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Effect of heat treatment on mechanical properties of polyving
akohol by molecular dynamics simulation
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Abstract: In order to study the effect of heat treatment on mechanical properties of polyving akohol
(PVA), the command of build polymers was used to construct 1,3-ethylene glycol polymer chain with
100 monomeric units. The module of Amorphous Cell was applied to put the optimized chain segment in-
to the three dimensional periodic boundary. And the structure model of PVA was obtained. From the
temperature 363 to 393 K with the increase step of 10 K, the molecular simulation was applied to investi-
gate the effect of temperature on mechanical properties in NVT ensemble using COMPASS force field.
The cooling rates of 17 and 5 K/600ps were set to simulate the effect of cooling rate on mechanical prop-
erties. The results show that mechanical performance of polyving alcohol by slow cooling process is im-
proved; as the rigidity decreases, the elastic elongation and the ductility increase. The mechanical per-
formance of polyving alcohol by heat treatment temperature of 373 K is the best, 7. e. , the Poisson’s ra-
tio and Cauchy pressure are the largest, and the elastic elongation and the ductility are the best.
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Fig. 1 The structure sketch of repeat units of PVA
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Fig. 2 The structure model of PVA
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Tab. 1

Elastic constants and effective isotropic moduli

(GPa) for PVA under different cooling rates

The cooling rate (K/600ps)

17

5

Cn

Cop

Css
Cus

Ci; —Cy

Tensile modulus( E )

Poisson’s ratio( v )
Buck modulus( K )
Shear modulus( G )

K/G

11.5115+0. 0188
23.441140. 0035
20.761340.0052
6.7475+£0.0045
.007240. 0045
5.2855+0. 0029
4.3107+0.0048
6.0096+0. 0082
8.1625%0.0041
—0.7516+0. 0069
0.1679+0.0032
—1.1789+0. 0040
0.2668+-0.0028

—2.4368

14.5376

0.2797

10. 9979

5. 6801

1. 9362

o w

ul

14.6823+0. 0061
14.2255%+0. 0075
17.1121+0. 0058
3.7552+0.0041
2.9336+0.0030
4.8333+0.0063
5.2690+£0. 0065
6.3584+0. 0044
6.2223+0.0052
—0.4241+0. 0040
—0.4777+0. 0046
—0.4575+0. 0032
—0.025340. 0029

1.5138

10. 2393

0.3330

10. 2191

3. 8407

2.6607
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Tab. 2 Elastic constants and effective isotropic moduli (GPa) for PVA under different heat treatment temperatures

The heat treatment temperature (K)

383

393

K/G

363 373
Cn 13.5062+0. 0118 18.4516+0. 0219
Cys 17.6343+0. 0133 8.2199+0.0272
Css 10. 6385+0. 0070 14.4029+0. 0256
Cyy 6.3826+0.0037 1. 896040.0126
Css 6.3687+£0.0042 1.295040. 0104
Ces 5.3433£0. 0055 —0.593540.0106
Crz 5.7802+0.0124 3.6693+0.0208
Cis 4.8182+0. 0088 4.5601+0. 0200
Cas 5.7163+0.0094 4.1295+0.0236
Cis —0.100740. 0051 0.1177+0. 0125
Css 0.634540. 0058 0.38374+0.0107
Css 0.048540.0041 —0.173240.0136
Cig 0.098640.0042 —0.034540.0071
Ci; —Cu —0.6024 1.7733
Tensile modulus( E) 13. 4865 2.5390
Poisson’s ratio( y) 0. 1180 0.4663
Buck modulus( K) 5. 8842 12.5370
Shear modulus( G ) 6.0315 0. 8658
0.9756 14. 4803

14.6823+0. 0061
14.2255%0. 0075
17.1121£0. 0058
3.7552+0.0041
2.9336+0.0030
4.8333+0.0063
5.2690£0.0065
6.3584+0.0044
6.2223+0.0052
—0.4241+0. 0040
—0.4777+£0. 0046
—0.4575+£0.0032
—0.0253+£0.0029

1.5138

10. 2393

0. 3330

10. 2191

3. 8407
2.6607

15.5193+0. 0047
19.4750£0. 0044
23.2416+0.0109
6.7406+0.0116
4.729140.0045
4.8965%0. 0036
4.705540. 0037
6.0774+0.0068
8.7709+0.0047
—0.4015%0. 0041
0.040140. 0030
—0.0887+£0.0056
—0.0945+£0. 0047
—2.0351
14. 2338
0.3046
12.1381
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