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(54) Title: IRON-BASED CRYSTAL ALLOY PRODUCTION METHOD

(54 EBOBM 1 SKEEROEDOREAE

(87) Abstract: Provided is an iron-based crystal alloy production
method comprising: a step for preparing an (Fe,Co)-B-based molten
alloy 3 that has a composition represented by the empirical formula
(Fe1,Coy)100x(B1-.C,)x, where x, y and z satisfy the conditions 10.0<x
<18.0 at%, 0.05<y<0.5, and 0.0<z<0.3, respectively; and a rapid so-
lidification step for rapidly solidifying the molten alloy 3 on a cooling
roller 8, said rapid solidification step comprising a step for fabricating
aniron-based crystal alloy 9 such that the proportion of an a-Fe phase is
at least 50 vol% and less than 95 vol% and the remainder is composed
of an Fe-B phase by jetting the molten alloy 3 from a tapping nozzle 6
onto the surface of the cooling roller 8 while rotating the cooling roller
8 at a roller surface speed of at least 15 m/sec and at most 40 m/sec.
The iron-based crystal alloy is formed in a thin ribbon shape having a
thickness of at most 50 pm, and has a saturation magnetic flux density
of atleast 1.7 T, an iron loss (W10/1k) at a magnetic flux of 1.0 T and a
frequency of 1 kHz of at most 20 W/kg, and a magnetic permeability at
1 kHz of at least 1500. The arithmetic average roughness of the surface

of the cooling roller 8 is at least 0.01 um and at most 0.6 um.

[hesEs ]



WO 2025/023038 AT ||} 100000 0T 000 O 0O

RO, RS, SE, SI, SK, SM, TR), OAPI (BF, BJ, CF,
CG, CL, CM, GA, GN, GQ, GW, KM, ML, MR, NE,
SN, TD, TG).

RPN
— EEEREERES (RRHE215£3))

(57) 289 : M (FeryCoy) 190xBrLHTHRIEEN, x, yo zHBAETNRETN10.0=x=180/RF%. 005
Sy=05 00=2z=03%mETHHMEET S (Fe.Co) BROAEABIEAETZIREE, B
HO— I8 LTELRAZ3I 2R RET2RMRE LREAMA,. RIS EBEILREE. SAHO—I
8 % O —JLRMZEE 15m/sec A L 40m/sec A F THE I AN S, AHAO— I 8OXRAICEEAE3
EHZ/ AN SERTZ I EICLY, aFeclHOGFELERNSOERBR L LISEBR RETH VYE
MAFe-B ML RBLIDICHEERET IR IZIIEEAMAIHBEREETOREAETH
3, BEEREE2IE. EHP50um U TOEERICERIN, BIBERBENIITULETH Y, R
10TH L CRIREIKHz T D838 (W10/1k) H20W/kgL R TH Y, 1kHZTDEMEN1500LL ETH %,
AEO—IL8 DRMICH T B EMITIFHEEIE, 0.01lpmELE0.6pmELFTH 3,




WO 2025/023038 1 PCT/JP2024/025071

[0001]

[0002]

[0003]

[0004]

Bl =
FRIADEF : KEEROCEROREALE
v o B

AFEBAIE, HEERELOEESEICEAL., LYFELLIE. BRE—4IC
BAINZA7ME L THFEICERT 2 I EN T I2HRERREEOHES
EICET %,

BRE

HE, BFHRELTERBINDA VI V90T MLEVWSBES
EIFRFP NSV RMAIFIC, SKEMNME  BFBRBES WAL TEIZEN 5K
HENTWS, ZOLIAMBELTIE, 8 (Fe ) . EHXR (Si) . 7
= (B) AXFEHETIHETEILY 7 AMBPHE S / BEMEHIHSN
THY., 0L BHHEMEEBAVTCRERRERICLYERINDE
AT unN 525 umiZE D Fe-Si-BRTEI 7 7 AERFEFTIE, MROERM
WRICKHZEDELT, REMNSVYRRA VI VAT ERLDICEREZ®BIE
LTWwW3 ,

F/. LEOFe-Si-BRT7EIT 7 ZAa&FFTIE. ERMERICIER TESE
THdI Db, CORREFENMLT. 75V L RER (BLDC) £E—4 00O
— AT BFIVCRT—HATICERTSZIET, TE—9DXREFHLZI &N
REINTWS, $IC. 20,000ron%EB A % & S A EOERR OBLICE—4 (C
EAT2HBEICIE. MM OEMEFEA2KHZAIROBERSIEE 02 &
TERWE—IWERIBOLND LD, E—YOERLENEKRI N IRRESE
DEHMREPELEATHEEE— IS ~ORRNMER-FIL TV,

—7A. BUREDE—FULICEDEIEHI KD SN TWBEVEITDOIRENA
T4, BEREREBEORFMBREE (Bs) 2BETILVEVERE
NEBLNABWVD, Fe-Si-BRTVEIL T 7 AEEDBSIFRATEH.6TIRETH
578, BsHLITU LDERMREKRE T2 EPRETHD, DD, F
eSi-BRT7EINT7 7 AEaEERW/EVEREABLICE— 4 A HBEARAI N



WO 2025/023038 2 PCT/JP2024/025071

[0005]

[0006]

[0007]

[0008]

