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ABSTRACT

Molecular dynamics simulations were carried out on CusyZrs, System by employing the embedded atom method
(EAM) based potentials. The evolution of structure and dynamics with temperature was discussed using radial
distribution functions, the volume temperature curve, icosahedral short range order, glass transition temperature
and fragility parameter. The simulated results were found in agreement with the available experimental data.
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INTRODUCTION

The strengthening of metallic alloys relative te [iiure metal constituents is a subject of gredtniogical and
scientific interest, and in particular, bulk amoopk alloys can have excellent strength and comoseistance for
structural applications. These metallic amorpholasps can be produced if a molten metallic allogoisled at
rates (18 K/s) which are highly adequate to suppress ctimasibn in the melt, and liquid-like structural
configuration can be frozen into the solid statee Vitrification of a liquid metal was first repetd by Clement et al.
[1] in 1959 for the Au-Si alloy, when the molteatst of Au75Si25 was rapidly quenched. Later, in9l@6en and
Turnbull [2] obtained the amorphous ternary alloy Pd—M-Si (with M = Ag, Cu, or Au). Just until 197a critical
casting thickness of 1mm was synthesized for theTPB (T = Ni, Co, Fe) alloy [3]. In the 1980s, Thufl et al. [4]
produced glassy Pd40Ni40P20 by processing it inoerb oxide flux, and the critical casting thicknesas
increased to 1cm, and the first ever bulk metglass came into picture. Johnson et al. [5] devadog pentanary
alloy based on Zr-Ti—-Cu—Ni—Be in 1992, with a cati casting thickness up to 10cm; the alloy becanmvn as
Vitreloy 1, the first commercial bulk metallic gkas

However, the origin of the high GFA in BMG alloys &till unresolved issue at present time; a congnsive
analysis of the thermodynamic, structural, and ticnproperties is required, especially in the unadaoled region
where the nucleation and growth or glass transitekes place. From the thermodynamic point of viewd
particularly in classical nucleation theory, betjass former is expected to be characterized drgater stability in
its under-cooled state against crystallization. @hm of this work was tantamount to analyze themétostructure
and dynamics through computer simulation to undecstthe glass formation in rse. In present paper,
structural and dynamical properties have been etudly means of radial distribution function G(r)pr@noi
tessellation and fragility parameter calculatiossg molecular dynamics (MD) simulations to undemst the glass
formation in binary CinZrse. This particular alloy was chosen using that faet it can be used as the base system
for other multi-component glass former compositiang it also has available experimental data ferchmparison.
Computer simulation using MD is able to provide adletd information about the said properties whitie t
experiments have limited access
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MATERIALSAND METHODS

We have performed molecular dynamics (MD) simulatitased on the embedded atom method potentialein th
constant number of particles-pressure-temperatNRT) ensemble by using the LAMMPS code [6,7]. Th® M
simulations were conducted in a supercell consist&xD00 atoms under periodic boundary conditidmssimulate

a random alloy with a given composition, we randpsubstituted the proper amount of copper (zircaniatoms
with equal number of zirconium (copper) atoms i tihitial B2 structure. The NPT MD simulations were
performed in steps of 100 K, in a temperature rdrya 300 to 3000 K. The temperature was high upaa0 K in
order to allow atoms to disperse and fail to rememtheir initial sites. Simulation time step of 2Was used. At
each temperature, the MD simulation time for deieimg the properties was 160 ps. The simulated ingelt
temperature is greater than experimentally obtameltling temperature, since model system had asfueflace and
the high heating rate.

RESULTSAND DISCUSSION

3.1 Radial distribution function (RDF)
RDF is one of the most powerful techniques to arelthe inherent structure of liquids and amorphalicys. It
describes the spatial distribution of all othemasowith respect to the reference atom. For bullens it is given

by,
G(r) = (i iy S(r — 7)) (1)

Here N is the number of atoms and, g(r) is the abdhy of finding the atoms in the simulation bdxor random
distribution, it always goes to unity. MD simulai® have been performed on cubic FCC structure a3rPm
symmetry at 300K, which is ordered in nature. Tystesm was heated at a constant heating rate of /e 3000
K and then held at that temperature for 800 pseiLiatvas quenched at a cooling rate of 1x1011 Kiums 3000 K
to 300 K. RDFs for a selected system, was genekptédD simulation.

Figure 1 show typical RDF patterns of close-packeghZrso at 300K, depicting crystalline state with well-gheid
RDF peaks up to 7 A. The same figure shows a mditgid state at 3000 K characteristics of verydstdcRDF
peaks and vanishing peak height to be nearly imdistshable. The RDF patterns of melt-quenchedyadtoucture
show subtle splitting in the second RDF peak reprisg an amorphous state is distinguishable. Casgra
among RDFs manifest that the first nearest neighbbthe crystalline structure and the amorphousctire after
melt-quenching is the same 2.80 A a median valted®n atomic sizes of Cu 2.6 A and Zr 3.2 A. Thaults of
RDF calculation are reasonable and close to thss#oded in literature [8], thus our MD calculatiseems to be
convincing for current work.

