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MOLECULAR DYNAMICS SIMULATIONS OF MECHANICAL
PROPERTIES OF CU70NI30 ALLOY
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Abstract: The mechanical properties of polycrystalline CuzNiz, sample was simulated by
Molecular dynamics (MD) simulations. The interaction potential used in the calculations
for interactions between atoms in the sample is the Quantum Sutton-Chen embedded
potential. This sample at temperature of 300 K consists of the face-centered cubic (fcc),
hexagonal closest packed (hcp) structures and few disordered structures. Mechanical
properties of this sample was determined by using the uniaxial tensile test. With increasing
strain, the crystal structures disintegrate into disordered structures. During deformation
process, the number of big simplexes with Rs > 1.95 A increase and this process occurs
only in the disordered structures. The shear band is formed under the deformation process.
The big simplexes form in the shear band and causing the crack propagation.
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1. INTRODUCTION

Mechanical properties of Cu-Ni alloys have been widely studied both experimentally
and theoretically due to the high demand for technology [1-4]. The mechanical
characteristics of materials are interested in research such as dislocations, hardness, shear
strain, plastic and elastic deformation [3-4]. The mechanical properties of Cu-Ni alloys
depend on the method of fabrication, the temperature, pressure, and concentration of atoms.
The atoms region with high shear strain of the deposited Cu-Ni film on Ni substrate increases
as rising the Cu contents in the CuxNiioox alloy composition [3]. The increase of the Ni
concentration in Cu-Ni alloy reduces the threshold value of the indentation depth, at which
structural defects begin to generate in the material [4]. The stacking fault energies, yield
strength and ultimate tensile strength of Cu-Ni alloys increases with increasing Ni content
[1, 5-6]. Actually, the mechanical properties such as Young’s modulus, hardness, wear
resistance or resistance to plastic deformation can be improved by varying the deposit. For
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nanocystaline Cu, plastic deformation is generally dominated by dislocation propagation
inside crystals rather than grain boundary siding [7]. During the tensile test, an interfacial
void causes dislocations and crack nucleation at the void. Bilayer films with a larger void
have earlier nucleation and propagation of dislocations from the void [8]. However, the
evolution and distribution of large voids during tensile strain on CuNi alloys have not been
investigate yet.

The present work investigates the deformation and mechanical properties of
polycrystalline CuzoNizo alloy sample. The common neighbor analysis (CNA) was used to
analyze the microstructure change of these polycrystalline structures during tensile loading
[9]. The microstructure, changed during the tensile loading. The clusters of big simplexes
were determined to detect the crack propagation at the large strain.

2. CONTENT
2.1. Computational Methods

The sample of CuzoNiso alloy has the size of 8788 atoms (6151 Cu and 2637 Ni atoms).
The quantum Sutton-Chen (Q-SC) embedded potential was used for atomic interactions [10].
Sample was heated at 2000 K at the pressure of 0 GPa for 100 ps to break the original random
structure. Then this sample was cooled down to 1200 K at the cooling rate of 4x10*? K/ps,
and cooled down to 300 K at the cooling rate of 10'? K/ps. The RDF was calculated to
determine the local structure of samples. The coordination number of atoms was calculated
based on the use of the cut-off radius as the first minimum of the pair radial distribution
function (RDF). The CNA was used to determine structure of atoms [11].

The tensile deformations was carried out on these samples at temperature of 300 K. The
detail information of method was described in detail elsewhere [12]. These samples were
stretched along z- axis. To evaluate the porosity of samples, we used the simplex analysis,
which was presented in detail elsewhere [13]. We known that four atoms of the simplex form
a cage around a spherical void. In this sample, the simplexes consist of Cu and Ni atoms,
which define as Cu-Ni simplexes, and the simplexes contain only Cu atoms or only Ni atoms,
which define as Cu simplexes or Ni simplexes, respectively. We analyzed the development
of simplexes existing in these samples during the deformation process. Especially, we have
focused on the simplexes with the radius, Rs, larger than 1.95 A to evaluate the crack
propagation in these samples.