Blid, TNFETHEELTULARL,

FI0kWLL E9 5 A DEVERENFABLDCE —# 1%, ERMERO I T7H &, Bhk
KAMARMEEZRRT 2EF S TESMRRRBHA S 2HAEaDE T,
TTxYy MMV DTERICE 2EMEIEDERED DN TELD. BHEED
BUWERMAR TR, 2SI HESMRRGBEBOOBNHISEE+2
SERT2IENTERWSD, BRHEBITHMORBEIRETHZ, DD
. KAWAMEEOAMTER S T MOKEKIBL S OBRRMRICLY . BEE
DEIRINF—LICEMRTERSH N - SMEBLICE —4 OTHIZEKIIIBDH
TaW

Fe-Si-BRT7EI T 7 Aa®. BERMRICIENTEREIS, T &K
BEI/EEFZFTERITETHZ I ENDS, EVEREIABLICE—4 DI 7 &
LT, BERERDSOREIMREINT WS, &Z5H, EEOLDICEM
WREE (Bs) MMEWo, SXBOREMNREICAS15,000rpnll ED (D
EEUDBLDCE— Y ~DEREANSE & QY. CIEREAHN5, 000rpmK i DEVE (75X ES
AE—9~ADERIRETHD, /. Fe-Si-BRTEILT 7 AEEERIL.
EHH25umfEE &L, BLDCE—4DO—Y A7 LVPRT—4 A7 HDE
BI7E%28ET2-ODTRE L AMIARETHZH. T&ELTHE

7ELTORBICREIN., E—YARICBWVWTERMRZAE LE#L

—7. Fe-Si-BRF /#EEMIE. BENPRIF/ELHEWED, HXI27&L
THAT 2N HDWIE, MRRICKFELTERMIT7ELTRIAT 2 LA
<. Fe-Si-BRT7EIL T 7 AEREAKKIC. BMEATELTHET I ENE
L\,

Fe-Si-BRD 7 EIN 7 7 AHWP T/ HRMEBZF57HDICIE. SisLUB
ERMT2HENHY. 7/ EREBE T 20101 X 5I1CC0u, NbFEDR
MITENNEE DD, BERMICFeDMMILLENMBET T2 EICERLT
BsZ 1L TTABZ 2 EAHERV, TDH, RICHVWTIE, BEIT7 1L
NBEZTHY., D, BsZ . TTEZBRERITRBAHKESEEIREINTULAWL,



WO 2025/023038 3 PCT/JP2024/025071

[0009]

[0010]

[0011]

[0012]

[0013]

BlZ X, FEREFXER 1 ICIE. VY (P) Z5RNT 3 & TRARERE .
BTFIt, EA0umbl EOSBREEREEEFEFTNEOND I EN’ERINT
W3, &ZHH, VURMRERIE, )V VORMICE>TB s DETEBE
THRITTRHRL, AEBHEIC) VRSV ER L TRGRAEERADFR
DELLRY, BIZBBAPTVWEENDH 2780, REEEZSFTOLA
BlE D AR,

BFEFSCER 1 — 3 ITIE. BHOR ) v b/ X HEERT 288 0— /L EIC
BB GEHBTDIZER) v MEICLY, TIREINIHAATELREEDORE
(BIZIF50umiZE) 2B T HIRBEBEEAEEFTE2HET I HAEIATINTY
5, A ZOEDIBEMERAWTEBS2.TTAEET 3 2 & IFHRT

HY., HERMRICH D BEVERE)FEBLDCE — 4 ()13 FEE O 7 DB R
ELTOERIGE#ETH B,

REEFXCIR 4 1T, ZF/ AN %EFERL T, BLEOSDETEZFERT K0
EEETOEADNREA—ICRZ0D%HT2EBEETOHEFENHERIN
TW5, w4 OFRBIE, / ZIIVAOBOMRKICHEEZET52HDTH
0, MIPELWEDIC/ ANVNMIELIRETZ2EVWO EEN DY, BE
LRIV TOFIFAIZEE L L,

FEFXBA S ICIE, FREDYILFAY 714 REEFTBHE/ ANVERWT
Bt > S EERMPRRIEFESSOHREFENMRTINTVWS A,
ERMR & LB LZBRICIE, BBsY+OREHDREINRETH - 72,

BEFSCER 6 ICIE, BsZ1.7TTH D, EHZ40unDEBs&FRE T 2HEE D
T ATBE G Fe-Si-BREDBESEMN’RARINT WD, RFFeF Ml 6 OFEBFI

WETETH D8, BER. MEO=THERICSVT., ETROBEALES
RELELEZEDTHZDN., ChICL->THLN2EeETIOBEI T 2H
ET DEOITIRE TS L ZOMIMHIE, ERERICLERZ2 E£$ 270, BEO
THEBEIANTHEET 2 ETCERICKRORMA H > 72,

FoAT AT TR
R SCER



WO 2025/023038 4 PCT/JP2024/025071

[0014]

[0015]

[0016]

[0017]

