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Abstract:	
	
The Pearson research group has investigated the use of colloidal silica nanoparticles (~ 25 
to 50 nm in diameter) to improve the processing behavior and the mechanical behavior of 
both thermosetting and thermoplastic polymers. The model thermosetting system used 
consisted of a bisphenol A epoxy cured with piperidine. This is a lightly crosslinked epoxy 
capable of microshear banding and plastic void growth. The silica nanoparticles were found 
to induce these micromechanical deformation mechanisms as well as excite a third 
mechanism (microcracking).  The result is a significant increase in fracture toughness.  The 
addition of silica nanoparticles also increase the shear viscosity of uncured epoxies and this 
attribute is being examined for direct ink writing (DIW) processes. The model thermoplastic 
resins examined were polyamide-11 and polyamide-12 powders developed for selective 
laser sintering (SLS). In these systems the addition of silica nanoparticles on the surfaces of 
SLS powders improves powder flow and the presence of silica nanoparticles at the interfaces 
form appears to help strength the strength of these materials in the build direction. Fracture 
mechanics measurements and various fractography techniques will be discussed as well as 
modeling efforts to explain the improvements in mechanical behavior.	
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Ray’s research interests include all aspects of processing, deformation, yield, and fracture of 
polymers as well as a focus on adhesion and interfacial issues. Notable research 
accomplishments include the elucidation of toughening mechanisms in rubber-modified and 
silica nanoparticle-filled epoxies. Recent efforts are focused on developing polymer 
nanocomposites for 3D printing. 	
	


