._

Fig. 1 Magnetization visualization of the implicit method and the semi-implicit Crank Nicolson method.
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IR - Dy IRINE: - Bl 2 2k 872 Nd-Fe-B BEfEwi A D FORC & A
77T AOEEH

A BTSN EEERAY L AT 2 B2 WENIE] 2 AL L RAKHR 14
(HAERZIehE, 27 e 7 U 7k, P4ER SRIS,  *HIEK CSIS, *NIMS)
Feature extraction of FORC diagrams of Nd—Fe—B sintered magnets with different temperatures, Dy doping, and
alignment
K. Ishigami', K. Nabeta!, D. Furusawa?, T. Maki?, T. Nishiuchi?, T. Nakamura®, S. Okamoto'*>
('IMRAM, Tohoku Univ., *Proterial, Ltd., *SRIS, Tohoku Univ., *CSIS, Tohoku Univ., SNIMS)

First-order Reversal Curve (FORC) AT 130 A BF DB LIRS AR & fiftT 9~ 2 F1ED—>Tdh 5, FORC diagram
% N TR R B RRAT & FRAT L 7218 5 OWFFE D % < 1%, FORC diagram LD AR N ONLE & IR0 & FH A AR
ROAREES) & D D HLE IR LT X Toh, KABARELD FORC diagram 1TEME/R 7260, ZOfIROILE 70D
hysteron 734 & BEALIKERD 3 A —ET 5 & W O RE Z K AMAMEHIEA T2 DIIREY L EZX b, £2T
ARWFFETIL, B2 FORC diagram /X% — > OJFRIKZ A LN T 572002, IBE - Dy e - BBREZE X720 D
Nd-Fe-B JEf 4 @ FORC diagram % Z G L #H 73 C FORC diagram O RS A fid2, /X T A — & & FORC
diagram OZEALDORAIR % EEFMIT 5 Z & T, FORC diagram EDOFREAGICKGET B /3T A — 2 L2+ 5,

Dy WRINE(1, 2, 5 wt.%) & B o) B (CERC B RA, FECHA: MA, @fcE: HA)Z 24k & 172 Nd-Fe-B BEfS a4 230k L,
FEHEIR Z 0.5 mm X 0.5 mm X 3.0 mm (20T U SREECEHREE /151 C FORC diagram O FE (& A7 2 3+l L 72, FORC
diagram DR ICIE 22,046, 7 — X FUL S8 Cho7c, ZDT — Xt v & UMAP 7 /L3 U X LTS RICITIRITHIE L |
1l vs 55 2 B TR R IBEZER 7 e v S Fig (@) Tdh b, 22T, v —H—EL2ITVZ &1 FORC diagram
ARG % Z & & EW T 5, Fig. 1()Ii2 8\ T KIE O FORC diagram X Dy i & Bl & 13 2EES4RIC Group 1(G1)
W28 F4, [FAERIZ AR O FORC diagram X Group 3(G3)IZ & 417z, — 5T, {KIR® FORC diagram 7> & i FORC
diagram |[ZE 5 /X2 (X 7580 H Y . Group 2(G2) & T G3 IZZ LT B /X A X ERE B4 . G2 /71T G3 & kT
XA T HEL A B L SR A Th o7, Fig. 1(0)I34- 27 /v — 7128 415 FORC diagram OREHITH Y . Zih
1B Gl—>G2 D/SATANR Y DK & BOHEREE BRI ZE), G1-G3 BEL N G2—>G3 D/NATAKR Y hod
IR & DK % 072\ FORC diagram Oiffi/NBALIEFRIZIAR NS T 5 & &2 HiLd,

AWFFEIE, SCERHSEA T — 2 Al - TERB~ T U 7 AMERRE 7 0 Y = 7 hHEE JPMXP1122715503 72 6 NI
B MM a~T VTN AA—T 07T v N7 3 — DR EZ T,
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Fig. 1 Dimension reduction of FORC diagrams of Dy-doped Nd-Fe-B sintered magnets. (a) 1st and 2nd UMAP latent space plot, (b) FORC
diagrams located in the corner of the latent space.
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Bem BE . Dy fHLEK D72 5 Nd-Fe-B BefEs A O
FORC # A 7 7 7 LHIE

SHEWEAT L A BT AR 2 B 2 PENEKE] 2 R ARHE 14
(FALKRZ e, 7 a7 U 7L 2 HALK CSIS®, NIMS?)
Measurement of FORC diagram for Nd-Fe-B having different alignment degree and Dy compositions
K. Nabeta!, K. Ishigami!, D. Furusawa?, T. Maki?, T. Nishiuchi?, and S. Okamoto'3*
(‘IMRAM, Tohoku Univ., *Proterial, Ltd., *CSIS, Tohoku Univ. , “NIMS)
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Nd-Fe-B BEft e ORBES11E2% < OBERDIBHRT 553, FTH ¢ #hEL 142>V T SEM/EBSD 72
5 NT MOKE % H\WN 72 Rt i) e 78705 70 Sdv, BEBERI [ D ¢ Bl 5 DE WS BRI T OREEET
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THILEERTHLOTHDN, T OIS TR ALK 2K TR+ &E L o
Th b, BACHBIEROBAGIREE 2 R8-S 2T ik & L CTFORC XA 7 77 2030 5 P, BIfE
¢ BEC 721 T2 < Dy FLAR & RIS b & €7 Nd-Fe-B Bt 12%f L C. FORC # A 7 7
7 LPNE % FhE L, SEM/EBSD 72 5 ONZ MOKE HIIE & OMEAMEIC DWW T OREZED T D, 4
ENIBREE CICE O N RERET S,