REEFSTERT : 4SBITE5 — 3295 8 7T 2R
FFRFXCHR2 - fBEE7 — 11315 1852%K
BT CER3  REBITE 8 — 124 7 3 1 2%
ReErCERA : REEERE6 3 — 2209 5 0 SR
RErCHERS  fBI2018— 15382824
REETCHERG : RBE2021—193 1998/
FERFEF TR
R - BAATMRBEEZBE I 2FHANIVIEBHASR/TEILI 7R
EiROAIE (RIKE - @BHSABEHAREY Y —) BHFER. ARER
. BEF
RIOHE
FANFRLELD &ET55RE
AFEPI, BRES I UBRIBRBELBRRL DD, THREMIEES
KT CEDNTEZHRERREEDOHEREZORHBEENET 5,
FREERT BIODFE
AFEBADORIEEEMIE, R (Fer,00,) 1004(B0), TRIEIN. X, y. z
NENTNI0.0=x=18.0FF% 0.06=y =0.5, 0.0=z=0.3%mE T 54
K%&HBY2 (Fe,Co) -BROGEBHEARTZ2IRE. HAO—JL L THIE
EERBERNRETIRNREIREZFEA. AIRSSREIREIZ. AIEED
MO—)L%EO—I)LREZEE15m/sectd E40m/sec LA F CRIER I HAA 5, B
AEHO—ILOREICAIKESERZEI VY IILAY Y N D ERDHZ/
ANDLERT DI EICEY, a-FelHDFELLERMNE0ETRE %L EISETE% R
ETHY. HEBNFe-B N LR IHBRERRBEE LRI 2TEZIBA. R
HERRESIE. EAN0umUTOESRICERI N, SBFBRBEEH.T
TULETHY., R OTE L URBEHIkHzTDELIE (W10/1k) A20W/kgA ™ T
HY. kHzTOFEHEA1500LLETHY ., RIS O—ILOREICHIT2E
M EIA, 0.0 umllE0.6umU T THIHERERESOEERKRICEK



WO 2025/023038 5 PCT/JP2024/025071

[0018]

[0019]

[0020]

[0021]

[0022]

UERT N B,
COHBERBREEOREFAEICSWT, FIESHESZ/ Xid, XYy MEHO
2mmBLlE. TmmEITFTH B I &EDFFHE LY,
T, AIEEHES/ AHD SISO —IDOREE TOEEREA, 0.2mmld
E5.0MmEUTTHD Z EDTFFELL,
FEEA DR
ARERICLNIE, BHRBESLURAMMREBEEZERL DD, THREMI
ERBICITO CEN T I2HRERREEOHEREERMBT DI ENTES

I 1 oD B 7 B B
[H1]XRBO—EHHEIR D ERROBKERRZALOBESEICAVNSE

EDHIEKMTH 2,
[B2] 1 ISR RBEDEHERIHAMTHY., (a) (IMEM. (b) &

EEMTH 5,

[BI3]AFEAD - TR ONAHKERRZEEOMRNIRET 7O 7 7 1)L
TH3,

[B41ARFER D DRSS TE SN BKERBRSEOMRRLEIT 707 7 1
WTH%,

[HSIARBORICHDEREG TR ONHERBRESOMRMIREIFT IO D
7AILTHS,
[BI61AFBDO—LBAITHEONHERESSOMRRLT o7 74 I
TH 5,

FAEEET H7-HDIRE
[&&HEmK]
BESSOITREMIMEZRET 5I101E. B TENPTVWTIEILTI 7R

BT A EREBICT 2UNENH D, ARFOHERRESHERIL. Fe-

BOZtaeiMaEEARE L, FeD—8B%, Fe& B U < @MITTR THSC0T

BEELAEEDOTHY., HARAD (Fer,Lo,) 100(B-L) TRIRIN B,

\



WO 2025/023038 6 PCT/JP2024/025071

[0023]

[0024]

[0025]

[0026]

[0027]

CoDFellxd T ZBMEKIL, KT X2 EBs2 1. ITTOERRAREICA B8,
LEEMEKRAD y X, 0.05LU EZHIRT Z2HENDH D, yDEMNBMNT S E.
y =0.5F CREEFRESOBsHBERICHEINT 2. yDEH0.5%4B2 3
& BsIZEMETIC. BMATHETH 2C0DFEMICLYEEI R MDA HIE
RT3, TDH, 0,055y =<0.5CTHY. EBILDEAHNH0.1=y =0.5/
FELS, BEIRMNEEEERTDE, 0155 y 040K Y TFF LW,
ARBFOHERZELICE VT, Bk, BHESLUEEMEREB2HIC
WEDITTRTHY ., a-FelBH L UFe-BREMN LA BB % — A mMlE#R s
510DBEYEZRALZLTWS, BO—EAZCTERLTHLL, ik
TEERZOMAMET T 248, SORERGI’ENINT, SRERRS
EDEENBRRICIRD,

BL. BICHY 2COBMENT T X2&, Fe-CILBEMMNERINDZET
a-Fel$H & UFe-BEMN L 5 —CHMlAEREBREZSH< L5, 20D
FERMRROD z 1, 0.0=2=<0.3THY. FBsHEEMRTI2EIND, 0
0=z =0.20FF L <, 0,055 20 160K YEFE LW,
HERERASOLAEERICH T BB LUVCOEISIET D&, THhE T
L ABFICEhDEREREHERRa-FelBATH LS A2 —H, #HEERS
EOEEEKRICH T EBELUVCOEIENTT X2 &, Fe-BEDEBLEDIE
& a-FelHDATBLLERDE T 2R LT, Bs= 1. 7TZHERT 5 Z & HREEIC
BB, TDH, EERHEKRAD x Ik, 10.0=xZ18.0FF%THY., 11.0=x
S17.0EF%AFEL <. 12.0=x=16. 0BT %L YFFE L L,

