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Abstract: Matrix asphalt material has poor road performance, which is improved by adding polymer modified 
agents. The original asphalt material experiment research has a certain limitation in that it cannot truly expose 
the mechanism and influence of modifiers on asphalt materials. To explore the gain effect of the modified agent 
on the asphalt material's road performance, the molecular dynamic simulation technology is used to explain 
its mechanism in the micro dimension. The three parameters of the free volume score, radial distribution 
function and average directional shift diffusion coefficient are analysed to improve the performance of the 
modifier on asphalt material, an exploration of the microdimension shows that the amount of SBS modifiers is 
6% and the amount of rubber modified asphalt material is 22%. The improvement of materials is better than 
that of rubber modifiers. 

Keywords: SBS modifiers; rubber modifiers; molecular simulation technology 
 

1. Introduction 

Asphalt material is used in road paving far more than other road material types and has become 
the main material for Chinese roads[1]. The growing demand for asphalt materials urges the process 
of analysis of asphalt material performance. Asphalt material is sensitive to temperature, and its 
performance shows different states with the temperature. The matrix asphalt material can meet the 
basic performance requirements for roads, but its effect has not yet reached its best state. The analysis 
of asphalt materials and exploration of other channels to improve their route performance status are 
urgent problems that need to be solved[2,3]. 

Due to the different origins of asphalt material, the chemical components are different, and the 
proportion of internal components is also different, resulting in different differences in the 
performance of the road[4]. To analyse the performance of asphalt materials itself, Jennings built eight 
standard asphalt models to divide them into aromatherapy, saturated scores and other components[5]. 
Zhang used three components to divide the asphalt material structure and combined the effectiveness 
of the molecule of the molecule of the parameters such as density and vitrification temperature. Based 
on the previous analysis[6].Zheng improved the division of the asphalt group and divided them into 
the four currently used groups of asphaltenes, saturation, aromatherapy and glue[7]. Li continuously 
explored the real micro-structure of asphalt materials, proposed the four groups of molecular 
structures of asphalt, further exposed the true structure of asphalt materials and laid the foundation 
for the next research and analysis[8].The analysis and research of asphalt materials can effectively 
illustrate the principle of its micro-structure that affects the performance of road performance. 

Facing the producing area Of matrix asphalt, experts and scholars have added modified agents 
to improve the performance of matrix asphalt. In the 19th century, France pioneered the application 
of natural rubber modifiers as the beginning of modified asphalt material[9].In 2000, a domestic rubber 
modified agent was successfully applied to asphalt materials[10].The rubber embedded segment 
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polymer is divided into two categories: but a diene phenyl rubber (SBR) and natural rubber (NR). 
When the high-temperature environment rubber modifiers are mixed with asphalt materials, the 
rubber material swells. The asphalt glue is bonded together and has good adhesion with the surface 
of the material, enhancing the adhesion effect of the asphalt mixture[11].Yang Sanqiang studied the 
mechanism of high-viscosity asphalt and modified agent and explained the mechanism of 
interpretation of the interaction according to different viscosity performances. As a result, the SBS 
modified agent was the best compatible at 5%, which can greatly increase the viscosity of asphalt. 
Fibre, nanomaterials, diatomic soil and other different natures of asphalt modifiers can also improve 
and improve the performance of matrix asphalt from different perspectives[12]. 

In response to the performance of asphalt materials on the performance of asphalt mixture, this 
article uses asphalt material molecular dynamics simulation matrix asphalt, SBS modified asphalt 
and rubber modified asphalt material. The radial distribution function and motion diffusion 
coefficient, compare the performance of asphalt material's own performance and rubber modifiers, 
SBS modifiers to improve the route performance of asphalt materials. 

2. Materials 

2.1. Asphalt material 

The structure of the asphalt's internal component is complicated, and it contains a variety of 
elements (e.g., C, H, O, N, S). In earlier periods, it was divided into three, four and six components 
through experiments [13–16]. Zhang et al. adopted three-way representative molecules for the 
construction of micro-models to analyse their related performance. Li et al. divided the asphalt 
molecule into 12 molecules with the AAA-1 model, representing the molecule of each component [17-

21]. Twelve molecular representative models were selected to build matrix asphalt [22,23], and the 
component distribution ratio of each asphalt molecular model was obtained to obtain the asphalt 
molecular model. 

