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Abstract

Only a small fraction of the plastics produced are being recycled, with the great majority being 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. 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. This paper addresses the mechanism of semicrystalline polyolefin dissolution as
revealed through joint in-situ infrared spectroscopy experiments and diffusion kinetics modeling. The paper also
highlights the application for polyolefin recovery of switchable hydrophilicity solvents (SHS) that can cycle between
a form that dissolves the target polymer and a form that does not, hence facilitating closed-loop solvent cycling. The
insights obtained from these studies facilitate the design of solvent systems and processing conditions for the
molecular recycling of polyolefins via dissolution-precipitation. Dissolution-precipitation is an energy-efficient and
environment-friendly recycling process that can recover specific polymer types from mixtures, blends, or multi-
material films, and purify them from additives, without negatively affecting the properties of the original polymers.
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1. Introduction and Motivation

Plastics are useful because their properties are modular and amenable to first principles design. We are approaching
half a billion tons of plastic annual production worldwide, which is one trillion (!) pounds, and further growth is
expected.! Durability, low density, color, and low cost make plastics desirable and long-lasting, but disposable. Thus,
plastic waste is increasing, and less than 10% is recycled in the US, with most plastic being landfilled.> Addressing
environmental concerns, governments are banning certain plastics — despite favorable technical properties.
Meanwhile, corporations are committing to incorporating recycled plastic content in products. Opportunities abound
for recovering plastic, but technical and economic challenges limit plastics recycling.’

Mechanical recycling is the most common method used in the United States, but it struggles to separate polymers that
have similar physical properties, causing cross-contamination in the recycled stream. Additives present in plastics also
remain in the recycled products because mechanical recycling is not efficient and advanced enough to remove them.
As a result, recycled plastic often shows poor mechanical performance, leading to downcycled products rather than
true closed-loop recycling. It is evident that: (i) plastics offer unique, often irreplaceable, properties and will continue
to be used;* (ii) plastics are ubiquitous and their waste threatens the environment;’ (iii) even if sorted, flexible films
and multi-material plastics cannot be reprocessed and are being landfilled;® 7 and, (iv) value from such plastics can be
recovered by chemical recycling such as pyrolysis, but this involves high energy demand and high greenhouse gas
(GHG) emissions.® These basic premises underscore our research on the solvent-assisted molecular recycling of
plastics with a focus on polyolefins and multi-material multilayer films.

Upcycling of sorted plastic can be achieved via solvent based processes through dissolution of select types of plastic
in environmentally responsible solvents to recover desirable materials such as polyolefins, and separate them from
additives or impurities.> !° This enables the recovery of higher quality recycled materials which are suitable for reuse,
thus creating a circular economy in plastic industry. The innovations advanced here will enable the recovery from
post-industrial and post-consumer waste of useful plastics such as polyolefins, for which great demand exists for
incorporation into new products with certain minimum recycled plastic content.



2. Review of Related Work

Plastic waste buildup has become a global problem. Attempting to re

duce use or substitute plastics are good steps to

reduce overall film waste volume, but are insufficient.!' Recycling of plastic waste is needed. The following processes
can be used to this end: mechanical recycling, pyrolysis, and dissolution-precipitation recycling.

2.1. Mechanical Recycling

Mechanical recycling is the prevalent method used for plastic
waste (for a schematic, refer to Figure 1). The great majority of
current mechanical recycling processes do not handle plastic
films.'? Material Recovery Facilities (MRF) avoid films due to
the extra costs in cleaning and handling, and the low-quality of
the recycled polymer obtained from plastic film waste'.

Despite these issues, there have been positive developments in
the mechanical recycling of plastic films.'* AMP Robotics is
utilizing an Al-powered sorting system to properly sort films,
which may be retrofitted onto existing processes.'> Improvements
to sorting technology are valuable to MRFs due to challenges
posed by multilayer film waste.'®!7 EREMA is an example of a
company that produces extruders capable of handling both post-
industrial and post-consumer plastic film waste for mechanical
recycling.!® Should advancements in sortation and mechanical
recycling continue, plastic films could eventually be a viable
feedstock for MRFs.
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Figure 1: Schematic of mechanical recycling.
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2.2. Pyrolysis

When mechanical recycling is not an option, chemical recycling can

be an alternative. The most common method of

chemical recycling, pyrolysis, involves thermal decomposition of long-chain polymers at high temperatures and no

oxygen (for a schematic, refer to Figure 2).!” For pyrolysis, the liquid

products of diesel and naphtha are desirable for

use as fuel and plastic production respectively.?’ Concerns for pyrolysis include its energy consumption and products.

