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Comparisons of fragility in several non-
[2]

JUE AR e M A AT FOAURR A0 3, (B A
) 12 RO 2 T AN B A FRAT T e A v BRI e AR R
TR, X2 N Angell BIIE T & S LA ¥ Ak
T E bR, A _EAUAREE T IR AR TE BT B AR
5 BE Ty BRI (1) S5 A6 R e M, A0 1 WA 1 Joit A
T (RPVRAH S B AT ) 0GB 35 33 A il 52 B )
X FEYE M Zh a2 k. TIX — e FE 36 B 1 /2
AAE VS H I R OUAS 38 20 v BT AS i 1 I v 40
R X33, & R PR e AR 1 R b 22 RO &5 1) th 7 A
S AR RE I R

R A8 Hh GO P 1 8 S, RO (B
6 ) WARAE SR A 1 1) 8. 1999 4 (Nature) 2%
S EIRIE T KB 1% EAT N, RS IR
() T i K A7 AE 3R G (strong-to-fragile) #5451 % 7]
£ 225—230 K B JETOEI N, 5 B 22 % V) A
K F T4 (RF o 5 7R) KA T B B9 Arrhenius
FEE A Arrhenius FRVE 548 (2 WK 2). #E—
WEFE R I, 7K ) 3% 38 25 A7 A8 /5 % T (HDA) AHIG %5

£ (LDA) B e . 53R H — R SR
HDA A, LDA HIRE 7 % H /), 3% TLS (two
level systems), Jf H H % & AH ¢ bR £ fil 00 2 (1) A%
1 BA K 75 1 o 1 3 2 B H AL T o A 1 AR Ak it
21591 2001 4F, 3R Jifi 5% A8 B RAE SiO, h IR K
PO R S04 HH G ) SE 58 H 4 4 H7, BKS
(Beest, Kramer Fl Santen) #& % 3% B SiOq ¥ 4 /£
K#33300 K i & A4 T sl % 48 021, [ 4, Hem-
mati 25 BB T BeFo MUK SRIE A E.

YO A TR 3 2 7 300 R U5 D VAR AR AT Tk 3 5 U
(R THIR L AR AR B)) 1 AL 23, AL B AR
AT T Db SRS I TOM 225 46 S b DRk R 82 11
AL, X — ISR AT IR BV 2 32 (138 1) 1]
FRIAEAE, WK N Ao R AE SRR s i s
AT R A7 SR AR o 0 5 24 TE
B TR [ A 32 e TR (R S e 7 O A e I B A T LA
T P DX 0] 5 B3 e AR IR B 2 TR AR AE R RS, X
X i (1) ] S R AR A kAR, (H SR AL
RIS B T 5 it — 0 S B A A S A
T ENER TR, S IR E AT T8
7N B3 2 A AR S A Y e [ R A LA B R
W48, T LA P i 5 e e A i R A A i AR A L5
SRR | 2 i BRI I B DL SO YA VA (Rl 2 4
JE P HE) WS e 0 77 T B R 2 L

2 & BE MM T H RN LA

i N 115 o < e N N R e o 5
& X (8] 9 %A R AR B AR, Rk, B R s g R
ALLT- 3% B T I M AR I R R AT R
AT N, RAERD B AR & @ WAk A7 7E. 2007
4, Busch ift #1434 38 T Zras 2Tiis.sCuio5-
Niqg.0Bego s WAALE 1026—1225 K AbAFAE R 548
ML, EE & LR A, Johnson V4L 110) 3 —
WHAIN T ZrCu- R 5 & 4 7 1 ¥ AR X A7 18 11 3%
ffa A%, DL 10 2 oK He 4 3¢ 3 v A R % 4
TV TR I TR B, AR R R 2H 43 55 6t L v RN
W B B AT T &, 45 R R T, ML &8
I T A G YRR I 2 B 5 AR YR (SiOg A
K) AL B I3 24T N, T AE AR LR T UL B JE
X 1) PN D 286 A A A A B B B A0 b S5, T B
B S 0 ik A A T (R OTP A ) (I 1 2 (a)—
B2 (d)) o—18], sad b5 P A0 45 SR ABAIE 52, Pd

176403-2


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 66, No. 17 (2017) 176403

Fe G < 1 B 48 SR T 1A BEAE 1.2T,—1.4T, A7 7E W
Iy 9 AR 19201 Wang 45 P % Zrgy CuyeNizoAlyg
PR RBEAT AT TE R BN, Zr F 4 i SO0 A0 B 5 A Ui
JSE R A7 /E — b by 50 B BB 5 (15 2. Bendert %5 [22]
WARE 75 SR R R R B A, AT
B, HECT T BCRE 1 22 1) CuZe — 70 IR BT,
T U RE 18R VR TE T, M #2250,
MR AR 2R Thiq MEIT (2T, Ab) B #4222 B0 40
K. 2T T, Z IR REBAE S 1 8% AR
FUnE RS, CuZr 246 &I A X
A7 AE DI 1 YA 81 i P B AR ) e A R T S ABA
T 9L SR, 2 1 Kelton BUR R ) Il i
PRI IR TE T < Je B S ] AR AN v W 1 4

