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Fig. 1. (a) The deformation participation ratio as a
function of strain rate; (b) the strain rate sensitivity
of the DPR, m, as a function of the potential energy

per atom prior to the mechanical test (91,
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Table 1. Melting point T, glass transition temperature

Ty and critical cooling rate @« of amorphous alloys.

e[ Tm/K Ty /K Q«/K-s™1
Ni 1725 425 3 x 1010
Feg1Bg 1628 600 2.6 x 107
Cor5Si15B10 1393 785 3.5 x 10°
Ge 1210 750 5 x 105
Fer9Si10B11 1419 818 1.8 x 10°
Nir5Si1gBr 1340 728 1.1 x 10°
PdgoSiis 1071 657 2.8 x 10*
Pd77.5CugSiie.5 1015 653 320
Supercooled Liquid
liquid
Y Very
slow
cooling
9
g
3

Glass E Freezing ;

transition | point |
T (1)

Temperature ——>»

B3 kRS SRS R E 1)
Fig. 3. Volume change with transforming from liquid

to crystal or amorphous [15].

176401-3


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

¥ 12 ZF R Acta Phys. Sin.

Vol. 66, No. 17 (2017) 176401

E[ST

RS

m >0 m <0

>
>

Q~ Qo Q

B4 DPR W RASEA BRI 575 1
Fig. 4. The strain rate sensitivity of the DPR, m with
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Fig. 6. The deformation diagram of amorphous alloy:

(a) BYUIHEAR X A

(a) Shear transition zone model [°4); (b) free volume
model [53],
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Fig. 7. Enlarged stress-time curve of the Zrgq.3
Cuis.75Nijp.12Al10 glassy metal at temperature of
293 K and at strain rate of 2.5 x 10~% s~ 1.
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Fig. 8. Number of stress drops N(s) vs the nor-
malized stress drop magnitude s for (a) Vit105 and
(b) Cugz.sZra7.5Als MGs 71,
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Fig. 9. Statistic distribution of elastic energy density, N(s), of the CusoZrasTis BMG deformed at four strain rates.

[74]

Inset shows power-law distribution of the elastic energy density at strain rate of 2.5 x 10~2 s—1 .

#2 AR ESE ZreasCuis7sAlioNiig 12 fENAER)
2.5 x 1074 s WIRNFRE FIOWN 7, A4 m S5
K Lyapunov 8% A1

Table 2. The time delay 7, the embedding dimension
m, and the largest Lyapunov exponents A1 vs. the

temperature at strain rate of ~ 1074 s 1.

Temperature/K 293 273 253 223 213

T 4 14 11 33 26
m 7 10 8 10 8
A1 0.268 0.198 0.05 0.002 —0.0008

%£3 wnéeEse Zres.3Cu1s5.75Al10Ni1g. 12 7 293 K I
AR AR TR 7, iNYE m 5K Lyapunov fi
oM

Table 3. The time delay 7, the embedding dimension
m, and the largest Lyapunov exponents A1 vs. strain

rate at the temperature of 293 K.

Strain rate/s™1 2.5x107% 2.5x1073 2.5x1072

T 4 28 4
m 7 7 6
A1 0.268 0.002 —0.003

N T RN B AR AR A e R AR AR AT A,
2015 4, Ren % 101 gt — 5% [T W )45 5 (¥ R

17N, & IR BE A iR FE 1 B AR R 7 A8 Ak 23645 5 (1 4
N1.22 EFHF] 1.72, 8505 SO AR IR BUIR I
ZIH L. X T ARS &4 Zres.sCuis.r5AlioNifg12
TEFEARSE0 (%N 193—293 K, MARZ N 2.5 x
1074 s71-25x1072s71) FEIMILILL, Ren
26 [77) ) FET 8 o A RS B 8 15 2 5 A [ AL 1)
BT U AR, R 223 K, AR 2.5 1072 571
I I — MR P 1 73 TAT D9, A A FEE A S
RN R NP .

