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“Fatigue Behavior of Bulk-Metallic Glasses”
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Dept. of Materials Science and Engineering, Univ. of Tennessee, Knoxville, U. S. A.
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“Deformation Monitoring of Metallic Glass by Electrical Resistance Change”
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Dept. of Materials Science and Engineering, Seoul National Univ., Seoul, Korea
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“Recent Progress of Zr-based Bulk Amorphous Alloys”,
Associate Professor Dr. Yoshihiko Yokoyama,
Institute for Materials Research, Tohoku Univ., Sendai, Japan
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Fatigue Behavior of Bulk-Metallic Glasses

Peter K. Liaw
Dept. of Materials Science and Engineering, Univ. of Tennessee, Knoxville, U. S. A.

Results from our fatigue investigation are reported for the Zr-Cu-Al bulk-metallic glass. Such materials are noted
for having no grain boundaries and dislocations. However, their excellent-performance properties for structural
applications, such as high yield strength, hardness, and fracture toughness, have promising potentials.
Understanding how to predict the fatigue life of such materials is crucially important for their selection as
structural materials. These materials reveal a wide range of fatigue life and limit, e.g., 8 - 50 % of the ultimate
tensile strength. In our paper, the nature of likely fatigue mechanisms for this type of bulk metallic glasses is
revealed. Fatigue cracks, arising from machining/polishing damage, were experimentally observed to initiate
from shear bands near defects. At the crack tip, a plastic-zone creation is observed through the formation of
many shear bands, and the fatigue crack is found to propagate along these shear bands. The size of the plastic
zone correlates with fracture-mechanics quantities, and each fatigue cycle is seen to produce a fine striation
instead of a single coarse one. We propose a shear-band mechanism to explain the characteristics of the
observed fatigue cracking. Numerical computations, based on linear-elastic-fracture mechanics, yield reasonably
good agreement with experiments. The influence of sample chemistry and size on fatigue behavior is discussed.
Our findings are significant to understand the fatigue mechanism of bulk-metallic glasses and to predict the
fatigue life of bulk-metallic glasses.
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Deformation Monitoring of Metallic Glass by Electrical Resistance Change

E.S. Park

Research Institute of Advanced Materials, Department of Materials Science and Engineering,
Seoul National University, Seoul 151-744, Republic of Korea
espark@snu.ac.kr

When a material is subjected to stress, its strain response is generally made up of several components,
each differing by its dependence on time, the degree to which it is recovered upon removal of the stress, and the
linearity of the response. Metallic glass alloy systems have been reported to exhibit at least four strain
components: (a) ideal elasticity (recoverable, instantaneous, linear stress-strain relation); (b) anelasticity
(recoverable, time-dependent, linear stress-strain relation); (c) viscoelasticity (permanent, time-dependent, linear
stress-strain relation); and (d) instantaneous plasticity (permanent, instantaneous, non-linear stress-strain rate
relation). These strain components eventually cause different degree of internal structural changes in metallic
glasses during deformation. Although several studies of shear band behavior and some theories of shear
localization in metallic glasses have been advanced, our understanding of how internal structural changes affect
glassy materials’ properties as well as how a shear deformed area such as a shear band initiates and
propagates during deformation is still limited. In the present study, we try to evaluate the relationship between
electrical resistance changes and internal structural changes during deformation. We carefully control the
deformation conditions during bending and bending fatigue test of metallic glass ribbons to modulate the amount
of deformation of metallic glasses. Especially, using a self-designed experimental setup, we detect variation of
electrical resistance in real-time as the bending and bending fatigue progress. As a result, we expect to evaluate
a correlation between resistance changes and internal structural changes, such as viscoelastic structural
changes as well as shear band density, which might be used as an indicator of the degree of deformation in
metallic glasses. These results might be helpful in understanding dynamic behaviors of structural changes during
deformation and the role of shear deformed areas in determination of key characteristics of metallic glasses.



Recent Progress of Zr-based Bulk Amorphous Alloys

Yoshihiko Yokoyama
Institute for Materials Research, Tohoku University, Katahira 2-1-1, Aobaku, Sendai 980-8577 Japan

An amorphous alloy is characterized by its own unique loosely packed random structure and some properties
of amorphous alloy originate to the unique random structure; i.e. thermoplastic deformation due to glass
transition phenomena and inhomogeneous deformation due to no operable dislocation. In order to achieve the
potential for industrialization of cast bulk amorphous alloys, following problems should be solved; 1) structural
relaxation embrittlement, 2) low fatigue endurance limit, 3) no tensile plasticity, 4) insufficient reproducibility, and
so on. | have been tried to solve above problems, some of recent topics will be presented in the presentation.

1.Structural relaxation embrittlement

Amorphous alloys have an intrinsic phenomenological structural degradation under heating called structural
relaxation, and it is sometimes accompanied by embrittlement. For the avoidance of fatal embrittlement, |
examined the compositional and annealing effect on mechanical properties of Zr-TM-Al (TM: Cu, Ni, Co) bulk
amorphous alloys. | found that hypoeutectic Zr-Cu-Al bulk glassy alloys exhibit intrinsic softening and almost no
degradation of mechanical properties due to structural relaxation.

2. Plasticity enhancement of monolithic amorphous alloy

Furthermore, in the quaternary Zr-Ni-Cu-Al alloys, the hypoeutectic Zr,oNi;gCugAlg bulk glassy alloy with
extremely low Young’s modulus (70 GPa) and high Poisson’s ratio (0.39) enables to show apparent tensile
plastic elongation at room temperature. We also examined tensile plasticity of the hypoeutectic BMG at low
temperature with various strain rates.

3. Mass production process of Zr-based amorphous alloys

High reproducibility, that is required for the standardization and industrialization of metallic glasses, will achieve
by the development of key technical issues for automatic mass production process. The developed mass
production process is mainly composed of three components; weighing, alloying and casting, respectively.
Making full use of the mass production system, meaningful progress might be expected on the quality control of
metallic glass because of the avoidance of human error and dependence on human skill.
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