[& B

AFEPOHERZESRIE. a-FelBEFe-BEOI VRS v MEBAEET 2 (
Fe,Co) -BR#U[ERZELTHY., BLICE—YDEAEICAETCBEEST B
SHMES L CEBHEEE2ET 5, o-FelHDFELLEIL, KT X5&. Bs
Z1.TTOREHIESEICARZ—FH B9TX2&, 10und EREOHEKA a-Fe
BHLBZWED, TIRE L ABICEhORERICAZBThLHY, FIC
IXERIBDENMB L UBREOBETHIELHZV. LD >T, a-FelBDEFEEL



WO 2025/023038 7 PCT/JP2024/025071

[0028]

[0029]

[0030]

[0031]

[0032]

X, S0FTERLLLBEERRETH Y., 60FFEWBLLLIVFEE D RBHIFF
L <. 60(FTER L LBEERRTHA I HICHFFE LW, Fe-BAEIE. a-FetHDRE
EBDAETHY . FeB, Fe2BEX & T 2HTH D, RiRT 5L DIC. a-FetBid
. BEBBEDOEAREEHIHT A &ICLY., EEERPERARERED
BICRET D ENTED, a-FelBDEHFERAZIE. 2nm ~ 20 mTH S
ZEDFELY, a-FelHDOEHR/RNZIL, %RBT 2 MARXAREHT (XRD)
ICEL B XIEEHTE— T OHFERLYRDBZ I ENTES,

[Hi S ]

ARPOHBELROEORMBMREREIL, Bs=1.7TTH 2 H'. 30kWELEDE
VERENFBDBLDCE—4 DEAR B E L/2FE. Bs= 1. 72THFF L <. Bs=1.7
BTAI HITHFE L LY,

Fr. ARBOHKEREREEIE. BR 1. 0TS L CREE - 1kHzTODEkE
(W10/1k) =20W/kgTah Y. EZRHMMIR (JISHRIZ3BA360) DEkim (W10/1k)

96. 6W/kgICLEANTRIBICEVMREXIBMREZ B T 5, 8518 (W10/1k) HY20W/kg
EHBADE. T—IMEROWAEMRIMET T 2, T—IVROREWRE &
UEHBEOICIE, 8B W0/1k) Z15W/ kg FE L <. $518 W10/1k) =1
OW/kgA X DITHFE L\,

ARAOREBREEIE. kHzTOFEHEN500LA ETH B, 1kHzTDE
WEMNMBOLYBEWE, RTF—HATICHITET 1 —ABBREOMREICD
WT, ERERICHT 22BN DL RD, BERARICTT 2BMMLESE £
UEH D70, TkHzTOEREERIZ, 200080 EAFF L <. 3000LA EA K Y 57
F LW,

[EFERESOEEHZE]

AFERBORERREEIE. LEBOHEKEET S (Fe,Co) -BROEERHE%
ART2IEE. ARLAGERBEZRNRE T 220 RETIREZEA S8
ERREE0EESEICLIYEEIND,

13, ARAO—REHEBICHRIBERZSSOREFEICAVWSEDO
—LRIGEAEBOMBERR THZ, M1 ICRTEO-ILBERAKE



WO 2025/023038 8 PCT/JP2024/025071

. BEIF2 &, IFERELS & BFO—IL8EAEEATWS,

[0033] GAfRIF2I1k. SREEFEMBICLYERRERELLEEES3 %, (AEhH
AQEFCLYErEEROICHIGET 5, GRS, ERICHE/ XL 6
ZiEATEY. MBI (HREY) ICLYERBEIERICMALT,
Him/ X6 DRHICHEINALZY v M7 HhEREO0—IIL8DFE (A
H) ICEESRBIEEET S, AMO—IL 8k, REPICAIMKIHBIND
ZEIEY, REIKEMT 2628522380, (Fe,Co) -BROETIROR
BAREEELIETMT %, B/ AN6DHMEIE. HIAE. AHE (Si0) . =
bRz (BN) . ibIEFRFE (SiC) BLUTTILIF (ALL) MHFEEEIRT S
ZENTES,

[0034] 2%, H1ICRTEBEOLEZ/ AN 6ERTIHLARTHY., (a) (LB
EE. (b) BREEETHZ, M2 (a) ICRTHE/ X6, B—0DR
oy NTHAERINES VY TIVR Yy M) ZNTHD, AUy b7 OIEWT
. BEAMO-IL8ICHIEI NI EERZIDHEL — N ERB YT HKEIZR
9. AUy MEWT AN IBEZE, )y MIIIHAR#ICRY FL, B
ICIEBFZICE D)y T OHAENELZW—H. Ry MEW T BNKEE
Td&, HEL— M ECRYBETAINO—IL 8 TORBI’EICEDT,
BEO—ILBILBRNRESENRYMVWTRE LB DRE % ks L&
WwWZeEMH, Yy MEW T X, 0. 20mBL EQ. 7 A R TH S, X v MEW
T1&. 0.3mmEA L0, 6mmIATAEFE L <. 0.3mmEA L0, SimPAF™ANE HICHFZF L
LY,

[0035] ’&&EIO—IL 8 OXREICHIKINAZIZ. DEO—IL 8 DEERIC & Y EF
ROSBAREEE9 &EA>T, AMO—IL8HLEBEEIND, BEO—IL 8
DEREEEMET EZE. EHN0untBA 2 BRBREHD (Fe, Co) -BXR
EARESEERD0, BARa-Fel@IHTH LT, THRETL XABICEN
BELHLHRD, —H., RFMO—I8DRERENSEIT X2 &, (Fe, Co) -B
RIEREESOMMIEIEABED & T, a-FelHDBEELRNMETT 240
. BsZ 1. TTOMERAREICAY BV, ZDOH, pHO—IL 8DREARE I



