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Table 1 Parameters used in current model

A 0
ks oY Epp Tpp oy Ty O

27.56 0. 47 4.73 0. 47 0.92 0. 61 0. 46

* Energy units for & are kJ/mol and units of length for o and r are nm

respectively. k,, is in 10° kJ/mol/nm?

F AR AR, B8 2> T BT Y B
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Table 2 systems of different mass/volume loadings of

nanoparticles of varying sizes

Mass Surface NP NP
System
loading( % ) area( % ) number diameter

S1 0 0 0 —
S2 15. 4 8.5 198 oy
S3 15. 4 12.2 668 oy
S4 15.4 15.7 1596 o
S5 21. 4 12.2 296 oy
S6 12.0 12.2 1188 oy

Table 3 PNC systems of different mass loadings of nanoparticles of

the same size

System Mass loading( % ) NP number NP diameter
SF-wt8 8 887 o
SF-wi21 21 2451 o
SF-wi31 31 4053 o
SF-wt39 39 5714 o
SF-wt50 50 8737 [
SF-wt60 60 13106 oy
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LG AR TR 29 R 440 K. 4% BRI AE (4 )5 i, 38131
BT S1-S4 4 MR R MBS AR R EE (B 2) . AE
PNC Tl A 5 &5 50 F 43 58 W51 H 1 99 Kk
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Fig. 1 The equilibration state volume-temperature curve

Two linear parts of the high and the low temperature regions

(dashed line, S1 in hollow circle and S4 in solid circle)

intersect at the glass-transition temperature.
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Fig. 2 The glass-transition temperatures of SI, S2, S3
and S4
According to this result, we choose 200 K as the

equilibration  temperature in all MD equilibration

simulations.
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Ho Al ER 4> 4 He , NP-NP contact fif /5 Fb ] 3 /)N, A
It polymer-polymer , polymer-NP 7% £ H A< A1 X 7.
T, TR A AR A A T DX, T A ik 5 e 41
SR PR R AL f B T AE PNC B3k JE IR S,
polymer-polymer #f 43 Lt 5] i ¥ 7+ & , polymer-NP
() EL 1) 3% 37 0k /0N, [A) R NP-NP (g 422 fioh 85 EL 1)
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Fig. 3 The tensile stress-strain curve of (a) S1, S2, S3 and
S4, (b) S1, S5, S3 and S6, (c) PNC systems of different
mass loadings of nanoparitcles of the smallest size in current

model
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Fig. 5 The compression stress-strain curves of (a) S, S2, S3
and S4, (b) SI, S5, S3 and S6, (c¢) PNC systems of different
mass loadings of nanoparitcles of the smallest size in current

model
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S1 1.599 £0. 003 4.918 £0.035
SF-wt8 3.339 +£0. 003 7.449 £0. 042
SF-wi21 5.306 £0. 003 9.737 £0. 067
SF-wi31 5.985 £0. 004 10. 115 £0. 042
SF-wi39 6.378 £0. 004 10.935 +0.078
SF-wt50 6.528 £0.003 10.961 +0. 042
SF-wt60 6.463 +0.003 11. 146 0. 071
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Molecular Dynamics Investigation of the Compression and

Stretching of Polymer Nano-composite Systems

Ning-ning Li, Lei Wang, Yuan Liu, Hao-jun Liang®
(CAS Key Laboratory of Soft Matter Chemistry, Department of Polymer Science and Engineering ,

University of Science and Technology of China, Hefei 230026 )

Abstract The tensile, compressive and equilibrium-state properties of polymer nano-composites ( PNC) are
studied using molecular dynamics ( MD) with coarse-grained polymer-nanoparticle model. The influence of the
size and the mass loading of the nanoparticles on PNC’ s mechanical properties,and the microscopic change of
the cross-linked networks of PNC systems are investigated by the tensile and the compression tests of the PNC
MD simulations. We find that nanoparticles of relatively smaller size reinforce the mechanical property more ,
when the surface area or the mass loading of nanoparticles of different sizes are kept still. Secondly, the
mechanical property of PNC system increases while the increment becomes smaller, as the mass loading of
nanoparticles increases; and there exists an optimised value of the mass loading of nanoparticles for enhancing
the tensile property of PNC system. Most important, the microscopic polymer-polymer and polymer-NP cross-
linked networks existing in PNC systems compete with each other,and affect the tensile and compression stress
with different microscopic mechanisms. Additionally, the equilibration-state MD simulations of varying mass
loading of nanoparticles illustrate that the ratio of respective microscopic cross-linked networks determines the
mechanical properties of PNC systems, and the aggregation of the nanoparticles induced by overloading
weakens such effects.

Keywords Polymer nano-composites, Mechanical property, Molecular dynamics, Microscopic cross-linked

network
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