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Each year, over 400 million metric tons of plastic are produced and used worldwide, yet less than 10% of 

the plastic is recycled or reused. To address the global plastic waste crisis, we propose converting plastic 

waste into high-value chemicals and materials, thereby creating strong financial incentives for plastic 

recyclers. This approach offers a range of benefits: 1) opening new opportunities for profitable plastic waste 

recycling, 2) reinforcing the chemical and materials supply chain by providing alternative feedstocks, and 

3) fostering global sustainability and social responsibility. Importantly, we focus on low-cost, high-value, 

and industrially scalable chemical approaches. 

In this presentation, we focus on the two highest-volume polyolefins, polyethylene and polypropylene, which 

are particularly challenging to decompose into their original monomers. Instead of reverting these 

polyolefins completely to monomers, converting them into oligomeric olefins offers a promising method for 

upcycling into high-value chemicals and materials. Our research demonstrates that, through our newly 

invented temperature gradient thermolysis (TGT) process, polyethylene and polypropylene can be broken 

down into olefin-rich waxes and oils, depending on the temperature profile within the reactors. These 

products can subsequently be oxidized over manganese catalysts to produce fatty acids or react with 

sulfuric acid to generate sulfates. Both fatty acids and sulfates serve as high-value surfactants with 

applications in household and industrial settings. This tandem degradation-upcycling strategy enables the 

extraction of high-value chemicals from polyethylene and polypropylene with high selectivity. This approach 

is resilient to impurities and economically more viable than conventional chemical recycling processes, 

offering a low-value-input, high-value-output model for plastic upcycling. 
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