Most pyrolysis reactors run at a
minimum of 500 °C in order to
decompose mixed plastic film
waste.? The various
hydrocarbons produced from
pyrolysis need further processing
to be turned in a desired liquid
product.?® Regarding desired
products, burning diesel as a fuel
gives off carbon emissions, and
the use of naphtha to produce
more plastics could be seen as
contributing to environmental
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Figure 2: Schematic of pyrolysis process and products.
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problems. Pyrolysis of post-
consumer waste plastic into fuel
requires large processing

volumes to be profitable, and the profitability is very sensitive to the

(volatile) price of petroleum.?!

Pyrolysis can handle mixed plastic waste films, including contaminated feedstocks.?? TotalEnergies has pyrolysis
plants in Spain, France, and the US that can use flexible plastics as feedstock.?>?* According to TotalEnergies, products

from its pyrolysis plants are intended to produce high quality material
something not commonly done with plastic film waste.?* Offering a co

s with a portion to be used for food-grade resins,
mplement or alternative to mechanical recycling

is important, however generating controversial products and GHG, and requiring high energy consumption restrict

how widespread pyrolysis of plastic film waste becomes.



2.3. Dissolution-Precipitation Recycling
Dissolution-precipitation provides a means of
recycling mixed plastic waste without the high energy
consumption and emissions of pyrolysis. Dissolution-
precipitation recycling works by dissolving each of the
different polymers, one at a time.?® Following filtration
of undissolved solids, dissolved material is collected
via precipitation (Figure 3).2¢ Precipitation is generally
performed using an antisolvent, cooling, or a
combination of the two.® Solvent selection is based on
solvent affinity solubility parameters such as Hansen
Solubility Parameters. Solvent selection should be
improved upon, as hazardous solvents like toluene are
often used based on compatible solvent-solute affinity.°
An application of dissolution-precipitation to the case
of plastic film is the so-called solvent targeted recovery
and precipitation (STRAP) process that works by
taking a characterized and identified multilayer plastic
film and uses specific solvents and antisolvents to
dissolve all polymers present sequentially, layer by layer.?’

The potential of dissolution—precipitation for recycling polyolefins is demonstrated by its adoption in industrial
practice by, e.g., PureCycle Technologies that utilizes dissolution—precipitation to remove color, odor, and
contaminants, and produce resin with properties comparable to virgin polypropylene (PP).28
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Fig. 3: Schematic of dissolution-precipitation process.

3. Technology Approach

3.1 In-situ, Real-time Investigation of Polyolefin Decrystallization

Thin-film plastics, predominantly polyolefins including high-density polyethylene (HDPE), low-density polyethylene
(LDPE), linear low-density polyethylene (LLDPE), and PP, pose significant recycling challenges at MRFs owing to
their inherent flexibility, low density, and multilayer compositions, however, recent studies indicate economic viability
through enhanced recycled product yields and pricing.?=3! Achieving a closed-loop recycling system for such

packaging films could be facilitated by solvent-based separation processes.*> 33

Understanding the crystalline-amorphous boundary in semi-crystalline _—

polyethylene (PE) during decrystallization is essential for advancing Absorbance
polymer science and enabling efficient plastic recycling pathways. This 7408 lZ'fe

process involves the breakdown of ordered structures, influencing

A 7308

material properties and recyclability. We have explored PE thin films _ 720 = 012
subjected to melting or dissolution through a specialized temperature- € 100 — 008
regulated liquid flow-cell system, capturing real-time molecular = o004
insights via in situ spectroscopy.>* This research introduced the first 5 7008 . . o
real-time in situ mid-infrared (MIR, 4000—700 cm™') and near-infrared ;{ s

(NIR, 6000—-4000 cm™") spectral analysis of PE dissolution. Integration o G I0-24
of hetero-spectral two-dimensional correlation spectroscopy (2D-COS) | B~ 730p) o2
(Figure 4) correlated fundamental vibrations, overtones, and 790l Eg:g
combination bands to reveal chain disentanglement at a molecular ] oo
scale.’ This approach outperforms traditional methods by providing e =04

dynamic, multi-spectral data, enhancing models for dissolution- 7000' . -
precipitation, membrane production, and foundational crystallization . . .