ERAE

Nd-Fe-B BEAEBEAIZ Dy & 0, 1, 2, 5 wt.%i M L7 & OIZ DWW CHEERL A, FPECm], EELm O EL )
bRt 12 FEORENZ HE Lz, PRV A X3 5um TH D, REHIHAFEEIZ LD ¢
5 1) 2 Rl & LY 0.5%0.5%3 mm® IZH1 L L7 JlEIL VSM & W7o, JIEIREE X =R 3 LTV 40 °C
~200 °COHIPH T 20 °CH| A & Uiz, S KRATAIRESGIXEIR T 2.6 T, 40°C~200CTiX 22T TH 5,

FRER
Fig.1 {2 160°C CHlE L 7= R[] 72 & QNI HECLH O Dy 5 wt.%Nd-Fe-B BEft i oAb ih#iEs KO
FORC A 7 7T LEmrd, [SEHAKR Y b EBBIEAR Y NOBNFRAR Yy hOKE S(TZ
T, "G AR Y S BEHOT—A BRI TED

B 45 ° A LT o b O, H Bcih>7=b 0, H @ (b)
BN >72 b DR ERR S, TS OB F ISk ‘
THBEIZEWR R ONTZ, £ T7—A 7 — VOATE ¢
DHENFIZHRERFEONDR RO TEY | XSSO
LIBREOREENENR LD EEZ NS, 5%
X235 D FORC XA T J T LoNA— 2 DiE &G
HAR, WIS L OFEBE AR LT <,

oH, [T]

HEE c
AIFZEIL, SCHREBRE T — X Al - IERB~ 7 U 7 L8
TR T 0= MREE (T —X Al - 15 AR R
WFZEHLE) JPMXP1122715503 78 & ONZ NIMS fiéé4 MOP

HoH [T]

—=

o & o
=

-2 2
woH [T] HoH T]

Fig. 1 Magnetization curve and

DA EZ T TP E LT, FORC diagrams of Nd-Fe-B

sintered magnets with Dy 5 wt.%
m of (a) - (b) non-aligned and (c) -
1)T Maki et Cll., J. Magn. Soc. Jpn., 42, 24-29 (201 8) (d) medium_aligned measured at
2)K. Miyazawa et al., Acta Mater., 162, 1-9 (2019) 160°C.
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Thb 8L Nd-Fe-B BE#ERER O 3 RITHI L AR & BRBED o DR H

LG = SN S S /I 7 NI~ N 1 N
GRAER Zoeht, *BE7E FEER)

Feature extraction of 3D microstructure and magnetic domain in a Tb diffused Nd-Fe-B sintered magnet
Tomomi Suwa, Keisuke Ishigami, Motohiro Suzuki®, Satoshi Okamoto
(Tohoku University, “Kwansei Gakuin University)
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HBCXORENT&E Y, UL, BIEOBRMEIX3RITOFR v b U — 7 S22 IRTTBIZ TILRE
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FHIZE SO TREDETH -T2, T HIT, 3KIT SEM Ll X R N7 7 7 4 — A HbE-FEIC L
0, R AREFREIRIC 31T D 3 IRITAY e THHIE R & XA DB AN AT REIC 72 o 72 2, ToHIREAR & R XA O
FIB AR D 7o DIZiE, ZNOOR A L, kT 25 Z L3N ETH DA, PRI XA E O TR
DBHEVEN B A OFFRICE S FIETIEHES TliEv, AT, ZoMEZ wRT 572912, Nd-Fe-B
BEREREA O 3 IRTTHI 7R O & BEIX A ) D 7 — & BREVI O Tk %2 O TR A i35 2 & 2T,

EER
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T—4%ty ML, 18umX10umX18um @ 3D-SEM B O & . % DR —HEFFEIRO 3 WITHEIX %
Enbies, £1-. 20 3RS IS Z+55 T 72 5-55T £ TE(L S ¥z & & DEREBLIREEDRLX
WBETHDL, NHOT—XERHWTHITZ1T-7-,

ERER
ORI L AKAZE 70 3 U X2 9% FIVC TR 217 o 7o, filli SAU72 FF#0 33212 NdoFewsB #H & Nd

U o FRHOREIZHIE LTS (K@), Zhid, ZOFENIREIRICEETNS N Y v FMHE2E L HH
TELHZLERLTWVD, THO DR MZRIL L7k, R 2B U CRBROMRIT 2170, JERL L

To AR O I T AT o 7o, BEKARIEIT, Bl 2 BE A B L S BT BROBMb RS s D' 7 A T —2 3
V% 3WTTHNTAT o 72 (K(b) . 246 O 2% T, MGHE AR DORFE & BEXHE & OB R4 2 & 28
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ARFSEIL. SRR T — 2 A - ERR T Y T 3D-image Feature Extraction  Key Point Matching
MR T 0 Yz NEE (F—Z Al - 15 - ' '

PEAF B ZEHLA) JPMXP1122715503 72 5 TNZ NIMS f4
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2 3R
1) J. D. Livingston, J. Appl. Phys. 57, 4137-4139 (1985).
2) M. Takeuchi, et al., NPG Asia Materials, 14, 70 (2022) (b)

3) P.F. Alcantarilla, et.al., Proceedings British Machine
Vision Conference 2013, 13.1-13.11 (2013).

