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Model

In order to accelerate calculations, polyethylene was presented in a
simplified geometry: CH, and CH; groups were considered atomic units
of the polymer chain (united-atom model). The interatomic interaction in
the coarse-grained model was set as:  mouorchains
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Introduction

Carbon nanotubes (CNTs) have proved to be very promising fillers for
polymer nanocomposites. However, because of the lack of a detailed
understanding of the principles of the nanoinclusion interaction with
polymer matrixes, the properties of such materials are mostly studied
empirically. The properties of polymer chains in contact with a
nanoscale filler surface inevitably differ from the properties of a pure
polymer. Because of the large area of their effective surface, even at
small concentrations of nanoinclusions (on the order of several weight
percent), the interfacial area may cover a substantial part of the
polymer matrix.

The material properties of composite with nanofillers are affected by
several parameters: the shape and size of nanoparticles, the
distribution of particles in the polymer matrix, the type and force of
interaction of the polymer matrix with the nanoparticles, entanglement
of polymer chains, etc.
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The initial topology was obtained with the use of a radical-like
polymerization. Chain growth was initiated in a cell initially
containing only monomers and a set of CNTs (if needed).
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In the present study, within the coarse-grained (CG) molecular- 4 9 AT e
dynamics methods, aspects of the interaction of the amorphous L s
polyethylene matrix with carbon nanotubes and graphene > >
nanoparticles. The influence of carbon inclusions on the evolution of =i ST S e
polymer matrix during the nanocomposite deformation are studied. —— , — > g
Figure 1. Example of the distribution of nanotubes with a functionalized surface Yans e .
(modified with C, groups) in the computational cell. Figure 2. The scheme of the polymer matrix preparation using
“radical-like” polymerization (M. Perez et al J. Chem. Phys. 128, 234904 (2008))
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Figure 3. Stress-strain curve for a pure PE. Figure 4. Evolution of different energy components during
the deformation.
Analysis of deformation behavior of the nanocomposite Primitive Path Analysis
13 nm long CNTs 3 nm Iong CNTs

Polymer chains system Primitive path network of polymer chains
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Essence of the

method

Multiple PP algorithms were
used to generate the average
molecular weight between
entanglements, Ne. In this
work we used method of
constructing a PP through
modified MD simulation. That
method fixes chain ends
while slowly  tightening
polymer bonds.

In this section the analysis of two types of
nanocomposite: the pure PE and PE with
CNTs is discussed. The size of simulation cells
was 20x20x20 nm3. The first one contained
560 PE chains and 6 CNTs with a length of 13
| nm and a diameter of 2 nm. The position of
% | carbon nanotubes is shown in Figure 6. The

1 second contained 560 PE chains with 24 CNTs
with a length of 3 nm (Figure 7).

Figure 6. Position of nanotubes
in simulation cell 20x20x20 nm?3

Figure 7. Position of nanotubes
in simulation cell 20x20x20 nm?3
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Figure 8. Stress-strain curvesf pure PE
and PE with CNTs 94
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Figure 18. Dependencies of Ne from strain 0161 —~— pure PE
for pure PE and PE with CNTs —— PE+CNT
0.147 PE+short CNT
Pores volume analysis c ol
y % During the uniaxial deformation the pores are growing -% '
: Figure 11. Pores distribution for PE with different rates in different models. The results are 8 o0.10]
§ ® with 3 nm CNTs represented in Fig. 19. It shows that CNTs speed up o
Figure 9. Pores distribution for PE with 13 nm CNTs the process of the cavitation. At the same time the size § °°8]
Uniaxial deformation along Ox axis Wlth P =0, PZZ: 0 of CNTs influence on that process too. Longer CNTs § .06
In this section the deformation process was s R % 5 make the cavitation faster than shorter CNTs. %
performed via uniaxial stretching along OX axis [ # [ & = % 4 Also figures 9-11 give more visual understanding S 0.04]
of the computational cell with a condition P,,= 0, about the pores distribution in the nanocomposites. .
P,,= 0 for stress along OY and OZ directions. The big pore can be determined for system with 13 nm ™
The deformation was perfomed at a constant CNTs (Fig. 9). However the nanocomposite with 3 nm o5l.eee-
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engineerind strain rate € = 1.25*107 st. The
kKinks in primitive path can be divided in two
groups:. between polyethylene molecules (PE-
PE) and between nanoparticles and

Figure 19. Pores volume growth during the deformation
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Figure 14. Stress-strain diagram Figure 15. Dynamic of N, parameter during the deformation (left) between polymer matrix and nanoinclusion could differ from those of pure polymer matrix not only due to

and the survival probability of NP-PE kinks (right) the difference in the concentration of entanglements, but also due to their higher stability.