WO 2025/023038 9 PCT/JP2024/025071

. 15m/seckh E40m/secLATFTH Y. FF L < Ik, 15m/seckh t35m/sec A FT
HY., ISICTFFELLIE. 1Tn/seckl £32m/secA FTH B, HEO—IL 8D
ERIE. FIAIEL 200~20000mmTH B, DEO—IL8IE. BDRERFEH10s
ecATORBEATHNIE, KSIEBT LHEBETIRAWVWS, BoRERED
OsecBl EICH L NIFEIE. AHMO—IL 8 DWERICAIKERT I & T, BH0
O—J)L8DXREDEE LEFZMFTE I EMNFFE LV, REO—IL8DKSD
BN, BAREALY OREBREESZL—MILLUT, BERAETSZ
EDBFF LY

[0036] SEFROBNREESEIDERICEVWTI, DEO—IL8DAKRAEICNT
2EEBFEIOBEMNEZICLDZN,. ZOBRFEEMIE. BIANO—IL 8D
KEMEEICKELEKET 2, AFNO—I)ILSOFREHENNIBETSZ &, HH
O—J)L8DRETEEAFINED & THRARIMIPREICLD—A, B
NO—IL8DREEENATEBED &, BAEEMNAIO—IL 8ITERY ML
BENDH D, DD, BEO—IIL8DRMEICH T2 EMEHMEX (Ra)
&, 0.01 umA E0.6umiAT™THY., 0.05umd EO.55umlA FAFELL, 0
TumBl EQ. 5 umBL RAE SIT8FE L LY,

[0037] B1ICHWT, Him/ X6 DEmMNSAENO—)L 8 DREE TOHIE

VINIEEDZE, BAEENSAIMO—IBIRYNMWVWT., BEBE3 DR
ELESSREZRIGETELVWEENLHZ—A., KRTBTZ &, AFO—
IW8DRMELEITHRLFY (VSRIL) BERINTIC. 52FF3 DRDERE
HEBRTEXRVWEBENDSH D, DD, LEBOERE X, 0. 2nmL E£5, Omm
LFTHY., FE LK, 0.3mmA L3, 0mmA R THY, LWYFFEFLLIFE, 0.3
mmBL E2, 0mmEA R TH B,

[0038] ‘mEIO—IL8id. #MisH, $HEE. EVITY (M) BLUVEVTATY (W
) DWITNDEERBETIMBUICLYET 52 & T, BEEMHCI A
KBNS ZEPFE LW, ERBEIE. EBHICEWTE 0%ULEZ 5D
lExEWD, REAA—-IL8DREICIK, 7L, Zv T, FEINLD
BENLRZHHOTEHELTEHELL, INICE>T, BEAO—JL 8 RE DM



WO 2025/023038 10 PCT/JP2024/025071

BEMBIUEEAIEL. 2ARERICHSIT2O0—-I/LREDOEFMYH % HH
THIENTES,
[0039] [ZA03E ]

FELWREFETIE, (Fe, Co) -BRAEASRESEA200CL LT00CTLUT
D—EREICTRULETZIEICLY, BRRESEFOERENTREE
Y, ILRBEHKBILERRTE S, BNIBEEN200CKETIE. ERED
MBEHADIRL, T0CAFBIZE a-FelHDEREIES LD, BARESS
DOHEMEMEL. TBRIMIKFICRORESEINENZ 2D, LEBOEN
RIS, 300°CLAETOOCLATAFE L <. 400°CLLE6B0CLAITA & Y 875
LW, LERNBORNEBEIE. BUBREEOHRTOMIRICEKET 2D
. 3PEMU E2RFEAREORESEENICT. BHE. REAHRLEREZERY
%, BH, LEEBNIEIF, BEED LLEAFEAROFTEKITIThbhE &
DAEFELVD, KKRPTORNBLHFFIN S,

[0040]  [ZErEHI]

LAUR. AFEBREEROICE Y EICEENICEHRAYT S, BL. ANFERIE. U
TOERBICREI NS D TIERL,

[0041] TFEXRT1DOEREHF1 -1 1 BLTLEH 12 -1 7IIRTEEEMELD
£ DI, FE99.5%LL EDB, C, CoB L UVFeDBITTHRZEE L =RER100kg
Z7IVISEME (B8F) ICINE L. BSRRFEMBICLVYBRELTES
BHEEK LI, TOEE€AE0kgZE, RTICKRTAY Y haHT BBNED
Hig / L& EERICE Z 5 R1R200mm X 5 I400mmD 7 )L X FHRHOT S B ESIC
FWE, Hig/ ANWDA)y MESLITRY Yy MRIEF, RTIKRTESY
TH 5,

[0042] C %, FFERSRORBICKEINEREMBARIMNILABET S &
TERABZKIZISICNEL, ELBEFORENEESHKEEORMRE Y
00CLLEFRICENZEL /2%, Hig/ ZIOESICE LTI I FERABR
vIN—%F|ER\W e, ThICEY, Hig/ AUDSLETORNO—IILREIC
BEAFEEH Lk, RFO—LIE. 70LVIAVERETHY., H12600mn



WO 2025/023038 11 PCT/JP2024/025071

. IB200mTH B, T, Hig/ AN EAMO—ILKREEDT v v Lid, &K1
ICRTEBYTHD, T, HB/ I SOEERBOEHE. HFO—
LOO—IKREEE., BLU. ANO—ILOO—/ILREOEMREHHEY (Ra
) 1. R2ICRTEBYTHDB,

