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Abstract

Inspired by the Eiffel Tower in Paris, Russian scientist Konstantin Tsiolkovsky came up with the idea
of space elevator in 1985. The space elevator was conceived as a space cable, also known as space
tether between the equator and a counterweight in outer space. The center of mass of the system is
above the geostationary orbit level to enable to generate a centrifugal force from the Earth’s rotation
to overcome the gravitational force by Earth. Carbon nanotube has been considered as a candidate
material for the space cable due to its high specific strength. However, there are significant challenges
in making the space cable from carbon nanotubes. In our research work, we have explored the
buckypaper as a reinforcement to make carbon nanotube-based composite materials. The buckypaper
is preformed as a sheet or mat through a sheet forming process governed by the hydrodynamic
behaviour of carbon nanotubes in an aqueous solution. The microstructure and nanostructure of the
buckypaper is tailored towards the fabrication of the buckypaper composites with various types of
matrix materials including the polymer matrix, metal matrix and ceramic matrix. The buckypaper
composites potentially can meet the requirements of property and performance targets of space cable.
In our study, we have systematically investigated the processing-structure-property-performance
interrelationships of the buckypaper composites through the combination of experimental and
computational approach. The key parameters to qualify the buckypaper to be a reinforcement material
include carbon nanotube surface, carbon nanotube orientation, scalability of the buckypaper making
process, and manufacturability of the composites reinforced with the buckypaper. We have conducted
fundamental studies on the hydro-mechanical process dominated by the drainage under vacuum force,
oriented shear and alignment under external fields, and fluid turbulence in order to optimize the
microstructure and nanostructure of the buckypaper and to scale up the paper making process towards
roll-to-roll manufacturing of the large-size buckypaper for real-life applications. The buckypaper
offers excellent mechanical, electrical, and thermal transport properties close to individual carbon
nanotubes. In our research work, we have further studied the potential of the buckypaper for
multifunctional composites by incorporating it to the matrix through conventional composites
manufacturing processes. Several potential applications of the buckypaper composites are illustrated;
in particular, high strength composites, vibrational and acoustic damping, electro-magnetic
interference shielding, lightning strike protection, fire retardancy, thermal protection, strain sensing
and damage detection, and shape memory polymer composites are discussed. The future research
directions for the buckypaper composites are also presented.
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