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Abstract. Using Universal field under a NVE ensemble Numerical Calculation and simulations were 
performed to investigate the interface binding energies between the Nitrile-Butadiene Rubber(NBR) 
and sepiolite fibers on (-1 0 0) and ( 1 0 0) lattice plane respectively. The result shows that the total 
force is repulsive force except the force between the acrylonitrile and NBR in the (-1 0 0) lattice plane. 
And the result reveals that the repulsive force of NBR/butadiene is much greater than 
NBR/acrylonitrile which indicates that acrylonitrile is easier to bind with NBR than butadiene. At the 
same time there is the conclusion that the electrostatic force is dominant comparing VDW and there is 
no chemical bond and hydrogenbond force.  

1. Introduction 

Interface bonding strength of the fiber and matrix are often subject to a large number of primary 
formula, surface treatment and content design, and then a large number of the measured surface and 
the mechanical properties of screening, the consumption of things take time. 

In addition, for micromechanics testing is difficult, the interface between the fiber surface and 
matrix strength of different test methods will be the result of the difference is very big. Although there 
are a lot of from micro mechanics, mechanics of interface, the Nitrile Rubber (Nitrile-Butadiene 
Rubber, NBR) as the matrix, in a variety of Short Fiber to enhance body of Short Fiber Reinforced 
composite material (Short - Fiber - Reinforced Composites, SFRC) is analyzed with mechanics, 
numerical simulation, etc.[1], but many mechanics coefficient of interface are mostly through some 
mechanics model set, did not reach the interface combination between the essence of the problem [2]. 

Closely related to force and the interface binding energy, starting from the interface binding 
energy research interface force is an effective method. In recent years, using molecular dynamics 
(MD) simulation to research the composition of alloy materials, the relationship between structure 
and properties for exploration and development[3, 4]。Especially for the mechanical properties of 
carbon nanotubes/polymer composite materials interface combination and so on, a considerable 
amount of research[5-8] Thanks to the carbon nanotubes are small, the model is suitable for 
calculation of MD sepiolite fiber composite materials composed of MD simulation in connection to 
the atomic number is too much, not suitable for the whole model is set up.  

In order to reduce the amount of calculation, this paper regarded the sepiolite as substrate, the use 
of a handful of NBR molecular chain to study the different combination of sepiolite in the face of the 
combination of performance, thus for the study of seal, the mechanical properties of composite 
material interface and failure analysis. 

2. Force Field, Model and Calculation 

2.1 Modeling and Simulating.  
First use the Accelrys company Materials Studio package Visualizer module, real nitrile rubber 

are two butadiene and acrylonitrile monomer by emulsion polymerization and random copolymer, 
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molecular chain as shown in fig. 1(a), in order to study the combination of butadiene and acrylonitrile 
performance respectively, construct the degree of polymerization of 20 butadiene and acrylonitrile 
single molecule chains, as shown in fig 1.(b), (c).Input sepiolite crystal model, as shown in fig1(d). 

 
(a) NBR one section in the single molecule                        （b）Sepiolite crystal cell 

 
(c) acrylonitrile molecule chain                                 (d) sepiolite crystal cell 

Fig. 1 initial molecular model building (white on behalf of the H atoms; gray on behalf of the C 
atoms; blue stands for N atoms; red represents O atoms; green for Mg atoms; yellow for Si atoms) 

Then use the Visualizer module build interface system is shown in figure 2. 

 
Fig. 2 (1 0 0) crystal plane of acrylonitrile with initial configurations 

Use the Minimizer and Dynamics in the Discovery modules, in COMPASS [9], choose NVT 
ensemble under the force field, the temperature set at 320 k, MD, cyclical simulation research.As 
defined by the Maxwell - the Boltzman distribution of initial Velocity of atomic motion, the integral 
using Verlet Velocity method, the Time step of 1 fs, Dynamics, Time of 10 ps, simulate the 
temperature control in the process of using the method of Anderson [10], van der Waals (VDW) and 
electrostatic interactions (Coulomb) using Atom - -based and Ewald method respectively, truncation 
radius of 9.5 x 10-10 m, calculated at HP Z820 workstations to complete.Curves of temperature in the 
process of calculation with the simulation time and energy with the volatility of the simulation time 
curve as shown 
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(a) On the face  (1 0 0) of butadiene in                     (b) On the face (1 0 0) acrylonitrile 

Fig. 3 Minimizer energy in the process of change 
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Fig. 4 Energy vs. simulation time             Fig. 5 Temperature vs. simulation time 

Fig 6. is running after the MD of butadiene and sepiolite interface configuration, can be seen from 
the graph, after a full MD calculation, butadiene and sepiolite close together. 

 
Fig. 6 (1, 0, 0) and butadiene crystal after MD calculation of configurations 

2.2 Analyzing the simulation results.  
Define combination for interaction can be negative.Interaction energy of the composite material 

structure is equal to the balance of the total energy minus get rid of this structure after the energy of 
sepiolite, after subtracting get rid of sepiolite under the structure of nitrile rubber chain of energy, 
namely: 

Bind Inter Total Sepiolite Molecule Sepiolite Molecule Total= = ( )=E E E E E E E E                          (1) 

The binding energy is a sign of compound strength of interaction between components.Binding 
energy, the greater the said the stronger the interaction between the components, the formation of the 
greater the stability of the system, the interface between the reaction might have, the greater the more 
able to withstand external static load and dynamic load. 

Butadiene, acrylonitrile and sepiolite interface binding energy is expressed as two crystal direction 
1 0 0

Bind/ButadieneE ， 1 0 0
Bind/AcrylonitrileE ， 1 0 0

Bind/ButadieneE ， 1 0 0
Bind/AcrylonitrileE 。 

The results showed that: 
1 0 0

Bind/Acrylonitrile 785.22 0E   ，attraction； 
1 0 0

Bind/Butadiene 27071.56 0E    ，repulsive force； 
1 0 0
Bind/Butadiene 32005.97 0E    ，repulsive force； 
1 0 0
Bind/Acrylonitrile 7224.96 0E    ，repulsive force； 

And there are: 

Bind/Butadiene Bind/AcrylonitrileE E                                                            (2) 
1 0 0 1 0 0E E                                                                                    (3) 

(1) Show that acrylonitrile as polar molecules and the combination of sepiolite has a better 
effect;Type 2 shows that the genesis of magnesium ion concentration on offshore bubble areas 
between the binding energy, the greater the this can also be attested from the figure, figure of 
acrylonitrile in nitrogen had crossed the sepiolite crystal cell wall into magnesium enrichment region. 

The result is in the case of fixed sepiolite all atoms results, aims to study different crystal direction, 
respectively, and the size of the different components form the binding energy of nitrile rubber, nitrile 
rubber foam and actual Shanghai mutually binding energy of gravity and large (otherwise).This is 
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mainly because the fixed sepiolite magnesium atoms is fixed, oxygen activation energy, prevents the 
mg ions into the rubber molecules, and so cannot be a huge caused by electrostatic force. 

3. Summary 

(1) Different directions of nitrile rubber on the molecular force is not the same, close to one side of 
the magnesium binding energy.Can get out to sea foam filling, reinforcing fiber as nitrile rubber, rely 
mainly on the activation energy of magnesium in rubber molecules to form larger binding force. 

(2) The combination of acrylonitrile and sepiolite have better sex, acrylonitrile content, the more 
you can join more sepiolite as filler. 

(3) Compared to the van der Waals force, electrostatic force in combining dominant role in the 
field of force, no chemical bond force and hydrogen bond force. 
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