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Abstract

Introduction In this study we employ a multi- Phase Properties
inclusion micromechanical model to : : :

Carbon nanotubes (CNT) have some outstanding properties in 8l 1vze carbon nanotubedl® BSiver The elastic moduli of the carbon nanotubes anq the 1n.terface were
the mechanical, electrical and electronics, and thermal domains. nanocomposites. The nanocomposite Obtf‘lmed frf)m [4]. The CNTs have tranS\.fersely.1sotr0p1c. propertics
T'heir stiffness and strength are some of the greatest ever observed. was divided into four phases consisting while the interface Xas .assumed 0 be isotropic. The interface i1s
'he stiffness and strength of sample carbon nanotubes are compared of the carbon nanotube, the interface, assumed to be 3.4 A thick. The interface and the CNT were then

combined 1nto a single effective fiber through FE by matching

to those of some widely used engineering materials in Figure 1. ) , ) ¥ ) o
displacement under various loading conditions described in Figs. 3-6.

the interphase and the bulk polymer.
The combination of the carbon

Young's Modulus [GPa] Strength [GPa] , The loads include uniform axial pressure, uniform lateral pressure and
nanotube and the interface was : : :
[Epoxy | Epoxy . . . uniform axial torsion.
;iel 17 - 7 PH RH950 Steel 17 — 7 PH RH950 transformed into an effective fiber e et
minum 2219-T87 | Aluminum 2219-T87 ] - . Iy
Kevlar 49 Kevlar 49 using Finite Element (FE) modeling. ¢ D ~

Glass Fiber Type “S”
% The interphase was graded in a

functional manner. The results of the
analyses were compared to other
experimental and numerical studies in

Glass Fiber Type “S”
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Figure 1: Stiffness and strength of Single Walled Carbon Nanotubes (SWCNT) and : ¢ )
Multi-Walled Carbon Nanotubes (MWCNT) compared to some engineering materials. the literature. , , , , ] , , .
Figure 3: Cut sections of the finite Figure 4: Loading Figure 5: Loading conditions
: . : element models consisting of CNT and  conditions used to obtain  used to obtain the transverse
Micromechanics offers a very easy to use and simple, yet strong . . by o
_ . s e interface (left), and effective fiber the longitudinal modulus  modulus and Poisson’s ratio v,
methods for analyzing nano composites. The vast majority of ACknOWIGdgementS (right). of the effective fiber. of the effective fiber.

currently used micromechanical models use 2 or 3 phases to
represent a CNT nanocomposite. Recently published observations
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suggest that there are at least 4 distinct phases in a carbon , [A] [GPa] [GPa] [GPa] [-] [-]
nanotube composite; the CNT the interface (IF), the interphase (IP), Aerospace . Industries,  Inc. . for 39 113.0 380 400 032 02
and the polymer (Pol). Furthermore the density distribution of the attending this conference. - NN oo SR
interphase suggests that it can be better modelled using a | | | I |

N, 732 170 39.0 034 0.2

functionally graded micromechanical phase [2]. In this paper we
use a multi-inclusion micromechanical model to simulate a carbon Table 3: Elastic moduli of the effective fiber Figure 6. Loading conditions used to obtain G ,,.
nanotube — polymer composite in which the
interphase is modelled in a functionally
graded manner and the combination of
the interface and the CNT is

replaced by an effective fiber
characterized by finite element
modeling.

The elastic moduli of the interphase were assumed
to vary from the effective fiber to the polymer
in a linear or exponential manner or stay
constant. The polymer is modelled after
LARC-SI and has a Young’s modulus
of 3.8 GPa and a Poisson’s ratio of 0.4
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Methodology

The micromechanical model used in

this study 1s adopted from [3]. The

phases of the model are assumed to be
perfectly elastic, coaxial and similar in shape
such that a,/a, = b,/b, = c,/c, =7 where a, b and ¢

are the physical dimensions of the inclusions as seen 1n Figure 2. The
elastic moduli, C, of the composite consisting of n phases is given in

(1) where I is the 4% order identity "™
tensor, § is the Eshelby tensor [4], '
C is the moduli tensor of a
fictitious 1nfinite domain. The

The interphase can be modelled using a
constant, linear and exponential distribution of
moduli. Figure 6 plots modulus enhancement with

respect to polymer for various CNT radun and interphase

moduli distribution. It can be seen that constant and linear distributions
REfe rences generate unreasonably high reinforcements. Hence an exponential
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P Figure 8: Improvement in polymer Young's modulus vs CNT vol.% for various CNT radii and interphase

thicknesses, t,,, for a = 1.