N EERRAER A SRR, BRI G
Gy M 5 I R 7 81 43 AT A5 7 %, B ) AR A AT
PR, b PR O L. T PSR ] e
Burridge 1 Knopoff 78] 1 5t #h 55 /7 4 p 4 HY. 2
W AH ELAE F BB B AR S S A i B, W AT
P R F & AR f & S B YR AR S R i 3h
AT, Sun 2 TR BB R 36 Rt BT T 2
HEIY)H P80 )1 A AR e R Hh R A R A
HEEARER SRR, Wrnash BRI RE
BTV e 5. 2% R8BI AR FE0 S AR T AL K 5
M, Ren % (V45 T BOEE A BB A 1ohig 7 R
) 22 18] — SO AT B DA B 22 RUBE 3 A 4 381 1) 30 AR
fife. 7% 18] — R G A 75 [A] 43 A 28 W AE B B AR
BT RGENAREM. BUEM DR EEACN AR Z
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Fig. 10. Statistic distribution of stress drop of the Zre4.3Cu15.75 Al10Nijp.12 glassy metal deformed at different temperatures

and strain rates. The power-law distribution of the stress drop is indicated in the inset [79].
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Fig. 11. Multifractal spectrum of Zrgs.3Cu15.75Al10Ni10.12: (a) for 253 K, 2.5 x 10=% s=1; (b) for 293 K, 2.5 x 10~3 s=1[75],
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XA EATE A8 T ARSR S AN IE
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SR TR, BY DD A AR S RS R A AR,
A i A I PN 11 S S DX AR T R A g T
M RIRAR. — ROk, R /RN AR, AR
BB LRI S BIERAR (FitEiRah); m
R /v AR TR R R, AR AR PR T 40K R
BN Y, M ERBUNARS 2] R B AL

5 FREeeHMETHIEFAL

1960 4F, JREER ¥ 5 Gubanov B0 ¥ VKIEH T
e SM R AR EYE, BT IER SR
Wt ER K. TN EENAELRESESE
HA RHETERTIG SR G AF S A IR TERIE FT OB A
TAERM ST P, BAEAER SR TFZ R
INANZE I REER 56 A AL HERR B, X P 45 A B 2R

TR RRAE, M0 LR T R R A SR ) AL
BAE ISR | i3z 0 A« 35 AR AN [ € AH, 1M
L —E RYTKTE AT, I IREEIE B TR S A R
MR, X BLIRA T 1R AR 4 & S REAL 58 AN
IR Wi Z TR O 2%, X 2 ) Wi 7 4 5 o BV
FEMGE A AR A, R IO, AR A A
WSRIE MVIREE T MWL H 2 1858 &5 il I
FHRHL B, v, 6 Fan i FimEegEa B

M(0,T) x (Tc —T)°, T < Tc, (2)

M(HvTC>O<H%7 TITC) (3)
dM

0wO0.7) = (57),,, & Te =107, T> T,

(4)
XH yo AR E, To NERIEE. R85 5
Mk BRI AR RSB IE A B & A To BT A
PERFIERT A& AR, I e B R A& 0 &R
v = B0 —1). JIMAFRAERSE SN EBIEE &
1 5 5 BB L2 4

4 JURA RS e U Rl SR 2

Table 4. The curie point and critical exponent for several amorphous alloys.

