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EVEFEIEE TS RBEEZETHFe-B-CT7EIL T 7 AEEDEHER

EiiEX ", BLLEER’

D BHIR LA 2 X T A BRI R AIRE > X 7 A
P BRI FER G 2 R T A FF T FHEPRAIRE > X 7 b P

Fe-B-C 7 E/NT 7 AR&ITRIF2HBMEZ R L, BB CTHWMABMLE AT 2720, [ V47 2 0BER 72 & OB O /UYL
e LCTHIfF S NS, L L, REEIIH T ATEMAEMEW 20 BGERHE L V. ABFZETIE, Fe-B-C 7ELT 7 AH4
DM & BEKHFHEIC DD CREAIZ A 21TV, 78~80 at% Fe, 12.6~14.3 at% B, 6.4~8.1 at% C OFARLFER DA 4T L ORI A
TABBERTIEERWHT T AMEEEZ R L CND AR L. FICINDDOE4AE, i T 176~178 A m¥/kg D\ afii b
BRI LEMRR LI, BV T ATERRER AT 5G40 Fe IR IXHELZ ERE S T d D Feas(B, C)s AHD Fe JREEITIRVVZ®, T b
DT F)NT 7 AHO FF e FTHEE X, Fexs(B, C)etH & [FIEKIC Fe, B, C Jil - CHEL S L7z CUUMAAETH 5 AIREMER B 2. Hivb.

—J5, FexsBe—FenCorDEMPRAERIN D, FEdLZIZRIMRIEN T /L7 7 AM L 134 < 72 Ha-Fe, Fe:B, Fes(B, O)DIRAHIC /2 5 &

TREND. ZOXSZTENT 7 AHEFERHORFHEEN R D Z &0, B 7 AEKENRH ELEFRERTHL EEXLND.

F—U—F: TELT 7 AGE, WBMEME, U7 2ER, fafpi

WHEIIAY— R 74004 7 Ly MiRIZAE S
LD HERT TR OB S, [FIRFIC 240D D/
BUL - EHEREL A~ DRSO T 7o > T 5.
DD, NT—A L H T X7 & OB EE
7o B BEELE L A /N LD D RS D T & A
BThY, KKK - Sfafmii 2 et 2 728
LW EPEBEREMER B O BRI DS IRE S T .

Fe 27 €/ 7 7 A541% 1970 FARUCEHIE S,
e PERERRREIEAT B & U ChE & 7243 B TR ST
L. L, BECHEGNNERTD, Btum
FRIE DR 72 EITTRDBRE &A1 5. 1990 FARITIT
mm A —Z—O VT IRT | T 7 AGANERT
X 5 Fe #4877 A03BH3E &7z (Inoue, Takeuchi,
& Shen, 2001). & BN T ZIIESITHRIMMER T X
L0, HWHEMEmHONRT —( 208 (Fa—7
a4 ) AEBEG E L TEMMEES TV S OKIE,
INSE, NE, R OYEL, 2007). LasL, H T AEE
BEZ A LS E 572 DICH 2 OEE TTHENSL BTN

ST, FERE LML S Fe OIRENMET
T 5720, fAFR MRV E WS R ERLZ TV D,
BRI LI TREMEA B D3 P 2 D e A 72 =R L F— D
RESZRLTED, ZADMER & RS o /MY
LD REEZ 72 5.

Fe-B-C 7E/V7 7 AG4alE, iR CTmW At
EHTDHIEDNRESITWDN, T AEKEEN
RSHEENE LW, EHIZTESh TV

(Luborasky, Becher, Walter, & Martin, 1980). L7>L,
EWEAFIRA L Z HERF L= F £ 0 7 AT kEZ M L&
WD ENTEIUL, D TR 7R B DB FE T
EHETRIND. AETIE, Sveafiimizf
T % Fe-B-C 642 EH L, ZOREME, FrZEAIME
B & BRI L DR AFME 2 SRS FR S, VB
Wit &, @A T ATERRE L BT D T R EB &
[FIRHZ A DRI E ST 2 2 & 2R LT
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KERGE

M EHZ Fe (M 99.99%), B (99.5%), C
(99.8%) AL, 7— 27 @EMETR30 g RS
GEER LT BAEE&EAI ) AL CRIEM L,
R % R AR LTV S8 e — LRSS L TR
mL, JESHK 20 um, B8 1~2 mm OG-k 2
ERILU 7=, REloO#EE %, Cu K MREMH L7z X #t
BT CREM L7z, fEs bR 2 & 0B E %2, =~
ZEBEEIHT (DSC) TRkl L7z, =iRICH T 5
it %, BMKORRE (RS 0.8 MA/m) THIE L
7.

