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For more than two decades, many researchers have focused on carbon nanotubes (CNTs) which have the superior electrical, thermal, and mechanical properties, motivating their use in composites as a fibrous reinforcing agent. Although mechanical properties of CNT reinforced composites have been widely studied, only a few groups have reported strengthening effects for the composites. Before the utilization of CNTs becomes mainstream, it is necessary to develop protocols for tailoring the material properties, so that composites and devices can be engineered to given specifications. In this presentation, we review our recent studies, in which we investigate the nominal tensile strength and strength distribution of multi-walled CNTs (MWCNTs) synthesized by the CVD method, followed by a series of high-temperature annealing steps. The structural–mechanical relationships of such MWCNTs are investigated through tensile-loading experiments with individual MWCNTs, Weibull–Poisson statistics, transmission electron microscope (TEM) observation, and Raman spectroscopy analysis. The comparatively low value of the shape parameter for MWCNTs resulted from the irregular nanotube structure, which reflects a larger tube defect density relative to conventional fiber materials. Nonetheless, the MWCNTs with an intermediate level of crystallinity produced complete fracture of nanotube walls and exhibited higher nominal tensile strength, suggesting that improvements to the nominal tensile strength of MWCNTs might be achieved by inducing appropriate interactions between adjacent nanotube walls to enable sufficient load transfer to the MWCNT inner layers. This effect should be balanced to permit an adequate load transfer between the inner and outer walls to give clean break fractures.
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