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Large-scale coarse-grained molecular dynamics simulation based on
MPI parallel computing: Mechanical property of polymers in molecular
scale

YuJgi Hicgucui»2® MomoJi KuBol

Abstract: To increase the toughness of polymeric materials against stretching, the understanding of the
fracture process of semicrystalline polymers in both macro and molecular scales is essential. Since exper-
imental studies are difficult to reveal the dynamics in molecular scale, molecular dynamics simulation is
effective. In particular, semicrystalline polymers such as polyethylene show inhomogeneous structure and
thus its fracture process is difficult to be revealed. Therefore, coarse-grained molecular dynamics simulation
is often used. However, large-scale simulation is needed due to its large molecular weight and crystal struc-
ture. Then, we study the fracture process of the most fundamental crystal structure, lamellar structure, in
molecular scale by large-scale coarse-grained molecular dynamics simulation using MPI parallel computing.
The fragmentation of lamellar layers is observed, which could not be revealed by small-scale simulations.
The block structures of lamellar layers in the fracture process are in agreement with the experiment. We
successfully reveal the fracture process of lamellar structure by large-scale coarse-grained molecular dynamics
simulation.
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Table 1 List of parameters and their values. The units of

length and energy are o and €, respectively.

Values
kg .4 | 5.0x 103
lo 1.0
a 12.428
b 38.370
d 123.38
Oo 108.78 (deg)
kYo | 3.6x103
Ry 1.5
Ry 0.833
Uo 75.0
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|:| Cell for a processor
|| Divided subcell
Export region to neighbor cell
Import region from neighbor cell
- (Cut-off distance
==p Message to neighbor cell
==p Message from neighbor cell

1 wVORYID HeHy b4 7, B & CEEHEOBRK.
Fig. 1 A cut-off distance and a method how to divide a cell

into subcell. Export and import regions are also shown.
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Fig. 2 A snapshot of lamellar structure consisting of (a) 4 x 10*

and (b) 1 x 108 monomers. (c) A typical polymer chain.
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(d)

H3 5080 icdT 37 ATHMEDHE O A, (a) t=0 7, (b) t=150 7, (c) t=225 T,
(d) t=300 7, (e) t=375 7, (f) t=450 7, (g) t=675 7.
Fig. 3 Fracture process of lamellar structure via stretching at (a) t=0 7, (b) t=150 7,
(c) t=225 7, (d) t=300 7, (e) t=375 7, (f) t=450 7, and (g) t=675 7.
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Fig. 4 Stress-strain curve in the fracture process of lamellar

structure.

BRefrol., KRBGRRZIT5 28T, IATEDOHL
NEZEI N, IS 70w ANEE LR TIRBIER X
NN Z s, KEBEEHRPERTH D I L 250

2016 Information Processing Society of Japan

L7z, 7ay ZIRTENT W BT I EEBREE R & e
—H L7255, SHOYIalL—Ya VEERIZEY T
FLYOBET O A2 H{ETE TV LEALND. &
D FARIDEHNE 2 RIS 2 72012135 D & 5 72 KIEEE
BRRETHY, SBIBEIPEEINS.

SE

[1]

2]

[4]

Patlazhan, S. and Remond, Y.: Structural mechanics of
semicrystalline polymers prior to the yield point: a re-
view, Journal of Materials Science, Vol. 47, No. 19, pp.
6749-6767 (2012).

Rottler, J.: Fracture in glassy polymers: a molecular mod-
eling perspective, Journal of Physics: Condensed Matter,
Vol. 21, No. 46, p. 463101 (2009).

Yeh, I.-C.; Andzelm, J. W. and Rutledge, G. C.: Mechan-
ical and Structural Characterization of Semicrystalline
Polyethylene under Tensile Deformation by Molecular Dy-
namics Simulations, Macromolecules, Vol. 48, No. 12, pp.
4228-4239 (2015).

Yamamoto, T.: Molecular dynamics in fiber formation of
polyethylene and large deformation of the fiber, Polymer,
Vol. 54, No. 12, pp. 3086 — 3097 (2013).

Jabbari-Farouji, S., Rottler, J., Lame, O., Makke, A.,

13



2016
High Performance Computing Symposium 2016

(6]

(7]

Perez, M. and Barrat, J.-L.: Plastic Deformation Mecha-
nisms of Semicrystalline and Amorphous Polymers, ACS
Macro Letters, Vol. 4, No. 2, pp. 147-150 (2015).
Yamamoto, T.: Molecular dynamics simulation of poly-
mer ordering. II. Crystallization from the melt, The Jour-
nal of Chemical Physics, Vol. 115, No. 18, pp. 3086-3097
(2001).

Aktulga, H. M., Fogarty, J. C., Pandit, S. A. and Grama,
A. Y.: Parallel Reactive Molecular Dynamics: Numerical
Methods and Algorithmic Techniques, Parallel Comput-
ing, Vol. 38, No. 4-5, pp. 245-259 (2012).

Adams, W. W., Yang, D. and Thomas, E. L.: Direct
visualization of microstructural deformation processes in
polyethylene, Journal of Materials Science, Vol. 21,
No. 7, pp. 2239-2253 (1986).

Syoji, T., Aoyagi, T. Takimoto, J. and Doi, M., Polymer
Preprints Japan, Vol. 50, No. 9, pp. 2013 (2002).

2016 Information Processing Society of Japan

HPCS2016
2016/6/6

14