HR

BI1iz, Brm GUEMERIFRZH = —/ 2 filiin T
WRWHOET, m—/UIZHf L T\l LY
HIREE 238 N) CTHIE U7z X BRI B O #4512
75797, FerosBissCs2 35 L O FersBuasCoa B4 T, 20=
45° (HIEIZ T |7 7 AFHICHFKT a2 — D3R
TE, Mt HRT 28V EPT e— 7 B8R 6 e
WZEMND, TEAT 7 AHEMERENE LN TWD
ZEMGD. FHIZX L, FessuBsoCso 38 L Y
Fes2.oBi1.1Ce0 &4 Tl 51° 43T, Feri.oBasoCao 54 Tl
44° FHEICHNEITE— 2 BR 5, TELT 7 A
FH & AEEFHDIRIBIC /2 5 TWD Z N3 5.

4 212, DSC R ORERF Z =3, Wi L& b, 660

T T T T T T T T
Free surface

w w\l Feg 1By 405

Feg oByy 1050

Feqg 4Bi5 5055

e TP S L
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Fegy oBys 04 o

Intensity

1 1 1 1 1 1 1 1

40 60 80 100 120
Angle, 26 (deg.)

&7 X#REHT R O RIE 5]

K FHTIZ BRI D & WM~ ORI L 2 R
R TE D, FernsBissCs2a 4 TlX, 740~800 K TR
BTN LN, ZHUL, BRI CHEL E 2T
ENT 7 AEABLEMTH HAEMMEICERE L= &
ZRLTWD. —F, FensBuiCes B4 TlE, 760 K
I B OFEEEIC L 2 HE e — 27 ORIRMANZ, o
TINTIEDH DN, T ABERRIZL D &b bW
IGWHERTE D, ZAUIH T AREEN K X 704
BT AR DOBGTHDL. oFD, TELT 7
AAA DL TEVED BN T2 OB G I TRE AR B RE T,
AR L VIKIRTH - TH —FFICIRIRE L CIRD 2%
9 ZEEEWRLTWD. AR DFRIZ Fe-B-C B4&1L
T ARRAEDMEN & B 2 BTV, MEkic k-
TIHRERTTAEEEEZA L TWVDLEEXDILD.
JEVGEZER L TS 2 Lo 2A, TR
BB /R S 7200 FerosBissCs2 A4 Tl 25 um FEEE £ C
LT T 7 ABRMREE D IR o T2,

Fe703B143Ces 4TI 35 um DJES DT E/NLT 7 A
BB MERFTRE T o 7.

0.67 K/s

Exothermic

Fegq 3Bi5 505 5

Heat flow,

Fegg 3By 3054

1 1 1 1 | 1 1 1 1 | 1 1 1 1
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Temperature, 7 (K)

&2 DSC eh#R A1 %E 51

X312, fEREIRE T oMK FrE S, ERod
7 2R (WEIS) O EOM B2 <7
fiem IR X, Fe IRE O & ILITIK T HH A3
Ronbd. [FARFZ, 15at%B T Ld KI5
RN A OND. HT7AEEEZ T (glass) 1X
X 3 T@THREINIZLDOTHY, 7880 at% Fe,
12.6~14.3 at% B, 6.4~8.1 at% C OIEWGEIKIZIE S
DT EMGMND.
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&3 #hE@ibRE (1) OMAIKRENE

412, FRIZB T 2E el (o) ORIE
FERART. 80 at% Fe fFITOEREIFH T, 7E/L
77 AE4 L LTIEW 175~178 A mP/kg DIEI S
B TWD. BRI 79~82 at% Fe, 10~15 at% B DO#ilH
TEWLRELNTWD Z ENghd. £z, &
ML MG B I D MBI D HIZ T T R B AR
MR EENTEY, mUWaFiEd L & mWT 7 A E
FREEN N, CTE D 2 LR TE /2.
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&4 ZRICEITSEERMEIL (0, OMABIKEFSE

EE

Fe-B-C 6@ DA 7 ATEMERITERNEEZ BT
X 7278, 78~80 at% Fe, 12.6~14.3 at% B, 6.4~8.1 at% C
DRI N TILEWT 7 AR EEE R T2 & 35
Mot TOEBICHONWTERTS.

Fe-B R7 E/NT 7 AG40 EER RTHEEIL,
SIRLEZAT Y ALTEWEEZ LN TN,
Thbb, TEAT 7 AFHTE R 7R Ak 2 R
727203, Fe JiiF & B TR S LD EEATZ =F
TV RENFEE LTy NU— 7 R&EEZ AL TV
5EEZ NS (Nakamura ef al., 2001). D72,
Fe-B 27 E/NT 7 A& R T 28121%, %<
DY, =A7 ) X LB B U 7z 22 e R
BT D FesB MHHTHIT 5. Fe I|RENEWT E
VT 7 AG4ATIE, o-FefHl L Fe;sB fHMMTHT 5.