Steps of asphalt model construction[24]: 
(1) Random agency is used to build a distributed module amorphous cell. The construction 

command is selected to build a model. In a periodic architecture, each representative molecule is 
filled in, a model system of each representative is built, and a density of 0.1 g/cm3 is set. 

(2) The forcite dynamic analysis module is adopted, geometric optimisation is used, the unstable 
molecular bonds of the molecules in the system are regulated, and the energy is optimised to achieve 
a stable system. 

(3) Annealing settings are set to relax the molecular structure. The setting temperature is 300 to 
500 K, and the cycle repeatedly relaxes to eliminate the adverse structure.  

(4) At a temperature of 443.13 K (170 °C) temperature, the NPT ensemble and 1 standard 
atmospheric pressure are set, and 100 ps dynamics are optimised, the asphalt system model is made 
and compressed. 

(5) On the basis of the NVT system with 100 ps dynamics optimisation, a stable architecture is 
obtained. 

Through this operation process, the structure of each asphalt molecular is obtained. Further 
details are shown below. 

Table 1. Details of the components of the matrix asphalt. 

component 
molecular 

fame 
molecular 

molecular 

weight 

number of 

atoms 

number of 

molecules 

saturation 
Sa-A C30H62 422.8 92 4 

Sa-B C35H62 482.9 97 4 

fragrance 
Ar-A C35H44 464.7 79 11 

Ar-B C30H46 406.7 76 13 
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glue 

Co-A C40H59N 553.9 100 4 

Co-B C40H60S 573.0 101 4 

Co-C C18H10S2 290.4 30 15 

Co-D C36H57N 503.9 94 4 

Co-E C29H78O 414.7 80 5 

asphaltence 

As-A C42H54O 574.9 97 3 

As-B C66H81N 888.4 148 3 

As-C C51H62S 7071 114 2 

 

Figure 1. Asphalt structure diagram, 12 molecular diagram. 

2.2. Modified agent 

Due to the adverse performance of the asphalt material, external mixing materials are added to 
improve its performance. At present, the SBS modifiers, rubber modifiers and asphalt materials have 
good compatibility, and their modified effects are significant. SBS modifiers and rubber modifiers are 
used in large quantities in road asphalt materials, and the modified agent can improve the route 
performance of asphalt. In this paper, butadiene monomer molecule and 1-3- styrene monomer 
molecule are used as fragments, and SBS modifier of polymer block copolymer is formed by physical 
and chemical means. The molecular formula of asphalt monomer is m = 2, and the single chain when 
n = 6 represents its molecular composition[24]. Rubber molecule is a high molecular polymer formed 
by polymerization of butadiene, and the molecular diagram of its linear structure: (Figure 2): 

( ) [ ] ( )2 6 5 2 2 6 5 2CH CH C H CH CH CH CH CH C H CH
mn n

− − − = − − −        
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Figure 2. Modified agent molecular structure. 

3. Method 

Compass II (Research on Simulation of Molecular Atoms at Constitutional Optimisation) 
represents a technical breakthrough of the force field method. It is the first to calculate the force field 
from scratch, which can accurately predict the gas phase properties (e.g., structure, structure, 
vibration) and condensing phase properties (e.g., status equation, internal agglomeration) of various 
molecules and polymers at the same time.  

The non-key function form of different materials makes the non-key parameter generally 
transformable. In the mixed and interface system, the use of the Compass II force field can use a 
simple ion model in ion and semi-ion models. This model consists of Kulun items and VDW items. 
In this model, each atom is considered a key particle—there is no price key between any pair of atoms.  

Molecular dynamics can accurately predict the internal agglomeration and state equation of 
such systems. Compass II is verified based on the energy minimisation method. For these molecular 
systems, Compass II has been parameterised to predict the various properties of separation and 
condensing phase molecules. These properties include molecular structure, vibration frequency, 
constructive energy, even pole, liquid structure, crystal structure, state equation and internal 
agglomeration density. Compass can predict various solid-state properties, including cell structure, 
lattice energy, elastic constant and vibration frequency.  