S . Figure 4: Two-dimensional contour plot
theories in macromolecules, areas long challenged by incomplete .

- . . L of (A) HDPE melting and (B) HDPE

mechanistic understanding. Spectroscopic monitoring uncovered . . ot
distinct decrystallization pathways: melting disrupts van der Waals dissolution at 106 °C in p-xylene.
forces primarily through thermal energy, while dissolution involves solvent-induced solvation shifts, evident in
temporal changes to peak intensities and frequencies.* Key correlations linked conformational bands with CH:
rocking modes, combination vibrations, and terminal CHs groups, refining parametric simulations. The study also
validated and revised conventional MIR/NIR assignments, uncovering novel IR-active modes via 2D-COS, offering
fresh tools for polymer characterization and sustainable material design. 3*




3.2 Polyolefin Dissolution Kinetics Revealed by Integrated Experiments and Modeling
Despite polyolefins being the most widely produced polymers and
the feedstock for industrial-scale dissolution-precipitation

recycling plants, surprisingly little is known about their 212

dissolution. To address this gap in knowledge, we developed a E A L

model that describes the different phenomena involved in the o 08

dissolution of semicrystalline polyolefins, and validated the EO'B ®

model with experimental results on the decrystallization and §o06 g 2

dissolution kinetics of HDPE films and PP pellets.** According to 204 040

this model, the dissolution of semicrystalline polyolefins involves Gg’

diffusion of solvent into the solid material, solvent-induced B 02 B
0 0

decrystallization of crystalline polymer domains, swelling with
solvent of amorphous polymer domains, disentanglement of
polymer chains from the solid material, and subsequent diffusion
of polymer chains into the solution. Along the way, the polyolefin
films or particles initially swell in size, and then shrink, until they
completely dissolve (refer to Figure 5).3

The model provides detailed time-resolved and position-resolved information on composition (i.e., crystalline polymer
domains, amorphous polymer domains, and solvent) and solvent diffusivity (which depends on composition) across
the dissolving polymer film or pellet, in different solvents and temperatures. Such information is unavailable
experimentally or difficult to obtain.’® The key fitted parameters that capture decrystallization and polymer chain
disentanglement decrease with increasing temperature following an Arrhenius relationship, with activation energies
higher than that for crystallization and comparable to that for melt viscosity. Both decrystallization and dissolution
times increase with film thickness or particle size. For smaller particles, decrystallization and dissolution occur nearly
simultaneously, while, for larger particles, their interior remains solvent-poor and crystalline for longer times.>> This
work offers insights into the interplay of decrystallization and polymer chain disentanglement during the time-course
of semicrystalline polyolefin dissolution. Further, this work facilitates the design and optimization of dissolution—
precipitation recycling processes that can unlock value from the million tons annually of polyolefins that are currently
being landfilled or incinerated following their use.*
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Figure 5: Time evolution of dissolving PP
pellet radius and degree of crystallinity.
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3.3 Dissolution-Precipitation Process for Plastics Recycling

The dissolution—precipitation process is a promising solvent-based technique for plastic recycling, as it is a physical
separation method that preserves the polymer’s chemical structure, making it a true form of recycling. In this process
(Figure 6), the target polymer is selectively dissolved in a suitable solvent, while undesired polymers, additives, and
impurities remain undissolved, which are removed through filtration or centrifugation. The dissolved polymer is then
recovered by adding an antisolvent, which is miscible with the solvent but in which the polymer is insoluble, forcing
the polymer to precipitate out and enabling its recovery and reuse.*®

Although dissolution—
precipitation offers high polymer
recovery and near virgin quality
polymer, most reported systems
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Figure 6: Dissolution-Precipitation Process.

operations such as distillation,
leading to large energy use and associated CO2 emissions.>” ¥ Recent studies have addressed this limitation by using
switchable hydrophilicity solvents (SHS), which can switch reversibly between a state capable of dissolving the
polymer and another that causes the polymer to precipitate after switching SHS hydrophilicity.>*° By changing their
properties on demand, SHS eliminates the need for antisolvents and reduces dependence on energy-intensive
separation processes, making solvent-based plastic recycling more sustainable.




