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Abstract : The local structural states of amorphous alloys have been depicted previously via short-range
orders (SROs). However, the concept of SROs alone is inadequate and sometimes insufficient to explain the
structure-property relation of the amorphous alloys. In this study, we propose new types of medium-range
building structures that affect the mechanical properties, plasticity in particular. Using a combination of
molecular dynamics simulations and the Voronoi tessellation method, we demonstrate a three-dimensional
configuration of icosahedral medium-range orders (I-MROs) and elucidate how these icosahedral orders evolve
by the application of shear deformation. It was observed that the structural stability of the icosahedral orders
relies largely on how they are linked via percolation and this linking is explained in detail.
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Fig. 1. (a) Typical 3-dimensional (3D) atomic configuration of the
computational CugsZr;s amorphous alloy constructed using mole-
cular dynamics simulation employing the MEAM potential. The
grey and black spheres indicate Cu and Zr atom, respectively. (b)
Partial radial distribution functions computed for Cu-Cu, Cu-Zr, and
Zr-Zr pairs.
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Table 1. The first peak positions (in A) in the partial RDF for the
amorphous Cu-Zr alloys.

Alloy (method) R(Cu-Cu) R(Cu-Zr)  R(Zr-Zr)
CugsZrss (MEAM) 248 2.80 3.17
CusoZrso (MEAM)* 245 2.80 3.15
CusoZrso (XRD)" 2.53 275 3.15
CuyeZrss (EXAFS) 2.54 2.72 3.14
CuyeZrs, 2.67 2.78 322

*empirical potential calculatlon ref. [13].
“experiment, ref. [16].

bexperiment, ref. [15].
dempirical potential calculation, ref. [17]
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Fig. 2. Fractions of various Voronoi polyhedra comprising the
CugsZrss amorphous alloy.
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Fig. 3. Stress-strain curve of the CugsZr;s amorphous solid calcu-
lated by the application of simple shear.
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Fig. 4. (a) Spatial distribution of the icosahedra comprising the
CugsZrss amorphous solid. Only the center atoms of the icosahedra
are plotted as a point in the simulation cell. Bonds are drawn only if
the surrounding atoms of an icosahedron are also the center atoms
of the other neighboring icosahedra. Colors are added to distinguish
the bond numbers. Typical icosahedral medium-range orders with
different bond numbers (N) to neighboring icosahedra. (b) N=0, (c)
N=3, and (d) N=6
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Fig. 5. (a) Distribution of the atomic displacement of the constituent
atoms comprising CugsZr3s as a result of elastic shear deformation
(y=0.1). Left-end (blue color) and right-end (red color) areas
indicate 20% of atoms that showed the lowest and highest atomic
displacement, respectively. (b) All atoms are sorted by their atomic
displacement from low to high. They are divided into 5 groups, each
containing 20% of the total atoms. In each group, atoms are
categorized by their local structural environment. The histogram
shows the makeup of each of the 5 groups in terms of the percentage
of atomic structures (non-icosahedra and icosahedra with 0~6 bonds
to neighboring icosahedra) for the slowest group (left) to the fastest

group (right).
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