Molecular Recycling of Plastics Facilitated by Solvents
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Abstract:

Only a small fraction of the plastics produced is being recycled, with the great majority landfilled or released
into the environment. Mechanical recycling is currently used to recycle plastic, however, this method is efficient only
for homogeneous and non-contaminated feedstock, and for easily identifiable objects such as bottles made of PET or
HDPE. Notably, mechanical recycling cannot easily handle plastic films which constitute about 40% of all plastic
packaging used. Polyolefins in the plastic waste stream can be processed via pyrolysis, the most common among
chemical recycling processes. Pyrolysis, however, decomposes the polymers, resulting in undesirable greenhouse gas
(GHG) emissions. Further, pyrolysis is not viewed as constituting recycling when its product, pyrolysis oil, is not
converted into new polymers.

Plastics recycling research in our group utilizes physical, solvent-based processes that do not break down the
polymer chains. This constitutes true recycling, as the recovered polymer is the same as the starting material. Such
molecular recycling processes leave the polymer chains intact, thus maintaining their embodied energy and emitting
relatively little GHG.

Examples on molecular recycling are highlighted on the (i) separation of polyolefin mixtures through
dissolution/precipitation in solvents that switch between a form that dissolves polyolefins and another that does not,
hence facilitating the cycling and reuse of the solvent, and (ii) recovery of polyethylene from multilayer films via
solvent-assisted delamination and separation, which retain the majority component, polyethylene, in the solid form,
hence reducing greatly solvent amounts. The recovered polyolefins, following appropriate processing, can replace
primary materials without loss of properties or performance and, hence, meet demand by customers and corporations

to incorporate recycled plastics into products.

Acknowledgements:

The dissolution/precipitation material is based upon work
supported by the National Science Foundation (NSF) under Grant No.
EFMA-2029375.

The delamination material is based upon work supported by
the U.S. Department of Energy’s Office of Energy Efficiency and
Renewable Energy (EERE) under the Advanced Manufacturing
Office Award Number DE-EE0007897 awarded to the REMADE
Institute, a division of Sustainable Manufacturing Innovation
Alliance Corp. This report was prepared as an account of work
sponsored by an agency of the United States Government. Neither the
United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any
legal liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately

op art ig f chemical recling .
generated by Microsoft Copilot.

owned rights. Reference herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recommendation, or favoring by
the United States Government or any agency thereof. The views and opinions of authors expressed herein do not
necessarily state or reflect those of the United States Government or any agency thereof.