4. Perspective on Dissolution-Precipitation Molecular Separation of Plastics
Solvent-based recycling processes based on physical phenomena, such as dissolution—precipitation, offer a more
environmentally friendly approach to plastics recycling compared to pyrolysis chemical recycling.*"> 4> Switching from
incineration to dissolution-precipitation recycling can significantly reduce CO, emissions by up to 75 %.* Life cycle
assessment (LCA) findings highlight favorable results for dissolution-precipitation employing the SHS process that
utilizes CO; to switch between a solvent form that dissolves polyolefins and a form that does not, and thus allows
polymer dissolution and precipitation to be accomplished in the same solvent with no need for antisolvent and the
associated solvent separation steps and expenses.*® This study emphasized the significance of integrating green
chemistry principles at the initial design phase. This involves implementing strategies to minimize waste production,
like utilizing recyclable solvents, and enhancing the overall efficiency of the process.*’

In our research we develop an efficient dissolution-precipitation recycling process targeted to polyolefins such as
LDPE, HDPE, and PP. We investigate solvents like amine-based SHS, non-amine-based SHS, and non-SHS and
address challenges related to incomplete polymer precipitation. Successful implementation could elevate recycling
rates, contribute to a circular plastic economy, and pave the way for recycling diverse polymer types while mitigating
environmental and health risks associated with hazardous additives.

5. Conclusions and Recommendations

Polyolefins comprise the largest volume of commodity plastics, but they are difficult to recycle to valuable products
due to the molecular-level incorporation of other plastics, additives, colorants, and/or fillers. The solvent-based
polyolefin separation methodology that we pursue is environmentally responsible on the basis of the solvents selected
and the greatly reduced CO, emissions, and can be readily implemented in industrial practice and extended to the
separation of other types of plastics. The different types of polyolefins to be recovered from the solvent separation
process can meet the pressing demand by both customers and corporations to incorporate recycled plastics into
products while maintaining desirable specifications.

Beyond the important step of technology development, collaboration with industry stakeholders, policymakers, and
waste management systems is crucial for practical application of any recycling technology. Adapting methods to meet
industry standards and recognizing regulatory landscapes are vital for successful implementation. A multidisciplinary
approach, integrating technological innovation, economic feasibility, and collaboration, is essential to transition
research from the laboratory to industrial practices, making a tangible impact on plastic recycling.

@O@® Additives

Acknowledgements

This material is based upon work supported by the National Science Foundation (NSF) under Grant No. EFMA-
2029375 “EFRI E3P: Valorization of Plastic Waste via Advanced Separation and Processing”. We thank Dr. Nicholas
Stavinski and Prof. Luis Velarde for their contributions to the spectroscopy measurements used in the modelling of
dissolution kinetics. We thank our University at Buffalo colleagues active in plastics recycling for helpful discussions.



About the Authors

Paschalis Alexandridis

Prof. Alexandridis' research utilizes molecular interactions and supramolecular assemblies to develop processes that
are environment friendly and energy efficient, and products with desired properties and function. He is leading projects
on chemical recycling, recycling of multilayer films, and recycling of textiles. He has authored over 200 articles and
6 US patents (Google Scholar h-index 86 and 27,500 citations). [www.cbe.buffalo.edu/alexandridis]

Ali Ghasemi

Mr. Ali Ghasemi is a PhD student in the Chemical and Biological Engineering Department at SUNY -Buffalo advised
by Professors Tsianou and Alexandridis. Ali is investigating the dissolution of polyolefins. He has a Masters degree
in Mechanical Engineering-Applied Mechanics from Amirkabir University of Technology.

Shikha Solanki

Ms. Shikha Solanki is a PhD student in the Chemical and Biological Engineering Department at SUNY-Buffalo
advised by Professors Alexandridis and Tsianou. Shikha is investigating the dissolution-precipitation of polyolefins
in green solvents for molecular recycling. She has a Masters degree in Chemical Engineering from the Indian Institute
of Technology (IIT), Guwabhati, India.

Marina Tsianou

Prof. Tsianou leads research that involves the design, development, and characterization of molecularly-engineered
materials with desirable functionalities. She contributes to plastic recycling with expertise in nanostructured polymers
in films and on surfaces, polymer dissolution, nano- and meso-scale organization and characterization.

