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 E E=xTe-B-Y A&RF, UARLHERITT 5 M EMELRS, B 5 &5 FesBs—Y, FegBa-Y, FegsBir-Y,

CBRETES, AFEBEFENSEERN 3 mm BE4E. FEITE B Y E4eREIETHEE, NENEEHT
THRSHMEE. ¥ M=Ti, Hf, Ta #1 Mo B, REBERIEEREGSN=ZTEMASHEN FesBs—Y 5 Fe1oY-B WAH%K
LA, RUHEMYHERMEABE N Archimedes A\F{ERME FesBs., BEERNSHY (Fess.oB24.6Ys.5)06Nba Tz, H
T,=944 K, Tx=997 K, T;;=0.666. 4 M=Ni #1 Sn i, ¥EREBIREELSE.
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ABSTRACT The glass formation composions for Fe-B—Y-based multicomponent alloys were de-
signed using a cluster line approach. Cluster was analyzed and five basic compositions were selected
from the intersects of cluster lines of FegB3—Y, FegBo—Y, FegsB17—Y, FegB—Y and FegB-Y with cluster
line Fe;oY-B in the Fe-B-Y phase diagram. Further minor alloying by additions of 2% Nb and 2%
M (M=Ti, Hf, Ta, Mo, Ni and Sn) was designed and alloy rods were synthesized with a diameter of
3 mm by suction—casting in copper mold. Considering mass losses of B and Y during arc melting, the
ingots were all weighted after each melting and the final compositions were revised accordingly. When
M=Ti, Hf, Ta and Mo, the quinary alloys formed BMGs at compositions close to the FegB3s—Y cluster
line. This signifies that the close-packed Archimedes octahedral antiprism FegBjs is the basic atomic
cluster that favors glass formation. The best glass—forming composition is (Fegg.9B24.6Y5.5)06Nb2Tiy
with T,=944 K, T, =997 K, T,,=0.666. When M=Ni and Sn, no glass formation was observed.

KEY WORDS cluster line, Fe-based bulk metallic glass, composition design

e | s SRR XU i L R i R AR
rokEe s AR B2 BT, AMTEZE Fe—(Al Ga)—(P,
C, B)¥, Fe—(Co, Ni)~(Zr, Nb, Ta)-BM # Fe-B-Si-
Nbl) S8 & R b Th i 4t 7 Sk dE &, SRT, AT
TEA KB i O | g U sngas 1

*ERERBEEETE 50671018, 50401020 f1 50631010
i)
WCEIANAE H A - 2006-12-08, WeElfg s HE - 2007-03-16
ERMEN 0 PR, &, 1963 F4, #4&%, Ht

FHREEREEM S, GREYAIER S EMBRIE AT
HIXEES, BRT#E Fe-B-Y =nih RHEEMERERN
2 mm HBRIKAER & &S O, —BEEIE TR A T
TR SR RPL T RIS B, IF B Tk
IESR S SR BURE, EIRRMEEZ AT E i R+
ERBIER G SR END, BRMMAKHZE M2k
HeFHREARPEE AR EE R e &l Hi,
Bt RIT R 2 TR R BRI AR & SR S HIR T
ARBARN T —2He BT RIS ATk Ik
mnEEEI Y HIE —— FRREHITE, R = ST E



798 & &’

¥

43 %

B2 ek A IR M o i S SR = oL, % TR
BIhN RT3, fEMG T EESRIEIER G2 RIE
o, WSS T —RIIHR SRR &4 s 1071,
B PR BELN R T R R R ENREIER G
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B9 Archimedes /\TA{& K #4E FegBs #1 CN9 fy =Mt
FegBo, FeyB, FegB. 7 B14Feso Y3 =ikl H, HFAE
2L Fe JfF 0 0R) —HEEE#E FeroY. St4h, 7 Fe-B —
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Je3t g, FegsBi7), No.4: FegoBis.3Ye.7(FegB) 1 No.5:
Fegs 7Bo3Y7(FeoB). e EERE |, FERHERIE o N
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fil&eer B R EMAES R Fe 99.99%, B
99.5%, Y 99.9%, Nb 99.96%, Hf 99.9%, Ti 99.99%,
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FEIUE G LR &SN EEE. A TR S0
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@© FegB; 72.7% Fe ®© FeqB, 80% Fe

