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Fig.1 Model diagram of a typical nitrile rubber system where the
blue beads denote hydrogen atom, the yellow beads denote
carbon atom and the red beads denote nitrogen atom
(acrylonitrile content:50%)
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Fig.2 Density of nitrile rubber as a function of temperature for
different acrylonitrile content («)
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Fig.3 (a)Non-bond energy and (b) the torsional energy of nitrile rubber as a function of temperature

for different acrylonitrile content («)
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Fig.4 (a)Mean-square displacement MSD with the time for different temperatures (7); (b) the logarithm of 1/
MSD(t=10 ns) with 1000/7 for different acrylonitrile contents («)
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Fig.5 (a)Time autocorrelation function of bond vector P,(f) with time for different temperatures (7); (b) In(7uona)

with 1000/7 for different acrylonitrile contents («)
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Fig.6 Mean-square fluctuation of a given atom (Ar) as a function
of temperature for different acrylonitrile contents («)
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Fig.7 (a) RDF g(r) of the backbone atoms at three temperatures (7); (b) fraction of the immobile atoms

with T for different acrylonitrile contents (a)
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Fig.8 Number distribution of the backbone atoms with respect to the mean-square fluctuations (A r) with T at the acrylonitrile content:
(a) a=0%, (b) a=25%, (c) a=50%, (d) a=75%, (¢) a=100%
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Fig.9 Percolation probability of the immobile domains with T for
different acrylonitrile contents («)
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Fig.10 (a) Size of the largest immobile domain C, and (b) number of the immobile domains V. with T for

different acrylonitrile contents («)

b, T 500K 450K 400K

350K 300K

250K

,g.q,: -

f

Doan e P
. % e, < <, »
& 7 2 E
~ 3 ) S 0
v R 2% s
J A e
oy 1
1 4 > .- .
.. 3
a7

50%

5%

* ,

100%

3

Fig.11 Snapshot of the distribution of mean-square fluctuation (Ar)of each backbone atom with 7 for

different acrylonitrile contents («)
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methods, including (a) the static properties and (b) the dynamics properties
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Molecular Dynamics Simulation on Effect of Acrylonitrile Content on Static
and Dynamic Properties of Nitrile Rubber During Glass Transition

Wei Cheng', Wei Sun’, Wenfei Wang', Bing Wang', Xiuying Zhao®, Yangyang Gao’
(1.Luoyang Ship Material Research Institute, Luoyang 471023, China, 2. Beijing Engineering Research Center of
Advanced Elastomers, Beijing University of Chemical Technology, Beijing 100029, China)

ABSTRACT: The effect of the acrylonitrile content on the structure and dynamic behavior of nitrile rubber was
systematically studied during glass transition process by employing all atom molecular dynamics simulation. For the
static property, the polymer density and energy were calculated. The polymer density, non-bond energy and torsional
energy are found to play an important role during glass transition process. For the dynamic property, the translational
mobility, bond reorientation mobility and dynamic heterogeneity on chain backbone were analyzed. The mobility on
chain backbone declines with improving acrylonitrile content. Meanwhile, the glass transition temperature (T,)
obtained from the non-bond energy and torsional energy method is larger than that from the polymer density method.
Furthermore, the T, obtained from the dynamic heterogeneity method is largest compared to that from the bond
reorientation mobility or atom translational mobility method. Especially, according to the mean-square fluctuations of
the backbone atoms, the immobile atoms were distinguished. Then, the percolation probability of the immobile
domain was analyzed by characterizing the size of the largest immobile domain and number of the immobile
domains. By observing the snapshots of the mean-square fluctuations of atoms, the percolation transition of the
immobile domains was clearly observed, which can help to understand the glass transition process for different
acrylonitrile contents.

Keywords: nitrile rubber; acrylonitrile content; temperature; static and dynamic behavior; molecular dynamics
simulation