References

(1) OECD. Global Plastics Outlook Economic Drivers, Environmental Impacts and Policy Options; OECD, 2022.
DOI: https://doi.org/10.1787/de747aef-en.

(2) Valerie Volcovici. U.S. plastic recycling rate drops to close to 5% - report. https://www.reuters.com/world/us/us-
plastic-recycling-rate-drops-close-5-report-2022-05-04/ (accessed 25 March 2024).

(3) Cabrera, G.; Li, J.; Maazouz, A.; Lamnawar, K. A Journey from Processing to Recycling of Multilayer Waste
Films: A Review of Main Challenges and Prospects. Polymers 2022, 14 (12), 2319. DOI:
https://doi.org/10.3390/polym14122319.

(4) de Mello Soares, C. T.; Ek, M.; Ostmark, E.; Gillstedt, M.; Karlsson, S. Recycling of multi-material multilayer
plastic packaging: Current trends and future scenarios. Resources, Conservation and Recycling 2022, 176, 105905.
DOI: https://doi.org/10.1016/j.resconrec.2021.105905.

(5) Hahladakis, J. N.; Velis, C. A.; Weber, R.; Iacovidou, E.; Purnell, P. An overview of chemical additives present in
plastics: Migration, release, fate and environmental impact during their use, disposal and recycling. Journal of
Hazardous Materials 2018, 344, 179-199. DOI: https://doi.org/10.1016/j.jhazmat.2017.10.014.

(6) del Carmen Munguia-Lopez, A.; Goreke, D.; Sanchez-Rivera, K. L.; Aguirre-Villegas, H. A.; Avraamidou, S.;
Huber, G. W.; Zavala, V. M. Quantifying the environmental benefits of a solvent-based separation process for
multilayer plastic films. Green Chemistry 2023, 25 (4), 1611-1625. DOI: https://doi.org/10.1039/D2GC04262B.
(7) Horodytska, O.; Valdes, F. J.; Fullana, A. Plastic flexible films waste management - A state of art review. Waste
Management 2018, 77, 413-425. DOI: https://doi.org/10.1016/j.wasman.2018.04.023.

(8) Shah, H. H.; Amin, M.; Igbal, A.; Nadeem, I.; Kalin, M.; Soomar, A. M.; Galal, A. M. A review on gasification
and pyrolysis of waste plastics. Frontiers in Chemistry 2023, 10, 960894. DOI:
https://doi.org/10.3389/fchem.2022.960894.

(9) Zhao, Y.-B.; Lv, X.-D.; Ni, H.-G. Solvent-based separation and recycling of waste plastics: A review.
Chemosphere 2018, 209, 707-720. DOI: https://doi.org/10.1016/j.chemosphere.2018.06.095.



https://doi.org/10.1787/de747aef-en
https://www.reuters.com/world/us/us-plastic-recycling-rate-drops-close-5-report-2022-05-04/
https://www.reuters.com/world/us/us-plastic-recycling-rate-drops-close-5-report-2022-05-04/
https://doi.org/10.3390/polym14122319
https://doi.org/10.1016/j.resconrec.2021.105905
https://doi.org/10.1016/j.jhazmat.2017.10.014
https://doi.org/10.1039/D2GC04262B
https://doi.org/10.1016/j.wasman.2018.04.023
https://doi.org/10.3389/fchem.2022.960894
https://doi.org/10.1016/j.chemosphere.2018.06.095

(10) Xu, Z.; Sanchez-Rivera, K.; Granger, C.; Zhou, P.; Munguia-Lopez, A. d. C.; Ikegwu, U. M.; Avraamidou, S.;
Zavala, V. M.; Van Lehn, R. C.; Bar-Ziv, E. Solvent-based plastic recycling technologies. Nature Chemical
Engineering 2025, 2 (7), 407-423. DOI: https://doi.org/10.1038/s44286-025-00247-1.

(11) Ellen MacArthur Foundation. The Global Commitment 2022 Progress Report.

(12) Li, H.; Aguirre-Villegas, H. A.; Allen, R. D.; Bai, X.; Benson, C. H.; Beckham, G. T.; Bradshaw, S. L.; Brown,
J. L.; Brown, R. C.; Cecon, V. S. Expanding plastics recycling technologies: chemical aspects, technology status and
challenges. Green Chemistry 2022, 24 (23), 8899-9002. DOI: https://doi.org/10.1039/D2GC02588D

(13) Bashirgonbadi, A.; Saputra Lase, I.; Delva, L.; Van Geem, K. M.; De Meester, S.; Ragaert, K. Quality
evaluation and economic assessment of an improved mechanical recycling process for post-consumer flexible
plastics. Waste Management 2022, 153, 41-51. DOI: https://doi.org/10.1016/j.wasman.2022.08.018.