[0043] BEO—ILOREANEEINEEBREIE. BHMO—IIRALISELEY

(/SRIL) R L. NSRILESHNO-IIOREMICTESREINSD & T
. RIKTTFHEAS L VCEHREZFOFFTROBDREESREETL, =
EFI3ICDWTIR, RRESEICH L T, AriiK A T650°C X 104 E D ERAL
BalEll, IO LTHLONAERDRESEICH L TR EAREZITo L

ETAH, RIILKRTHRRER -,

[0044] BoHNARHRESEITH L THRXRLHT (XRD) 1T & 2 (BT % 1T >
el ZEMT -1 10888REEEIE. WTht a-Felly L UFe-BEY
DILEMHLRZDBEREETH >, RORESEPICHTE L a-FeDATE
% (XHREITICT a-FeFELLERAZHE) 2R3 ICRT, MRGRLNTICEL 21
RABDEENIIE—MRMATMTATHY . XIREITEBEOMBFTY 7 bl
HFAEN, BHEHOEBKILLOEEN TR TH 2, ERHIOSDEREESEDMRX
ROITTO7 74 IILORKRGIE LT, EfEBl4 2R3 1S, RGO EE4IC
ETNEThRT, I3BLUVHAICTT LI, BRI BLTERFIODE
ARESLDOMEBIE. a-Fel@B L UFe-BIENSARZIVRY Yy MABTH -
720

[0045] REFIT —1 1 B LCLLEHFI1 2 —1 7 Das-spun (BAREER) ki
BNIBEROSARESEDBs, BB I UBHEL, R4IIRT, Bsld,
RTEMASHBORENARBMAFHICE YRIE L. K85 L OBRIEIL.
BB ERREARTEB-HTF S PERAWTRAELE, LEDODEBY., =i
BI3DRASREEGELOABRUEABINTVED, HSICRT LI, Ei
B3 DESREEEDMAXIREIR 7O 74 ILICDWVWTH, a-FelBB LUF
e-BEMNSARZOAVRY Yy MABTH - 7=,

[0046] Le&fBI1 2 —1 7 DZDREEEIE. MARXEREH (XRD) & 2 FFMIC &



WO 2025/023038 12 PCT/JP2024/025071

[0047]

[0048]

Y, PELI7 7 AEHEOERBHEBTH o2, R3ICa-FeDEEX (XigDHT
ICCa-FeFELLEZYE) 277, LBRAIDOZDREES S DMRXROHT 7
A7 74 )ORERFE LT, LEBHIT1 2EZR6ICTRT, BGICHRTLDIC,
LI 2 DRNRESEOHBIE. 7EILT 7 AEBEEBTH > .
[%&1]

RN AUy & Cmm) . RN /0-N
(I|F%) b ES (mm) 97 (mm)
1 | (FeosCooa) 8sB11 04. 50 08
2 | (FegsCona) 8sBia 05, 30 10
3 | (FepsCoona2) esB1a 05, 30 10
4 | (FeosCooa) 82B1y 04, 50 08
= |5 (FegsCoo2) 85(BasCoalia 04. 50 08
| 6 |(FegsCooy)esBia 04, 50 08
o 7 | (FeosCooa) 85B14 04. 50 08
8 | (FepsCoos)esBia 05. 30 10
9 | (FeosCous) es(BosCoihis 04, 50 08
10 [(FegsCooa) 85814 05. 30 10
11 [(FepsCona) esB14 05. 30 10
12 |Fers7S8is5Biss 05, 30 09
13 |Fers5SissBiss 05, 30 00
ij% 14 |Fers5SisoBiss 05. 30 089
B | 15 |Fers7SissBias 05. 30 09
16 [(FepsCoo2) s6B14 05. 30 10
17 [(FegsCooa) s6B1a 05, 30 10




WO 2025/023038

[0049]

13
[#&2]

1 30 25 0.23

2 20 25 0.12

3 20 25 0.12

4 20 25 0.23

x| O 25 30 0.31

W | 6 20 23 0.23

HE 25 25 0.52

8 20 25 0.47

9 25 25 0.23

10 20 15 0.12

11 20 40 0.12

12 20 25 0.23

13 20 25 0.23

Q% 14 20 25 0.23

Bl| 15 20 35 0.12

16 20 10 0.12

17 20 45 0.12

PCT/JP2024/025071



WO 2025/023038 14 PCT/JP2024/025071

[53]
il Bl T BE | e
4 m) (mm) B A%
1 33 50 EiniEL 95.0
2 30 30| BhEL 78.0
3 30 30 BEIhiEL 81.0
4 34 50 FlhEL 88.0
x| 5 26 50 EinsEL 83.0
0 38 50, EhEL 78.0
e 30 50| BInEL 92.0
8 31 30 BInEL 80.0
9 33 50| BinsEL 63.0
10 37 30 #FhEL 80.0
11 23 30| FEhEL 72.0
12 29 30 BIhEL 0.0
13 27 30, Elh&EL 0.0
é 14 25 30, EhEL 0.0
m| 15 21 30| FITHRETRT 0.0
16 52 31| #EhHEY 95.0
17 20 30, EFEIhEL 48.0

[0050]



