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Fig. 1. The STZ containing atomic clusters of different sizes in amorphous alloys: (a) The schematic graph
of the STZ with the number of ACs not reaching the critical value; (b) the schematic graph of the STZ with

the number of ACs reaching a critical value and forming a percolation connected group.
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Fig. 2. Equivalence and yielding of a single AC: (a) The simple AC containing atoms and free volume;
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(b) the stress volume sphere involving the equivalent free volume sphere; (c) the flowing of atoms in the AC

and the yielding of the stress volume sphere under shear stress.
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Fig. 3. The schematic diagram of the equivalent stress

volume sphere.
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Table 1. Calculated T values at different free volume

fractions and different dispersities.

itk HEIAEBIRE /% 0.8 1.2 1.6 20 24
Bk $ 0,/ % 06 09 1.2 15 1.76
TFEHIRELR d/nm 0.266

c=1.0 0.914 0.764 0.671 0.603 0.558
o=1.02 0.915 0.765 0.672 0.604 0.559
o=1.04 0.916 0.767 0.673 0.605 0.560
T/nm o =1.06 0.919 0.769 0.677 0.609 0.563
o =1.08 0.924 0.774 0.682 0.613 0.566
o=1.10 0.929 0.779 0.687 0.618 0.569

o=1.12 0.935 0.784 0.693 0.623 0.573

D

&f/% ~

~ <

4 HHRFRG 6 AN BUE o X T (5
Fig. 4. Effects of free volume fraction 6; and dispersity
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AbFI1E F R 88 5 T B UR%E T8 [ AN 22 T8 i@ 13 5%
T, PR A A R R, BT LUE A R
1B ol Bt 228 K, 75 55 RN )RR Bk EAR AL AE K 4y
A, Bl d < di < diax, B85 o I, ) 1
EBA BN, T o B7AR K U3BH B BARFRTE STZ A i
R, TEANIE R85 T8 a5 3% 10 E A 2 T i
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®2 AR A BERSBRA RSB T HEK
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Table 2. Calculated ¢} values at different free volume

fractions and different dispersities (dmin < di < d).

2L E AR E /% 0.8 1.2 1.6 20 24
H oA RER Y S 0s/% 06 09 1.2 1.5 176

oc=1.0 0.524 0.524 0.524 0.524 0.524
o =1.02 0.549 0.548 0.547 0.546 0.546
o=1.04 0.578 0.576 0.574 0.572 0.571
©L /% o =1.06 0.609 0.605 0.602 0.600 0.598
o =1.08 0.643 0.638 0.634 0.631 0.629
oc=1.10 0.681 0.675 0.670 0.665 0.661

o=1.12 0.722 0.714 0.708 0.704 0.701

5  HHERDE 0 M BUE o X of BTN (dmin <

d; < d)

Fig. 5. Effects of free volume fraction ¢ and dispersity
o on ¢l (dmin < d; < d).

186101-5


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

¥ 12 Z R Acta Phys. Sin.

Vol. 66, No. 18 (2017) 186101

#3 EAR B BRI BONA F 2 UL BT T
Qpé 'fE. (CZ < d; < dmax)
Table 3. Calculated ¢l values at different free volume

fractions and different dispersities (d < d; < dmax)-

itk HEIERTIRE /% 0.8 1.2 1.6 20 24
B> $ 0,/ % 06 09 1.2 15 1.76

o=1.0 0.524 0.524 0.524 0.524 0.524
o=1.02 0.501 0.503 0.504 0.504 0.504
o=1.04 0.481 0.483 0.485 0.486 0.487

we/% o= 1.06 0.464 0.468 0.471 0.472 0.473
o =1.08 0.449 0.453 0.456 0.458 0.459
o=1.10 0.436 0.440 0.443 0.445 0.446

o=1.12 0.425 0.429 0.432 0.434 0.435

K6 HBARFTE 0, FITHUE o % o, MEEI (d < d; <
dmax)

Fig. 6. Effects of free volume fraction ¢ and dispersity
o on ¢} (d < di < dmax).
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Abstract

According to the microstructure of amorphous crystal, the percolation theory, which is a theoretical approach to
dealing with the inhomogeneous physical systems or random fractals, is used to describe the plastic flows of amorphous
alloys under shear yielding. In order to understand in depth the critical problems about the shear band initiations in
amorphous alloys, a percolation model for shear transformations of these alloys is established by combining with the
existing free volume model and shear transformation zone model. Taking the binary amorphous alloy CuzsZr7s for
example, the percolation threshold for the shearing instability of the atomic clusters prone to producing plastic flows
in the shear transformation zone is calculated when a shear band comes into being. In addition, the size of the above-
mentioned cluster is also roughly estimated. The calculated results show that the percolation threshold of the shearing
instability is similar to the critical reduced free volume value (z¢) of ~ 2.4% for the onset of yielding in amorphous alloy
although this threshold is closely related to the dispersity of free volume. The present study may provide a new idea

and method of studying the ductile-brittle transition in amorphous alloy.

Keywords: amorphous alloy, percolation theory, shear instability, percolation threshold
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