Nd-Fe-B 4 D (a) POHIRELAR O R & SIS
(b) —2.2T 76 —27T FTONEGHMX~ v B 7

— 231 —



29pC - 4 AT Bl BARERF R FANGR M ELE (2023)

DFT &2 5’z La-CottBEHM AL T = 51 h D Co BEHaY 1 b EIM:
FRMI, KEEA *, hEs— =, S, hiaz
CRAPK, EIEMK *, KBRANL K **)

Site selectivity of Co in La-Co co-substituted M-type ferrites: DFT calculation study
T. Waki, H. Ohta*, H. Ikeno**, Y. Tabata, H. Nakamura
(Kyoto Univ., Doshisya Univ.*, Osaka Metropolitan Univ.**)

1 ELC®HIC

M# 7 =54 b (AFe,019, A = Ca, S, Ba, etc.) 13, HI7D 7 = 51 MEFRDEMTH S, FZiZLak Co #LEML /-, La-Co
HEEMB T 2514 NEEWRE7 = 74 MEADORM E U THW SN, HED Co DEAIZ L b EEHIZ LEARLREE T H 20% 12
B LT 520IERINTWS LD M EDEERIZ Co?t 12X B RMOMKRGMRERIZL 2 L HEIN TV, K
& T OBTREENGIZ X3 G2 D - 72, ITETIH, Co™r ODFEREBY 1 ML 52H2 Fe V1 b (2a,2b, 411,45, 12k) D55
A (MEARY A b)) T, FZICBEBRINZE OV KR GHICEFEST LI EMHHLTWSE D, —HT, TNUNDOY A1 b (2a,
12k AR A ) 1I2H Co?t IFBEh, T I THENREAMZRUBKAEAEZETI TS ZHRBEINTED, K VEHRE
12 Co ZFIHT 272121% Co ZBIRMIZ 4 ICEIT B Z 22RO ENE, TNETIZAYA MAIFAVOREE LI, il
E& Coddfy EARLOMENRBEINTWVS Y D, ZOFMIMHI N TWARY, Co D 4f; T MEREDMIHD, FHikek
T 714 MEADE 5B WEREM ED 720 OMELRFHESHEFIZ D25, RLIEINETIZT A=Ca, SriZ2WTOFEMERIC
DWTERIZ DFT RO EZHRE LTS Y, A% TIE A =Ba OFFEREEZM X, DFT #8I2& % Co®* ¥+ MEAT R
WX =D A B F I VRAFNE L BTG OHEBII D W TlE T 5,

2 HE

R P IRIC L BB IR DFT #H) 12L&V, A=Ca, S, BaDEMET 51 hD 5 DDHEAS Fe ¥4 hiz Co?t
VBRI NBEOT XV F—2HE L, TOLEN, BEMEICOWTHRF 21772, IS, FHEHEEE 2 PAW %2 W/
VASP 8w 1 — 0 %7z, AFe;;010 DHAMIEITIZ 2 X2 x 1 OE#EZER L, TOHD Fe JfT 1 2% Co J{HFIZ@EHL
EDRIINVF—%FHE Lz, Co Offifit: +2 L3 572010 BEED - 0@-&%% 1 OUJuw:o 23 i AH BRI 4 1% HSE06”)
ZRAW, kmesh 22x2x 1, TRILV¥—Ay bA71E500eV & L7z, THILF— OBz %, #EREN (GGA-U Z Wit
BTHIIRES % PuE U, I&IKIZ 13 HSE06) %17\, Co iy 1 b@%Fﬁ*ﬁmkomfMﬁaﬁtxﬁoto

3 BRELUVEER

A=Ca Sr,BallDWTHHAZIT-/-2 5, YORIZBEVWTH Cot@4fi(BATY 1 MDA EER) WREE LD Z &
BIL 7z, ROT 2a, 12k Y 100 meV BETI AL X —HHHE L TW5, 2b, 4/ 13 1000 meV BEHNTE O, IhoiZdFEER
LWk EZS5ND, £z, Co?r DE—AY MIKAMF A PDFS DE—RAY NEVETTHD, ANFA VYA XHBINEL
RBIZON, 4ff HARO T IV F—=PHEMICZET S Z RSN, EREBENTHE, MBI 51 MI, AWFA YV
FEULR7uv o, STy IRRAEIIHEETAIHERZELTWAY, ANFA VPN BRBIZONR 7Oy 7k cBi5H

