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Abstract. Molecular dynamic simulation has been used to study the 

microstructural change of Cu0.6Ni0.2Fe0.2 consisting of 8788 atoms (5272 Cu, 1758 

Ni, and 1758 Fe atoms) during the cooling process. The influence of temperature 

on the microstructural properties is studied in detail through the atomic potential 

energy, the radial distribution function, the number of types of atoms present in the 

sample, the distribution of coordination number, and simplex distribution. 

Simulation results indicate that a crystalline phase transition occurs when the 

sample was cooled. The range of transition temperature is the range at which the 

atomic potential energy changes dramatically. This sample consists of face-

centered cubic (fcc) and hexagonal closed packed crystals alternated with 

amorphous structures. The number of the simplex with radii larger than 1.9 Å 

decreased rapidly as the sample changed to a crystalline state. 
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1.  Introduction 

FeCuNi alloys with good magnetic properties are important systems in studies of 

materials and condensed system physics [1]. The microstructural and mechanical 

properties of Cu-rich clusters in FeCuNi alloys have been studied extensively [2-5]. The 

effect of Cu precipitation on the tensile properties of these alloys was studied 

experimentally and simulated [6-8]. The addition of Ni atoms to the Fe-Cu alloy can 

increase the rate of nucleation and the density of Cu atoms [9-10]. The effect of Cu 

precipitation on the mechanical properties of Fe1.1-Cu0.9-Ni trivalent alloy at different 

temperatures was investigated [11]. The influence of the concentration of Cu and Ni 

atoms on the microstructure and magnetic properties of FeCuNi alloys has been studied 

both theoretically and experimentally [12]. The results show that the temperature of 

glass transition increase with the increase of the concentration of Ni atoms. The crystal 

structure formed is the fcc structure. The rapid cooling process to obtain the amorphous 

or crystalline structure of Fe70Cu15Ni15nanodroplets was investigated [13].  
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Interestingly, all the frozen nanoparticles formed had a core-shell structure with Cu 

atoms on the surface. 

The temperature of the phase transition increase with the size of these 

nanoparticles. The phase transition in the cooling process of FeCuNi alloys with a large 

concentration of Cu atoms has not been studied. Therefore, this paper investigates the 

structural change in the cooling process ofFeCuNi alloys with a concentration of Cu 

atoms of 60% through specific analysis of the coordination number, and the voids of 

different types of atoms. 

2. Content 

2.1. Computational procedures 

Molecular dynamics simulations have been used to study the microstructural 

transition of Cu0.6Ni0.2Fe0.2 alloy consisting of 8788 atoms (5272 Cu, 1758 Ni, and 1758 

Fe atoms) during the cooling process. We used the Sutton-Chen (SC) type potential to 

describe atomic interactions. The form of the total energy of atoms is given by, 
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where rij is the distance between atoms i and j,  is a length parameter scaling to the 

lattice spacing of the crystal, c is a positive dimensionless parameter,  is a parameter 

with the dimensions of energy, and n, m are positive integers. These potential 

parameters are given in Table 1 [14].

 
Table 1. Parameters for the SC potential [14] 

 (10-2eV) (Å) C M N 

Cu 1.2391 3.615 39.755 6 9 

Ni 1.5707 3.515 39.432 6 9 

Fe 2.2022 3.485 28.847 8.1447 8.7932 

The sample was initially heated at a temperature of 2000 K and pressure of 0 GPa 

for 100 ps. This sample then underwent two cooling processes from 2000 K to 300 K. 

In the first process, it was cooled from 2000 K to 1200 K with a cooling rate of 1012 K/s, 

then the rest it was cooled down to 300 K with a cooling rate of 4 x 1011 K/s. The 

method of common neighbor analysis (CNA) was used to analyze the structure of the 

system during the cooling process [15]. Atoms are considered neighboring atoms when 

the distance between them is less than the cut-off radius defined as the first minimum 

after the peak of the pair RDF (Radial Distribution Function). 

The simplex consists of 4 four neighboring atoms that form a tetrahedron. The 

circum-sphere (CS) of this tetrahedron does not contain the coordinate of any atoms 

inside it [16]. The radius of the simplex, RS, is also the radius of CS. Four atoms of the 

simplex form a cage around a spherical void. So the porosity of the sample can be 
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evaluated through the size and the distribution of simplexes. There are seven types of 

simplex in the CuNiFe sample: Cu, Ni, Fe, Cu-Ni, Cu-Fe, Ni-Fe, and Cu-Ni-Fe simplexes.  

