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Abstract: 

Polymers are ubiquitous, critical to the function of modern life, and manufactured in tremendous 
quantities. The widespread use of polymers has resulted in an enormous amount of polymer 
waste, which has a long lifetime in the environment and is inefficient to recycle. Current 
technologies fail to recover or mitigate polymer waste before entering environmental pathway, 
resulting in one of the world’s biggest environmental problems facing humanity. The polymer 
waste is a threat to the environment; however, it is also an untapped resource of energy-rich 
hydrocarbons. If the large macromolecules that make polymers could be chemically transformed 
or “upcycled” into value-added chemicals, the energy and value put into the polymers could be 
reclaimed and turned into new applications. Here, we focus on developing efficient and innovative 
catalytic materials for converting waste polymers into more valuable products in a selective 
manner – catalytic upcycling.  

More specifically, catalytic upcycling of polyethylene (PE) was studied over a Pt-based catalyst 
where the active sites are spatially-organized on the well-defined surfaces of SrTiO3 nanocuboid 
supports by atomic layer deposition. Pt/SrTiO3 was shown to be capable of completely converting 
PE (Mn = 7,700 – 158,000 Da) into hydrocarbon polymers of relatively uniform fragments by 
hydrogenolysis at 300 °C in the presence of H2 (170 psi) under solvent-free conditions. The 
product which was obtained by the catalytic conversion of polyolefin waste can be used as high-
quality liquid lubricants. By making use of experimental and theoretical approaches (including 
solid-state NMR and DFT computations) from a broad range of fundamental sciences, we 
concluded that the selective hydrogenolysis is more likely to take place on well-dispersed active 
sites and stems from unique interactions of PE with the surface of Pt/SrTiO3, as evidenced by.  

This talk will demonstrate the conversion of discarded plastics to lubricants is not only possible 
but in fact economically worthwhile, as evidenced by life cycle and techno-economic analyses, 
resulting in lubricants superior to conventional mineral oils, as evidenced by tribology 
measurements. This talk will also demonstrate how catalytic upcycling of waste polymers creates 
an incentive for harvesting discarded plastics from the environment and closes the gap in circular 
economy.   
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