33 2 Vol. 33 No. 2

2012 4 CHINESE JOURNAL OF SOLID MECHANICS April 2012
( . ,100190)
- ’
N H ’
(13
A} o N ’
~ N H )
“ ” “ ”
’
b ; )
(4]
5-7
) ’ 1
N . “ ”»
b
’ -Fragility
b A N (
[8-11]
: ’ IDN s
12-14
b ; b
[15,16]
b .
) _
/ / . b ’
’ ' Novikov-Sokolov
N / N .
b
0.9 i T T T T T J + 60
0.8] e = =RT /(M/p)+0.004=0.016G
’ 0.7, = 50 ~
£ 0.6 &
) 40 ©
C os] F =
’ 3 04 f 30 §
. S 03 { <
S 02| f 20 &
= old 0 &
o i
’ 0.01 ——mR T /(M/p)-0.196=0.202 K
-0.1 ————————————————10
? 0 30 60 90 120 150 180 210 240 270
GorK (GPa)
’
1 [17]
“ Fig. 1 The two intrinsic correlations are confirmed by metallic

and nonmetallic glasses. Black and open Stars: metallic

glasses; black and open circles: nonmetallic glasses''"™
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Fig. 2 Change of thermal instability index and free volume instability index with shear strain‘?
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Fig. 3 Evolution of free volume and temperature \\ T
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during shear localization process 22 \l‘ 37}8_;
2.0 =
1.8 \ —o ol
: \ ——0=10
LT L6r Free volume - -
« ) E 1.4 diffusion limitalr V'Q_O 4{1/
1.2 7N
“ ” N \\ 1/ Momentum
1.0 \ diffusion limited
, 0.8p o N S
’ . 0’6—0.5 0.0 0.5 1.0 1.5 2.0 2.5
alao
’
, 4 [21]
) ( ) ( ) Fig. 4 Plot of the critical dissipation energy as a function

of the shear-band thickness'?"
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Fig.5 Pattern of periodic shear bands and the underlying mechanism:limit cycles™
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NPC [15,24-26].
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(a) The curvature radius of crack tip is greater than the critical (b ) Local quasi-cleavage fracture through tension
wavelength of the meniscus instability, a ductile fracture will occur transformation zones (TTZs) [see the inset] is possible
in the fracture process zone, where atomic clusters motion via shear ahead to the sharp crack tip/!324
transformation zones (STZs), as shown in the inset
6
Fig. 6 Schematic diagram of the ductile-to-brittle transition mechanism of metallic glasses during fracture
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Fig. 7 Detrended fluctuation analysis of NPC showing the fractal feature along the valley"*”
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Fig. 8 Bulk modulus versus shear modulus for 137 BMGs and 56 polycrystalline metals,and SRO in plastic and brittle systems

(1]

(2]

(3]

[4]

[6]

7]

(8]

(9]

[27,28].

Ideal isotropic
solid (K/G=5/3) 1

Unreachable

 Fec metals
Bcee metals |
Hep metals

8

Angell C A. Formation of glasses from liquids and bio-
polymers [J]. Science,1995,267:1924-1935.
Debenedetti P G, Stillinger F H. Supercooled liquids and
the glass transition [ J]. Nature (London), 2001, 410
259-267.

s . fragility

[J1. ,2007,37:346-360.

lenniskens P, Blake D F. Structural transitions in amor-
phous water ice and astrophysical implications [ J]. Sci-
ence,1994,265.:753-756.
Klement W J, Willens R H., Duwez P. Non-crystalline
structure in solidified gold-silicon alloys [ J]. Nature
(London) ,1960,187:869-870.
Inoue A,Zhang T, Masumoto T. Al-L.a-Ni amorphous al-
loys with a wide supercooled liquid region [J]. Materials
Transactions , JIM,1989,30:965-972.
Perker A, Johnson W L. A highly processable metallic
glass:Zry.» Tiys s Cups Niy o Bess s [ J]. Applied Physic
Letters,1993,63:2342-2344.
Johnson W L. Bulk glass-forming metallic alloys: science
and technology [J]. MRS Bulletin,1999,24 :42-56.
Schuh C A, Hufnagel T C,Ramamurty U. Mechanical be-
havior of amorphous alloys [J]. Acta Materialia, 2007,
55:4067-4109.