& &

® Feg3By; 83% Fe, eutectic point

@ FesB 85.7%Fe

® FeyY 92.3%Fe O Fe
® B
® v

B 1 Fe-B-Y & RmanEEHKS

Fig.1 Composition chart and cluster lines in Fe-B-Y (open

® FesB 90%Fe

numbers represent cluster composition positions and
the cluster structures are also shown, and filled num-

bers represent intersection points of cluster lines)

BEE, TEREBHZK, REAFRREEERAES
THIZHER 3 mm HEE&E FeBNENHEE X
SHRFTEMY (CuK, 184t A=0.15406 nm) #iE, Bk
eGSR FIT R B ERIHT (DTA) 4L (TA Q600
SDT) M5, hn#E=RA 0.33 K/s.
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Table 1 Composition corrections of designed compositions
and revised ones of basic trinal alloy after 2% ad-

ditions of elements Ti, Hf, Ta, Mo, Ni and Sn

(atomic fraction, %)

Alloy Calculated
No. Fe B Y
1-(FegB3) 68.6 25.7 5.7
2-(FegB2) 75.0 18.8 6.2
3—(Feg3B17) 77.6 15.9 6.5
4~(FegB) 80.0 13.3 6.7
5—(FeoB) 83.7 9.3 7.0

True

Fe B Y
Ti-1 63.6 31.4 5.0
Ti-2 69.9 24.6 5.5
Ti-3 73.3 21.0 5.7
Ti—4 73.5 20.7 5.8
Ti-5 85.4 7.9 6.7
Hf-1 65.5 29.4 5.1
Hf-2 70.0 24.5 5.5
Hf-3 71.8 22.6 5.6
Hf-4 74.8 19.3 5.9
Hf-5 80.4 13.3 6.3
Ta-1 66.2 28.6 5.2
Ta-2 70.3 24.2 5.5
Ta-3 74.8 19.3 5.9
Ta—-4 84.5 8.9 6.6
Ta—5 83.7 9.7 6.6
Mo-1 63.3 314 5.3
Mo-2 68.9 25.4 5.7
Mo-3 73.4 20.6 6.0
Mo-4 73.9 20.0 6.1
Mo-5 77.4 16.2 6.4
Ni-1 65.7 29.0 5.3
Ni-2 65.1 29.5 5.4
Ni-3 69.2 25.0 5.8
Ni-4 72.2 21.8 . 6.0
Ni-5 78.5 15.0 6.5
™ Sn-1 62.4 32.3 5.3
Sn-2 69.7 24.5 5.8
Sn-3 75.3 18.4 6.3
Sn—4 74.8 19.0 6.2
Sn-5 78.5 15.0 6.5

TRIAJLPAR RSB, BT M2 B poHie
TEMAL 50%, HENRAREREGH, B i
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100

100

Atomic fraction, %

B2 M=Hf#f Fe-B-Y S&ROBIERM. SR LE

Fig.2 Composition revision when M=Hf due to mass loss

during arc melting (the filled numbers represent the
true compositions positions after considering mass
loss)
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No.2 &44&m4y, W#E 1. % M=Ni# Sn &, 5444
¥BRT AT, BHE RSB,

R 4 MRS, 3F 11 M2 R BT AL
THkdE, HERSH (DTA) thekmA 4 frR. BB
a0, EMEHRANIESGEREER, BIEREHS
BT FERME N, #ER— SRR, K5
KA AL BT SRR Y. BEIRE -, &4
KA. N DTA fhiZk ErTIE ke & &r
RAHMESH: HEHTRE T, . RIEE T, . B0
IR T . BUATIRE T RALBEHERRE T,
mE 2 FR.

ERAFEMIBERET ARANEERE T, S T, &
fiE, Tg M T 8K, dRdhEEMMITRILAIRESBGR, Hil
feEtEL. SEREER S AREHMREE, K
T, 1 T, E#EE (WF 2); RG-S RIE A T1E