(14) Packaging Europe. WM and Dow run curbside recycling pilot scheme for plastic films in Illinois city. 2022.
https://packagingeurope.com/news/wm-and-dow-run-curbside-recycling-pilot-scheme-for-plastic-films-in-illinois-
city/9126.article (accessed 2023 May 10th).

(15) AMP Robotics. https://www.amprobotics.com.

(16) Lubongo, C.; Alexandridis, P. Assessment of performance and challenges in use of commercial automated
sorting technology for plastic waste. Recycling 2022, 7 (2), 11. DOI: https://doi.org/10.3390/recycling7020011.
(17) Lubongo, C.; Bin Daej, M. A. A.; Alexandridis, P. Recent Developments in Technology for Sorting Plastic for
Recycling: The Emergence of Artificial Intelligence and the Rise of the Robots. Recycling 2024, 9 (4), 59. DOLI:
https://doi.org/10.3390/recycling9040059.

(18) EREMA Plastics Recycling Systems. https://www.erema.com.

(19) EPCM Holdings. Comprehensive Analysis of Plastic Waste Pyrolysis.
https://epcmholdings.com/comprehensive-analysis-of-plastic-waste-pyrolysis/ (accessed 22 Jun 2023).

(20) Tulio, A. H. Amid controversy, industry goes all in on plastics pyrolysis. 2022.
https://cen.acs.org/environment/recycling/Amid-controversy-industry-goes-plastics-pyrolysis/100/i36 (accessed
2023 December 9th).

(21) Lubongo, C.; Congdon, T.; McWhinnie, J.; Alexandridis, P. Economic feasibility of plastic waste conversion to
fuel using pyrolysis. Sustainable Chemistry and Pharmacy 2022, 27, 100683. DOI:
https://doi.org/10.1016/j.scp.2022.100683.

(22) Qureshi, M. S.; Oasmaa, A.; Pihkola, H.; Deviatkin, I.; Tenhunen, A.; Mannila, J.; Minkkinen, H.; Pohjakallio,
M.; Laine-Ylijoki, J. Pyrolysis of plastic waste: Opportunities and challenges. Journal of Analytical and Applied
Pyrolysis 2020, 152, 104804. DOI: https://doi.org/10.1016/j.jaap.2020.104804.

(23) TotalEnergies. Advanced recycling. 2023. https://polymers.totalenergies.com/sustainability/advanced-recycling
(accessed 2023 May 10th).

(24) Lang, S. Paprec will supply flexible plastic packaging waste to Total Energies pyrolysis plant. 2023.
https://www.euwid-recycling.com/news/business/paprec-will-supply-flexible-plastic-packaging-waste-for-total-
energies-pyrolysis-plant-150323/ (accessed 2023 May 10th).

(25) Vogt, B. D.; Stokes, K. K.; Kumar, S. K. Why is recycling of postconsumer plastics so challenging? ACS
Applied Polymer Materials 2021, 3 (9), 4325-4346. DOI: https://doi.org/10.1021/acsapm.1c00648.

(26) Mumladze, T.; Yousef, S.; Tatariants, M.; Kriukiene, R.; Makarevicius, V.; Lukosiute, S. I.; Bendikiene, R.;
Denafas, G. Sustainable approach to recycling of multilayer flexible packaging using switchable hydrophilicity
solvents. Green Chemistry 2018, 20 (15), 3604-3618. DOI: https://doi.org/10.1039/C8GCO1062E.

(27) Walker, T. W.; Frelka, N.; Shen, Z. Z.; Chew, A. K.; Banick, J.; Grey, S.; Kim, M. S.; Dumesic, J. A.; Van Lehn,
R. C.; Huber, G. W. Recycling of multilayer plastic packaging materials by solvent-targeted recovery and
precipitation. Science Advances 2020, 6 (47), eaba7599. DOI: https://doi.org/10.1126/sciadv.aba7599.

