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Abstract. This paper studies the influence of number particles on microstructure
and crystallization of nickel bulk models using the Molecular Dynamics (MD)
method with embedded interactive Sutton-Chen potential and periodic boundary
conditions. The samples (5324 particles, 6912 particles and 8788 particles)
underwent an increase in temperature from 0 K to 2000 K and a decrease in
temperature from 2000 K to 300 K with the translate dr = 0.01 giving results
consistent with practices. The characteristics of microstructure and crystallization
of samples were analyzed through radius distribution function (RDF), coordination
number and common neighbor analysis (CNA). Results show that number particles
influence the microstructure and crystallization and there is the appearance
of structure phase face-centered cubic (fcc), hexagonal close-packed (hcp) and
body-centered cubic (bcc) in samples at 300 K. Samples with different numbers
of particles have different characteristics in microstructure and crystallization.
Keywords: Simulation, molecular dynamics, microstructure, crystallization, nickel
bulk models.

1. Introduction
In today’s industry, studies of microstructure and crystallization of materials such

as Al, Ni, Mg, Fe have significantly contributed to Vietnam’s industrialization process. In
particular, nickel is widely used in stainless steel fabrication, the making of corrosion
resistant alloys and making catalysts for the hydrogenation process (in vegetable oil).
Nickel combined with other metals will create alloys of high value. This has caught the
attention of many scientists and encouraged theoretical and experimental studies [7, 10].

In recent years, in addition to experimental and theoretical methods, scientists have
also used the sampling method as a research tool. This method is a highly effective
research tool with the ability to provide quick and accurate information about the nature
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of materials, including microstructure and crystallization in the amorphous state and
crystalline state. Study of the microstructure and the crystallization of nickel bulk samples
is a new step in scientific research. It contributes new insights into materials which have
different characteristics and properties compared with bulk materials. However, thus far
little research has been done on the influence of number of particles on microstructure
and crystallization using the Molecular Dynamics method. Previous studies have been
limited to the influence of temperature, pressure, number of particles, annealing time
and diffusion on microstructure and crystallization. In addition, the results have not
yet been stabilized in technology. Specific factors that influence microstructure and
crystallization [2, 5] have not yet been identified because samples at the nano size are
influenced by the quantum effect, the size effect (the smaller the sample size, the larger
the surface area) and the critical effect (when the sample size reaches a critical size of
some properties), resulting to the appearance of many structural states within the material
such as body-centered cubic (bcc), face-centered cubic (fcc) and hexagonal close-packed
(hcp) [1, 4, 6, 8].

Results obtained have provided us with new insights about the material and
shown that when particle number increases, atoms (molecules) density increases, and
the crystallization of atoms (molecules) occurs when the temperature is lowered. Due to
limited and inconsistent understanding of the crystallization of materials, in this report we
looked at the influence of number of particles on the microstructure and crystallization of
nickel bulk models using the Molecular Dynamics method.

2. Content
2.1. Simulation method

Assume that nickel bulk models (5324 particles, 6912 particles and 8788 particles)
were put in a cubical box at an ideal crystalline state of 0 K. Using the Molecular
Dynamics (MD) method [3] with the embedded interactive Sutten-Chen potential [9, 11],
periodic boundary conditions with a total energy are:

Etot =
N∑
i=1

1

2

N∑
j=1,j ̸=i

Φ (rij) +F (ρi) (2.1)

therein Φ(rij) = ε( a
rij
)n, ρi =

N∑
j=1,j ̸=i

ρ(rij), ρ(rij) =
(

a
rij

)n
, F (ρi) = −εC

N∑
i=1

√
ρi

with the main parameters of samples being:

ε (eV) a(Å) N m C rc(Å)
271.083.10−6 3.52 10 5 84.745 19.96
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with rij is the distance between the two atoms I and j; a is a parameter with the dimension
of length; ρi is atomic density i; Etot is the total energy of the system; Φ (rij) is the energy
between the two atoms I and j; F(ρi) is the interaction force on atom i; rc is the radius
disconnect, ε is energy; with C, m, n and N constant.