IE L. S 7oy 23R T A EALFEIC K D HE S Wz, BFfEEICEET S L. Co?t WEHL 5 5 2a,4f, 12k XS 7
Oy Z7hBEUR 70y 7 OBFIUIMET EH, 20 91 b (DEMLZEE) XS 7oy 7 L EEEST 52—, 4f, 12k (U0
T35, Co™ FFS" SO RERAFALTHY., ANHEKT 1 FAOBHIIBILEHAEOINMEIZ LV ALETEI2E XD
ECANFAUIWNESLK LB 12k YA FADBEBORNLEITBAENTSH D, —HT. 2a ¥ MIF IR 2R3 25
L, NFEOHFNZ X Y 4f; DUUHEHEFI L TR > TWb, Co*@2a D 4f; iIZxT 2K RT AN X —DEIZA I F
F oA R UEHFATIER L, BIINREALHEI RV —ILFLELTWE EEZ N5,
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La-(Co, Zn)E# L MBI Sr 7 = 7 1 k @Eﬁzﬁfﬁ'r@lﬁ%ﬂ?ﬁﬁ

IR OEEL BRSO OER FRs WL B EEN PR 2
CR R )
Evaluation of magnetic properties of La-(Co, Zn) substituted M-type Sr ferrite
S. Nakai, R. Sobajima, T. Waki, Y. Tabata, H. Nakamura
(Kyoto University)

XUBHIZ

MBS 7 =F A | (SrFeiO19) 127 =7 A MEARM TH Y | JTLERBEHRIZ X DM O &EMERIEARAA G
TW5b, Fe¥*O—#i% Co* CEM L, TOEMMME L LT SIP*o—#% La Tt L7- La-Co L& M Y Sr
7274 b (SrixlacFenxCoxOr) 1T B HERS ERK L, ML HHENTH KT 5[1], —J7. La-Zn HLE#HE M
St 7 =74 & (SrialafFenxZnOi) Tix, BB RT 5[2], KRFEHESE T TORMTIEL Co?ds L
I OEVRIRIZX=03 TH DM, BMBB/ILRELZHA VD Z L TCOBLONZN*OBENRREZ KR TS, 2%
FUZHED PERED 1A EAMHERR & 72 [3-5], T D 7=, Co?t L Zn? % [FIRFIC i FE & 2 L 7= La-(Co, Zn)E 4t M Y
Sr 7 =74 K (SrixlaxFer2«CoyZn,. y019) iﬁﬁf&&%kw{t@ﬁﬁ%k% HEBRCX D AlREMEN B 5

L2rL Co?t e Zn* % [FIRFICEL T D556 . £ OBERFFMEIT La-Co JLE#L & La-Zn JLE#L) & 0 NHR CHLR
TE D EIIRE 2, Co* DRG] %A@ﬁﬁ RGP A M Ko TR | BB A Foaf &2
BT D Co*DIHNPRER R HEDOHRIM@H  [6], — 5 T4 VA ML ZnZ*DORMELV A b THLHB[7], ZD7=
O, BHEOIKITLE, 4f A MTRBWT Cor e Zn¥ OB Ea i & 5 afeett2y & 0 | i@ v ot %=
T EIIRE 220,

7 2 TR TR La-(Co, ZNEMM B St 7 =51 | 30x10f_ T ' 4160
EERL, FORKFHEERE L,

ERGE
La-(Co, Zn)iE#a M ! Sr 7 = 7 A I SrosLaosFe11.5C005xZNxO19
(x=0,0.1, ..., 0.4) DLiE LR EFEOSTEIC L0 Gk LT,
BB i@aﬂaﬁf 10atm T, 1200°C TTo7=, sEtOFH
[ 7E 1% XRD LA AT IE WDX (2 L 0 17 - 7= AL B 12 VSM
WEVHEIEL, RiRCofafii, B&TMERSEE RED 572,

FEREEE 00 01 02 03 04 05

Fig. 1 [Z=IBIZH TS La-(Co, Zn)EH ML Sr 7 =T 14 F % Zn content x in M-phase detected by WDX analysis
il ORIFIRALE L ORIERS &~ MBLY = 7 4 b3~ Fig. 1 Saturation magnetization (Ms) and
= VEETH Y KR T OBALITABNEA A4 DBECE =22 anisotropy field (Ha) at 300 K versus Zn content
FOR LEDETHE SN D, SRR L TREZ#  x in M-phase detected by WDX analysis. Blue
KThHAZ D CoBLRZN* OV 4 FEAOSESITE -  and red dashed lines are Ms and Ha of
STWARWEDEEZ BID, R IMEREE AL L SrFewnOw, respectively [8]. Ms of La-Zn
BIETHY . Co¥ e Zn MR B I %2 A BT i i co-substituted SrM (x = 0.5) is also described as
Lot b LTHAETS 5, BRI oM 545 ooz 00 sare Bl
DIFIEF ThHh->TH, Zn* BRI L DMK B S PEOLLITHEITE Z 5, R CIHRIE CORKFIED 5%
FNRR, T =T A MEGRME L COMREEDOLAZ1TO TETH D,

Anisotropy Field (Oe)

Saturation Magnetization (g4 per f.u.)

