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Abstract. Bulk metallic glasses (BMGs) possess high strength, but their frac-
ture toughness and fatigue crack growth resistance can vary widely. Fracture
toughness and fatigue crack growth results for Zr-based BMGs show that
fracture toughness is highly sensitive to the glassy micro- and/or nanostructure,
while the fatigue crack growth resistance is relatively insensitive. Soft and
heterogeneous glassy structures promote crack tip blunting and high fracture
toughness, and can be promoted by thermo-mechanical treatments. During
fatigue cycling, in-situ free volume generation occurs ahead of the crack tip that
defines the local structure independent of the initial structural state. Accordingly,
fatigue crack propagation rates depend little on the initial structure of the BMG.
Finally, synchrotron XRD analysis of crack-tip strain fields revealed that the
crack-tip deformation extends farther, and is more homogeneous, than visible
shear bands suggest and the mechanism of fatigue crack propagation is identical
to crystalline metals despite the different deformation mechanism.
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1 Introduction

Bulk metallic glasses (BMGs) have excellent high tensile yield strengths (~ 1-5 GPa is
common) and large elastic strain limits (~2%). However, damage tolerance properties,
such as fracture toughness and fatigue crack growth resistance, can vary widely from
excellent to poor and the current understanding of how to control these properties is
limited [1], thus motivating the present work.

2 Results

Fracture toughness studies on Zrgz 78Cu;475Ni oAl gNb; 5 and Zrs, sTisCugNij4 sAl o
(at.%) BMGs revealed cold deformation, e.g., cold rolling and imprinting, and thermal
cycling 70 times to cryogenic temperatures (77 K) results in increased fracture
toughness values [2, 3]. This affect is attributed to the softer and more heterogeneous
glassy structures that result after these treatments, that in turn promote crack blunting.
While annealing a ZryyTi;Ni;Cu;oBers BMG to reduce free volume in the glass
structure severely lowers the fracture toughness, fatigue crack growth rates are unaf-
fected [4]. This is attributed to a fatigue transformation zone of higher free volume that
is formed in the cyclic plastic zone ahead of the crack tip, as revealed by positron
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annihilation spectroscopy (Fig. 1a) [5]. Furthermore, synchrotron x-ray studies of
fatigue crack tips in a Zrs, 5TisCugNij4sAl;p BMG reveal a crack tip strain field
corresponds well with crystalline metals and that extends farther, and is more
homogenous, than the visible shear bands suggest. Results confirm that the mechanism
of fatigue crack growth in BMGs is alternating crack tip blunting and re-sharpening
arising from compressive stresses that evolve in the cyclic plastic zone (Fig. 1b) [6].

0.534 T T T T T monotonic
0532 4§ plastic zone
] s
050 0.002 |
/ ‘\/
0528 crack ||p\ 3 -!k‘
5 oss ] 0.000*4% sywus¥ | Svalsts
E |
£ 0s24] > |
B w
® 0s22] -0.002 \l
| 8
0.520 4 |
-0.004 |
0518 cyclic
° face —» «— plastic zone N
5w w2 2 04 02 00 02 04 06
Mean Implantation Depth (nm) X (mm)
(a) (b)

Fig. 1. (a) Elevated free volume in a fatigue crack cyclic plastic zone is revealed by the higher
S-parameter measured via positron annihilation spectroscopy [5]. (b) Crack tip strain field showing
the compressive and tensile residual elastic strains induced ahead of a crack tip (X = 0) [6].

3 Conclusions

Soft and heterogeneous glassy structures promoted by thermo-mechanical processing
methods promote crack tip blunting and high fracture toughness in BMGs. In contrast,
fatigue crack propagation rates depend little on the glassy structure of the BMG due to
in-situ free volume generation that redefines the structure ahead of the crack tip during
fatigue cycling. Finally, synchrotron XRD analysis of crack tip strain fields reveal that
the mechanism of fatigue crack propagation is identical to crystalline metals.
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