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ABSTRACT Many researches have demonstrated that the free volume have a great effect on the
properties of bulk metallic glasses (BMGs). For different BMGs, however, quantitative measurement of
free volumes and analysis of properties of BMGs using the measurement results are still difficult. In this
work, the two types of characteristic free volumes, the free volume released in structural relaxation,
AVi_g and the free volume generated in glass transition, AV;_g are given from the A(dV(T)/Vp)
curve, where the A(dV(T)/Vp) is the thermal expansion difference between amorphous and crystalline
samples measured by a cyclic thermal dilation test. In a series of Fe—(Er)-Cr—-Mo—-C-B BMGs, it
is found that the BMG with the largest critical diameter (D) has also the largest AV;_g¢, and D.
increases sensitively with the decrease of AV;_g,. More impressively, D? or D, can be fitted with high
regression coefficient of 0.998 by a negative exponential function of AV;_g.. Hence, the characteristic
free volume has a sensitive and close correlation with the glass forming ability of BMGs.

KEY WORDS bulk metallic glass, free volume, structural relaxation, glass transition,

glass—forming ability, thermal dilation
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AR 2R R S S I S AV, VT G A
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1 SEBEMERAE

FERSE Ar ST, SR a5 24,
HOw B R o e 1T, Seirb T 50RO 5 A il
Fe(99.99%), miali Cr(99.99%), &4l Mo(99.99%), &
4 C(99.99%), 4 Er(99.5%), Tl Fe-B &4 (99%).

BESLZYIRHFURES S, Mad Cu BBHE

(Rapid Quench Machine System VF-RQT50, MAK-
ABE) fil#HEA 1 mm, K 50 mm f&&EE £ X
ST (XRD, Bruker D8) #ik b FIH
ZIIL (DSC, Setaram SETSYS Evolution 1750)
M EFRHETEE Ty, AbRIBEE T on, mL%R
W T ena FIWCAHIREE Th, FHEBHFEN 0.0833 K/s.
I #AUR B B E AL (DIL, Netzsch DIL 402C)
TTIEER RN I, 05 R AETE PR R R g i ik
dL(T)/Lo (HHr, T RIS 2A0EE, L(T) M T Bk
FERBE, Lo AiAFERTIA I BE) FIREZIK R B o(T). #ad
KR (25.040.1) mm, HEFJERET18 0.3 N, FERIREE N
1073 K, FHEMPEEHE LA 0.0833 K/s, U3 HEFEN
1.25 nm.
2 ERER
2.1 B R BTN AR E IR R X

& 1 4 h(FeysEraCri5Mo14C15Bg) &2 HIEAK
(DIL) #hZ, 2k R %L (o(T)) HiZAIZER (DSC) HiZk.
mE TR, B DSC M&kafie tiG88 Tion Al Tx—end
S50h 877.9 Al 1007.5 K. 7Effkad firh, DSC Bi£kA
PIEHERE o(T) MLAMEA e 18, XRE S
T 57 A e AW R TR R rh, FEmBicH
R PR R 2 M R E TR, [ DSC 2R Ry
PSR o(T) ML BRI RIE R ——X V. o(T) H
KT RE T (862.1 K) &5 DSC HiZk A3
ALEHRIEEE Ty ona(865.7 K) R#ET (B 1 &),
o E AR U3 g A T LA R Ak
AR Ve REAKDUAR WK Ve iR, Ve 1Y
MR FERIGER, XXTNE DSC #i£ EryRk st
e, [FBH AR K, XX E oT) L ERR
W EFRR. Ye RS, AR A WS, AN
. DSC gkt — BB FRE)E, 7 Tx—on &b
FREG P TR, R A BTG, S —E, o

&1 Fe(Er)-Cr-Mo-C-B Hufkdrfh & &M M X EARFIEHR Rl De #2280 AT AR R BUZ MR SE 5
Table 1 Compositions of Fe—(Er)-Cr—-Mo-C-B BMGs, thermal analysis results by DSC and cyclic DIL tests (diam-
eter: 1 mm; heating rate: 0.3333 K/s for DSC tests and 0.0833 K/s for cyclic DIL tests)

Alloy Composition Ty T T ATy Trg 0 Ym Ye AVi_g AVi_g  Dc
K K K K 10-3 1073 mm

a Fes0Cri15Mo14C15B6 841 863 1531 22 0.549 0.364 0.578 0.592 2.033  <0.001 1.5

b Feq9.65Er0.35Cr1sMo14C15Bs 830 865 1537 35 0.540 0.365 0.586 0.608 1.656  <0.001 3

c FeysEraCrigMo19Ci5B6 840 895 1557 55 0.540 0.373 0.610 0.645 1.372  <0.001 4

d FesgEraCrigMo1oC15Bg 845 890 1530 45  0.552 0.375 0.611 0.641  1.198 0.157 5

e FesaEr3CrisMogCi5Bg 842 885 1510 43  0.558 0.376 0.615 0.643 1.015 0.227 6

f FegoEriCrisMo14C15Bg 823 884 1513 61  0.544 0.378 0.625 0.665 0.894 0.031 7

g Fess.5Er1 5CrisMo14C1sBg 830 889 1518 59  0.547 0.379 0.625 0.663  0.647 0.108 9

h FeysEraCrisMo14C15B6 843 895 1515 52  0.556 0.380 0.625 0.659  0.413 0.262 12

Note: Tgz—glass transition temperature;

Tr—crystallization temperature; T3—liquid temperature; AT, =T,-Tg,

width of supercooled liquid region; v=T5/(Tg + 11); Ym=(2T>Tg)/T1; ve=(3T>—2Tg)/T}
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Cr15Mo14C15Bs BMG (Insert showing an enlarged ‘%“ 1.9 + fgt
region around the glass transition) T M8 bt (@
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Fig.2 Schematic illustration how to quantify the two char-
acteristic free volumes
(a) the first and second (insert) round cyclic DIL

traces
(b) the first round cyclic a(T') traces

(c) the volume difference A(dV(T)/Vh) between
amorphous and crystalline states calculated by
Eq.(1)

AV (T)/Vy) = 3 x [(dL(T)/ Lo)"eatine —
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