14.0

B CHR [1] K. lida et al., J. Magn. Soc. Jpn. 23 (1999) 1093. [2] H. Taguchi et al., Abstracts of ICF 7 (1996) 26. [3] T. Waki et al.,
Mater. Res. Bull. 104 (2018) 87. [4] Fnéd, I fl, ¥yAds L O KRGA, 69(7), 2022 4, 288-292. [5] T. Waki et al., in
preparation (ssrs.4085484). [6] AAE & fh. H AR P (5 46 [EEHEH K<) . [08-aCl. 2022 4 [7] L. Lechevallier et al.,
J. Phys.: Condens. Matter 16 (2004) 5359. [8] B. T. Shirk and W. R. Buessem, J. Appl. Phys. 40 (1969) 1294.
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La-Co LA MBI Sr 7 = 7 4 + OEMLHIC X 2 (RIS DAL
FRRRK, RIS, FARS G PR
CRARF)

Change of coercivity by heat treatment in La-Co co-substituted M-type Sr ferrite
T. Wakabayashi, T. Waki, Y. Tabata, H. Nakamura

(Kyoto University)

e HIY

MZBISr 7 = 7 4 b} SrFenOp EKAMAME L ULTIA L v b N, La-Co EEHIC XV . k% TP iciR
WhnmbE+a-0, EEE7 94 MgAE LTCE—Z—ZFIcHONTWAE[1], MBZ7 254 FiciE 5
DD %5 Fe 4 FFFEL. Co DIy 4 2. Co iE#IC X 2 BAGHERIBEIIE S CRFrd - 72
23, AR TR BB A b o Af, (WUAEAECLL) 1B S iz Co DAL — R FHEDOIRICTF 535 L
DAL 2T 5T B (2], 4f, A P LA~ DEER D T A X —ICEEEL T3 72, Co* DAl BILE
FFIc ko Clllfic® 2, AN ETIC, BUBEBRORIMELZ(KT 45 2 &ic kb, BT WHWwEH»
KT 5L uBME LBl —MMc, KAWAODOMERE S L CEEARMRIE X, BMOBSRETED AR
T, MR T oK E SRR, MFHORRBIC D R I D, WEREABIECTH 5, AFFETld, La-Co it
EAMBISr 7 = 74 + OELRIC X 5 Co D RZAL % U 7= Rl o Z Lic D W L 72,

ES DR

Sro7LagsFei17Co05010 D% REUEHIFEM SIGEIC X 0 &AL 72, BRI ER 2 b2 Eimk & 72 % X 5 ITES
L. BF 5 H latm F < 1300°C, 12 KEEIBERK L 72, % 0f%, K — IV (FRITSCH) 2 W, 1um 2
okt 725 X oML, BEEDE 1atm FC 1000°C, 1 BREEF: L <. iR E oid L 72 (=200, —50,
—20 °C/h, LA 2 112 SC200, SC50,SC20),, ih{LMARIL 3K %% T 7 4 v CREIE L 72 TR R % s,
VSMRZE T3)1c X W #HlE L 72 (T= 298 K),

FERR 5

Fig. 1 1C BV 0 3R o R % T 3, R AR 3
TR L 72 B2 DRI 13/ & v (H.~ 2000 Oe) 23,
B A3 C &1 X o T, (R AR B 2 & &R
L7ze THITMEIC X o TEA X N7 f550 O T A 3B
KXo T RNz & IckKT 5(5], £ 72, RiGHE
EINXLK TR L, REIPERT e on»sb, 2t
I OiEECHEHIEnNs e LoT, Co¥* D 4Af, 9 4 P EFED
HAHR L., BAMRESEA L2720 L 2 bhb,
— 5, SC20 1% SC200 X v 3 8%FE. FJ7H:Mish 3 A3 I
Bk RHERL T S[3]125 (R ORINE X 3%Ric & - ~5400 -5200  —5000

M(emu/qg)

YEoTWwB, SN, R RIS & ) Bl 0725000 —4000 -3000 -2000 -1000 0
FCRERB S N, SRR ISR S T H(Ce)

5T LERRLT S, Fig.1 Demagnetization curve of samples
S 3k

[1] K.Iida et al. J. Magn. Soc. Japan, 23, 1093-1096 (1999)

[2] H. Nakamura, J. Jpn. Soc. Powder Powder Metallurgy, 67(2020) 78-83
[3] FIR il WA ARAEIH S 2023 FEHEFRE 2-33A

[4] AR fth 55 46 B H AR S 2 A EHS 08aC-4

[6] HO fih HAISHER A4, 18(1994)197-200
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KBr 75 v 7 2% 7= La-Co-Sr 7 = 5 A R 1D /e

INETHE, FEARRME, E20n. MIERTEA
(FBLKRF)
Fabrication of La-Co-Sr ferrite particles using molten potassium bromide flux
C. Kodaka, M. Kishimoto, E. Kita and H. Yanagihara
(Univ. of Tsukuba)

[FLHIC

1952 2 Ba 7= 7 A RBRINTLNR, 7274 A X, BEXITh R dcE I o T 7,
Bt b LCOBMERRILICIE, BT 7 oo oA RORF 2 ERL LS B E @R 2 7 nt 2B L
TR Lo BT B A & 0 B T2 D O HI AT N EE CH 5, Hkxe MAET =5 4 O H T La-Co-Sr
7 =74 MIFHO—EA CoMITEHRT 5 Z & TIHEHRD & D Ll U TRILOREBACD K %, PR3
20%I6) B35 LHEENTWD D, —fRICAHIE ST 72T 4 MRFIIESE COEEKRIETHHET I v 7 R
A W23 FUDITHFENM TN T E 7228, Z OFEIIRHA R TRORE 2 E OB A2 T\ 5,
ZOfRRITIEE UTHRIR CORB AR/ 7 7 v 7 ABRIC K HFEHERL DN ZEIT bivd, AR TR b
U AKB)ZIRBE 7 7 v 7 2L LTHW, RIR TR La-Co-St 7 = 7 A MRFDEREIT -T2, EHIC
La®, Co* D4 2 b S® 25 2 &2 K D Rt b0RS i E ORI AZ DWW T b s 975,

