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Nanocomposites based on carbon nanotubes (CNTs) have received a tremendous amount of
attention during the past five years. Individually, CNTs can achieve very high aspect ratios because
their diameters are in the range of a few nanometers with lengths of several hundred nanometers.
Additionally, CNTs are reported to have extremely high elastic modulus, ~1 TPa which is
comparable to that of diamond (1.2 TPa). The strength of CNTs is 10-100 times that of the strongest
steel but at a fraction of the weight [1-4]. CNTs exhibit a range of electrical conductivity, from
metallic to moderate band gap semiconductors depending on their structure [5]. Potential
applications of polymer/CNT composites are in aerospace (high temperature, light weight),
automobile (bumpers, interior and exterior panels, gasoline tanks), construction (panels), electronic
and electrical (printed circuits, electric component), packaging (films, containers), adhesives and
coatings. In spite of a CNT’s outstanding individual properties, the elastic modulus of nanotube
based composites is low; e.g., Shaffer and Windle [3] reported that the Young’s modulus value of a
CNT-PVA composite film was ~150 MPa. A main obstacle in improving the stiffness and strength
of a CNT composite is the control of the nanotube’s dispersion, alignment and load transfer at the
interfaces within the matrix.

We have addressed these issues in the present study using a combination of surface modification and
processing techniques to prepare epoxy/CNT nanocomposites which have a controlled spatial
distribution of the CNTs. The surfaces of the multiwall carbon nanotubes(MWCNTSs) were
chemically modified to enhance interaction with the polymer, which was an epoxy resin. We used
mechanical shearing to align the carbon nanotubes as well. Furthermore, we believe that the high
shear coupled with the modified surface helps to prevent aggregation of the nanotubes.

To determine how the layered morphology of our nanotubes in the polymer contributed to the
mechanical properties, 3-dimensional characterization of the CNT filler in the polymer matrix is
critical. Recent advances in High Angle Annular Dark Field-Scanning Transmission Electron
Microscopy (HAADF-STEM) allow images to be taken at various angles with minimal Bragg-
Diffraction contrast contributions to the image [6].

We have performed a single tilt series for a series of polymer/nanotube composites using a FEI
Tecnai F20 Supertwin Transmission Electron Microscope (TEM). The images were taken for tilt
angles between +/- 50° to +/-70° with 1° step intervals. The images were then compiled and
reconstructed using FEI’s Xplore3D® and Inspect3D® imaging and Amira® software. The TEM
foils were prepared by cutting thin slices from the composite using standard microtone techniques
and laying each slice onto a TEM carbon supported film. As evident in Fig. 1, the tomography
images clearly provide new viewing prospective to determine the extent of layering and
directionality of the filler tubes in the polymer. From this figure, we can see groups of tubes aligned
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in the same direction. From the bright field TEM images, some of these tubes appear to be
significantly bent. By using tomography, we will address how different processing and mechanical
testing results in variations of CNTs distribution and directionality within the polymer matrix.
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Fig 1: (a) Different viewing angles collected from a HAADF-STEM tomography reconstruction (b)
Bright Field TEM images of the specimen.
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