[10]

[11]

(12]

[13]

[14]

[15]

[16]

[17]

[18]

T T
150 200 250

G (GPa)

[28]

[28]

Schroers J. Processing of bulk metallic glass [J]. Ad-
vanced Materials.2009,21:1-32.

Liu Y,Jiang M Q, Yang G W,Guan Y J,Dai L. H. Sur-
face rippling on bulk metallic glass under nanosecond
pulse laser ablation [ J]. Applied Physics Letters, 2011,
99:191902.

Dai L H,Yan M, Liu L F,Bai Y L. Adiabatic shear ban-
ding instability in bulk metallic glasses [ J]. Applied
Physics Letters,2005,87:141916.

Dai I H,Bai Y L. Basic mechanical behaviors and me-
chanics of shear banding in BMGs [ J]. International
Jounral of Impact Engineering,2008,35:704-716.

Jiang M Q,Duan G H,Dai L. H. Metallic glass nanofilms
[J]. Journal of Non-Crystalline Solids, 2011, 357:
1621-1627.

Jiang M Q, Ling Z,Meng ] X,Dai L. H. Energy dissipa-
tion in fracture of bulk metallic glasses via inherent com-
petition between local softening and quasi-cleavage [ J].
Philosophical Magazine, 2008 ,88:407-426.

Chen Y, Jiang M Q, Wei Y J,Dai L H. Failure criterion
for metallic glasses [ J]. Philosophical Magazine, 2011,
91:4536-4554.

Jiang M Q,Dai L H. Intrinsic correlation between fragili-
ty and bulk modulus in metallic glasses [J]. Physical Re-
view B,2007,76:054204.

Jiang M Q,Dai L. H. On mechanical properties of metallic

glass and its liquid vitrification characteristics [ J]. Ad-



232

2012 33

[19]

[20]

(21]

[22]

[23]

[24]

vanced Materials Research,2008,41-42.247-252.

Jiang M Q, Jiang S Y, Dai L. H. Inherent shear-dilatation
coexistence in metallic glass [ J]. Chinese Physics Letters
2009,26.:106103.

Jiang M Q,Dai L. H. On the origin of shear banding in-
stability in metallic glasses [J]. Journal of the Mechanics
and Physics of Solids,2009,57:1267-1292.

Jiang M Q, Dai L. H. Shear-band toughness of bulk metal-
lic glasses [J]. Acta Materialia,2011,59:4525-4537.
Jiang M Q, Wang W H, Dai L. H. Prediction of shear-
band thickness in metallic glass [J]. Scripta Materialia,
2009,60:1004-1007.

Jiang M Q, Dai L. H. Formation mechanism of lamellar
chip in machining bulk metallic glass [ J]. Acta Materia-
lia,2009,57.:2730-2738.

Jiang M Q, Ling Z, Meng ] X, Gao J B, Dai L. H.
Nanoscale periodic corrugation to dimple transition due to

(

[25]

[26]

[27]

[28]

“beat” in a bulk metallic glass [J]. Scripta Materialia,
2010,62.:572-575.

Jiang M Q, Meng ] X, Gao J B, Wang X L, Rouxel T,
Keryvin V.Ling Z,Dai 1. H. Fractals in fracture of bulk
metallic glass [ J]. Intermetallics,2010,18:2468-2471.
Jiang M Q. Meng ] X, Keryvin V., Dai . H. Crack
branching instability and directional stability in dynamic
fracture of a tough bulk metallic glass [ J]. Intermetallics,
2011,19:1775-1779.

Jiang M Q,Jiang S Y, Ling Z,Dai L. H. Smaller Deborah
number inducing more serrated plastic flow of metallic
glass [ J]. Computational Materials Science, 2009, 46
767-771.

Jiang M Q,Dai L. H. Short-range-order effects on intrinsic
plasticity of metallic glasses [ J]. Philosophical Magazine
Letters,2010,90:269-277.