R E

La-Co-Sr 7 = 7 A MR- &35 720, F T HRLIZHE - T Sr¥, g T . La—Co:Sr ferrite |

o a-Fe,04

Fe¥*. Co?*, La¥ A A4 v 2 & e /KERIK 2 1% L, NaOH /KIEIK 2 1R
AT 5 e THbS /T, R E S TREKE PRI 5 ET
KL, BAb U 0 L(KBN) A ST 7tk INEVL TR A 7%
FIHETZ, WEME KBr DIREME AL THELIZR, ~> 7
JUAR Z O T4 800°C C 1 R, HEHHAN CNEV L 7=, ZLB
BILKBr ZBRET D72 DI 31T KBE LTz, 1ERL 7230 ORF 5 = = o =
fili & U T A E - BEMEE(TEM) TORTERBIZE . X AR EIPT 26 (deg)

(XRD)IZ & Bk A AT, IRENRURMEE ) FHVSM)IZ L B =) Fig.1. XRD patterns of La-Co-Sr ferrite.
ExE{ToT,

Intensity (arb.unit)

%Eﬁﬁ% 5.94 T T T T 23.08
Fig.1 | La-Co-Sr 7 = 7 A MK+ D XRD /3% — > Z7RY, " ;,:Z 55 1%
M =54 b 2330 a-Fe:Os DEHFRA RS NI, Fig2ic - 590 ° ] RRELR
La-Co-St 7 = 74 ko La BT 5 a il c MO T E8RE © oo . To02°
B, a B (A B S LA o T8, ¢ BRI LT e oo

Z AU La®*(1.17 A) & Sr2*(1.32 A). Co2*(0.69 A) & Fe®*(0.79 A)D A i
AU EEOBENCE DR B Y, I ARG ER0R: . *0 o1 02 03 o4 05"
RE GRS N C R SRR B T 5, X1 11 2P0, 0012000

Fig.2. Dependence of lattice parameters a

L 2N (M, closed squares) and ¢ (O, open circles)
of La-Co-Sr ferrites on the substitute of the
1) K. lida, Y. Minachi, K. Masuzawa, H. Nishio, H. Taguchi, J. lanthanum, x.

Magn. Soc. Jpn., 23, 1093-1096 (1999).
2) M. Kishimoto, H. Yanagihara: J. Magn. Magn. Mater., 579, 170871 (2023).
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D000o0ooooodoodoon Fe-Co-V-NO O OO bet O

gooo
gooooon
bet Fe-Co-V-N foils fabricated by rolling and ammonia-nitriding method
T. Hasegawa
(Akita Univ.)
good
gobooobooobobboboobooboobooboook 0boobooboMMboooooog
goboobDo0obo0ob00boob0ob00bO00bDOFe-CoUDDOO V-NODOODODDOODOFe-Co
O0000oooOo0betDoooooogiltymi00000 K, 000000000000 00T[1,2]0
00o00o0Do0obo0ooboobObstOD Fe-CoOODOOOODODOOOODOOODODODOOO
gooboobooboobg Fe-Co-VvODUOONDOODOODOOO

ooaao AR ——

FeCo @ / Z{LIF(NH;)
0000000000000 000000D000 Fig.l(ad O (t=0_5mm).%t=55pm) »(rc, 5h, K,=0.10)
O000000D000 Fe-Co-vOOOOOOODO ¢t=05mmO0 (a) EEE/ 7> EZTHIEE

0000000000 +=55umO0000000000000
000000000000000000000000000
00 000 O0(FeoasCo04sVo.10)100xNy (x =0, 1.5 at.%, £= 55 um)[] 3000
000 vVODOOOO0DOOO0O0000000 MO K000
000000000 10at%00000[1JONOOO0D0OOO

bee-FeCd (110)
<H
bcce-FeCd (200)

2500 |
Rolled, 650°C 5h

3 g
0000000000000000000 K,=o0lo0000 & (e, MPE)
. = 2000 | Rolled, 600°C 5h
00007°C,shO000000SEMO0D EDSOOOOOD & M ML)
0000000000 NOOOXx00000000 0at%d 1.5 = 3 "Wt Rolled, 550°C 5h
w0 [ (I . MAAZEAL)
2% 000000000000000000000 XOO o 2 o
' B S rolie
0000 CuKe O O Out-of-plane XRDU O TEM O O OO O 1000 | j (EE#&. MBZLEL)

30 40 50 60 70
goao (b) 20( )

Fig ()0 000000000 Fe-Co-VOOOOOOOODODO
00000000 T=0(Asrolledd 00000 000D0),550,
600,650°C0 0000000000000 XRDOOOO0OO
000000000000000000000000000
65°00 0 bee-FeCo(20000 0000000000000 O0O
0000000000000 0000@)O0O00000 A ‘
000000000000000000000000000 (@) T %P%%
000000000000000000000000000 . .
FeCoVN DD 00D kD00 DO000 0D Wiy E L) Samme pemton e (ol
gor=es0cCcCObiOi0OODOOIO TEMOOOOOTEMO XRD patterns (b) and TEM image (c) of the Fe-
0000000000000 ¢>¢000bet0000000  Co-V foils nitrided at 0 < 7< 650 °C, and T =
D0000000000000 ¢e00 1070000000  650°C, respectively.

