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Abstract

Current state of the art in inorganic and organic materials development focuses on obtaining multiphase materials
having individual phases spanning a range of lengthscales and expected functionality over a combination of timescales.
With this theme, this talk will present material behavior characterization work in my group with focus on analyzing failure

strength of ceramic and polymer matrix composite materials at multiple length and time scales.

First part of the talk will focus on a newly discovered class of ceramic matrix composites. These composites
have been touted as replacements for current generation of superalloys and coatings in gas turbine based systems and
as advanced materials in nuclear energy radiation resistant environments. However, significant problems that include
material behavior at a combination of length and time scales in extreme environments have not been addressed. | will
present our group’s work in analyzing these materials using nanocomposite molecular simulations and nanoscale finite
element simulations along with experiments that can explicitly address the multiple length and time scales in these
materials. Further morphology development in these nanocomposites will require a considerable effort in method
development that can explicity use quantum mechanically derived structural modifications to suggest material
morphology performance in relevant extreme environments at experimentally accessible length and time scales. For this
purpose we have developed a quantum hybrid Monte Carlo scheme and an equivalent crystal dynamics scheme.
Examples for the successful applications of these schemes to current nanostructures will be presented. In the second part
of talk, | will describe our work on polymer matrix composites. As a test case we have analyzed tropocollagen (TC)-
hydroxyapatite (HAP) polymer matrix composites. Through our simulations it is shown that the nanoscale environment,
texture, and morphology changes could be manipulated to change the macroscopic interfacial behavior in these
amorphous looking structures. Using nano-indentation experiments we find that the strength scaling relations predicted
using the molecular simulations hold true for bone tissue with similar nanoscale composition at nanometer and micron
length scales. We also find that supposedly quasi-brittle bone tissue shows metal like band of plasticity when loaded to its
yield point in compression. Besides biological relevance these findings also have important implications for lightweight

aerospace materials such as carbon nanotube based composites.
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