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Fig. 1. Temperature dependence of viscosity of different

materials [4].
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Fig. 2. Thermoplastic deformation test of a Ce-based
metallic glass [13]: (a) The metallic glass is stretched,;
(b) the “BMG” type metallic glass; (c) the deformed
metallic glass in water; (d) photoes printed by metallic

glass.
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Fig. 3. A typical temperature-time-transition curve of

metallic glass.
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Fig. 4. (a) Illustration of hot embossing of metallic

glasses; (b) and (c) show the patterns and structures

formed on metallic glasses (23],
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Fig. 6. Novel techniques for thermoplastic forming of bulk metallic glasses: (a) Capacity discharge forming; (b) pulse

electromagnetic forming; (c) sub-second ultrasonic forming.
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Fig. 8. (a) Illustration of the equivalence of the flow
channel for MG supercooled liquid in a general chan-
nel and a tube; (b) the depiction of the control volume

(CV) in the equivalent tube chosen for force analysis.
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Fig. 9. Patterns and parts fabricated by the micro thermoplastic forming of bulk metallic glasses [23,63,65]
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Fig. 10. Metallic glass mold (a), (b) and plastic micro-structurs fabricated by metallic glass mold (c) [5:80:81],
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1: Nano-scale fabrication Step 2: Micro-scale fabrication
Silicon mold
AAD template
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na hierarchical structure
—

-~

B SRRl &k i 07921 (a) SirHEEKG; (b), (c) SIRBIHRT UKL AsiK L1
67.92]; (5)

Fig. 11. Super-hydrophobic metallic glass surfaces with micro/nano structures [

Super-hydrophobic

structures of lotus leaf; (b), (c) composite super-hydrophobic structures on metallic glass surface.
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Fig. 12. Metallic glass gratings [9:60],
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Fig. 13. Bulk metallic glass micro fuel cell [°].
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Abstract

The viscosities of metallic glasses gradually drop with temperature rising in their supercooled liquid region (SLR)
which enables them to be thermoplastically formed and totally overturns the processing method of traditional metallic
materials: their forming can be realized under temperature and stress far below those of traditional metallic materials.
Based on this property, metallic glasses are considered as the ideal miniature fabrication materials due to their unique
amorphous structures and no crystalline defects such as dislocation and grain boundary.

The thermoplastic micro forming of metallic glasses in their SLR is studied in the present paper. A universal
equation which describes the filling kinetics of viscous metallic glasses in the non-circular channel is proposed with the
help of fluidic mechanics, and the results may be theoretically useful for the micro application of metallic glasses.

In addition, some applications in the micro thermoplastic forming of metallic glasses are introduced. A metallic
glass mold insert for hot embossing of polymers is fabricated by the micro thermoplastic forming of metallic glass,
and it is found to have many advantages in mechanical property, fabrication efficiency, surface quality, etc. compared
with the traditional material and method. A similar approach is used to fabricate gratings, which may provide a new
material and technology to produce gratings. The superhydrophobic metallic glass surface with excellent abrasion and
corrosion resistance is also fabricated by constructing micro-nano hierarchical structures on metallic glass surface. The

bulk metallic glass micro fuel cell is also finished and found to have good performance.

Keywords: metallic glasses, supercooled liquid region, thermoplastic forming
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