D00 XRDOOOOOOOOO0O0OO000O0000000000000000000Fe-Co00 VNODOO
00000000 Fe-Co0OOO0OO0O0000000000 Fe-CoO0OOOD bet0OODDOOOOOMO
00000000000 FeCoOOOOO0O0OO00O000OO000000O000000

oooo

[1] T. Hasegawa, Sci. Rep. 13 (2023) 5666. [2] 000 69231850. 00000 OO0D0O0O B (JP20H02832)0
ASRCODODODDOOODO0DOOOODOOD(202212-RDKGE-0027)0 0000000

]
)
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V OREE 728778 L Fe-Co-V WD 1 J7 Al

g BEE), ER)IE
(FKHEKELT)
Lattice distortion of V element and bct Fe-Co-V films
C. Murakami, T. Hasegawa
(Akita Univ.)
LI
Fe-Co IE@fafifi{bz oM e TH 0 . —lilifE MR R M (KD 235 C & AU mtERE Ze Ak AREA R EHT
72 L FREMEN D B, — W72 Fe-Co DEAT RN E 725 i & 1A DAL 7§ (bee) T DA%, TS5 (bet)
B3 2 & 100 JmP A —F—D @D K, B3ME 5305 2 & REBRIIZHDN > TV D[], F72. Fe-Co HIEIZx LT
EHAIEE V ZRINT 5 & bet (MBS ND Z R Do TWND, L, EfRTER V D bet (LIZH G
T HEEHIIR A T = X LTSN > TWRYY, T ZTAFE T, £ THOIC V BEKIZER L, Pd<° Rh
THEE DA AREEZFH LT VISH L TR FEZEAL, VKO SEHEDOELZT T2, RWT, V
YN L7z Fe-Co-V DR b E 2L % 3~ 7=, V or Fe-Co.V
TE A& @ a (nm)ja/\2 (nm) c/a
BBMERLCIE 2 FEO S TT~ 7 % by %Sy 23R (Bl fl?c>;:::g£3(&n =
B2 105 B LN 107 Pa) & HV 2, 12 LI MgO (100) % Q <7 "Rh fee 0:381 0:269 142
B A SEBOINBNELEE 300°C T P B L UVR (£=20n0m) %, & | ® | [FeColbcc|0.285] - ;
IZ 200°C T V 35 L U¥(FeosCoos)soVao (tnm) % . Figl AR  @----@ [pg lfcc|0.389| 0.275 1.1
CRT I ICm e T Uy R ESETL, £ LTREICER buffer Rh |fcc|0.381| 0.269 [1.19
TH v v 7JE Si0, (t=5nm) 2t L7, 7038 Ar AR, Fig. 1. Relationship between the Pd or Rh
Pd F#DFEFTIX 0.5 Pa, Rh FHIOFEICTIL 03 Pa & L7z, buffer layer and the V or Fe-Co-V layer.
Fe-Co-V DFERIHTICIE EPMA, NRIEEEAM I 1 3Pl B 7 16
. RRFMEREIC I VSM, i SRS AENT 1213 In-plane 15 |
XRD # J U Out-of-plane XRD % f\ 7=, 14l

O
EBHR ey
d

-A- Pd/V
A -A- Rh/V

—©- Pd/Fe-Co-V
—®- Rh/Fe-Co-V

Fig2 |2, Pd £721% Rh FHIE Eic, V BikEmix O12 ]

(FeosCoos)soVao & T B &2 & o ¥ L S 7=k ok 1
10

09 L v v v v v e e e e

(c/a) DIEE () KM TH D, PAV (A) HEETIE, t

IR TIZ c/la= 1.0 (bee) D—EMENHFLNTND, V 0 10 20 30 40 50 60 70 80 90 100
HRDBCEHRREEIE c/a=1.0 (bec) THHDT., =2 TiE Thickness, t (nm)

PN ‘ Fig. 2. Film thickness (t)-dependences of c/a of

T, tITIKTFE T cla= 145 (fec) O—EEPHE LI Rh/(FeosCoo5)00Va0 (@) films (t nm).

TW5, ZiE, Figl OMERIZ T L HIZ, Rh OFT

NP LD B/NSVWZERHEREEZ B, 22 TO VIE, Rh & OB AREAITEK L THERER feo
ICEREL TS EBEZ HND, 7220 fee fbid, t=100 nm OEBRFEIRE TAEL TS, ZOXHIZ, Vi
Fld bee & fee DL RAF—0FEHL L TWO B A[REMEN BV EE 2 D, KIZ Pd/(FepsCoos)soVao (O) BI
Rh/(FeosCo05)50V2o (@) TEFEIZIEEB T2, VRIS Fe-Co DEVEHRIRAEIL c/a=1.0 (becc) TH DM, t<20
nm OFFETIE, WHE &b bet ENER I N TR Y | JEZFE(L & & HITRERIC bee HE~EZEREL TV D,
ZOFERITLV BEIERD bee D fee D ELHMN—FHEZBE LTV E W) FrRApMWE AR LR THD L35
ZInd,

B 3k

[1] T. Hasegawa et al., Sci. Rep. 9 (2019) 5248.

