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Prediction of Thermo-mechanical Behavior for CNT/epoxy Composites
Using Molecular Dynamics Simulation

Hoi Kil Choi*, Hana Jung*, Jaesang Yu*', Eui Sup Shin**

ABSTRACT: In this paper, molecular dynamics (MD) simulation was carried to predict thermo-mechanical behaviors
for carbon nanotube (CNT) reinforced epoxy composites and to analyze the trends. Total of six models having the
volume fractions of CNT from 0 to 25% in epoxy were constructed. To predict thermal behaviors, temperature was
increased constantly from 300 to 600 K, and the glass transition temperature (T,) and coefficient of thermal expansion
(CTE) analyzed using the relationship between temperature and specific volume. The elastic moduli that represented
to the mechanical behaviors were also predicted by constant strain. Additionally, the effects of functionalization of
CNT on mechanical behaviors of composite were analyzed. Models were constructed to represent CNTs functionalized
by nitrogen doping and COOH groops, and interfacial behaviors and elastic moduli were analyzed. Results showed
that the agglomerations of CNTs in epoxy cause by perturbations of thermo-mechanical behaviors, and the
functionalization of CNTs improved the interfacial response as well as mechanical properties.
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Table 1. Parameters of MD models after equilibrations

Model Density [cm®/g] Cell size [A x A x A]
P00 0.8852 38.02 x 38.02 x 38.02
P06 0.8528 41.20 x 64.15 x 64.15
P11 0.8108 41.43 x 45.67 x 45.67
P17 0.7777 41.54 x 37.38 x 37.38
P23 0.8992 41.52 x 32.33 x 32.33
P29 0.7597 41.59 x 29.01 x 29.01
NO06 0.8523 41.20 x 64.15 x 64.15
C06 0.8318 41.20 x 64.15 x 64.15
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Table 2. Thermal properties of pristine models

Model Glass transition CTE [109/K]
temperature [K] Glassy Rubbery
P00 500.87 58.34 462.91
P06 509.55 42.13 258.17
P11 516.44 40.44 193.95
P17 523.53 42.57 128.29
P23 528.43 27.98 145.47
P29 511.80 15.81 105.55

Table 3. Longitudinal elastic modulus of pristine models

Young’s modulus [GPa]
Model
Glassy Rubbery
P00 3.80 1.83
P06 23.29 19.912
P11 42.62 39.26
P17 60.31 59.32
P23 77.74 78.29
P29 99.93 101.62
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Table 4. Mechanical properties of pristine and functionalized

models
Young’s modulus, E [GPa]
Model ISS [MPa]
E, Average E, & E,
P06 24.76 1.31 592.53
NO06 23.17 1.79 687.87
C06 23.87 2.60 726.96
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