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ABSTRACT

Molecular dynamics is a new computational method for material analysis by studying the physical
movements of atoms and molecules. It is expected to have a great impact on material engineering. The
discovery of advanced materials would be expedited and the indirect cost of the materials will be saved in
different areas of industry. The purpose of this study is to generate the modified asphalt model with multi-
layer graphite XGNP nanoplatelets using the Molecular Dynamics (MD) method. The common graphite
model represents the XGNP particles. The base asphalt is composed of three components: asphaltenes,
aromatics, and saturates. The XGNP model was added to the base asphalt model by molar mass, and the
XGNP modified asphalt model was generated after the energy minimizations and optimizations for a few
thousand steps. The Isothermal-isobaric ensemble (NPT ensemble) was employed to compress the XGNP
modified asphalt model. The energy, temperature, pressure, and density were predicted and calculated for
the XGNP modified asphalt model compared to the base asphalt model. The densities of the base and
modified asphalt models are approximated to those of experimental and reference data.

INTRODUCTION

Molecular Dynamics (MD) is a new kind of analysis tool for material simulations based on Newton’s law.
It is commonly used in physical and chemical engineering, but a few studies use it in civil engineering
materials. The MD method was used to analyze the materials on an atomic scale, and it can provide a new
viewpoint for researchers. It is also a challenge to conduct this kind of simulation to understand fundamental
mechanisms of the material behaviors. It is important to properly choose the simulation size and reasonable
time for material simulations. In addition, when the economy develops, the cost of materials and labor
increases. During the development of new material, the extensive preliminary data is required to determine
if the new material works or not. That is a challenge for materials in different research areas, and it
aggravates the difficulty and cost during development. A new computational analysis tool, Molecular
Dynamics (MD), has a significant impact on the trajectory of the material area. The use of the MD method
improves the material discovery process, expedites the selections, and saves the cost of materials and labor.
More importantly, the success rate will be improved during material development.

Usually the Large-scale Atomic/Molecular Massively Parallel Simulator (LAMMPS) (Plimpton, 1995) and
the Monte Carlo for Complex Chemical Systems (MCCCS) program (Martin, 2013) are used for MD
simulations. The base asphalt model was simulated by three components, and the properties of the base
asphalt model were computed and compared to laboratory data including the density, glass transition
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temperature, viscosity, bulk modulus, thermal expansion coefficient, and isothermal compressibility, etc.
The properties of the base asphalt calculated by simulations are still different from the experimental data
(ao et al., 2016, Zhang and Greenfield, 2007). The relationship between the asphalt and aggregate was
also analyzed through the MD method, and the adhesion energy of this interface was calculated (Yao et al.,
2015).

Few researchers utilized the MD method to study the modified asphalt model, and also analyze the
properties of the modified asphalt model. In this simulation, the common graphite model represents the
multi-layer graphite xGNP nanoplatelets for the modifiers in the modification. The base asphalt model was
based on the previous study (Yao et al., 2016), and the Amber Cornell Extension Force Field (ACEFF) and
Electrostatic Potential (ESP) charges were adopted for the components and asphalt models. The system
parameters were monitored during the Isothermal-isobaric ensemble (NPT ensemble), such as energy,
pressure, temperature and density of the base and XGNP modified asphalt models.

FORCE FIELD

A force field, is a mathematical function to define the energy in the MD systems. Different force fields may
be suitable for different materials. In this simulation, the Amber Cornell Extension Force Field was adopted
in the asphalt models (equation (1)) and the Isothermal-isobaric ensemble (NPT ensemble) was used to
compress the asphalt models.
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In Equation 1 above, 7,4 and 6., are structural parameters; K, and Ky are the force coefficients; n and y
are the parameters for dihedrals; A, B and g are the non-bonded potentials.

OBJECTIVES AND SCOPES

This study aims to simulate the XGNP modified asphalt model using the MD method and calculate the
densities of the XGNP modified asphalt model. The components of the base asphalt were based on the
author’s previous study (Yao et al., 2016), and a common graphite model was adopted for the XGNP model.
The Amber Cornell Extension Force Field and Electrostatic Potential (ESP) charges were used for these
components. The XGNP modified asphalt model was produced, and the densities of these models were
computed.

