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Abstract

Bulk metallic glasses (BMGs) have attracted a great
attention on fundamental science and practical applications
due to their promising mechanical properties. However, in
the area of structural applications, they are often limited by
the lack of any significant plastic deformation at room
temperature. Extensive effort have been devoted to the study
of the plastic deformation mechanism and the to the finding
of new method for improving the ductility in BMGs. Some
BMGs show prominent ductility in constrained loading modes
(e. g., compression or bending), while more BMG systems
are quite brittle showing nearly zero plasticity during
macroscopic ~ mechanical measurements.  Thus, the
understanding of the plastic deformation mechanism is limited
by lack of valuable information. In this thesis, we
systematically studied the plastic deformation behavior in
various BMG systems using depth-sensing nanoindentation and
microindentation in microscopic scale, combined with
uniaxial compression in macroscopic scale. The serrated flow
feature at different loading condition in various systems was
characterized by nanoindentation measurements, and the
plastic deformation behavior was correlated with the shear
band pattern underneath the indent after indentation.

Te -



2006 £F kMg K2
At |

Moreover, the effect of structural relaxation and partial
crystallization on the plastic deformation behavior in two
BMG systems is investigated for understanding the
microscopic deformation mechanism in BMG based
composites. In addition, the creep behavior and its
mechanism in the BMGs with quite low glass transition
temperature were also studied using nanoindentation. Some of
the main results and conclusions are listed following:

1. Seven typical BMGs, Cegs Aljg Nijp Cuyg Nbs, Mggs Cuys
Gdyo, Pdyz Niyg Cupr Py, Cugy Zrpy Hfyo Tiyo, Ptsz.5 Cuyy.7 Nis 3
P55 5, NiggNbs;Sng and Fe, 3 Crig Mos Ci5s By differing strongly in
mechanical and thermal properties have been prepared by copper
casting method.

2. Serrated flow is observed in Mg-, Pd-, Zr, and Cu-
based BMGs during nanoindentation, where rapid loading
rate suppresses and slower loading rate promots prominent
serrations. No distinct serrated flow was observed in Ni-,
Fe-, and Ce-based BMGs at the loading rate from 0. 075
to 5.0 mN/s. '

3. Serrated flow during nanoindentation is related to the
glass transition temperature of BMGs. Prominent serrated
flow is only observed at low loading rates during
nanoindentation for the alloys with moderate glass transition
temperature.

4. The subsurface plastic deformation zone of typical
alloys after indentation was investigated through bonded
interface technique using depth-sensing microindentation.
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The size and density of shear bands in the alloys is related to
the chemical composition and the loading rate. The alloys
with high density and fine size of shear bands exhibit the
smooth loading curves during indentation.

5. The structural relaxation and the presence of
nanocrystals will suppress the serrated flow in Nd-and Zr-
based BMGs.

6. The La- and Ce-based BMGs with quite low glass
transition temperature exhibit a creep deformation at room
temperature during nanoindentation. The creep rate and
creep rate sensitivity are obtained, which can be well
described by a generalized Kelvin model.

Key words bulk amorphous alloy, shear band, serrated flow,
nanoindentation, creep
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