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Fig.l1 XRD pattern (a) and HRTEM-SAED pattern (b) of as cast

TissZrsCusNiss bulk amorphous alloy
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Fig.2 TEM (a) and HRTEM (b, c) images of dispersion phase and nanocrystalline of as-cast TissZrssCusNiss bulk amorphous alloy
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Table 1 Dynamic compression test data of TisZrssCusNiss bulk

amorphous alloy at room temperature

Size/  Pressure/ o5t Average oa/

mm MPa s MPa
D555 0.1 1640, 1679, 1698 1672 1600
D555 0.3 1930, 1901, 2010 1947 1550

1800
—=— 0.1 MPa
1600 —s— 0.3 MPa

1400 -
1200 -
£1000+
800
600
400}
200
ot

Stress/MPa

0.00 005 010 0415 020 0.25
Strain
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Fig.3 Dynamic compression stress-strain curves of TissZrssCusNiis

bulk amorphous alloy at room temperature
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Fig.4 Dynamic compression fracture morphologies of TisZrssCusNizs bulk amorphous alloy at room temperature (¢=1698 s™)
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Table 2 Dynamic compression test data of TissZrssCusNiss bulk

amorphous alloy at —-80 ‘C

Size/ el Average oa/
Pressure/MPa éls afst MPa
D555 0.1 1870, 1901, 1868 1879 2290

D5>5 0.3 2010, 2100, 2085 2065 2378

2400 F—*— 0.1 MPa
——0.3 MPa

2000 -

[uny

o2}

o

o
T

1200 +

Stress/MPa

800
400+

0 1 1 1 1 1 1
0.00 0.05 0.10 0.15 0.20 0.25 0.30
Strain
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Fig.5 Dynamic compression stress-strain curves of TissZrssCusNiss

bulk amorphous alloy at -80 ‘C
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Fig.6 Dynamic compression fracture morphologies of TisZrssCusNizs bulk amorphous alloy at —80 °C (:=2010 s™)
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Table 3 Dynamic compression test data of TissZrssCusNiis bulk

amorphous alloy at liquid nitrogen temperature

1 Average oab/

Size/
mm éls™ MPa

Pressure/MPa éls

D5>5 0.1 2113, 2200, 2250 2187 1552

D55 0.3 2700, 2860, 2698 2752 1723

1800
—e— 0.1 MPa
1600 | —=— 0.3 MPa

1400 -
1200 -

=

o

o

o
T

800
600 -
400
200

Stress/MPa

000 0.05 010 0.15 020 0.25
Strain
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Fig.7 Dynamic compression stress-strain curves of TissZrssCusNiss

bulk amorphous alloy at liquid nitrogen temperature
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Fig.8 Dynamic compression fracture morphologies of TisZr3sCusNiss

bulk amorphous alloy at liquid nitrogen temperature (:=1698 )
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Dynamic Compression Properties of TissZrssCusNiys Bulk Metallic Glass

Chen Na', Cheng Huanwu*?, Sun Chi', Shen Yonghua®, Wang Yangwei*??,
Wang Yingchun', Li Shuo, Liu Juan®
(1. School of Material Science and Engineering, Beijing Institute of Technology, Beijing 100081, China)
(2. National Key Laboratory of Science and Technology on Materials under Shock and Impact, Beijing 100081, China)
(3. Chongging Innovation Center, Beijing Institute of Technology, Chongging 401120, China)

Abstract: The TissZrssCusNis bulk metallic glass with a small amount of nanocrystalline was prepared by copper mould injection casting. The
dynamic compression properties of the alloy was investigated with the split Hopkinson pressure bar (SHPB) under high strain rates at room
temperature (25 <€), -80 € and liquid nitrogen temperature (—196 <€). The morphology characteristics of the compression fracture were observed
by field emission scanning electron microscope (SEM) with energy spectrum. Comparative analysis shows that the material exhibits maximum
dynamic compressive strength and plastic deformation at —-80 <€, and the maximum compressive strength reaches 2378 MPa when the plastic
strain reaches 12%, which exhibits excellent mechanical strength and toughness. Furthermore, uncommon profuse wrinkles are also found on the
fracture surface. The mechanical properties of the materials are similar at room temperature and liquid nitrogen temperature. The maximum
compressive strength is around 1600 MPa while the plastic strain reaches about 8%, and the river pattern on the fracture surface of the material
could also be observed. In addition, the material shows strain softening at room temperature and strain rate strengthening to a certain extent at low
temperature.

Key words: Ti-based bulk metallic glass; nanocrystalline; low temperature; dynamic compression
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