3.2 Mdting and glasstransition

Figure 2 exhibits the change in volume as a functibtemperature for GpZrsy alloy systems. As the temperature
of the model system is raised from 300K to 3000khvei constant heating rate, volume increases linegrto a
certain temperature. Later, at this temperatureldles shift starts appearing in volume temperatd’) curve.
This shift is a sign of a phase transition andstéflat our system has melted. The melting repredéet liquidus
temperature (j) of this composition.

WA parameter (Ra=0min/Omay), Which emphasizes the local character of g(r) b@sn used to calculate Tg of
CusoZrso, Where g, is the value of g(r) at the first minimum ang,gis the value of g(r)at the first maximum in
RDF curve. Figure (3) represents the plot betwegg Wersus temperature. Thg Value has been deduced from the
intersection point shown in the plot.

3.3 Icosahedral ordering

To study the development of icosahedral orderingCub0Zr50, Voronoi tessellation analysis was dofiee
Voronoi index < n3, n4, n5, n6 > specifies the nembf faces with subscript presenting edge on Vairon
polyhedra. We have calculated Cu and Zr centrecbMairindices from 1200 K to 300K at a step of 10akd
presented their variation with temperature for C(4r50 as showed in figure 4a and figure 4b. Fromfitperes it
was observed that Cu centred truncated Voronoihealsa < 0,2,8,2 > and icosahedra < 0,0,12,0> plagedral

role in glass formation and their population insesdup to 18 % during super cooling, but the ofadyhedra such

as <0,2,8,0>, <0,3,6,1>, <0,3,6,3> and <0,1,10|@wst remained constant with temperature. On therdtand the

Zr centred polyhedra like <0,3,6,4>< 0,3,6,5>, 284>, <0,2,8,5>, <0,2,8,6>, <0,1,10,4>< 0,1,204nd
<0,0,12,4> have shown gradual change in populatith the temperature. Though some Cu and Zr centred
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polyhedra evolve slowly during the cooling theyypkn active role in slowing down of dynamics andréases
viscosity of the molten alloy system.

3.4 Fragility

To confirm the analysis, fragility parameter foretselected composition for which short range oridevery
important were calculated at temperatures abovin Tige temperature range of 1150 K — 770. The sitian data
were produced during cooling using the Green-Kulethad [9, 10] in the form of

n= o [P )™ (ko + ) dt @

Where V is the volume of the simulation cell, KBtiee Boltzmann constant, T is the temperature, @snthe
ensemble average angsRre the shear component of the stress tensorsliope of the logarithm of the viscosity
with respect to the inverse temperature at visgdditpoise is defined as the fragility m. A strdigqgiid exhibits an
Arrhenius type temperature dependency of the viggashereas the temperature dependence of thesitgcfor a
fragile liquid deviates from the Arrhenius behaviowith a sudden change in the viscosity value at glass
transition temperature [11,12]. The evolution oé thiscosity is represented by Vogel-Fulcher-Tamm@wrT)
relation given by

B
n = Aexp (m) ®3)
__ dlog(m)
- T
«(+)
The viscosities obtained at different temperatuveee fitted as shown in figure 5 using equation §&)ce the MD

simulations can determine viscosities only at tenapees considerably higher than the glass tramstemperature
due to time-step limitations, the slope of theefitturve at 10 poise viscosity is defined as thaesme of fragility.
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Figure 1 A typical RDF of CuseZrs for (a) at 300 K (crystalline), (b) Liquid and (c) Quenched state
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Figure 2 Variation in volume as a function of temperature for CuspZrs, System

0.52
CusOero
0.50 [ ]
0.48
z 0.46
E
<
g
E (.44
&)
I
-
o 0.42
0.40
0.38 -
] ] ) 1 ] ] 1 1 1 1
200 300 400 500 600 700 800 900 1000 1100 1200 1300

Temperature (K)

Figure 3 Glasstransition temper atur e from Wendt-Abraham (RWA= Gmin/Gmax) for CusoZr sy
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Figure 4 Average per centages of Voronoi polyhedra in CuseZr s (a) Cu centred and (2) Zr centred polyhedra
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Figure 5 Smulated logarithm of the Viscosity vs. | nver se temper ature curve for CuseZrso
CONCLUSION

In summary, we have presented an MD simulatiobfioary Cu50Zr50 BMG using embedded atom method (EAM
potential. The structural study has been carriedbyumeans of volume temperature curve, radialribigion
function (RDF) and Voronoi tessellation. The dynarstudy was done by studying the glass transigomperature
using WA parameter as well as looking at the evofubf the viscosity as a function of temperatuseng VFT law.
Distinct splitting in the second Cu-Zr peak of CdB880 was found in different atom pairs. Voronoisetation
analysis shows that icosahedral order is presentede glassy alloy. The slope of lpg/s 1000/T shows that
Cu502Zr50 is good glass former as it shows low fitggiOur finding matches well with the reportedsuodts in
literatures. More over Molecular dynamics (MD) siation provide an effective way to tackle the pmhland help
in screening the promising alloy compositions wei further experimental trials.
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