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ABSTRACT 

One of the greatest and most visible problems facing the world is sustainable energy.  

With more contenders for energy than ever before in light of predictions of peak oil and 

global warming, the need for sustainable solutions to fossil fuels grows every day.  This 

thesis focuses on the coupling of nanotechnology and energy sustainability.  

Specifically, observations of silicon carbide nanowire thin films led to the discovery of 

unique adhesion and friction behavior, a silicon carbide core-shell nanowire to silica 

nanowire transition, deposits of nano-spheres of silicon dioxide dispersed within the 

film, and a novel hierarchical nanowire rope structure. 

The friction forces of silicon carbide-silicon oxide core-shell nanowire thin films are 

studied.  The maximum static frictional force is non-zero at zero normal loads, linearly 

depends on contact area, increases linearly with interface area and it is independent of 

loading speed.  It was found that the maximum static frictional force between a nanowire 

film and a macroscopic solid is 5-12 times that between two macroscopic solids and the 

frictional coefficient scales similarly. 

Investigations of the silicon carbide thin film surface using electron microscopy 

techniques revealed a rare transition of a silicon carbide core-shell nanowire into a 

silicon nanowire and nanometer diameter silicon dioxide spherical deposits present after 

synthesis. 

Novel hierarchical nanowire ropes were observed on the surface of the nanowire thin 

film after the surface was subjected to shear forces.  Electron microscopy 

characterization suggests that the rope strands form due to adhesion and mechanical 

entanglement of nanowires when the thin film rolls on itself.  Arc geometries occur due 

to localized high stress between the thin film and the contact surface during shearing. 

The rope structures form when the leading edges of two threads intersect. 

To summarize, the experimental studies in this thesis demonstrated the unique structures 

and surface properties of SiC nanowires, including but not excluded to: Strong friction 

of nanowires film. [Shim, Kuppers & Huang, Nanotechnology, 20] and Temperature 

stability of Silicon Carbide Nanowires, [Shim, Kuppers & Huang, J. Nanosci. Nanotech. 

8, 3999] 

 


