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Fig.1 The model of PUF molecular chain
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Fig.2 The spherical SiO, nanoparticle
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Fig. 3 The PUF/SIO, interface interaction model
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Fig.4 The final equilibrium models of PUF
before and after doping nano-SiO,
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Table 1 Densities of PUF before and
after doping with nano-SiO,
LR HIE/ (grom™)

pure-18PUF 1.204
18PUF-1Si0,-5.3% 1.246
pure-12PUF 1.410
12PUF-1Si0,-7.9% 1.495
pure-8PUF 1.436
8PUF-1 Si0,-11.7% 1.503
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Table 2 Fractional free volume of PUF
before and after doping nano-SiO,

x100% (2)

fim oA SEEER A AR

/A3 /A3 U %
pure-18PUF 6719.84 26 722.45 20.09
18PUF-18i0,-5.3% 442074 27 872.49 13.69
pure-12PUF 2793.52 17 833.34 13.54
12PUF-1S8i0,-7.9% 1 946.81 19 021.03 9.28
pure-8PUF 1 577.66 11 927.26 11.68
8PUF-1Si0,-11.7% 1429.74 12 986.82 9.92
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Table 3 Mechanical properties of PUF before and after doping nano-SiO,

i i) A o A%/ GPa v Cy Cy Cy3 Cu Css Ces
pure-18PUF 3.456 9 2.6479 6.80 0.28 10.136 4 8.4757 7.6460 3.0445 24616 24376
18PUF-1Si0,-5.3% 5.505 3 3.060 9 8.09 0.32 10.798 3 12.524 1 11.5590 3.8134 3.3067 2.0627
pure-12PUF 5.1242  3.706 3 9.56 0.29 12.693 9 145621 10.3541 3.4124 3.1769 4.5295
12PUF-1Si0,-7.9% 5.248 2 3.706 3 9.56 0.29 12,6939 145621 10.3541 3.4124 3.1769 4.5295
pure-8PUF 5.623 6 3.928 8 10.17 0.29 12.3178 13.2427 14.8828 3.9877 3.3824 44162
8PUF-1Si0,-11.7% 44525 4.123 8 10.39 0.26 12.680 9 13.2659 12.1535 3.7197 4.0587 4.5930
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Fig. 5 PCFs of PUF/SIiO, interface interaction
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Molecular simulation study on mechanical properties of

poly (urea-formaldehyde) reinforced by nano-SiO,
ZHANG Yanfang' | HUANG Leifeng', LI Bonan', LIU Yang®, WU Yiming’, WU Peng’

(1. State Key Laboratory of Power Transmission Equipment & System Security and New Technology ( Chongqing
University ) , Chongqing 400044 , China;2. Jiangsu Electric Power Co.,Ltd. Research Institute ,Nanjing 211103, China)

Abstract ; Dielectric materials are widely used in modern power grids. However, cracking phenomena easily occurs in the using

process, and it may lead to partial discharge, electrical treeing, and even system failure. Micro-cracks are difficult to detect,

and the replacement of dielectric materials requires a lot of manpower, material resources, and financial resources. Therefore ,

self-healing materials come into being. The self-healing of dielectric materials can be realized by doping with self-healing

microcapsules of which dicyclopentadiene as core material and poly (urea-formaldehyde) (PUF) as wall material. However,

PUF microcapsules have insufficient hardness and mechanical properties need to be enhanced. Three sets of models are

established by molecular simulation. Each group included a pure PUF model and a PUF model doped with nano-SiO,. The

density, fractional free volume and mechanical properties are analyzed after molecular dynamics calculation. Results show that

doping nano-Si0, is beneficial to increase the density of PUF materials, reduce the fractional free volume and enhance the

mechanical properties. It is found that there are hydrogen bonds interactions between the polar atoms of PUF chain and

hydroxyl, as well as O atoms on the surface of nano-SiO, by analyzing the interaction mechanism of PUF/SiO, interface.

Keywords : dielectric material ;nano-SiO, ;poly (urea-formaldehyde) ;mechanical properties; molecular simulation
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