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ABSTRACT





The device efficiency of new energy conversion and storage technologies is limited by the surface reaction rates and transport throughout the device materials. This presentation will highlight the design of nanoscale materials and architectures for enhanced electrocatalysis and charge transport, as well as an integrated approach involving in-situ Raman spectroscopy, synchrotron-based analysis and multi-scale modeling to unravel the mechanism of these processes. The first part of my talk will focus on the nano-engineered solid-oxide fuel cell with much-improved fuel-flexibility and power density. The design of nanostructured surfaces and interfaces on anodes dramatically enhanced surface electrocatalytic activity, allowing fuel cells to be powered directly by a variety of gaseous and liquid fuels while delivering the highest power densities ever reported. The utility of in-situ Raman spectroscopy has been demonstrated for probing and mapping new phases and reaction intermediates on electrode surfaces under operating conditions. Furthermore, a new cathode testing configuration was developed for reliable evaluation of the intrinsic surface catalytic properties of cathode materials. Better comprehension of mechanistic factors has led to improved cathode performance through nanoscale thin-film modification as well as created a new composite cathode with extended electrochemically active sites. The second part of my talk will be devoted to a new supercapacitor based on a tailored nano-architecture and controlled surface mixed valence, allowing fast charge transport along nanoscopic percolation paths and facile multi-electron redox reactions. This new approach to designing supercapacitors has yielded remarkably high capacitance while maintaining excellent power density and long cycling life. 
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Dr. Lei Yang is currently a research scientist in the Alternative Energy at ConocoPhillips Company pursuing research in the area of efficient energy devices. He received his Ph.D. in Materials Science and Engineering (2011) from Georgia Institute of Technology, and his M.S. in Materials Physics and Chemistry (2006) from Tsinghua University, China. His research has led to 5 patents/pending patents and 26 publications, including 12 first-authored papers in Science, Nature Communications, Nano Letters, Advanced Materials, et al. Some of these works appeared in quite a few press releases and news stories such as Science, Nature Research Journal Highlights, Technology Review, Chemical & Engineering News, and Discovery News. His research has also been recognized in the form of several national awards, including the Ross Coffin Purdy Award (The American Ceramic Society), the Gold Medal of MRS Graduate Student Award (Materials Research Society), and the Chinese Government Award for Outstanding Students Abroad.  He is a reviewer of 15 scientific journals and a member of the Electrochemical Society and the Materials Research Society. 