3.1. Modified asphalt performance analysis 

3.1.1. Free volume theory 

Due to the space volume of asphalt materials due to its own material, part of the model volume 
occupied by the asphalt molecule's own molecular structure, in order to occupy the volume; some 
are the free space in the asphalt molecular structure, so that it has space liquidity in a certain 
environment, which is both free volume essence. In the space system of asphalt, the higher the 
proportion of its free volume, the stronger the possibility of the molecular movement route of the 
components. This article explores the free volume score in the asphalt material system. Materials 
Studio software is used to build the asphalt molecular model. The molecule of the atom volume and 
surface tool calculation system occupies the volume and freedom volume (Eq.3) to obtain the free 
volume score of the asphalt material system. Given that the van der Waals radius of the water 
molecule is 1.45 Å , to further explore the performance of asphalt materials, the probe radius is set to 
0 Å and 1.45 Å to analyse the stability and water damage resistance of the asphalt material. 

   
matrix asphalt sbs asphalt rubber asphalt 
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Figure 3. Freedom volume calculation model diagram of asphalt material. 

Table 2. Freedom volume of asphalt materials calculated data table (Å3). 

species content probe radius 0 Å proportion probe radius 1.45 Å proportion 
asphalt 0% 33107.86 19897.88 53005.74 0.37 44750.65 8255.09 53005.74 0.15 

 
rubbe 

asphalt 

18% 40605.17 23478.83 64084.00 0.36 54461.06 9622.94 64084.00 0.12 
20% 42201.74 23728.64 65930.38 0.36 58346.86 7583.52 65930.38 0.12 
22% 43391.79 24384.97 67776.76 0.35 59373.05 8403.71 67776.76 0.12 
24% 44535.79 25087.34 69623.13 0.35 60267.79 9355.34 69623.13 0.13 
26% 45735.50 25734.00 71469.5 0.35 61553.00 9916.51 71469.51 0.14 

 
sbs  

asphalt 

4% 34622.97 20730.97 55353.94 0.37 47640.93 8407.22 56048.15 0.15 
6% 35344.28 20980.96 56325.24 0.37 48303.15 8022.08 56325.23 0.14 
8% 36089.70 21612.45 57702.15 0.37 49259.07 8443.08 57702.15 0.15 
10% 37130.95 22031.50 59162.45 0.37 50315.52 8846.93 59162.45 0.15 
12% 37569.33 22481.02 60050.35 0.37 50862.32 9188.03 60050.35 0.15 

Through software calculation, the free volume data of asphalt materials (Table 2) is obtained. 
According to the data in the table, the free volume proportion of the basic asphalt material is higher 
than the modified asphalt system, showing that the asphalt material itself can trigger spatial 
movement performance. The stability and water damage resistance of modified asphalt material 
system are lower than those of corresponding modified asphalt. In the rubber modified asphalt 
material, the corresponding free volume proportion under different measurement conditions is lower 
than that of the matrix asphalt material, indicating that the rubber modified agent can modify the 
stability and damage performance of the asphalt material itself. When the amount of rubber modifiers 
is 22%, its free volume proportion is the lowest, corresponding to the most impact of improving 
asphalt material performance. In SBS modified asphalt materials, the free volume proportion of 
asphalt materials under different measuring volumes is lower than that of the matrix asphalt 
material. The SBS modified agent can effectively improve the stability of the matrix asphalt material 
and resist water damage performance. When the SBS modified agent is 6%, the free volume 
proportion of the SBS modified asphalt is lower than that of other doping. 

Compared with different modified asphalt materials, the free volume proportion of rubber 
modified asphalt materials is lower than the SBS modified asphalt material. The structure of the 
structure enhances the spatiality of the asphalt material. The free volume after the modification of the 
matrix asphalt is occupied, enhancing its spatial stability. 