(28) PureCycle. PureCycle's Ironton Plant Produces First Pellets. 2023.
https://www.purecycle.com/blog/purecycles-ironton-plant-produces-first-pellets (accessed 7 September 2025).

(29) Chaudhari, U. S.; Lin, Y.; Thompson, V. S.; Handler, R. M.; Pearce, J. M.; Caneba, G.; Muhuri, P.; Watkins, D.;
Shonnard, D. R. Systems Analysis Approach to Polyethylene Terephthalate and Olefin Plastics Supply Chains in the
Circular Economy: A Review of Data Sets and Models. ACS Sustainable Chemistry & Engineering 2021, 9 (22),
7403-7421. DOI: https://doi.org/10.1021/acssuschemeng.0c08622.

(30) PlasticsEurope. Plastics - the Facts 2022. PlasticsEurope, 2022. https://plasticseurope.org/knowledge-
hub/plastics-the-facts-2022/ (accessed 23 May 2023).

(31) Larrain, M.; Van Passel, S.; Thomassen, G.; Van Gorp, B.; Nhu, T. T.; Huysveld, S.; Van Geem, K. M.; De
Meester, S.; Billen, P. Techno-economic assessment of mechanical recycling of challenging post-consumer plastic
packaging waste. Resources, Conservation and Recycling 2021, 170, 105607. DOI:
https://doi.org/10.1016/j.resconrec.2021.105607.



https://doi.org/10.1038/s44286-025-00247-1
https://doi.org/10.1039/D2GC02588D
https://doi.org/10.1016/j.wasman.2022.08.018
https://packagingeurope.com/news/wm-and-dow-run-curbside-recycling-pilot-scheme-for-plastic-films-in-illinois-city/9126.article
https://packagingeurope.com/news/wm-and-dow-run-curbside-recycling-pilot-scheme-for-plastic-films-in-illinois-city/9126.article
https://doi.org/10.3390/recycling7020011
https://doi.org/10.3390/recycling9040059
https://epcmholdings.com/comprehensive-analysis-of-plastic-waste-pyrolysis/
https://cen.acs.org/environment/recycling/Amid-controversy-industry-goes-plastics-pyrolysis/100/i36
https://doi.org/10.1016/j.scp.2022.100683
https://doi.org/10.1016/j.jaap.2020.104804
https://polymers.totalenergies.com/sustainability/advanced-recycling
https://www.euwid-recycling.com/news/business/paprec-will-supply-flexible-plastic-packaging-waste-for-total-energies-pyrolysis-plant-150323/
https://www.euwid-recycling.com/news/business/paprec-will-supply-flexible-plastic-packaging-waste-for-total-energies-pyrolysis-plant-150323/
https://doi.org/10.1021/acsapm.1c00648
https://doi.org/10.1039/C8GC01062E
https://doi.org/10.1126/sciadv.aba7599
https://www.purecycle.com/blog/purecycles-ironton-plant-produces-first-pellets
https://doi.org/10.1021/acssuschemeng.0c08622
https://plasticseurope.org/knowledge-hub/plastics-the-facts-2022/
https://plasticseurope.org/knowledge-hub/plastics-the-facts-2022/
https://doi.org/10.1016/j.resconrec.2021.105607

(32) Sutliff, B. P.; Goyal, S.; Martin, T. B.; Beaucage, P. A.; Audus, D. J.; Orski, S. V. Correlating near-infrared
spectra to bulk properties in polyolefins. Macromolecules 2024, 57 (5), 2329-2338. DOI:
https://doi.org/10.1021/acs.macromol.3¢02290.

(33) Sanchez-Rivera, K. L.; del Carmen Munguia-Lopez, A.; Zhou, P.; Cecon, V. S.; Yu, J.; Nelson, K.; Miller, D.;
Grey, S.; Xu, Z.; Bar-Ziv, E. Recycling of a post-industrial printed multilayer plastic film containing polyurethane
inks by solvent-targeted recovery and precipitation. Resources, Conservation and Recycling 2023, 197, 107086.
DOI: https://doi.org/10.1016/j.resconrec.2023.107086.

(34) Stavinski, N.; Ghasemi, A.; Bruno, L. J.; Sdnchez Delgado, C. L.; Tsianou, M.; Alexandridis, P.; Velarde, L.
Real-Time Quantification of Polyethylene Crystallinity via In Situ Mid-and Near-Infrared Correlation Spectroscopy:
Melting and Dissolution. Journal of Polymer Science 2025, 63 (10), 2248-2265. DOI:
https://doi.org/10.1002/p01.20250207.