Samples were heated to 2000 K with the translate dr = 0.01 to break the initial ideal
crystalline structure and they switched to a liquid state at 2000 K. The samples were then
cooled to 300 K with the translate dr = 0.01 to be transferred to a new crystalline state.
In the latter part, a survey characterized the microstructure of samples at temperatures 0
K, 2000 K and 300 K through radial distribution functions (RDF), coordination numbers
and common neighbor analysis (CNA). The results is shown in detail in this paper.

2.2. Simulation results and discussion

The nickel bulk models (5324 particles, 6912 particles, 8788 particles) were
simulated using the Molecular Dynamics method with an embedded interactive
Sutton-Chen potential and periodic boundary conditions. The samples were maintained
in the same conditions and temperature, pressure and number translate were unchanged.
The results of the radial distribution functions are shown in Figure 1.

Figure 1. The radial contribution function of nickel bulk models
(5324 particles, 6912 particles, 8788 particles) at 0 K (1a), at 2000 K (1b) and 300 K (1c)

It was found that for nickel bulk models (5324 particles, 6912 particles and
8788 particles) at 0 K the radial distribution function’s value remains unchanged at
each position and the height of the radial distribution function has a number of values
(represented by the width of the radial distribution function and sharp peaks). This
indicates that at 0 K nickel bulk models exist at the ideal crystalline state. When the
temperature is increased from 0 K to 2000 K, the first peak position of the radial
distribution function is dominant and its value does not change significantly. We see that
at 2000 K, nickel bulk models move from the ideal crystalline state to the liquid state
and a far order does not exist while a close order does. The distance between atoms and
molecules remains unchanged in value (Figure 1b). When the temperature is lowered from
2000 K to 300 K, we see that the first peak position of the radial distribution function is
still dominant. Its value remains unchanged with an increase in number of particles. This
confirms that nickel bulk models have no far order and only a close order exists. With the
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increase in number of particles, the height of the first peak of radial distribution function
shows that when the number of particles increases, the density of the atoms (molecules)
will increase accordingly (Figure 1c).

The above results show that when the number of particles increases, the
microstructure of the samples will be changed. To verify this, we surveyed the
coordination number of the samples (at 0 K, 2000 K and 300 K) with the results shown in
Figure 2.

Figure 2. The coordination number of nickel bulk models
(5324 particles, 6912 particles, 8788 particles) at 0 K (2a), at 2000 K (2b), at 300 K (2c)

The results in Figure 2 show that when the number of particles in a samples
increase, the height of the coordination number of samples at 0 K (Figure 2a), 2000
K (Figure 2b) and 300 K (Figure 2c) will increase. On the other hand, reviewing
coordination numbers at temperatures 0 K, 2000 K and 300 K, we see that at 0 K samples
are at coordination number 12, which means they are in the ideal crystalline state. At 2000
K, samples are at coordination number 10, meaning that they are in the liquid state. For
samples at 300 K, the coordination number is at 12, which means they are in the new
crystalline state.

To check the status of samples in ideal crystalline state 0 K, liquid state 2000 K and
300 K crystalline state, we used visualization methods and surveys with cubical samples
with the length of each side 7 nm, the results shown in Figure 3.

The ideal crystalline state at 0; The liquid state at 2000 K; The new crystalline state
at 300 K.

Results in Figure 3 show that at 0 K, samples exist in the ideal crystalline state
(equivalent to having a 100 percent fcc structure). When the temperature is lowered to 300
K, samples switch to the new crystalline state. This demonstrates that with the increase
in temperature from 0 K to 2000 K, samples switch from the ideal crystalline state to the
liquid state. And, when the temperature is lowered from 2000 K to 300 K, samples switch
from the liquid state to the new crystalline state. The new crystalline state of samples at
300 K is described in detail in Figure 4 and Table 1.

Results in Figure 3 show that at 0 K, samples exist in the ideal crystalline state
(equivalent to having a 100% fcc structure). When the temperature is increased to 2000
K, samples switch to the liquid state.
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Figure 3. The crystalline state and the liquid state
of the 6912 particle nickel bulk model at different temperatures

Figure 4. The new crystalline state of the 6912 particle nickel bulk samples at 300 K

Table 1. Crystalline structure state of samples at 300 K
with different numbers of particles

Sample
core
fcc

shell
fcc

core
hcp

shell
hcp

core
bcc

shell
bcc

crystal amorphous

5324 atoms 1564 1590 1237 579 0 0 4970 354
6912 atoms 1531 2486 996 1029 1 13 6056 856
8788 atoms 3993 893 3721 166 0 0 8773 15

The observations in Figure 4, Table 1, show that for the sample at a temperature of
300 K, with the increase in the number of particles, there are resulting density material
(feces), increment integer (division) and crystallization increases in the form of increased
size and survival in the three types of structures fcc, hcp and bcc. Their structural shapes
are shown in Figure 5.

