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Synthesis of super-dense bulk metallic glasses under high-pressure and
high-temperature conditions
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Pressure-induced structural changes in metallic glasses have been of great
interest as they are expected to open new ways to synthesize novel materials with unexpected
properties. We investigated the effect of simultaneous high-pressure and high-temperature treatment
on the structure and properties of a Zr50Cu40Al110 metallic glass by in situ X-ray structure
measurement and property analysis of the final material. We found the unusual formation of Cu-rich
nanocrystals at high pressure and temperature, accompanied by significant strength and hardness
enhancement. Based on reverse Monte Carlo modeling and molecular dynamics simulations, the structure

of the metallic glass changed to a densely packed, chemically uniform configuration with high
short-range and medium-range ordering at high pressure and temperature. These results show that
high-pressure annealing processes provide a new way to improve and control properties without
changing their composition.
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Table 1. Coordination numbers (CN) and Cargill-Spaepen short-range order parameters (n) in RMC modeling.

CNz CNcu CNzze CNzcy CNcucu ~ CNeur Nzicu N zeze N cucu

As-cast 13.5 12.9 6.9 5.3 5.0 6.7 0.007 -0.005 -0.009

5.5 GPa, 700 K 13.5 12.8 6.9 55 4.9 6.6 0.006 -0.005 -0.008
5.5 GPa, 850 K 13.5 12.8 6.7 55 4.7 6.8 0.042 -0.032 -0.055

2 pHPQ TEM
Cu
eroCU4oA|10 Zr
Zr,Cu Cu
Zr,Cu Pd, Au, Nb

(Inoue et al., 1994)
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