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Fabrication process for large scale plates

Plate

Process simplifying
（only casting）

金属ガラス

Forming process of Ti-based  crystalline alloy

Graphite tundish

Upper roll

Lower roll

Newly developed twin-roller quenching

Ti-based BMG large plate with width of 80 mm, 
length of 200 mm
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Zr-, Mg-, Ti-, Fe-, Co-, Nd-, Ce- Pd-, 

Au-, Pt-,Ln

ЋẆ (CuZr) ᾊằẆ Fe

10 cm

Zr Fe

´ Zr-,  Pd-, Ce-BMGs

10 Ӓ



终结者

结构像液体、玻璃

兼有固体、液体、
金属、玻璃的特性
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μFR（Micro・flying・robot）
（SEIKO EPSON）

Mush
（SEIKO EPSON）

Micro-zooming mechanism
（OLYMPUS）
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高强度, 脆性

低强度, 塑性, 
加工硬化
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原子无
序密堆

原子团无
序密堆

短程序 中程序

短程序 Nature Mat 3, 697 (2004)

Nature, 439, 419 (2006)
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PRL， 103, 065504(2009)
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TgT=∞

VFT 
0exp[ / ( )]A B T Tη = −

Free volume model
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η= η0exp[ΔE(T)/kBT]
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M－弹性模量，γ为－应变
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Ὕ

ρΕ =(1-α)G+ αK

ρE = ΔE/Vm=(10G+K)/11
PRB 81, 220201 (2011)
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ρE = (10G+K)Vm/11

η = η0exp[ΔE(T)/kBT]

ΔE(T)/kBT⏐Tg=常数
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Phys. Rev. B 76, 012201 (2007). Rev. Mod. Phys. 78, 953, (2006). 
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VS/VL ≈ 0.5, ν ≈ 0.333

ρE = (10G+K)/11.  
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Phys Rev Lett. 94, 205502(2005)
被选为Phys. Rev. Focus 9 June 2005;
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在热水中成型

像塑料一样成型
在热水中成型、复写、变形

  !

PRL, 94, 205501 (2005)
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microforming of 
Ce glass at 420K

A promising material for 
microdevices
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Phys. Rev. Lett. 99, 095501 (2007)
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≈ 20%

＝2.23 GPa

CuZrAl

Phys Rev. Lett. 2005, 94, 205501 (2005) Chin 
Phys. Lett (2004) 901
PRL ӛFocus
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Cu50Zr50

PdSi

CuZrAl

CuZrAlNiSn

Johnson, Nature, 451, 1085 (2008)
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Metallic glasses with large plasticity
Open a window for understand the  intrinsic 
mechanism of structural deformation in glass.
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27Al nutation 

ZrCuNiAl

What is the length scale of plastic deformation?
NMR: local, short range
Neutron: intermediate range
TEM: microstructure
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Flat shine fracture surface like silicate glasses
The brittle BMGs close to ideal brittle fracture
BMG exhibits two distinct zones: flat mirror zone 
and mist zone consisting of massive river patterns



APL 89, 181911 (2006)

different orientations may coexist



Peak to peak and valley to valley

Phys Rev Lett 98, 235501 (2007)



The stripes consist of 
the hexagonal closed-
packing  ordered 
dimples



a certain dimple 
density and velocity are 
required to form a 
periodic corrugation 
pattern

APL  89, 121909 (2006)

The transition from 
dimple to periodic 
corrugation





沙丘上的波纹

指纹



In granular system

Si oil 表面对流 honeycomb

bubble bath



Nature 436, 1008 (2005)
Nature 418, 310 (2002)



crack Crack 
front tip

Plastic zone

Damage cavities assembly model

PRL  98, 235501 (2007)
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Similar deformation morphology
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Our model considering the interaction of multiple shear 
bands

( )
( ) (1 )

s M
ys ys ys

S M

x E Exx E x
L L L S

κσ σ σ σ
κ κ

= − = − = −
+ +

iifiiici xMdxxxxkxvtk =−−++− −+ 4
)]()2()([

2

11
πσ

Shear resistance of material

k: the combined elastic 
strength  of machine and 
sample

kc the strength of 
connected elastic spring

The shear band interact via 
the connected elastic spring 

The kinetic equation for the system:



Numerical solutions: The shear-band sliding events display various size 
and occur intermittently, and time-spatial coupled   
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The calculated stress drop probability distribution 
can be well fitted by a power law distribution, 
reproduce the experimental observation

PRL 105 (2010) 035501
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Glass 
inclusion



Nature454, 192 (2008)
The volatile budget of the lunar mantle can, at present, only 
be reconstructed from the record preserved in the mare 
basalts and the lunar volcanic glasses, the most primitive 
basalts from the Moon.
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(a)

(b)

GCr15 GCr15 

 ѵ ѵ

Metallic glass
6 % wear

Steel
22 % wear



大块非晶

W alloy
高动态断裂韧性及自锐性
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