To evaluate the plastic deformation at the atomic level under the tensile deformation,
the atomic local shear strain 7*** was calculated as follows [14]:
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where nxy, Nxz, Nyz are the shear components and nxx, Nyy, Nz are the normal components
of the strain at the atom i.

2.2. Results and discussions
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Fig. 1. The potential energy as a function of temperature under cooling process

When the sample of CuzoNis alloy was cooled with the cooling process described
above, it undergoes a crystalline phase transition. This transition is observed through the
potential energy (PE), the number of different types of atoms and the total RDF during
cooling process. Fig.1 shows the change of PE of atoms during cooling process from 1200
K to 300 K. As shown in Fig.1, the temperature range of phase transition is at 850 K-950 K
at which there is a sudden change of PE of atoms. This result is also shown in Fig.2 and
Fig.3. The CNA analyses the structure of the sample as presented in Fig.2. The crystalline
structures in the sample include fcc and hcp structues, no bcc structure appears. As the
temperature decreases, the number of crystalline atoms increases, while the number of atoms
with disordered structures decreases. The temperature range of phase transition corresponds
to the range of sudden changes of these values. At temperature of 300 K, sample contains
7296 crystal atoms and 1492 atoms with disordered structure. The structure of the sample
during cooling process is also shown by total RDF (see Fig.3). At temperature of 300 K, this
RDF shows more clear peaks that indicates the ordered structure of this sample.
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Fig. 2. The number of different types of atoms as a function of temperature under
cooling process
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Fig. 3. The total RDF as a function of temperature under cooling process

Fig.4 shows the stress — strain curve of the CuwoNis sample during the tensile
deformation. According to this curve, the tensile deformation can be divided into three parts:
the initial elastic region (e=0 - 0.044), the elastic-plastic region (¢=0.044-0.165) and the
plastic region (¢>0.165). The value of elastic modulus of this sample is 150 GPa. These
values are close to the experimental value [15]. After the linear region, the stresses increase
with increasing strain in the elastic-plastic region. They reach the ultimate tensile stress of
7.75 GPa. Then it decreases. With further increasing strain, the stress of these samples
decrease quickly to zero in the plastic region.
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Fig. 4. The stress as a function of the strain under the tensile test at 300 K
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Fig. 5. The variation of the number of different types of atoms under the tensile test at

300K

Under the tensile test, crystalline Cu and Ni atoms transform into disordered structure
(see Fig.5). When the strain is larger than 0.165, structure of atoms in the sample has mainly
disordered structure. This means that there are mainly disordered structure in the plastic

region.
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Fig. 6. The number of big simplexes with the radii Rs >1.95 A as a function of the

We note that the evolution and coalescence of the big simplexes form the large pores
and cause the crack propagation. Here we examined the big simplexes with Rs> 1.95 A
during the deformation process. Fig. 6 shows the variation of the number of big simplexes,
with the radii is larger than 1.95 A, as a function of strain. One can see that, in the initial
elastic region, the number of these big simplexes increases slightly. Then, in the elastic-
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plastic and plastic regions, the number of big Ni simplexes increases gradually but ones of
big Cu and Cu-Ni simplexes increase quickly with increasing strain. The visualization of big
simplexes are presented in Fig. 7. The big simplexes get together to form clusters at the
€=0.063. When the strain increases, these big simplexes gather to form the larger cluster. we
can see only one large cluster and a few big simplexes around at the £€=0.106. These clusters
increase rapidly in the number of big simplexes with increasing strain. We also determined
the largest cluster of big simplexes, which contains the largest number of big simplexes (see
in Fig. 6). The result shows that the number of simplexes in the largest cluster increases with
increasing strain. At the ¢ = 0.272, the largest cluster contains 220 big simplexes. We know
that, the large pores are formed in the clusters of big simplexes. Therefore, the clustering of
big simplexes forms a chain of large pores, at which crack propagation occurs.

