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The development of nanophase composites is at the forefront of materials research and may 
revolutionize the traditional materials design in various materials applications. Specifically, 
nanophase materials have great potential in structural, electrical, and magnetic applications. In 
most of' these applications, the materials strength is of major concern. Over the past few years, the 
bulk of the efforts in nanophase structural materials research have been centered around equiaxed 
nanocrystalline materials. In general, the in-situ composites which were made by drawing two 
phase castings into fine Wires with a massive reduction in area have yielded reproducible and 
systematic data. The powder processed materials are susceptible to contamination of surfaces, and 
the mechanical properties data from nanolayers is still very limited. Even though enhancement of 
the mechanical properties of nanoscale materials has been reported in a number of multilayer 
structures, the underlying strengthening mechanisms are still not clearly characterized. The lack of 
a fundamental understanding of how changes in microstructure and interfacial structure affecting 
the mechanical response can hinder advanced applications of nanophase materials. The objective 
of this research is to characterize the synthesis-structure-mechanical properties relationship in 
nanolayers with the central goals of gaining a fundamental understanding of nanophase materials 
design principles, and developing a comprehensive theory that will relate changes in structure to 
changes in mechanical behavior for nanolayer composites. 

A systematic study has been conducted on several MoSi2-based nanolayer coatings. 
Alternating layers with thickness ranging between 1 and 20 nm were prepared by sputtering 
technique. MoSi2-Sic multilayers undergo crystallization, phase transformation and layer 
spheroidization when exposed to different annealing temperatures. The loss of layer structure also 
causes degradation in both hardness and modulus. It was first discovered by J-P. Hirvonen's 
group that nitrided MoSi2 has a very high crystallization temperature (> 1000°C). Further 
experiments show that MoSi2Nx (x:3-4) can be used as a stable second phase reinforcement or 
diffusion barrier coatings. Stable nanolayered structures can be maintained in MoSi2-MoSi2Nx, 
Mo-MoSi2Nx, and Mo-MoSi2-MoSi2Nx even after 900°C annealing. The mechanical properties of 
the MoSi2-based nanolayers depend strongly on the phase and morphology of the constituting 
layers. Significant increase in hardness and modulus is observed accompanying the crystallization 
process. In comparison with single or poly-crystals, the nanolayers have much higher hardness 
but lower modulus, which project higher toughness in the nanolayers. The wear properties are 
also influenced by the phase and layer thickness. Significant improvement in the wear resistance is 
observed with the decreasing layer thickness. Furthermore, studies show that single phase 
MoSi2Nx (x: 0-4.2) exhibits a wide range of hardness and modulus with varying nitrogen content 
and annealing conditions. These observations suggest the possibility of engineering MoSi2Nx to 
produce different material properties for different mechanical applications. 
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