Composites

=

Vol. 32, No. 3, 163-169 (2019)

Paper

ReseaI’Ch ISSN 2288-2103(Print), ISSN 2288-2111(Online)
BY UItAA DEXEY AR 2iC|Zt FY XMoo

AgEolM YnalE

AR - g Q2 EI

[

Free Radical Polymerization Algorithm for a Thermoplastic
Polymer Matrix : A Molecular Dynamics Study

Ji-Won Jung*, Chan-Wook Park*, Gun-Jin Yun*'

ABSTRACT: In this paper, we constructed a molecular dynamics (MD) polymer model of PMMA with 95% of
conversion by using dynamic polymerization algorithm of a thermoplastic polymer based on free radical
polymerization. In this algorithm, we introduced a united-atom level coarse-grained force field that combines the non-
bonded terms from the TraPPE-UA force field and the bonded terms from the PCFF force field to alleviate the
computation efforts. The molecular weight distribution and the average molecular weight of the polymer were
calculated by investigating each chain generated from the free radical polymerization simulation. The molecular
weight of the polymer was controlled by the number of initiator radicals presented in the initial state and molecular
weight effect to the density, the glass transition temperature, and the mechanical properties were studied.
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Fig. 1. The united atom level coarse-grained representation of a
MMA monomer (a) and an initiator (b) where the white
atoms are united carbon, the red atoms are oxygen and
the yellow atom is the radical site in the initiator
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Table 1. Average molecular weights of the PMMA models

hfﬁ? (ri:;(i; frtlﬁixtel? (gj\r/ffol) (gj\r/frivol) PDI=M,/M,
1 1,682 13,273 7.894
3 1,280 4,970 3.881
5 1,042 3,091 2.967
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Fig. 2. Molecular weight distribution of the PMMA model of 1%,
3%, 5% initiator ratio plotted with typical experimental
distribution of PMMA [21]. The molecular weight distri-
bution diagram from the experimental result was
rescaled to visually compare to simulation results
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Fig. 3. Glass transition temperature of PMMA for different initia-
tor to monomer ratio
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Table 2. Mechanical properties for each initiator models

Mole ratio of the Young’s Modulus Yield Stress
initiators (%) to monomer (GPa) (MPa)
1 1.743 75.62
3 1.707 74.32
5 1.623 62.98
Mole ratio of the Shear Modulus Shear yield
initiators (%) to monomer (GPa) Modulus (MPa)
1 0.97 30.00
3 0.79 27.67
5 0.71 23.48
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