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Development of Multiscale Homogenization Model to Predict
Thermo-Mechanical Properties of Nanocomposites including
Carbon Nanotube Bundle

Haolin Wang*, Hyunseong Shin**"

ABSTRACT: In this study, we employ the full atomistic molecular dynamics simulation and finite element
homogenization method to predict the thermo-mechanical properties of nanocomposites including carbon nanotube
bundle. As the number of carbon nanotubes within the single bundle increases, the effective in-plane Young's modulus
and in-plane shear modulus decrease, and in-plane thermal expansion coefficient increases, despite the same volume
fraction of carbon nanotubes. To investigate the thickness of interphase zone, we employ the radial density
distribution. It is investigated that the interphase thickness is almost independent on the number of carbon nanotubes
within the single bundle. It is assumed that the matrix and interphase are isotropic materials. According to the
predicted thermo-mechanical properties of interphase zone, the Young's modulus and shear modulus of interphase
zone clearly decrease, and the thermal expansion coefficient increases. Based on the thermo-mechanical interphase
behavior, we developed the multiscale homogenization model to predict the thermo-mechanical properties of PLA
nanocomposites that include the carbon nanotube bundle.
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Tabla 1. Unit cell composition of the used PLA/CNT nanocom-

posites
Model I Model II | Model III |Model IV
CNT type (5,0) (5,0) (5,0) (5,0)
Number of CNTs 1 3 5 7
LengthofaCNT | = 255 255 255
(A)
CNT volume 5.77% 5.77% 577% | 5.77%
fraction
RVE dimensions | 14.4x14.4 | 25x25 [32.25x32.25|38.1x38.1
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Fig. 1. Molecular models of: (a) a single PLA monomer (b) a sin-
gle PLA polymer chain, (c) PLA unit cell, and (d) (5, 0)
SWCNT

Fig. 2. Geometrical configurations of the single CNT bundle
including: (a) three CNTs and (b) seven CNTs

Fig. 3. Molecular unit cell models of nanocomposites: (a) Model
I, (b) Model II, and (c) Model IV
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Fig. 4. Radial density distributions of PLA of: (a) Model |, (b) Model II, (c) Model lll, and (d) Model IV. The red lines are the density of neat

PLA
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Table 3. Experimental validation of material properties of PLA

Table 2. Elastic properties of SWCNT used for the FE models in MD Experimental
this study (units: GPa) simulations|  work
C. and C.and C and Density(g/cm®) 1.244 1.21-1.25 [14]
Type lézz Cp lézs Css 4é55 Ces Young's modulus (GPa) 3.596 3.5 [14]
(5, 0) 1148.90 | 275.73 | 389.15 | 3004.80 | 2357.19 | 440.39 Shear modulus (GPa) 138 1287 [14]
SWCNT Coefficient of thermal expansion(/K)| 6.31E-05 |6.80E-05 [15]
Glass transition temperature(K) 359 319-333 [14]

Fig.5. A three-phase finite element model (composed of
matrix, interphase, and CNT)

Table 4. Elastic moduli of the matrix and in-plane elastic moduli
of nanocomposite models from MD simulations (units:

GPa)
Model PLA | Model I | Model II [Model I1I|Model IV
- ,
n-planeYoung's| 5 oo | o1y | 518 | 401 | 435
modulus

In-plane shear

1.38 2.36 1.99 1.88 1.67
modulus
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Fig. 6. Elastic moduli of interphase about the number of CNT:
(a) Young's modulus and (b) shear modulus
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Table 5. Glass transitions temperature of neat PLA and PLA/CNT
nanocomposite models derived using MD simulations
(units: K)
PLA Model I Model IT | Model IIT | Model IV
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Table 6. Coefficient of thermal expansion of PLA and in-plane
coefficient of thermal expansion of PLA/CNT nano-
composite models from MD simulations. (units: /K)

PLA Model I Model I Model III | Model IV

6.31x10° | 3.17x10” | 4.46x10° | 5.35x10° | 5.63x107
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