ICSMA19 Metz, France, June 26 - July 1, 2022
International Conference on Strength of Materials

Observation of shear transformation zone in metallic
glasses

Sangjun Kang®%, Xiaoke Mu?, Di Wang®®, Arnaud Caron®, Christian Minnert¢,
Karsten Durst®, Christian Kiibel*"®

4Institute of Nanotechnology (INT), Karlsruhe Institute of Technology (KIT), 76344 Eggenstein-
Leopoldshafen, Germany

Nano Micro Facility (KNMF), Karlsruhe Institute of Technology (KIT), 76344 Eggenstein-
Leopoldshafen, Germany

¢ Physical Metallurgy, Department of Materials Science, Technical University of Darmstadt (TUDa),
64287 Darmstadt, Germany

4Joint Research Laboratory Nanomaterials, Technical University of Darmstadt (TUDa), 64287
Darmstadt, Germany

®KoreaTech, Korea University of Technology and Education, Chungnam Province 330-708, Republic
of Korea

4sangjun.kang@kit.edu

The promising application of metallic glasses is limited by their lack of toughness and
catastrophic failure under plastic deformation [1-2]. Shear transformation zones
(STZs) are known as transient defects in metallic glasses (MGs) and are believed to
be responsible for the large-scale plastic deformation [3]. Understanding STZs is
guintessential to establish a general theory of the nature of glasses and their
mechanical deformation for a larger-scale application of metallic glasses. Here, we
carried out a detailed structural investigation, i. e. nanoscale strain and local density
mapping on deformed metallic glasses using a 4-dimensional scanning transmission
electron microscope (4D-STEM) technique as shown in Figure la. Our approach
considers the elliptic distortion of the amorphous diffraction ring under strain, and the
area circled by the ring to quantify the relative atomic density and reveal their spatial-
correlative variance. We experimentally imaged STZs and their surrounding
guadrupolar strain field (Figure 1b-g). The STZs percolate through quasi-linear
arrangement during the shear banding process (Figure 1g). We observed strong
vortex features of the elastic fields between STZs, which further revealed a cross-
talking behavior between STZs. The results provide an experimental visualization of
the STZs and their interaction at the nanoscale. Our findings explain the microscopic
origin of the plastic deformation of metallic glass.
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(a) 4D-STEM
Strain mapping

Figure 1: (a) Schematic illustration of 4D-STEM experiment setup used for this study.
The spatially-resolved diffraction patterns are collected covering shear bands of a
deformed MG. (b)-(i) Results obtained from deformed Fegs,SiosBgsP4Cuos MG
ribbon, where (b)-(d) are strain components, (e) is density map, (f) is the maximum
shear strain in vector map format, (g) is enlarged from the region of the white
rectangle box.
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