WO 2025/023038 15 PCT/JP2024/025071

[3R4]
BT, 1kHz
spmgy |PRERER | Cegpg | EHO
Bs(T) (W/e) EhEEE

1 EhALTREE 1.98 3.12 1,818
2 EBALIEEL 1.79 8.19 5,967
3 | 650 °C X 10min 1.79 0.47 3,303
4 EnERiEL 1.71 5.38 4,583

% 5 BAnIEaEL 1.76 6.18 6,302

}‘;ﬁ 6 EANTREL 1.73 7.88 5,032
7 2ANIEEEL 1.82 5.98 1,839
8 SAnIEEEL 1.87 2.72 6,732
9 EnAnTRE 1.72 5.55 4,610
10 EBANIREEL 1.75 10.53 2,670
M EANIEREL 1.73 5.21 3,381
12 ShANERIEL 1.49 5.60 16,550
13 NIBEL 1.50 3.38 9,057

g 14 | swnIEEL 1.46 3.20 12,320

B | 15 SALIBEEL 1.59 3.70 15,080
16 SALEREEL 1.73 43.50 1,554
17 BANIREEL 1.63 6.39 2,819

vas=JoE Iz

[0051] | BO—-IBSZEAXKE

2 AR

3 E&EH

4  (EShEH

5 HErizses

6 Him/ XL

7 AYwb

8 A»iEIMO—IL

9 RARESE



WO 2025/023038 16 PCT/JP2024/025071

[55KIA1]

[55K1R2]

[553KIR3]

sR K D&

RN (Fer,Coy) 100(BoC), TRIBI N, x. y. zAETNETNIO.
0=x=18.0[RF% 0.05=y =0.5, 0.0=z=0.3%BRJ 2MEMEE
9% (Fe,Co) BROGERZZARTDIIRREE.

BHO— )L ETRIGCEERBERDRE T 220 REIREZREA.

RISCRARETRIE. RISAMO—I/L%E O —)LREZEE15m/seckd
+F40m/secA T CRIEI AN S, FIESAHO—ILDREICHIGEEEE
BV TIA)y M) DL ZHE/ AIVHLERT S &
ISk Y, a-FelDEFELLERASVATER L LBHEBEHRETHY .,
EHFe-B MO LR ZHERROREFRTI2IREEZRA.

RIECHERRE&®IE. EHD50u mUTOBHIRICHERI N, £2H0
MRBEM.ITUETHY ., BRI 0TS L OREBIKHz T OB (W1
0/1k) H20W/kgLA FT#H Y. TkHzTODBREEA1500 ETH Y.

RIESAFO— L OREICH T 2 BMTHIEIA, 0.01 umbl 0.6
um T THZHEREZEROHIESE,

giscHEm / AiE. AUy MEDO.2mmBUEQ. TmmUA T TH S5
RIE 1 ICERBOSERRZEROEIESE,

AIECHS / XD SEIEE RO —I)LOREE TOEHA, 0.2mm
BES. 0mmUTTHBZERE FLIE 2 ICBHOBERRZESEDE
B



1/3

WO 2025/023038 PCT/JP2024/025071

[E41]

[E42]




2/3

PCT/IP2024/025071

WO 2025/023038

[E43]

PO et sststttod -
it

I i,
3 s Srssssss,
: : aace )




3/3

PCT/JP2024/025071

WO 2025/023038

Lo
s
e

[E6]

£
e

poss

g




INTERNATIONAL SEARCH REPORT

International application No.

PCT/JP2024/025071

A. CLASSIFICATION OF SUBJECT MATTER

C21D 6/00(2006.01)i; B22D 11/06(2006.01)i; B22D 11/16(2006.01)i; C22C 38/00(2006.01)i; HOIF 1/147(2006.01)i;
HOIF 1/153(2006.01)i
FI. C21D6/00 C; B22D11/06 360B; B22D11/16 104W; HO1F1/147; HO1F1/153 116; C22C38/00 303V

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

C21D6/00; B22D11/06; B22D11/16; C22C38/00; HO1F1/147; HO1F1/153

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Published examined utility model applications of Japan 1922-1996
Published unexamined utility model applications of Japan 1971-2024
Registered utility model specifications of Japan 1996-2024
Published registered utility model applications of Japan 1994-2024

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A JP 2022-523627 A (MONASH UNIVERSITY) 26 April 2022 (2022-04-26) 1-3
entire text, all drawings
A JP 2002-53939 A (ALPS ELECTRIC CO., LTD.) 19 February 2002 (2002-02-19) 1-3
entire text, all drawings
A CN 107103976 A (TTANJIN UNIVERSITY) 29 August 2017 (2017-08-29) 1-3
entire text, all drawings
A WO 2022/196672 A1 (HILLTOP CORPORATION) 22 September 2022 (2022-09-22) 1-3
entire text, all drawings

D Further documents are listed in the continuation of Box C. See patent family annex.

*  Special categories of cited documents: «1> later document published after the international filing date or priority

date and not in conflict with the application but cited to understand the

«A” document defining the general state of the art which is not considered tea 1 [ C
to be of particular relevance principle or theory underlying the invention
“D” document cited by the applicant in the international application “X” document of particular relevance; the claimed invention cannot be
“g» earlier application or patent but published on or after the international considered novel or cannot be considered to involve an inventive step
filing date when the document is taken alone
“L” document which may throw doubts on priority claim(s) or which is “Y> document of particular relevance; the claimed invention cannot be
cited to establish the publication date of another citation or other considered to involve an inventive step when the document is
special reason (as specified) combined with one or more other such documents, such combination
“0” document referring to an oral disclosure, use, exhibition or other being obvious to a person skilled in the art
means “&” document member of the same patent family
«p>” document published prior to the international filing date but later than

the priority date claimed

Date of the actual completion of the international search

26 September 2024

Date of mailing of the international search report

15 October 2024

Name and mailing address of the [SA/JP

Japan Patent Office (ISA/JP)
3-4-3 Kasumigaseki, Chiyoda-ku, Tokyo 100-8915
Japan

Authorized officer

Telephone No.

