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Molecular dynamics simulation of rutile nano-TiO, doped polyethylene
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Abstract: In order to analyze the effects of rutile nano-TiO, doping on the properties of polyethylene (PE) materials from the
microscopic perspective, PE and TiO,/PE composite models with different mass fractions of water molecular were
constructed by using molecular dynamics simulation method. And then taking temperature as a variable, the thermodynamic
properties and microstructure of PE before and after being modified by nano-TiO, and the diffusion ability of water
molecules in the composite system were analyzed. The results show that after doping with nano-TiO,, the glass transition
temperature of PE system increases by 33 K, the Young's modulus increases by 428.17%, and the shear modulus increases
by 338.62%. Nano-TiO, greatly inhibits the movement of PE molecular chain and the diffusion of water molecules, which
increases the stability of the composite system. The addition of water molecular and the increase of temperature decrease the
thermodynamic properties of the composite system, both of which destroy the stability of the composite system.
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Fig.1 Composite system model
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Tab.l Free volume fraction of TiO,/PE+1%H,O model at

different temperature

/K Vv /A VA3 O/ %
150 27 197.81 1 002.65 3.56
200 27 154.95 1055.92 3.74
250 27102.90 1 114.43 3.95
300 27 087.49 1197.41 4.23
350 27 044.30 1287.47 4.54
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Tab.2 Free volume fraction of all composite systems at 300 K

(¥ N VA3 O/ %

PE 28 446.51 5123.30 15.26
PE+0.5%H,0 28 513.98 5528.55 16.24
PE+1%H,0 28 062.88 5823.89 17.19
PE+TiO, 26 998.00 1087.21 3.87
TiO,/PE+0.5%H,0 27 035.74 1 174.02 4.16
TiO,/PE+1%H,0 27 087.49 1197.41 4.23
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Tab.3 Diffusion coefficients of water molecule in each model at different temperatures

®3 FEERETEREKS FHT R

PR $/(x107° cm?/s)
TR
100 K 150 K 200 K 250 K 300 K 350 K 400 K 450 K 500 K
PE+0.5%H,0 0.110 0.379 0.722 0.798 1.357 9.564 24.008 42.832 53.756
PE+1%H,0 0.471 0.572 0.763 4.667 6.664 12.345 26.509 55.464 63.451
TiO,/PE+0.5%H,0 0.043 0.049 0.051 0.059 0.091 0.103 0.157 0314 0.791
TiO,/PE+1%H,0 0.057 0.066 0.094 0.106 0.112 0.122 0.529 0.653 0.804
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Fig.10 Radial distribution diagram
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Fig.11 RDF curve between nano TiO, and water molecules
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Fig.12 RDF curve between PE and water molecules
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