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Criteria of glass-forming ability based on characteristic temperatures
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Abstract: Based on the relative literature and our investigation, the criteria for predicting the glass-forming ability (GFA)
of bulk amorphous alloys were analyzed and compared in detail. These criteria include T,=Ty/T), AT =T, —T,,
=TT, AT AT TN Ty, a=Td Ty, B=TJ/TTyTy, 0=TATr Ty, =TT /TT) =T AT/TY"'®, 7=
(2T~ T,)/Ty and =T,/ T,—2T,/(T,+T), which are formulized by the characteristic temperatures such as the glass transition
temperature (7,), the onset crystallization temperature (7y) and the off-set liquidus temperature (7). The statistical
analysis results show that the parameter w has the best correlation with the GFA of metallic glasses. Furthermore, among
those GFA parameters mentioned above, the GFA of bulk metallic glasses can be in proportion to 7,/7; and T\/7, factors.
According to the physical nature of the GFA and analysis of the above mentioned citeria, T,/T; can be used to characterize
the liquid phase stability of the alloy melt during cooling, and 7,/T, can be used to characterize the crystallization
resistance of amorphous alloys on reheating.
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factor T,/T, (a) and liquid phase stability factor 7/T, (b) on

critical cooling rate R, of alloys



130 PR R AR

2009 4 1 A

To/Ty 55 Tl Ts(B Ti/To 5 T/ T) IS KM R,y
5 R WK F. HETLLEAT, AR —ANH A
i 0=TyT 2T /(T T), S5 o M IgR MIELL, Vo
Lj Dy BIEH ¢

NG ITRY, 25 0 5 RAARPEAE
FE ARG IE AL A BRI B T AT AT AT W 1
BERICLIE 2), 3% W] 0 ZH0UE—MEAFIN GFA S8

2 GEtHH S

BE IR S T SENE, S R ) S 56 4L
xS GFA ZHOGHEATS AL, Bk LU
SO ) 53 NI A A R BRI AT B
f’) 388 /4~ Cu. Ca. Mg. Ti. Pd. La. Pr. Y. Co.
Gd. Hf. Au. Zr. Fe Jz Ni RS 4 R IFFAEIELE
H Dy BRI 20 G B RBH ys 0 as B
Y @ MIPUAIES S 6 RAHKIERR: o ZH 5
HA RS RE R Bom(ILR 1); o ZH 5
AR A 4(R.<1000 K/s BN R, AHSMERSR(ILE
2).

1 LU 0N i 53 24 R, HE 4k [ml A 23 M 5
FIRE yv ym~ av B 0 KRR N :

1012 £ <
o F@ ~ R=0.7322
o s:
R
2 10
E
£ 10%
_O _};r ~
S 102 N
G F +»—1La
_-§ 100 o— 7 N
S of o= .
10%F  «— Other b
1074t : : - T
02 03 04 05 06 07

Critical cooling rate /(K+s™)

1gR~=(21.125+0.831)—(49.135+2.114)y (1)
5 R=1.333x10*"exp(-113.138 y) (1
1gR~(14.596+0.551)—(19.0230.815)y,, ()
5 R=3.947x10"exp(—43.802y,,) 2"
1gR=(16.373%0.740)—(23.5411.193)a 3)
1 R=2.361x10"exp(—54.205a) (3"
1gR=(36.726+1.404)—(21.074=0.849)p )
. R=5.319x10"exp(—48.526f) 4"
IgR= (2.927+0.216)+(23.729+0.936)w 5)
i R=1.183x10"exp(54.639w) (5

Critical cooling rate /(K+s™)

& 2

1012

: (c)

E .
0% R2=09264 '
108
109
104§
10? F s— Mg
3 *— La
10° 3 o—Zr
LF > o— Pd
107 3 // o — Other
1074 T —
0 01 02 03 04 05 06 07
(4]
T» AT H 0 5 R, A

rg’

Fig.2 Dependence of critical cooling rate (R.) on reduced

glass transition temperature (7,,) (a), supercooled liquid region

AT (b) and glass forming ability parameter w (c)
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Table 1 Values of linear correlation coefficient corresponding to plots of R, against 7,

rge ATxa V> Ym» ATrgs (ss o, a, ﬂ: ﬂZ and @,

respectively for 53 typical amorphous alloys using data in Ref.[19]