Form PCT/ISA/210 (second sheet) (July 2022)




INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members
P y PCT/JP2024/025071
Patent document Publication date Patent family member(s) Publication date
cited in search report (day/month/year) Y (day/month/year)
JP 2022-523627 A 26 April 2022 us 2022/0112587 Al

entire text, all drawings
WO 2020/142810 Al

EP 3908683 Al

CN 113557315 A

AU 2020207135 Al
CJP 200253939 A 19Febary2002  (Familyrnone)
N 107103976 A 29 August2017  (Family:none)
WO 2022196672 Al 22 Seplember2022  (Familyrnone)

Form PCT/ISA/210 (patent family annex) (July 2022)



[EI R &

[ B R S
PCT/JP2024/025071

€21D 6/00(2006.01)1;
HO1F 1/147(2006.01)1;

B22D 11/06(2006.01)1;
HOTF 1/153(2006.01)1

A FAORETLIAEOSH (EERFIH (1PC))
B22D 11/16(2006.01)1;

(22C 38/00(2006.01)1;

FI: €21D6/00 C; B22D11/06 360B; B22D11/16 104W; HO1F1/147; HO1F1/153 116; €22€38/00 303V

B. FEZITH> 705

AEZT > 2 NRER (EERGFOH (1P C) )

€21D6/00; B22D11/06; B22D11/16; €22€38/00; HO1F1/147; HO1F1/153

BNEERDAOBER CHEZ T2 A0BIIEENIED
HAREEMAFEQAR 1922-19964
HAEAFEEAFEAR 1971-20244
HAEEAFTRERAHR 1996-20244F
HAE S AR AH 1994-20244
FEBFAECHALZEBF T —ANR—R (F—AR—ZADLHR, FAEIMEH L - HZE

C. B % 23 515 STk

=]

N

PN RE VSN

“p” EERBEHAIT, NOoBEHOFROERE L 22 HEOHD

51 SR . R B %
BT — FLAXHRE RUO—HMOEFVEET S L X, ToOBETSIERORR SR DR
A JP 2022-523627 A (BF 2 LoN— 50 —) 26.04.2022 (2022 - 04 - 26) 1-3
£
A JP 2002-53939 A (7 IV S ABGHEASA) 19.02.2002 (2002 - 02 - 19) 1-3
£
A CN 107103976 A (TIANJIN UNIVERSITY) 29.08.2017 (2017 - 08 - 29) 1-3
£
A W0 2022/196672 Al (H I L LT OP#HRAaH) 22.09.2022 (2022 - 09 - 22) 1-3
£
[ oo s ic & scnisi s htn g KTV T 73D — 2T 2 Bl B,
*  AAXHOAT T — wpr [EIBR A E B I8 S B S A%*mtiﬁf%ofﬁﬁtﬁ
“r BSIZEEEOD H 5 TICIE R < . IR AYEE R O %ggggfif< FERADEFR T FA R DR D 7 DT A
“p  [EI R C B DS SR AT AN Sk & U C R L 7 ek A
B LI JI0) K IR T B, K LRI X D B OXM LD 2L, § RABOATHADH A
L0 o BB b % LA T T, Mk 180 | B4 Lk
“y yh?éé - B4 <
" SERTECESERETS s e Ry o, SRl Lo CHICh oA S £ o OE S
“07 DT & BRI, BUE, BREICE KT S 0 & HAT Y RT3V =3

EfHEZ 2T UH

E BRI G O FERE H

FAMTRERENE=TH4&E3 =5

26.09. 2024 15.10. 2024
TR OHTH HERODDME (RHTHEEE)
HAE K77 (15A/JP)
T100-8915 -
H [ AR ZET 4K 3557

FEEEFEE 03-3581-1101 PR 3435

FE= PCT/ISA/210 (BB2°—Y) (202 28 T7TH)




ESl T EBRHEES
N7V 77 3) =T SR

PCT/JP2024/025071
CIVEER-E N ~#FH NFY 77 )=k nFEH
JP 2022-523627 A 26.04, 2022 Us 2022/0112587 Al
E
Wo 2020/142810 Al
EP 3908683 Al
CN 113557315 A
AU 2020207135 Al
P 200253039 A 1.02.2002 (773v—mL)
N _Eﬁ -------- 1 _0_7-1-0-3-9-7_6 -------------- 2 -9-._0_8-.-2-0-1-7 _________ (- _7_ _7_ : D-: :K_ l-;) ---------------------------------
h _\_)VE) ______ 2 _0_2_2_/_1_9_6_6_7_2__“/_XI ________ 2 _2_._0_9_._2_0_2_2 _________ (_ _7_ _7_ : D_: :K_ l_;) _________________________________

FER PCT/ISA/210 (S5 b7 7 3 ) —HIBIHD (202287 H)



	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - claims
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - wo-search-report
	Page 23 - wo-search-report
	Page 24 - wo-search-report
	Page 25 - wo-search-report