od = 25
o o s »
s % ¥
2 = o 8
= “.,w e P fDHI e
- ° ' e o ]
- o ®
e 6o ¥

£=0.106 £=0.152

Fig. 7. Visualization of big simplexes, RS > 1.95 A, with increasing strain (red colour:
Cu simplex, green colour: Ni simplex and cian colour: Cu-Ni simplex)
The concentration of plastic strains was analyzed via the atomic local shear strain,
n . A large value of 7™**indicates that atom i undergoes shear deformation, whereas a

small one implies that atom i undergoes a small displacement relative to all its neighboring
atoms. Fig. 8 shows atoms with the value of 7%, which was calculated with Ae = 0.006

between the current and reference configurations. One can observe that the shear band (SB)
propagates at a direction ~45° from the tensile direction. With increasing strain to 0.063,
void coalescence begins to occur in SBs. At the higher strain, the crack propagation occurs
by void coalescence in SBs.
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Fig. 8. Atoms are visualized according to their atomic shear strain calculated with Ae
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Fig.9. The coordination number (Z) distributions of Cu and Ni atoms at the different
strain: a) atoms belong to the big simplexes and b) atoms do not belong to the big
simplexes.
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Fig. 9 shows the coordination number (Z) distributions of atoms belonging to big
simplexes (Fig. 9a) and do not belong to the big simplexes (Fig. 9b). We know that the Z in
the fcc and hcp crystals is 12. The atoms with the Z lower than 10 are majority at all of the
strains under considerations for the atoms belonging to the big simplexes. Especially, the
peak of the Z distribution locates at Z=8 for both Cu and Ni atoms at the strain ¢ = 0.272.
For the atoms do not belong to the big simplexes (see in Fig. 9b), the peak of the Z
distribution locates at Z=12 and is sharp at the €=0.106 and €=0.152. With further increasing
strain, the peak lowers and broadens to the lower Z, indicating that the distances between
neighboring atoms are stretched gradually under the tensile deformation.

3. CONCLUSION

Molecular dynamics simulations was performed on CuzNiz alloy model with
polycrystalline structure. The uniaxial tensile strain carried out on this sample has shown
that the deformation process takes place in three stages: the initial elastic deformation, the
elastic-plastic deformation and the plastic deformation. As strain increases, the number of
crystalline atoms decreases, the number and the size of simplexes increase. The growth of
big simplexes with Rs > 1.95 A occurs only in disorder structures and in the shear band. The
SB continues to propagate with increasing strain. The evolution and coalescence of big
simplexes forms a chain of large pores in the SB across the sample, at which crack
propagation occurs.
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MO PHONG PONG LUC HQC PHAN TU PAC TRUNG
CO TiNH CUA HQP KIM CU7NIz30

TOm tdt: Déc trung co tinh ciia hop kim CuzoNiso da tinh thé dwroc nghién ciu thdng qua
mo phong déng luc hoc phan tir (MD). Thé firong tdac dwoc sk dung dé tinh todn cdc twong
tac giira cAc nguyén ti trong mau 1a thé firong tdc nhing heong tir Sutton-Chen. Mdu hop
kim tai 300 K chsza chu yéu cac nguyén ti véi cau tric tinh thé ldp phirong tam mdt (fcc),
luc giac xép chat (hep) va mét it nguyén tiz véi cau tric mat trat twe. Pdc trung co tinh cia
Mau nay dwoc xdc dinh béi viéc sir dung phwong phdp bién dang don truc. Khi bién dang
tang, cau trdc tinh thé bj tan ra thanh cac cau trdc mat trdt tie. Trong qua trinh bién dang,
so lu’o’ng cac S|mplex |6 Vi kich thuoc |6n hon 1.95 A tang va quda trinh chi Xay ratrong
mién cdu triic mat trdt tw. Bién dang trieot duoe hinh thanh trong qud trinh bién dang. Cac
simplex [6m hinh thanh trong vimg bién dang trueot va gdy ra sy lan truyén vét nirt trong mau.

Tir khoa: hop kim CuNi, bién dang, simplex, bién dang truot.
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