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Chemical Recycling and Upcycling of Polyolefins

GAO Yanshan, TANG Yong
('Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences, Shanghai 200032, China)

Abstract: Polyolefins, mainly polyethylene and polypropylene, are one of the most widely used organic polymers. Howev-
er, its widespread applications, mostly single-use, and low recycling ratio have caused severe environment pollution prob-
lems and the draining of non-sustainable petrochemical resources. The issues are particularly challenging in China. In tack-
ling the challenge, polyolefin chemical recycling has unique advantages over physical/mechanical recycling. However, the
polyolefin’s simple C—H and C—C single bond compositions make it hard to deconstruct polymer with reasonable efficiency
and selectivity. Moreover, the lack of C—H and C—C bond activation/transformation methodologies also limits the possible
solutions. This could be a long-time effort and needs widespread participation from all aspects of the society. It has become
a topic of intense interest and focus for chemists around the world and many new methods emerged in the last few years. This
review will briefly introduce the progress, mostly in the last few years, in this field based on the chemical reaction types.
The introduction will focus on reaction products, catalytic efficiency, catalytic selectivity, scalability, and impurity toler-
ance, etc. Then there will be an outlook into the future of polyolefin chemical recycling.
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Fig. 1 Polyethylene (PE) recycling to alkanes via hydrogenolysis (a), proposed mechanistic pathway in polyethylene hydrogenolysis

catalyzed by Zr—H supported on silica-alumina (b) (s
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Fig.2 PE upcycling via surface supported organozirconium catalyzed C—C bond alumination
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Fig. 3 Polypropylene ( PP) recycling to alkanes via hydrogenolysis
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