2.2. Results and discussion 

When the sample is cooled from 1400 K to 300 K with the cooling rate of 4 x 10^11K/s, 

there is a change in the potential energy as shown in Figure 1. The potential energy of 

this sample decreases suddenly in the range of temperature from 550 K to 400 K. This is 

the phase transition temperature range of the sample. 
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Figure 1. The variation of potential energy during the cooling process 

The fraction of different types of atoms during the cooling process is pointed out in 

Figure 2.  
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Figure 2. The fraction of different types of atoms as a function of the temperature 



Molecular dynamics simulation of microstructural change of Cu0.6Ni0.2Fe0.2 alloy during... 

55 

 

As the temperature decreases, the number of crystal atoms increases while one of 

the amorphous atoms decreases. The fraction of different types of atoms suddenly 

increases in the temperature range of 550 K - 400 K. In this temperature range, the 

structure of the sample changes from amophous state to a crystal state. At 300 K, the 

sample consists of 7165 crystal atoms (accounting for 81.53 %) with fcc and hcp 

structures. This structural change is also expressed through the transformation of the 

RDF of the sample as shown in Figure 3. At the temperature of less than 500 K, the 

sample has more ordered structures because there are more clear peaks at the large distance. 
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Figure 3. The partial RDF at different temperatures during the cooling process 

 
Figure 4. The coordination number (Z) distributions of Cu, Ni, and Fe atoms  

as a function of temperature 
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Figure 4 shows the distributions of the coordination number (Z) of Cu, Ni, and Fe 

atoms at different temperatures. At the temperature of 800 K, the peak of the 

coordination number locates at Z=9. In the range of temperature from 500 K to 300 K, 

the peak of the coordination number distribution locates at Z=12. When temperature 

decreases, the peak of this distribution narrows to the higher coordination number, 

indicating that neighbouring atoms are closer. 

The structural change of the sample during the cooling process is visually observed  

in Figure 5. At 800 K, the amorphous structure spreads out the sample. As the 

temperature decreases, fcc and hcp phases dominate in the sample. We can observe the 

lattice arrangement of atoms in the sample at a temperature of 300 K. Fraction of the 

radii distributions of simplexes at different temperatures is shown in Figure 6. These 

distributions of the simplexes at 300 K have two peaks which locate at 1.575 and 1.775 Å. 

These peaks show that the atoms of the sample are only the fcc and hcp atoms. At higher 

temperatures, these peaks shift to the right and decrease the high. At a temperature of 

800 K, the radii distribution has one peak at 1725 Å. Therefore, at high temperature, the 

number of these simplexes decreases and they become bigger. The radii of the simplexes 

in the crystalline structure (the range of temperature less than 550 K) are less than 1.9 Å 

whereas the number of the simplexes with RS 1.9 Å is significant at the temperature 

range of 550 - 800 K. We considered the big simplexes with RS 1.9 Å during the 

cooling process. The number of these big simplexes decreases with decreased 

temperature as presented in Figure 7. The number of big Cu-Fe simplexes decreases 

quickly with decreasing temperature. The big simplexes with RS 1.9 Å are visualized 

in Figure 8. At a temperature of 800 K, there are lots of big simplexes that form big 

clusters. As the temperature decreases, the number of big simplexes decreases.  

 
Figure 5. Cross-sectional Cu60Ni20Fe20sample under the cooling process  
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Figure 6. Fraction of radii distributions of the simplexes at different temperatures 
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Figure 7. The number of big simplexes with RS 1.9 Å as a function of the temperature 
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Figure 8. Visualization of big simplexes with RS 1.9 Å at different temperature  

3. Conclusions 

The Cu0.6Fe0.2Ni0.2 alloy sample during the cooling process was studied by the Molecular 

dynamics simulation. At a temperature of 300 K, this sample contains 81.5% of fcc and hcp 

crystals. The temperature range of phase transition is from 550 K to 400 K. The number of big 

simplexes with RS 1.9 Å decreases rapidly in the region of the crystal structure. The number of 

Cu-Fe big simplexes is the largest and fastest decrease during the cooling process.  
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