Figure 5 shows the accuracy of the results of the structure states of the crystal
using visualization methods and the crystalline structure is entirely consistent with the
experimental data. On the other hand, when the number of particles increases, the number
of structure states, such as fcc, hcp and bcc, in the core layer of samples tends to decrease
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and then increase, while it is opposite in the surface layer. However, in the sample with
6912 particles, we find only three types of structures: fcc, hcp and bcc. This indicates
that for the crystallization process to easily occur, samples must have an appropriate
particle density. To confirm this, we investigated the crystallization process of samples
by raising and lowering the temperature with the translate dr = 0.01, results obtained
shown in Figure 6.

Figure 5. Shapes of crystalline structure of nickel bulk samples
with 6912 particles at 300 K

Figure 6. The crystallization of nickel bulk with different number of particles:
5324 particles (6a) and 6912 particles (6b), 8788 particles (6c),

and different number of particles with decreasing temperature (6d)
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The results show that when the number of particles increases, the transition
temperature from the ideal crystalline state to the liquid state tends to increase. It was seen
that samples with 5324 particles (Figure 6a) have the transition temperature of 1868 K to
1884 K, samples with 6912 particles (Figure 6b) have the transition temperature of 1873
K to 1895 K and samples with 8788 particles (Figure 6c) have the transition temperature
of 1889 K to 1900 K. On the other hand, the transition temperature from the liquid state to
the crystalline state tends to decrease. It was seen that samples with 5324 particles (Figure
6a) have a transition when the temperature decreases from 884 K to 743 K, samples
with 6912 particles (Figure 6b) have a transition when the temperature decreases from
889 K to 678 K and samples with 8788 particles (Figure 6c) have a transition when the
temperature decreases from 938 K to 673 K. It was also seen that when the number of
particles increases, the crystallization energy of samples will decrease (Figure 6d). This
indicates that when the number of particles increases, the transition temperature from
the ideal crystalline state to the liquid state tends to gradually translate to the right (i.e.
the point transition temperature tends to rise). The longer transition temperature from a
liquid state to a crystalline state at 300 K tends to translate gradually to the right. This
result is entirely consistent with the theoretical and empirical results. As the sample size
increases, the point of the transition temperature from the solid state to the liquid state also
increases when reducing the sample size from the point of phase transition temperature of
the liquid state solid state reduction [4, 6, 8]. This demonstrates the strong influence of the
particles on the microstructure and crystallization process, and the formation of the state
of the structure (fcc, hcp, bcc) is significant. The main reason for the formation of the
microstructure states is the size effect. The increase in the density of particles make atoms
(molecules) cluster in the surface layer, leading to the formation of the microstructure
states (fcc, hcp and bcc) in the surface layer and the core layer of samples.

3. Conclusion
From the surveys and analysis of the microstructure and crystallization of nickel

bulk models with 3 samples (5324 particles, 6912 particles and 8788 particles) at
temperatures 0 K, 2000 K and 300 K, based on simulation results we make the following
comments:

- The embedded interactive Sutton-Chen potential, periodic boundary conditions
and selected parameters have provided consistent results with our result [4, 6, 8].

- With an increasing number of particles, the transition temperature points from the
solid state to the liquid state increases from 1868 K to 1889 K, and the point transition
temperature from liquid state to solid state increased from 884 K to 938 K.

- The influence of the number of particles on the microstructure, crystallization
process and crystallization energy is due to the size effect. The increase in the number
of particles on the density of material (feces) increment and the energy of samples
is decreased leading to a coordination number in the surface layer and the core layer
increases.

171



Nguyen Trong Dung, Nguyen Chinh Cuong and Pham Khac Hung

- Determine that the nickel bulk model is of nano size. The atoms (molecules)
focus primarily on the core layer, and they focus less on the surface layer which leads to
the differences in the structure of the surface layer and the core layer.
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