800

I

%

S

LR

(@
No.5 (Fegs.sB79Ys7)esNb2Tiz NO.5 (Fes04Bisa¥ea)eeNboHf,
- trimiserrrrtaiconronnan 04 (F€735B207Y58)0sND, iy No.4  (Fe74sB103Y50)06NbHf
5 A A el -
@ ]
> MWWWW‘-ANO'S (‘Ee73.3.BZ1Y5.7)96[1b2T|g ", N0.3 (Fer18B22,6Y5.6)esNb2Hf
.g I
IS Me'z \ (Fesg'g.B..z“'GYs's)gsszTizA_ No.2  (Fe70Bzs5Ys5)0sNDHf,
SRR P Ay‘ No.1 (Fesa.eBE1.4Y5.o)96szTi2 No.1  (Fees5B29.4Y5.1)esNb2Hf>
(c) (d)
: ‘ h ! No.5 (Fegs7Bg7Yss)ssNbTaz No.5 (Fer7.4B1s2Y6.4)esNbM
5 No.4 (FesssBsoYss)osNboTa, No.4  (Fer39B20Ye.1)esND2MO2
@ RhIMS Lot aatis AT PV TR RRE NS WA g
> No.3  (Fe744B19.3Ys.0)esNb2Taz
i bt A A bt e No.3  (Ferss B2osYs)esNbMo,
5] Vv WY OVSCHAPRwTIvY ViR AR
B oot Anger No.2  (Fe703B242Y55)esNb2Ta, No.2 (Fees.9B2s.4Y5.7)esNb2Mo,
No.1 (Fegs2B2ssY Nb,Ta.
I LA m (Fees 2B2s.6Y5.2)0sNDo Tz No.1  (FesssBs:Ys.s)osNbMog
(e) )]
n A r. M\ No.5 (Fe78,5B15Y5 5) M l No.5 (Fe75_5B15Y5_5)gsszsn2
3: No.4 (Fe72 2821 .BYG)QSNbZNiZ No.4 (Fe74_3819Y5_2)gsszsnz
@ ‘,m P Ll\n NP A
z
% et No0.3  (Fees2B25Y's.6)0sND2Niz No.3 (Fers3B1s.4Ys.3)esND2SN,
sl e NO-2  (Fes BaasYs a)osNbaNy NO.2 (Fesa7B245Ys3)osNb2SN,
No.1  (Fess7BaeYsa)esNbzNiz No.1  (Fes2.4Ba23Y5.3)esNb2SN,

60 70
26, deg

30 40 50

80 30

I ! 1 I

40

50 60

26, deg

70 80

3 Fe-B-Y-Nb-M Hita4# XRD A
Fig.3 XRD patterns of the quinary alloys Fe-B-Y-Nb-M

(a) M=Ti (b) M=Hf (c) M=Ta

HRARZESE Ty RFRIE, Te=T,/T1, T:z HEE,
BEMBEREIE AT, FTIRE R SRR R A AR
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9, Ty, T M Ty BIZEEEEASAER, B No.2
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BEMB BRI E . ERAR 114
BthdEm G &, (Feso.0B24.6Ys.5)06NboTio RAEHS
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BAEFERIESE MG I8 B

(d) M=Mo (e) M=Ni (f) M=Sn
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Fig.4 DTA traces of the quinary bulk metallic glasses Fe-B-Y-Nb-M, M=Ti (a), Hf (b), Ta (c) and Mo (d)

% 2 Fe-B-Y-Nb-M(M=Ti, Hf, Ta, Mo) ikl R &4H DTA 45
Table 2 DTA data of the bulk metallic glasses Fe-B-Y-Nb—M (M =Ti, Hf, Ta, Mo)

Alloy No. Composition Cluster Te, K T4, K Tm, K T, K AT, K T(Te/Th)
Ti-2 (Fego.9B24.6Y5.5)96 NbaTia FegBs 944 997 1374 1417 53 0.666
Ti-3 (Fer3.3B21.0Y5.7)06Nb2Tiz FegB2 924 988 1379 1418 64 0.652
Ti—4 (Fer3.5B20.7Y5.8)96NbaTiz FegBo 929 981 1379 1412 52 0.658
Hf-2 (Fe70B24.5Y5.5)96 NboHf FegB3 940 994 1375 1418 54 0.663
Hf-3 (Fer1.8B22.6Y5.6)06NbyHf,  FegBy—FegBs 930 992 1374 1419 62 0.655
Hf-4 (Fera.sB1o.3Y5.0)06 Nba He, FesBa 926 984 1378 1417 58 0.653
Ta—2 (Fe70.3B24.2Y5.5)96NbaTas FegB3 925 991 1378 1399 66 0.661
Ta-3 (Fer4.8B19.3Y5.0)96NbaTas FegB, - 922 972 1384 1412 50 0.653
Mo—-2 (Fegs.9B25.4Y5.7)96 Nba Moz FegB3 938 991 1380 1415 53 0.663
Mo-3 (Fez3.4 B20.6Y6.0)96 NbaMoo FegBa 863 965 1385 1429 102 0.604
Mo—4 (Fe73.9B20.0Y6.1)96 NbaMog FegB2 843 893 1383 1421 50 0.593