GFA criteria Ty AT, y Ym ATy, 0 7] o p P> w
R —0.8557 —-0.7737 —0.9559 —0.9562 —0.8339 —0.8492 —-0.8974 —0.9403 —-0.9610 —0.6925 0.9625
R? 0.7322 05986 09137 09144 0.6953 0.7212 0.8054 08841 09235 04796 0.9264

%2 GFA ZHCRIPUALEF & 4 (R.<1 000 K/s)I1 R A (1 L)
Table 2 Values of linear correlation coefficient corresponding to plots of R, against Ty, ATy, 7, ym, AT, 6, @, 0, B, frand o,

respectively for 41 typical bulk amorphous alloys (R.<<1 000 K/s) using data in Ref.[19]

GFA criteria Ty AT, y Vi AT, 0 ® o s b 10}
R -0.7273 -0.4740 —0.8757 —0.8761 -0.7983 —0.8112 —0.8858 —0.8614 -0.8654 —0.8138 0.8669
R? 05290 02247 0.7669 0.7675 0.6372 0.6580 0.7847 0.7420 0.7489 0.6622 0.7516

£3 TN RAMEEER R, ~ Ra Repr Reo) HRBH (Renp) 1L
Table 3 Comparison between critical cooling rates determined experimentally (R.,,) and predicted values (R.,, R, > Reg, Rep, Reo)

using Eqns.(1)—(5)

Moy Rt W T Rey o Ry Rl Rl R Re
K K K (Ks™h Ksh  (ksh) Ks) (Ks) (Ks))
PdsPt;7sCusp 5Py [36] 540 614 807  0.050-0.067 0.053 0.024 0.029 0.046 0.083

Pd44Ni;oCuyePy [2] 587 667 874 0.010-0.100 0.049 0.022 0.026 0.042 0.077
Pds;oNigsCupsPyy 2] 579 693 859 0.005-0.009 0.003 0.001 0.002 0.002 0.006

F 4 GFA BT Dy KA HLRO 20

Table 4 Values of linear correlation coefficient corresponding to plots of Dy, against T,

ATX) V> Ym> ATrgs (ss o, &, ﬂs ﬁZ and 1/0),
respectively for Cu-, Ca-, Mg-, Ti-, Pd-, La-, Gd-, Hf-, Au-, Pr-, Y-, Co-, Zr-, Fe- and Ni-based bulk amorphous alloys using data in
Refs. [16, 20—35]

Based metal N Ty AT, y Ym AT, 0 [0 o p P> 1w

Cu- 87 0.1496 0.6511 0.6841 0.6989 0.6974 03613 06419 05955 0.6950 0.5653 0.7352
Ca- 52 05744 04604 0.7412 0.7511 0.6622 0.6720 0.7387 0.7207 0.7441 0.7522 0.783 3
La- 52 0.6819 0.1359 0.6121 05769 03830 0.7592 0.6699 0.7073 0.5343 0.7638 0.5566
Mg- 40 0.5402 0.2310 0.5921 05622 03656 0.6296 0.5966 0.6549 05498 0.6399 0.5250
Ti- 22 0.6822 -0.2225 0.6573 0.6353 02574 0.6969 0.6282 0.6890 0.6316 0.7006 0.629 2
Pd- 14 08305 0.5322 0.7581 0.7665 0.7833 08746 0.7454 0.7965 0.7520 0.9385 0.9340
Au- 4 07620 09109 09845 09945 09680 0.8983 09881 09511 09940 09852 0.9980
Ni- 19 -0.0294 04249 03489 03947 04712 0.0622 03983 0.2100 03806 0.1755 04168
Zr- 23 0.0007 -0.2642 —0.1443 —-0.1629 —0.2226 —0.0635 —0.1351 —-0.1012 —-0.1646 —0.1416 —0.199 4
Fe- 60 —0.0812 —-0.1317 —-0.1562 —-0.1673 —0.1566 —0.1151 —-0.1560 —-0.1336 —-0.1703 —0.1384 —0.1720
Agroup 286 03661 04224 0.6294 0.6406 0.5874 05327 0.6297 0.6050 0.6234 0.7334 0.7683
B group 388 0.2703 03426 05261 0.5362 04982 04054 05210 04916 0.5236 05709 0.6293

N is the number of samples; there are 268 alloys based Cu, Ca, Mg, Ti, Pd, La, Gd, Hf, Au, Pr, Y and Co in group A; there are 388
alloys based Cu, Ca, Mg, Ti, Pd, La, Gd, Hf, Au, Pr, Y, Co, Zr, Fe and Ni in group B.
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