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Fig.1 (a) Molecular chain model of PP and (b) nanocluster model of VITS@BNNS
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Fig.2 Amorphous unit cell model of VIS@BNNS/PP composite material: (a) P0; (b) P1; (c) P3; (d) P5; (e) P7; (f)
P9
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Fig.3 Mechanical property parameters of VTS@BNNS/PP composite material model
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Tab.1 Changes in the interaction energy of VIS@BNNS/PP composite material model

E'otar (kcal/mol) Esnnspr (keal/mol) Evrs(kcal/mol) Einter(kcal/mol)
P1 21897.34 22068.28 209.36 -380.30
P3 7192.70 7380.45 209.36 -397.11
P5 3911.93 4104.68 209.36 -402.11
P7 1950.66 2257.73 209.36 -516.43
P9 1726.62 1938.32 209.36 -421.06
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Tab.2 Cohesive energy density and solubility parameter of VTS@BNNS/PP composite material

CED (J/m%) o1 23 03
PO 231.21 14.84 1.61 2.88
P1 245.63 15.31 1.71 2.90
P3 251.96 15.50 1.83 2.91
P5 268.77 16.05 1.64 2.93
P7 275.83 16.27 1.58 2.94
P9 267.75 15.99 1.80 2.95
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038 Wm-K, 5EATOGTESE RT3, UFSL T ATHIG EAILSE RIE Sk Stk BRitbz
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Fig. 4 Thermal conductivity of VIS@BNNS/PP composite material model
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Fig.5 Mean square displacement curve of VIS@BNNS/PP composite material model: (a) P0; (b) P1; (c¢) P3; (d)
P5; (e) P7; (F) P9
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Fig. 6 Free volume fraction of VTS@BNNS/PP composite material model
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Molecular Simulation on Mechanical and Thermal Properties of Silanized

Boron Nitride Modified Polypropylene

Yiyi Zhang', Zhishuo Li!, Pengfei Jia', Shuying Yu!, Yuye Zhang'!, Wenchang Wei?

(1. School of Electrical Engineering, China (Guangxi)-Malaysia Joint Laboratory for Artificial Intelligence
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100084, China)

ABSTRACT: To address the insufficient thermal stability and mechanical properties of polypropylene (PP)
film capacitors under high-temperature and high-electric-field conditions, as well as the lack of
molecular-scale understanding of their modification mechanisms, amorphous cell models of pure PP and
VTS@BNNS/PP composites with filler mass fractions of 1%, 3%, 5%, 7%, and 9% were constructed using
Materials Studio. In the models, vinyltrimethoxysilane (VTS) was grafted onto boron nitride nanosheets
(BNNS) to form an interfacial transition layer. After geometry optimization, annealing, and NVT/NPT
equilibration, the interfacial interaction energy, cohesive energy density, mechanical modulus, thermal
conductivity, mean square displacement, fractional free volume, and glass transition temperature were
calculated. The results show that VTS grafting enhances the interfacial adsorption and compatibility between
BNNS and PP. An appropriate amount of VTS@BNNS can fill the gaps between molecular chains, increase
the cohesive energy density, and restrict the motion of chain segments, thereby synergistically improving the
mechanical and thermal properties. The composite with 7% filler exhibits the optimal comprehensive
performance, with Young’s modulus, thermal conductivity, and glass transition temperature are increased by
42.0%, 83.6%, and 41.6%, respectively, compared with pure PP; however, the properties decrease at the filler
content of 9%. The simulation results are consistent with the experimental trend, indicating that the
established model has good accuracy and predictive capability, and can provide a guidance for the design of
high-performance PP composite films.

Keywords: polypropylene; boron nitride; modification; molecular dynamics; simulation