VI RER . E, BT ES SR S e &
BB R~ AEN

Fe-B #THRIE A4 AHZX;=-26 kJ/mol, Fe-
B MEARKMANREE, HTRRRENAELSS, Fit
WRT AR EEI RS S &M BREREMEEM.  FesBs BRI/
FF B A ORERERAE, BIRTHEELEHGEERLAT
Fe FRFpraf. X+ RsgEmHE20H T
EAMKLN Fe-B il Fe-Y H#%, B Fe, B Y FEFH
Goldschmidt 24243524 0.127, 0.098 #1 0.18 nm, P4
HHEAESCEFEREE -ZE LY ETF RN E

SEHWAE Rojr, HMEDITFER 3 . HHHEN Ry HESERE
BHEAE—ENRE, B A= (R — R*)/R* k&K
k. A{EB/N, FRE ARG S HNE 8
EoR. NFE 3 FHE[LAEH, Fe-B 1 Fe-Y X 5 MMHIEH
Ry HEEABRERENK, BB TEHHES, H
W FegBs ARG THEFHE. XFKWAH FesBs Ak
HEMEBIN G ST MZEE ESNBRIE RS, &
WAEFIEE T X —, 7 4 MEEEIE IR IE & & Sk
i, BAESHEIE RGBT R E R Bl =T
LA BRI FesBs—Y M FeoY-B M ARFIFELAI AT
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Table 3 Structural data about the clusters, R*—ideal com-
pact ratio, ro—atomic Goldschmidt radius of the
central atom, ri—average atomic radius of the 1st—
shell atom, Ry/; = ro/r1, A = (Ry); — R*)/R*

Cluster R* o 1 Ry A
nm nm %
FegB3 0.799 0.98 1.212 0.809 1.2
FegBo 0.710 0.98 1.238 0.791 11.4
FegB 0.710 0.98 1.27 0.772 8.7
FegB 0.710 0.98 1.27 0.772 8.7
Fei2Y | 0.902 1.27 1.314 0.966 7.1

B4y, TR ERIIES M B TR % R FesBs, /ME
HTHSESERT, MERGENEREA M LB
# Archimedes /\ T AT A FELEM, TFEIELARTATIA
K =RRAESE.

HMEEtE Nb f1 M (EH HRRA AR T 2B
EHAEREEESMEREINGEFR, Fe : B A
YIHeE FegBs. XL RMLE, MG S bA 0 R ik
RIEEZR T L, BdXERET Y ek sifiae
SRR E R, TR FesBs HMEREASE, %G
Hr eI T A LS B SRR (FegBs)(Y, Nb,
M), 3=Fesg 6B2s.7(Y, Nb, M)s5 7.

4 g

FIALEPAE=IE Fe-B-Y 44 ZPi%itT 5 4
FHa sy, A Nb f1 M(M=Ti, Hf, Ta, Mo, Ni
1 Sn) MESRES & SHBIIEREE S, HFERK
BRI ERN 3 mm EE&E. HTHBTEREY
# B MY EfEAFAEERTRSER, Bk, XE—1
BEBHETT HHELE.

(1) ¥% M=Ti, Hf, Ta 1 Mo B}, BESTEARAEIE
A ) BB LA PRI FegBs-Y 5 FeoY-B B4R
KA R FegBo-Y 5 FenY-B BARBIFEL S R
4r. % M=Ni # Sn B}, fEfa[Rsr#¥8H B R EAER
BE.

(2) IR RIMBRE T TR ER S S AR R B
HANRE Ty . ALEE T, ML HETRE T (Ty/
T) {H, REXEHEER G S EASHEIEE RS
MEFRRFREME M=Ti, Hf, Ta #1 Mo &, FE&£EHH
E&RF, HERBEL FegBs-Y 5 FeioY-B FiskHIRL

TR EERAREN T, T M1 Tg H. EFE
11 APUEIERE A EF, (Feso.oB2s.6Ys.5)06NboTiy
BAREEN Ty, T M Tig & (53510 944 K, 997 K
0.666), K EMsr. HREAEFTEHHAES, HEK
HHERY Archimedes \TE{A R A FesBs KA HITE
S RABSMBEE S MR EE, AR
BIRTIRE A =M 454
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