Z ORFFEILRFE B B (JP20H02832) D 3B 4 51T 7,
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1EJ7 i Fe-Co-V D F 7 A7 — UGN 1. & e 4

AR (EE), RIS
(FKHKEE L)
Microfabrication and magnetic properties of tetragonally distorted Fe-Co-V films
K. Enomoto, T. Hasegawa

(Akita Univ.)
FL®HIZ
KRG DRERE LD 7o DI iXm W afnmgt. (Ms) B8 X OO\ —BlfE R MES (K TN &R
W) (He) 23ab¥E L ézhéo — %7z FeCo 1%, bee #iE% & 0 | }_%i%%)%é\(ﬁquﬁﬁk@ Ms %ﬁ?‘é AR
Ky 2388 TR W72 DIZ Ho XX B e &2 s, L LAMEE TILZvE T2, Rh FHISS STO HAk & FeCo
& DT AEE é.\%ﬂﬂ% L7 D V-(N, C)7¢ & @M**ﬁ%ﬁbu L7-092%Z LT, FeCo Dkt (c/a) %21t
SHDHZ ENTE, BEMICIE c/la=1.2 (T L72HE12 107 erglem® 4 — 2 —I12&E Kb 325 Z L 2B 6000

L7z[1], Z 2T, —#&MIZ iﬁ—‘@{%ﬁﬂﬁ i*f/]’ ANED T B L, ﬂ'ir’fiﬂﬁﬂtﬁgf‘ $ He 238D TR S, B
M TT 2 & mREIMET D — AN 2 ME SN TNDH[2], £ 2 TAIFE TR, BT# (EB) VY7 T~
1 —%Z AT FeCo B @M M IN T L, He DY A RURAFME 2GR ~7z,
RERAE
BRI ITBEEZEL TR~ 73 ha v A8y 2 ) o 738 (BER
Z2[E~10"7 Pa)& HIVY, MgO Febi B IZFEAOMEE 300°C T FHlifg & LT
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Granularization and magnetic properties of FeCo-based alloy films with added Ag
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High Throughput synthesis of TbCu7 type Sm-Fe based thin films

A. R. Dilipan® 2, D. Ogawa', H. Sepehri-Amin" 2, R. Modak', V. K. Kushwaha', Y. Sakuraba': 2,
K. Uchida'?, K. Hono" 2)Y. K. Takahashi'.
! National Institute for Materials science, Tsukuba 305-0047, Japan.
2 Graduate School of Science and Technology, University of Tsukuba, Tsukuba 305-8577, Japan.

Sm-Fe based compounds have the potential for next-generation permanent magnets (PM) for balanced use of rare
earth elements other than Nd [1]. In the Sm-Fe system, the SmFe» (ThMn»-type) compound have been extensively
studied in recent years due to their low rare earth (RE) content and high saturation magnetization. However, SmFei, is
unstable and requires large amounts of stabilizers such as Ti, V etc., which in turn dilutes its magnetization [2]. On the
other hand, the metastable TbCus-type Sm-Fe compounds are interesting because Fe can be accommodated beyond the
stoichiometry of SmFey, i.e., Fe:Sm>7. Nitriding this system can develop a strong uniaxial anisotropy [3], which is
required for permanent magnets. However, the exact range of Fe:Sm ratio and nitrogen concentration suitable for superior
hard magnetic properties is not well explored, which is the aim of the present work.

In this study, we present a systematic investigation of the formation of the TbCus-type phase for a range of
Fe:Sm ratios using the combinatorial thin film technique. We have synthesized a linear composition gradient of Fe:Sm
ranging from 5.8 to 11.8 in a single thin film. Composition and phase analysis is performed using high throughput XRF
and XRD measured at | mm intervals in the thin film as shown in Figure 1(a). The highest intensity of the TbCus-type
phase is observed when the Fe:Sm ratio is ~9.9 (Figure 1(b)). Nitriding of this composition graded thin film was then
performed and the magnetic properties at different positions of the film were measured using magneto-optical Kerr effect
hysteresis and SQUID-VSM. A high saturation magnetization of 1.4 T with a strong uniaxial magneto-crystalline
anisotropy is achieved, showing that this system has potential as a future permanent magnetic material.
Reference
1) K. Binnemans, J. Sustain.Metall., 4, 126-146, 2018

2) Y.K. Takahashi, H. Sepehri-Amin, T. Ohkubo, Sci. Technol. Adv. Mater. 22 (2021) 449—-460.
3) S. Sato, K. Nishikawa, E. Node, S. Okada, Jal com, 929 (2022)167280.
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Fig 1. (a) XRD of combinatorial thin film with varying Fe:Sm ratio from 5.8 to 11.8 (b) The intensity variation of the TbCu7-type
(0002) peak.
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An exploration of tetragonal inverse Heusler alloys with high magnetization and high magnetic anisotropy
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