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Fig. 1 Modeling process of vulcanized polyisoprene rubber model
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Tab. 1 Parameters of the simulated system

n R/U/A Na M
effect of cross-link degree
0.0 R 0 30
1.0 R 30 30
1.6 R 48 30
2.4 R 72 30
3.0 R 90 30
effect of cross-link distribution
1.6 U 48 30
1.6 R 48 30
1.6 A 48 30
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Fig. 2 Schematic diagrams of the three crosslinking distribution states: (a) uniform; (b) random ; (c) aggregated
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Fig. 3 Radial distribution functions of crosslinkers with (a) different crosslink degrees and (b) crosslink distributions
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Fig. 4 Stress-strain curves of IR model with (a) different crosslink degrees and (b) crosslink distributions
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Fig. 5 (a, b) Stress-strain curves of tensile regression as affected by cross-linking degree and cross-linking distribution;
(¢, d) hysteresis loss variation as affected by cross-linking degree and cross-linking distribution
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Fig. 6 (a) Relation of glass transition temperature 7, with apparent crosslinking degree; (b) relationship between
temperature and density of IR rubber system with different crosslinking dispersion

10((a)

—n=0

0200 400 600 800 1000
t/ps

10 (b ——Uniform
——Random
——Aggregated

0200 400

600 800 1000
t/ps

Fig. 7 Mean square displacements of the IR system with (a) different crosslink degrees and (b) crosslink distributions
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Fig. 8 Curve of the end vector autocorrelation function of the IR system as a function of time with (a) different crosslink
degrees and (b) crosslink distributions
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Microscopic Mechanism for the Influence of Crosslinking Degree
and Crosslinking Point Distribution on Mechanical Properties of Rubber

Junjie Zuo, Zhigang Wei, Zelin Zhang
(School of Mechanical Engineering, Anhui University of Technology, Ma’ anshan 243032, China)

ABSTRACT: The degree of crosslinking and distribution of crosslinking points have a significant impact on the
mechanical properties of rubber. The molecular dynamics models of polyisoprene rubber (IR) with different
crosslinking degrees and crosslinking distributions were constructed, and uniaxial tensile and tensile recovery
simulations were carried out. By analyzing the dynamic characteristic parameters and tensile deformation of
molecular chains, the micro mechanism of the influence of crosslinking degree and crosslinking distribution on the
dynamic and static mechanical properties of polyisoprene rubber (IR) was explored. The results show that the
higher the crosslinking degree and the more uniform of crosslinking distribution during stretching process are, the
greater the stiffness of material is, and the smaller the contribution of viscosity to stress is. Analysis has found that
during tensile deformation, the degree of deformation and uneven distribution of molecular chains increases, and
the relative slip of molecular chains increases, leading to an increase in the viscosity characteristics of material. By
increasing the degree of crosslinking and uniformity of crosslinking distribution, the constraint effect on molecular
chains can be increased, and the non-uniformity of molecular chain deformation can be reduced, thereby reducing
the viscosity characteristics of material. The results of this study provide a reference for revealing the deformation
mechanism of this type of material, improving its mechanical properties, and better application.

Keywords: rubber; crosslinking degree; crosslinking point distribution; molecular dynamics simulation;

microscopic mechanism