3.1.2. Radial Distribution Function 

The radial distribution function is an analysis method of the material structure of the material 
structure, in which the local spatial distribution is calculated. The radial distribution function is the 
probability of another atom near a specified atom[24]. The expression is: 

2( ) 4g r r drπ ρ=  (1) 

In the formula, r is the atomic spacing and the quantity density of the atom. g (r) is the probability 
of other atoms specified at distance r of the atom. This can reflect the arrangement and interaction of 
molecules and atoms in the system. The peak position of the radial distribution function can 
determine the type of interaction, and the size of the interaction force can be inferred from the height 
of the peak. 

To analyse the distribution of molecular agglomeration in the group in the asphalt material 
model, this article uses a radial distribution function to explore the position of its component 
molecular space. In the radial distribution function curve of Figure 3, on matrix asphalt material, the 
first peak value point is r = 1.1 Å, g (r) = 9.16, indicating that the asphaltene group with the most 
central position in the asphalt molecular model is higher than that of other groups. The distribution 
situation is as follows: r = 1.36 Å, g (r) = 1.66. The glue group is close to the asphalt group, and its 
molecular aggregation value is lower than that of asphalt quality. The component molecular energy 
is made more uniform, facilitating its closer proximity to the large number of benzene structures of 
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asphalt components and therefore to the asphalt group points in the space. R = 1.53 Å, g (r) = 1.96 is 
the aromatic grouping. It is in the third layer of the gathering position, and its aggregation is higher 
than that of the glue group. It is lower than the agglomeration of the asphalt group. A large number 
of C-C long chains are at the edge of the asphalt space system, giving it a better space movement. 

For the SBS modified agent asphalt material, the 4% SBS doping makes the aggregation of each 
component in the asphalt material higher than that of the matrix asphalt material and other SBS 
doped matrix asphalt materials, thereby improving the space gathering situation at the same space 
position. For the original peak value, the ratio is asphalt quality:glue:aroma division:saturation 
division = 2.1:1.81:2.11:3.54. The SBS modified agent mixed up makes the g (r) value higher, making 
the asphalt material more compact. This can effectively improve the ability of asphalt materials to 
resist the external environment. 

For rubber modified asphalt materials, the use of 20% rubber modifiers mixes the amount of 
components in each component in the asphalt material compared with the matrix asphalt material 
and other rubber modifiers. The space agglomeration is increased to asphalt quality:gel 
quality:aroma division:saturation division = 1.44:1.06:1.48:2.20. The rubber modified agent results in 
higher g (r) values and improves the performance of matrix asphalt materials. 

In the modified asphalt material, 4% SBS modifiers have a greater impact on the performance of 
matrix asphalt materials than 20% rubber modifiers. 

 
Figure 3. Modified asphalt radial distribution function. 

3.1.3. Diffusion coefficient 

Einstein proposed the theory of the average number of the distance between the distance 
between the particle random movement. 

2 6r D t C= +  (2) 

where 
2r the average displacement, D is the diffusion coefficient, and C is the constant. MSD is the 

average displacement of the model system, which represents the distance between the random 
particles in the asphalt molecule at the initial position of the particles at time t: 
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( ) ( ) ( )
2

tMSD r t t r tΔ = − Δ −    (3) 

The formula of the diffusion coefficient is: 

1 lim
6 t

dMSD
D

t d t→ ∞
=

Δ  
(4) 

The molecular dynamic analysis asphalt material model is used, and the mean square 
displacement analysis task is set to set up a constructor in the Forcite module. The 300 ps simulation 
steps are calculated to get the MSD curve graph of each model (Figure 4). 

 

Figure 4. Different asphalt materials on a plane displacement. 

On the basis of the average orientation data curve and the calculation formula, the asphalt 
material in different modified asphalt materials in Table 3 is at the asphalt material diffusion 
coefficient under the temperature condition of 298.13 K. The MSD curve in Figure 4 indicates that the 
motion diffusion coefficient of modified asphalt materials under different amounts of SBS modified 
agents can be obtained. When the SBS modified asphalt is 6%, the motion performance of the asphalt 
material reaches the highest value, and its diffusion coefficient value is 8.46 × 10−9 m2/s. In different 
rubber modified asphalt materials, the motion diffusion coefficient of the modified asphalt material 
is 24%NR ﹥ 26%NR ﹥  22%NR ﹥  18%NR ﹥  20%NR, of which the SBS modified asphalt is 
doped at 24%. and the movement performance of asphalt materials reaches the highest value when 
the SBS modified asphalt content is 24%, and its diffusion coefficient value is 8.46 × 10−9 m2/s. The 
diffusion coefficient values of different asphalt material molecular models are calculated, and 
comparison and analysis show that the motion diffusion performance of the asphalt material is lower 
than that of the modified asphalt material. These findings promote asphalt materials to have higher 
potential energy and stimulate the movement mechanism of touching asphalt materials in the 
external environment, enabling the effective storage of energy for motorsport. 

