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Abstract:
Both the environmental issues and the limited fossil fuel reserves on earth require a greater focus on high energy efficiency and an increase in the use of renewable energy, particularly non-carbon fuels. Polymer electrolyte membrane fuel cells (PEMFCs) offer an ideal energy conversion system with high energy efficiency and non-carbon emission (use of hydrogen). The PEMFC is the best candidate for power supplies for electric vehicles, distributed power generation, back-up power, and unmanned vehicles. Two of the major challenges for PEMFC development, especially for automotive applications, are cost and durability of the platinum metal group (PGM)-based cathode electrocatalysts. We have been addressing these issues by developing ultra-low loading PGM catalysts supported on graphene sheets to meet the 2020 PEMFC targets from the Department of Energy (DOE). We have successfully transferred 2-dimensional graphene materials into 3-dimensional composites and met the all 2020 DOE PEMFC targets using our “spacer” technology and aided by the fundamental study of catalyst inks, ultra-small angle x-ray scattering (USAXS), cryo-TEM, and catalyst nanoparticles anchored on graphene using the identical location TEM (ILTEM) and XAS/XPS. Realizing that the interface of the PGM nanoparticle and the ionomer film plays a pivotal role for MEA performance, we developed a novel concept to construct the ideal PGM/ionomer interface with exceptional performance characterized using 3-D TEM, EELS, EDS mapping, nano-CT, and mercury porosimetry. Taking a bottom up approach, from the catalyst ink to the structure of the solid catalyst layer in the membrane electrode assembly (MEA), the property-structure-performance relationship was established. Li metal is the highest energy density anode (3861 mAh) with 10x the energy density of the currently used graphite (360mAh/g) anodes. Li metal, however, suffers dendrite growth during charge/discharge, preventing its practical use in batteries. A novel approach of controlling the dendrite growth direction was developed and successfully implemented in a Li metal battery with exceptional performance, 870 cycles (80% capacity) at a 1 C rate and at room temperature, which will lead to a revolution in battery technology. 
Biography: 
Dr. Xie is a professor of Mechanical Engineering at the Purdue School of Engineering (IUPUI campus). He has published more than 55 journal papers, 13 patent applications, and 4 book chapters. He has been awarded more than $4.86 million in research grants within 8 years. He served as review board member for more than 12 journals including the well-known Nature. He also serves as a panelist on a review panels for the US National Science Foundation (NSF), the Advanced Research Project Agency-Energy (ARPA-E) of the US Department of Energy (DOE), the DOE Office of Energy Efficiency and Renewable Energy, and the Canadian National Science Foundation (CNSF). He has served as a session chair for both the Polymer Electrolyte Fuel Cell Symposium in the Electrochemical Society Meeting and the Materials Research Society meeting in last 8 years. Before joining the university, he was a principal research scientist at Battelle Memorial Institute and worked on fuel cell R&D as well as Li-ion batteries and artificial lungs. Prior to Battelle, as the Program Manager and Senior Electrochemical Engineer at Cabot Corp, Dr. Xie worked extensively on catalyst development for fuel cells. Dr. Xie spent four years at Los Alamos National Laboratory on fuel cell research covering membrane electrolytes, catalysts, membrane electrode assembly (MEA), and durability of fuel cells. As a systems engineer, Dr. Xie was in charge of developing electric propulsion systems for Electric Vehicles (EVs) and Hybrid EVs at General Motors Advanced Technology Vehicles, Indianapolis Technical Center. Dr. Xie received his PhD in chemistry from Miami University and his BS in chemical engineering (emphasis on electrochemical engineering) from Tianjin University, China.
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