MD MODEL GENERATION

Based on recent work of the authors (Yao et al., 2016), three components for the base asphalt include
asphaltenes, aromatics, and saturates, and a ratio of 5:27:41 was adopted. In this base asphalt model, the 1,
7-Dimethylnaphthalene and docosane were selected for aromatics and saturates, respectively (asphaltene:
CesHs2S2, aromatic: Ci2H12, and saturate: CaoHag). In the experimental tests, XGNP graphene nanoplatelets
manufactured by XG Sciences Inc. was used for the modification of the asphalt and the micro-image of the
XGNP particles (Figure 1a) was observed by the field emission scanning electron microscope (FE-SEM).
The content of the XGNP nanoplatelets in the modification is around 2% by weight of the base asphalt. The
XGNP particles were added to the base asphalt at 145°C, and the mixture was sheared in the high shear
machine for around two hours. Similarly, in this simulation, the XGNP model (Figure 1b) represents the
XGNP particles, and 2% XGNP particles were added to the base asphalt model by molar mass. The XGNP
modified asphalt model (Ce1saHos30S40) Was created (Figure 2c).
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(c) MD structure of XGNP modified asphalt model
(white wire: hydrogen atom; grey wire: carbon
atom and vellow wire: sulfur atom)

(b)XxGNP model (white wire: hydrogen atom;
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Figure 1. Micro-image of multi-layer xGNP particles, MD structures of XGNP and the
modified asphalt models



DENSITY OF XGNP MODIFIED ASPHALT MODEL

The XGNP modified asphalt model was prepared, and the energy minimizations and optimizations were
conducted to reach a stable state. This model was compressed and relaxed using NPT ensemble at the
conditions of 25°C and 1 atm pressure. The simulation results are shown in Figure 2, including system

energy during NPT ensemble, temperatures, pressures and densities in the base and XGNP modified asphalt
systems.

4 Energy
3.5 % 10 i i : i
RE e e
®
25+ -
=) © Total Energy
E Kinetic Energy
= 2 Potential Ener
£
El 5 I
s —— -
= r
=
1+ ]
0.5+ .
0 1 1 1 | 1
0 2 4 6 8 10 12

Step x10°
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(b) Temperatures of the xGNP modified asphalt system through these steps
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Figure 1. Density curves of the control and xGNP modified asphalt models

(d) Densities of the XGNP modified asphalt model



Figure 2a displays the energies in the asphalt systems during the NPT ensemble, and it indicates that the
total energy of the xGNP modified asphalt model reaches equilibrium after energy minimizations and NPT
ensemble. Figure 2b and 2c show the system temperatures and pressures of the base and XGNP modified
asphalt models during the NPT simulations. These systems have a relatively stable state after a few
simulations. The Savitzky-Golay filter was employed to demonstrate the moving average. The system
temperature was kept around 298 K (room temperature), and the system pressure was maintained at around
1 atm. It is consistent with the input requirements. Figure 2d shows the density trends of the base and XGNP
modified asphalt models, and these trends were also fitted by the Savitzky-Golay filter (Savitzky and Golay,
1964) with a span of 10%. The densities of the XGNP asphalt model are higher than the base asphalt’s. It
can be inferred that the xGNP model in the base asphalt model increases the density since more molecular
mass was added. The density of the asphalt was tested in the laboratory, and it is around 0.95 — 1.05 g/cm?®
(Greenfield and Zhang, 2009, Li and Greenfield, 2014, Zhang and Greenfield, 2007). The densities of the
asphalt models in this study are close to those of the experiments and references (Zhang and Greenfield,
2007).

CONCLUSION

The Molecular Dynamics (MD) method emerged as a new analysis tool for the materials, and it is beneficial
to analyze the materials on the atomic scale to fundamentally understand the materials from a nano scale.
In this simulation, the base asphalt model was generated based on the previous study, and the MD model
for multi-layer graphite XGNP nanoplatelets was also created. The XGNP maodified asphalt model was
prepared at a specific condition, and the energy minimization and optimization were conducted for the
stable structure. The NPT ensemble was used to compress the model and calculate the density of the XGNP
modified asphalt model. From the simulation results, the condition of the MD simulation was the same as
the requirements, and the densities of the base and modified asphalt models are approximately those of the
experiments or references. In addition, an XGNP modified asphalt model was generated and verified by
density, one of the physical properties. This preliminary process of MD study brought a potential to validate
whether the modifier (XGNP nanoplatelets) can improve the performance of asphalt or not. It is also
beneficial that the modification mechanism was disclosed during MD simulations. It could save tremendous
laboratory costs and labor, as well as the waste of materials. It is important for industry to screen materials
or modifiers during the construction or materials research and development.
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