(35) Alexandridis, P.; Ghasemi, A.; Tsianou, M. Polypropylene Dissolution Kinetics: Effects of Solvent,
Temperature, and Particle Size. Polymers 2025, 17 (23), 3213. DOI: https://doi.org/10.3390/polym17233213.

(36) Kol, R.; De Somer, T.; D'hooge, D. R.; Knappich, F.; Ragaert, K.; Achilias, D. S.; De Meester, S. State-Of-The-
Art Quantification of Polymer Solution Viscosity for Plastic Waste Recycling. ChemSusChem 2021, 14 (19), 4071-
4102. DOI: https://doi.org/10.1002/cssc.202100876.

(37) Chaudhari, U. S.; Kulas, D. G.; Peralta, A.; Hossain, T.; Johnson, A. T.; Hartley, D. S.; Handler, R. M.; Reck, B.
K.; Thompson, V. S.; Watkins, D. W. Solvent based dissolution—precipitation of waste polyethylene terephthalate:
economic and environmental performance metrics. RSC Sustainability 2023, 1 (7), 1849-1860. DOI:
https://doi.org/10.1039/D3SU00231D.

(38) Sanchez-Rivera, K. L.; Zhou, P.; Kim, M. S.; Gonzalez Chavez, L. D.; Grey, S.; Nelson, K.; Wang, S. C.;
Hermans, I.; Zavala, V. M.; Van Lehn, R. C. Reducing antisolvent use in the STRAP process by enabling a
temperature-controlled polymer dissolution and precipitation for the recycling of multilayer plastic films.
ChemSusChem 2021, 14 (19), 4317-4329. DOI: https://doi.org/10.1002/cssc.202101128.

(39) Lawley, M. D.; Boon, D.; Stein, L. Y.; Sauvageau, D. Switchable solvents for the reversible dissolution of poly
(3-hydroxybutyrate). ACS Sustainable Chemistry & Engineering 2022, 10 (8), 2602-2608. DOI:
https://doi.org/10.1021/acssuschemeng.1c06377.

(40) Samori, C.; Cespi, D.; Blair, P.; Galletti, P.; Malferrari, D.; Passarini, F.; Vassura, I.; Tagliavini, E. Application
of switchable hydrophilicity solvents for recycling multilayer packaging materials. Green Chemistry 2017, 19 (7),
1714-1720. DOI: https://doi.org/10.1039/c6gc03535¢.

(41) Caudle, B.; Nguyen, T. T.; Kataoka, S. Evaluation of three solvent-based recycling pathways for circular
polypropylene. Green Chemistry 2025, 27 (6), 1667-1678. DOI: https://doi.org/10.1039/D4GC02646B.

(42) Aparicio, S. C.; Resende, J. V.; Ribeiro, B. D.; Marrucho, I. M. Dissolution-Precipitation of Plastic Waste:
Current Position and Potential as Green Recycling Technique. ChemSusChem 2025, 18 (11). DOI:
https://doi.org/10.1002/cssc.202500018.

(43) Vollmer, I.; Jenks, M. J. F.; Roelands, M. C. P.; White, R. J.; van Harmelen, T.; de Wild, P.; van der Laan, G. P,;
Meirer, F.; Keurentjes, J. T. F.; Weckhuysen, B. M. Beyond Mechanical Recycling: Giving New Life to Plastic
Waste. Angewandte Chemie International Edition 2020, 59 (36), 15402-15423. DOLI:
https://doi.org/10.1002/anie.201915651.



https://doi.org/10.1021/acs.macromol.3c02290
https://doi.org/10.1016/j.resconrec.2023.107086
https://doi.org/10.1002/pol.20250207
https://doi.org/10.3390/polym17233213
https://doi.org/10.1002/cssc.202100876
https://doi.org/10.1039/D3SU00231D
https://doi.org/10.1002/cssc.202101128
https://doi.org/10.1021/acssuschemeng.1c06377
https://doi.org/10.1039/c6gc03535c
https://doi.org/10.1039/D4GC02646B
https://doi.org/10.1002/cssc.202500018
https://doi.org/10.1002/anie.201915651

