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ABSTRACT
Reactive intermetallic composites such as the Ni/Al system described in this talk are a class of materials that react exothermically under shock or thermal insult. They are of interest in a variety of fields: defense (offensive defense and defensive defense), reactive welding or joining, and as microscale energy sources for microelectromechanical systems or nanoelectromechanical systems applications. The performance and response of these materials is predominantly governed by their nanostructure, and so, significant effort has been invested to engineer desired features during processing; through the controlled deposition of nanolaminates, or the mechanical activation of mixtures via high-energy ball milling. Efforts like these have had to rely on an incomplete understanding of the complex reaction mechanisms during the initiation and propagation of the chemical front, in particular, the role played by defects. Experimental characterization of the reaction kinetics in these materials is challenging due to the extremely small characteristic times (tens of ns) and length scales (tens to hundreds of nm) involved. Using massively parallel molecular dynamics simulations, involving simulations at the limit of current computational capability, the response of these materials under thermal and mechanical insult has been studied. The talk will focus on the outsize role played by porosity on the initiation of chemistry in this class of materials. Following thermal initiation, the presence of volumetric defects is found to not only accelerate the reaction by as much as 5 times but also change the nature of transport. Under shock loading conditions, chemistry initiates and propagates from collapsed porosity in the material due to the localization of thermal as well as translational kinetic energy. Chemical fronts that are born in the cauldron of collapsing pores, develop ‘tendril-like’ reaction fronts that rapidly propagate through the sample, consuming all before it within a ns. 
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