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Molecular dynamics simulation on mechanical properties of
PVP/PVA

WANG Yan-en*, WEI Qing-hua®®, YANG Ming-ming*®, WEI Sheng-min®° (a. School of
Mechanical Engineering, b. The Key Laboratory of Contemporary Design and Integrated Manufacturing Tech-
nology, Ministry of Education, Northwestern Polytechnical University, Xi’ an 710072, China)

Abstract; Objective To study the mechanical properties of PVP/PVA composite hydrogel and its interaction prin-
ciple based on the molecular dynamics (MD) theory. Methods MD simulation was applied to investigate me-
chanical properties and radial distribution functions of PVP, PVA and their mixed system PVP/PVA. Results
Compared with the pure PVP, mechanical properties of PVP/PVA were significantly improved, and not affected
by temperature. The interaction between PVA and PVP was expected to occur through the interchain hydrogen
bonding between the oxygen atom of PVP and the hydroxyl group of PVA. Conclusions MD method revealed the
interaction mechanism of PVP/PVA hydrogel at molecular microscopic level and proved it better than pure PVP.
Meanwhile, its mechanical properties were stable at different environment temperatures. These results provide a
reliable theoretical research method for studying the fabrication process of hydrogel prosthesis in clinic and its me-
chanical properties.

Key words: Polyvinylpyrrolidone ( PVP) ; Polyvinyl alcohol (PVA) ; Molecular dynamics (MD) ; Mechanical prop-
erties; Radial distribution function
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Tab.2  Mechanical properties of PVP, PVA and PVP/PVA at
37 °C
pvpP PVA PVP/PVA
C,,/GPa 6.19 +£0.30 11.06 +£0.43 10.38 £0.35
C,,/GPa 5.15+0.34 11.49 £0.50 10.69 £0.34
C33/GPa 11.12 £0.43 9.68 +0.46 9.02 +0.62
C4y/GPa 1.12 +0.34 2.52+0.38 3.23 £0.343
Css/GPa 2.99 +£0.26 3.66 +0.30 2.62 £0.29
Ces/GPa 2.29 +0.30 2.49 +0.22 2.94 +0.45
C,/GPa -0.11 +£0.12 4.70 £0.32 5.30£0.28
C3/GPa -1.64 +0.33 4.93 +0.16 4.53+0.18
Cy;/GPa 0.40 £0.12 4.63 +0.33 4.21 +£0.33
C5/GPa -2.21+0.35 0.71 £0.21 -1.06+0.21
C,s/GPa -1.13+0.25 0.91+0.29 -0.52+0.14
C35/GPa 0.36 +0.20 -0.03+0.25 -0.68 +0.27
C4s/GPa -0.29 +0.11 -0.14+0.13  -0.09 =0.10
E/GPa 4.31 7.82 7.06
v 0.33 0.30 0.32

K/GPa 5.38 6.75 6.46
G/GPa 1.58 2.99 2.68

(Cy, = Cyy)/GPa -1.23 2.18 2.07
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2.3 PVP/PVA EARREIRE THIEMEERE

23 % PVP/PVA IR EK & 7E - 13.37.87 .,
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Tab.3 Mechanical properties of PVP/PVA at different tempera-

tures
-13 C 37 C 87 C 137 C
C,,/GPa 10.37 10.38 10.39 10.39
C,,/GPa 10. 68 10. 69 10. 69 10. 69
Cy3/GPa 9.00 9.02 9.02 9.03
Cy/GPa 3.23 3.23 3.23 3.23
Css/GPa 2.61 2.62 2.62 2.63
Ces/GPa 2.93 2.94 2.95 2.95
C,/GPa 5.29 5.30 5.31 5.31
C3/GPa 4.52 4.53 4.53 4.52
Cy;/GPa 4.19 4.21 4.21 4.21
C,5/GPa -1.07 -1.06 -1.08 -1.09
C,5/GPa -0.51 -0.52 -0.52 -0.53
C35/GPa -0.67 -0.68 -0.69 -0.69
Cy5/GPa -0.09 -0.09 -0.10 -0.11
E/GPa 7.05 7.06 7.06 7.07
v 0.32 0.32 0.32 0.32
K/GPa 6.45 6.46 6.46 6.47
G/GPa 2.68 2.68 2.68 2.68
C,, -Cu/GPa 2.06 2.07 2.08 2.08
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Fig. 6 The radial distribution function of PVP/PVA
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