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Deformation and Damage Mechanisms in Ceramic Nano-Architected Metamaterials
[bookmark: _GoBack]Abstract: Pyrolysis of additively manufactured polymeric preforms is quickly emerging as an ideal process for the fabrication of ceramic mechanical metamaterials and structures of complex shapes. When the polymeric precursors are fabricated at the nanoscale, virtually defect-free ceramic metamaterials ensue, which can exhibit unprecedented combinations of specific strength and strain to failure. Lattice and shell-based architected materials are fabricated by two-photon polymerization Direct Laser Writing (DLW) using a Nanoscribe Photonics Professional GT printer. Subsequently, the polymeric preforms are pyrolyzed in vacuum, resulting in a ceramic metamaterial (carbon or silicon oxycarbide, depending on the choice of resin). The effects of printing parameters on the degree of conversion of the polymer, its mechanical properties, and the mechanical properties of the ceramic material are investigated by electron microscopy and Raman spectroscopy. We demonstrate that under the right printing and pyrolysis conditions and sample dimensions, the ceramic base materials can achieve exceptional combinations of ultimate strength and strain to failure. Subsequently, we fabricate and characterize ceramic mechanical metamaterials with various topologies and relative densities and show that these nano-architected materials possess unique combinations of mechanical properties. We also show that with proper choice of topology, ceramic nano-architected materials can exhibit progressive failure, dissipating large amounts of energy. Finally, opportunities for scalability are discussed.
About the speaker
Lorenzo Valdevit received his MS degree (Laurea) in Materials Engineering from the University of Trieste, Italy (in 2000) and his PhD degree in Mechanical and Aerospace Engineering from Princeton University (in 2005). He worked as an intern at the IBM T.J. Watson Research Center and as a post-doctoral scholar at the University of California, Santa Barbara. He joined the faculty in the Mechanical and Aerospace Engineering Department at the University of California, Irvine in 2007 and was promoted to Associate Professor in 2013. In 2018, he joined the newly formed Department of Materials Science and Engineering. He is currently serving as the inaugural director of the Institute for Design and Manufacturing Innovation in the School of Engineering. He is a member of Pi Tau Sigma and Tau Beta Pi and is the recipient of the 2007 Faculty Award from IBM Corporation and the 2012 Popular Mechanics Breakthrough Award. His primary research goal is the modeling, optimal design, additive manufacturing and experimental characterization of architected materials with superior combination of properties.
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