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Abstract:
In recent years, there has been a strong interest in nanomaterial composites as a means
to integrate multifunctional behavior with enhanced mechanical response. In civil
engineering for instance, cement nanocomposites are considered in strain-sensing,
damage-sensing, and structural health monitoring applications. Cement nanocomposites
have also been considered for electromagnetic shielding purposes, enhanced energy
recovery, and passive energy storage schemes. In this talk, I will present fundamental
studies of the influence of nanoparticles and carbon-based nanomaterials on the
nanoscale structure and chemistry of cement nanocomposites. To this end, I will use
depth-based probing, such as nano-indentation testing or scratch testing, combined with
advanced data science methods such as statistical deconvolution techniques. I will show
that nanomaterials have the potential to density the structure of cement nanocomposites
at the nanoscale and microscopic length-scale, leading to an enhancement in the elastic,
strength, and fracture characteristics.
Despite the appeal of cement nanocomposites, a drawback of cement-based product is
the large carbon-footprint and high density of cement products. Thus, there has been an
increased interest in lightweight and environment-friendly cement alternatives that are
synthesized using green chemistry routes. I will introduce geopolymer composites, that
are inorganic X-ray amorphous polymers with a carbon footprint equal to one-fifth that of
cement, and a density equal to two-thirds that of cement. By integrating carbon-based
nanomaterials with geopolymer matrices, I will yield inorganic-organic composites with
enhanced toughness and strength-to-weight ratio. A specific application of these novel
inorganic-organic composites is bone scaffolds for bone regeneration. I will show
preliminary results in my research group that supports the feasibility of geopolymer
nanocomposites to promote bone regeneration in bone repair applications. Thus, I will
show how, in my research group, we integrate nanotechnology, nanomaterials science,
and nanoscale mechanics to address a wide range of societal issues ranging from selfsensing concrete to green concrete, and advanced bone scaffolds.
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