12
10 K& SiO,
s [ O GdssAly5Co20
/A GdssAlysCooNipg /
6 /
2L @ PrysNisAly
&r O w /
ater
‘:‘; 9 b Water , OTP
0
-2
Sl IR N N SR N SR
0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
T,/T
12
(c) X
" 1
7
8 - [0 Water . n
» O AlgNigLay ,/ Vi
Q N > AlgNigLag / W
= </ AlgNigLag / Yy
. ///
0 ,/ “y
—~
. =
=
| L | L | L |

T,/T

0.4 0.5 0.6 0.7 0.8 0.9 1.0

FEJERL 7, DT FE DT ) A Uk [ 3o R b SR A A 5
IR, Yavari 20852 VR A (B 50 T AR —

F T Zr AlCu IIBAH Bl B2 DA b 28 B 3 4 A% e U P
PAR I 45 A A5 B AR AL, R IAE WA 22305 52 A
T 140 K AbRAE T S5 A B 5 B AR o DRus A% 1k, 24,
AN 453 JB BT O A AE AR SR I A, TS A
FTAER I, FEARARIENL A4 Ag-In-Sb-Te (AIST)
DA ELA 2 3 A o 1) - < YA v () A7 A 5 e
AR G (25200 RIVSLE ] SR LR 5] 1) Jagla A5 2
DA AR (A A B v A0 45 R R T e i A%
PLRIAFAE 720 R, 4 & 4 V00 MR v 3 3 77
T S e 5 A T R IR s R A AT P52

12
(b)
| O SmysAlsCo1oNisg
8 /A SmsAlzCoz y ‘
L O SmssAlo5C010Cuyg ,
w .
g 4LV LasnAlsNin g wansfion |
& O LassAl;NisCus b
0 > La55A125Ni5Cu15| ! |
0 L Water
O
il T TR NI B B
0.4 0.5 0.6 0.7 0.8 0.9 1.0
T,/T
12
(d)
O  CusoZrso
8 <> CuygZrygAly
2 /N CusgZrasAly
% 4~ O CusZrisAls
o0
ok
=
4 | L | L | L | L | L |

04 05 06 07 08 09 10
T/T

B2 (a) GdJE.PriEfizk 16 (b) Sm k. La A1k 161, () AlZERIK 175 (d) Cu SEMIFEEXTE (g n) BEZIL
PR AR E Ty /T(ALIEA Ty /T)) HZE A S AL A 0 18]

Fig. 2. Logarithm of viscosities (Ign) as functions of the Ty (T, for Al-based) scaled temperature T' for:
(a) Gd-based, Pr-based and water10]; (b) Sm-based, La-based and water[16]; (c) Al-based and water[17];

(d) Cu-based metallic glass-forming liquids[!8].
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uidsl30 ) (b) T, dependence of the T4 for 98 GFLs!!8],
dashed line is a linear fit to the data.
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Abstract

It has been observed that many glass-forming liquids are transformed from fragile to strong liquids in a supercooled
region upon cooling. This is the so-called fragile-to-strong (F-S) transition. Since its discovery in water, the F-S transition,
as a frontier problem, as well as a hot issue, in condensed matter physics and material science, has aroused the considerable
interest of researchers. It has been generally accepted that the F-S transition might be a universal dynamic behavior of
metallic glass-forming liquid (MGFL). Studying the F-S transition is important not only for better understanding the
nature of glass transition, uncovering the microstructural inheritance during the liquid-solid transformation, clarifying the
structural competition during crystallization, improving the stability of MGs, but also for promoting the standardization
during the production and treatment technology of MGs. In this paper, the general and special features of the F-
S transition for bulk and marginal MGFLs are studied and described in terms of a physical model. A characteristic
parameter f is introduced to quantify the F-S transition. With two relaxation regimes, on the basis of Mauro-Yuanzheng-
Ellison-Gupta-Allan model, we propose a generalized viscosity model for capturing the liquids with the F-S transition.
Using this model, we calculate the F-S transition temperature for metallic glass. From the calculation results, the F-S
transition might occur around (1.36 & 0.03) 7. By using the hyperquenching annealing-calorimetric approach, we find
that the anomalous crystallization behavior occurs in both LaAlNi and CuZrAl glass ribbons. This phenomenon implies
the existence of a thermodynamic F-S transition, which could be used as an alternative method of detecting the F-S
transition in MGFLs. To date, the origin of the F-S transition is far from understanding. We find that the F-S transition
in CuZr(Al) GFLs is attributed to the competition among the MRO clusters composed of different locally ordering
configurations. By comparing the parameter f with the parameter r that characterizes the competition between the o
and the slow B relaxations in 19 MGFLs, we find that the slow f relaxation plays a dominant role in the F-S transition
and the extent of the F-S transition is mainly determined by the degree of the comparability in structure units between
the a and the slow f relaxations. The existence of the liquid-liquid phase transition might also be the root of the F-S

transition. The tendency of investigation of the F-S transition is also evaluated.
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