D% B y d Tc/K JCHR
3d-Heisenberg 7 0.36 1.39 4.8 [82,83]
Ni 0.378 & 0.004 1.34 4 0.01 4.58 £ 0.05 627.4 [84]
Fe 0.37 £ 0.03 1.340.06 4.5140.03 1043 [85]
Fe13Nig7.2P4.5B15.3 0.39 £ 0.02 1.56 & 0.06 5.20+ 0.1 180.4 [81]
Fe4oNigoP14Bg 0.38 & 0.01 1.31 £ 0.02 4.46 £ 0.04 519.9 4 0.2 [86]
FeaoNigoP14Bs 0.39 £ 0.02 1.3340.05 4.45 +0.07 227.740.5 [87]
FeagNiggP14B6Sia 0.440.01 1.7+0.1 5.25 + 0.1 384.5 [88]
Fe3oNigsP16BsAls 0.39 1.58 5.05 330 [89]
Fegg.5Zr10.5 0.47 £ 0.01 2.00 + 0.09 5.31 £ 0.09 224.0 4 0.4 [90]
FegoZr1o 0.44 £ 0.01 1.79 4+ 0.07 5.10 £ 0.08 230.040.3 [90]
(Feo.96Nin.04)902Zr10 0.44 4 0.01 1.82 +0.09 5.17 £ 0.06 281.040.3 [90]
(Coo.80Mng.20)75P16BsAls 0.40 £ 0.03 1.68 52+0.4 208 + 3 [91]
(Coo.70Mng.30)75P16BsAl3 0.40 £ 0.04 1.6 5.0+0.4 110 £ 2 [91]
(Co0.60Nig.40)75P16BsAl3 0.42 £ 0.04 1.68 50404 265 + 4 [91]
(Co0.50Ni0.50)75 P16 BsAls 0.38 £ 0.03 1.52 5.0+0.4 182 +2 [91]
(Coo.40Nig.60)75P16BsAl3 0.40 £ 0.04 1.6 5.0+0.4 84 +4 [91]
(Coo.38Nig.62)75P16BsAl3 0.40 & 0.04 1.72 5.0+ 0.4 54 +2 [91]
(Coo.36Nip.64)75P16BsAls 0.40 £ 0.03 1.64 5.0+0.4 38+ 4 [91]
(Coo.34Nig.66)75P16BsAl3 0.40 £ 0.04 1.6 5.0+0.4 28 +2 [91]
(Coo.32Nig.68)75P16BsAl3 0.40 £ 0.04 1.2 5.0+ 0.4 1942 [91]
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Fig. 12. Arrott plot for a simple mean field ferromag-

netic phase transition.
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Abstract

Amorphous material usually exhibit a complex atomic structure including short-range order, long-range disorder
and metastable state in thermodynamic, which is one of the existing states of matters. Amorphous alloy, also named
metallic glass, is a new metallic material, and has a high strength, a good electromagnetic property, an excellent corrosion-
resistant and a high elasticity. The system of amorphous alloy can show some critical states and is a complicated system.
In recent years, much atttentions have been paid to the researches of the phase transitions and critical phenomena of
amorphous material. On a microscale, amorphous alloy can be regarded as a solid composed of many-particle systems.
The investigation of the critical phenomena can significantly enhance the understanding of the interactions among these
multi-particle systems. The structure of amorphous alloy is randomly and isotropic in macro performance, and ordered
and anisotropic on a localized nanometer scale. The characteristics on different scales of amorphous alloy are not isolated.
The structure of amorphous alloy determines the performance. The preparation process determines the nature of the
microstructure. The microstructure is the internal cause dominating glass transition and deformation. Moreover, the
effective cooling rate in preparation process of amorphous alloy affects the short-range rate of the amorphous phase. The
nonperiodic short-range order plays a key role in the stability of amorphous phase. Furthermore, the glass transition and
deformation of amorphous alloys are the responses to the external energy. The characteristics of the deformation process
change with external condition. The external force can lead to the localized shear deformation and transformation
between amorphous and liquid in the shear band. High temperature can cause a wide range of transformation from
the amorphous solid to the liquid. So it is worth understanding in depth the basic principles of liquid and glass
transition in order to prepare amorphous alloy in undercooled liquids. In this review article, we discuss the critical
phenomena of amorphous alloys, which include the preparation process, the microstructure, the mechanical property and
the electromagnetism. The correlation and the influence of microstructure on the macroscopic properties are analyzed.
It will be helpful for understanding the nature of amorphous alloy, improving service reliability and exploring amorphous

alloys with application values.
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