Table 3. Different asphalt materials diffusion coefficient (× 10-9m2/s). 

categoryAsphalt 
4% 
SBS 

6% 
SBS 

8% 
SBS 

10% 
SBS 

12% 
SBS 

18% 
NR 

20% 
NR 

22% 
NR 

24% 
NR 

26% 
NR 

msd 2.33 2.37 8.46 6.87 7.68 7.96 3.34 1.76 6.34 8.45 6.81 
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4. Conclusion 

This paper uses molecular dynamics simulation analysis of asphalt materials and modified 
asphalt materials to analyse the improvement of SBS modifiers and rubber modifiers on matrix 
asphalt materials. The following conclusions are obtained through the free volume score, radial 
distribution function, and average displacement of asphalt materials: 

(1) A comparison of the free volume score parameters of the micro-model of asphalt materials 
shows that the structural stability is lower than the modified asphalt material when facing water 
damage and destruction. The amounts of SBS modifiers and rubber modifiers are 6% and 22%, 
respectively. The free volume score of the modified asphalt material is the lowest. It effectively faces 
external environment damage and has a good resistance to performance. Compared with modified 
asphalt materials, when the SBS modifier is mixed at 6%, its own stability and water resistance 
damage performance is better than that of rubber modified asphalt materials. 

(2) In the modifier asphalt material, the amount of SBS modifiers and rubber modifiers is 4% and 
20% of the rubber modified agent doping. The asphalt material of materials and other rubber 
modifiers is mixed by measuring the amount of space. This makes the space aggregation dense in the 
same space, increasing the G (R) value and improving the performance of the matrix asphalt material. 
For modified asphalt materials, the 4% SBS modified agent improves the performance of matrix 
asphalt materials more than the 20% rubber modifiers, potentially effectively improving the spatial 
gathering performance of matrix asphalt materials. Thus, asphalt materials can better resist the 
environmental impact. 

(3) The motion diffusion coefficient parameters of the micro asphalt material model can be 
obtained. The motion diffusion coefficient of the modified asphalt material under different amounts 
of SBS modifiers is :6%SBS ﹥ 12%SBS ﹥ 10%SBS ﹥ 8%SBS﹥4%SBS, where the SBS modified 
asphalt is doped at 6%. The motion performance of the asphalt material reaches the highest value, 
and its diffusion coefficient value is 8.46 × 10−9 m2/s. In different rubber modified asphalt materials, 
the motion diffusion coefficient of the modified asphalt material is 24%NR ﹥ 26%NR ﹥ 22%NR 
﹥ 18%NR ﹥ 20%NR, where the SBS modified asphalt is doped at 24%. 6%SBS modified agent 
doped modified asphalt material sports performance 24% rubber modified asphalt material. The 
maximum diffusion coefficient is 8.46 × 10−9 m2/s.  

This article uses the free volume score, radial distribution function and average displacement 
diffusion coefficient parameter of the asphalt material micro dimension. Comparative analysis is 
conducted when the SBS modifiers are doped by 6%, and the improvement effect of the 
corresponding modified asphalt material is the most. When the amount of rubber modifiers is 22%, 
the improvement effect of the corresponding modified asphalt material is the best. When the SBS 
modified agent is 6%, its improvement of asphalt materials is better than that of rubber modifiers. 
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Development Plan Key Research and Development Project (20220203092SF), Jilin Province 
Transportation Key Science and Technology Project (2023ZDGC-1-2).We would also like to thank the 
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equipment for this research. We also acknowledge the hard work of the research group to complete 
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