&5 Fe,B RFMLEHENE=ZAT) XLEE
() &, ZATY XALBENRAIMICES L
1= Fe;BHDHEE () KELBKM Fe[RF Z,
INERHEMNBRFERT

Fe-B-C G&IZBWTH 7 A BB EZ /R TH/EKD Fe
TREEIX, MEZZERE A CTd % Fexn(B, C)s fHD Fe L

(= 79.3 at%) ZUTV>. Fen(B, C)s FH Dk i % X
6 127”9, Fex(B, C)s FAIZ A UALIU A AL AR & &
2o TS, ZDT=,79.3 at% Fe T DTN T 7
AGAOFEER [FMEEIL, =A7) XA TEHZL,
R CNIUAFERE Th 5 AlREENE 2 b b.

FesBs—FexnCo 2 D IMRIRREXIIZ KX 5 &, 1000 K LL
TOREIZEBWNT, B & C O c/(b+c) (b1XB
BE, c X CEBE) NBBXZ 04~0.7 OFPH T
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Fes (B, C) fHNZETH Y, /(b + ¢) = 0~0.4 D#FH
Tla-Fe, Fe;B, Fey(B, C)DiEAH L 725 (Borlera &
Pradelli, 1968). 7 /L7 7 ZFHD LB 72 R ATk & 78
RNUENUAETH D LIRET D E, (b +c)=0~04
DB YV v F OFRELIH CTIIfEsb b O BRI R TS 2
B DRICERET D720, KDV s b2 %
Wripd, Lizo TTENT 7 AEORE LA
T2 D, OFEY, TEALT 7 AMENEENER,
N7 AERERTEEZDBND. —F, BECH I
WZITVHHAR I, EAREEN T 'L T 7 AFHE R T
N UNPUAFETH D Fens(B, C) FHIZERET D720,
TE'NT 7 AR A S SRR LT LE D &
EZBND. FDh, 793 at% Fe f1ET, 7»>B
WD CIRE LY LEWASEIR CORH, T AE

BamdIEZEN T ABERH L LIz EZ LS.

&6 Fe B CRERFMNLOEHRINSID LNEAREE
(b) &, RUhmaE#EEs RAlsIcEs L
1= Fey (B, C) HHD#EE (T). KELERM Fe
BEF%E, NEHHKMNBELIZICEFERT

A

EWEfI L 29D Fe-B-C 7E/NT 7 AR4
ORI & BRI L ORI AFME 2 SRR~ 7
fiti R, 78~80 at% Fe, 12.6~14.3 at% B, 6.4~8.1 at% C D
PEVFER LTI T, INBAREIC T T A BB & R
FEERWHT T ABRAREEZ A L TWVWDHI E&2FA L.
Z OFEITIEE N AT T ATERLEE & & B FnRgA L A3 T
SMELTRY, NU—A U F 7 Zip E OERBES
R OMBEHEMELE LTHETH .

HEF

ABFFEIE, BRI RSLR SRR 27 4 BE pE A -
[FIWFFEHERE S 2 D SR 2521 TYT bz GERIFFSE
FIIIHRHLET D). ZZICRHLT, #HEEZRTD.
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Development of Fe-B—C Amorphous Alloys with High Magnetization and a
Glass Transition

Teruo Bitohl, Takanori Hibino®

! Department of Machine Intelligence and Systems Engineering, Faculty of Systems Science and Technology, Akita Prefectural
University

2 Course of Machine and Intelligence Systems, Graduate School of Systems Science and Technology, Akita Prefectural University

Ternary Fe-B—C amorphous alloys are known to exhibit good soft magnetic properties and high saturation magnetization at room temperature.
Such materials with high saturation magnetization allow the size of magnetic devices, such as inductors and transformers, to be reduced.
However, the mass production of Fe-B—C amorphous alloys is difficult because of their poor glass-forming ability (GFA). In the present study,
the structural, thermal, and magnetic properties of Fe-B—C amorphous alloys are investigated. The amorphous alloys with the composition of
78-80 at% Fe, 12.6-14.3 at% B, and 6.4-8.1 at% C were observed to undergo a glass transition prior to crystallization. The occurrence of the
glass transition indicates that the alloys exhibit high GFA. The alloys that undergo the glass transition also exhibit high magnetizations of
176-178 A m*/kg at room temperature. Because the Fe concentration of the alloys with the high GFA is similar to that of the metastable Fex(B,
C)s phase (79.3 at%), the amorphous phase likely has a network-like structure that mainly comprises square antiprisms constructed by Fe, B, and
C atoms. However, according to the phase diagram of the Fex;Bs—Fe23Cs system, a mixed structure comprising a-Fe, Fe:B, and Fe3;(B, C) phases

is expected to be formed after crystallization. The high GFA of the alloys originates from the difference between the local structures of the
amorphous and crystalline phases.
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