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Valorization of Plastic Waste

Outline

• definition of the problem: too much plastic waste

• negative impacts of plastic

• how we currently recycle plastics: mechanical recycling and chemical recycling

• research to improve recycling of plastic waste: “molecular” (physical) recycling

• molecular recycling of plastics: dissolution/precipitation thermodynamics

• molecular recycling of plastics: polyolefin dissolution kinetics

• molecular recycling of plastics: delamination of multilayer films

• closing remarks
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Plastics Recycling 
Challenges and Opportunities

Plastics packaging is essential for food safety, storage, distribution, and reduces food waste.

In climate protection polymeric thermal insulators and lightweight engineering plastics contribute to 
significant energy savings accompanied by reduced emission of the greenhouse gas carbon dioxide. 

In health care functional polymers enable controlled drug release, protect humans against bacterial 
attack, and are components of implants, dental fillings, artificial hips, disposable syringes, blood bags, 
cosmetics, and numerous medical devices-like sensors. 

Durability and safety rely on corrosion protection by coatings which safeguard metals even in a maritime 
environment.

Polymer membranes are being employed in blood purification by artificial kidneys, water desalination 
and purification, recovery of metal wastes, separation of chemicals, and even in energy harvesting by 
means of fuel cells.

Without polymers as electrical insulators transportation of electrical energy would not be feasible.

Moreover, human comfort and leisure strongly benefits polymer innovations like functional textiles, 
lightweight engineering plastics, and formulated systems.
Tailoring Hydrocarbon Polymers and All-Hydrocarbon Composites for Circular Economy

Plastics are useful, even indispensable
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Plastics Recycling 
Challenges and Opportunities

The growth of plastics consumption closely follows 
the rapid growth of the world population. 

Since people living in developing countries aspire 
high living standards of industrialized countries the 
demand for plastics will continue to rise at a rapid 
pace from around 15 million tons in 1965 and 
today’s 450 million tons (1 trillion pounds) to well 
above 1 billion tons in 50 years.

We consume a lot of plastic
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Plastics Recycling 
Challenges and Opportunities

Plastic is a global issue

© 2023, P. Alexandridis       Reproduction of this material is prohibited without the Author’s consent

p
ro

d
u

ct
io

n
co

n
su

m
p

ti
o

n

consumption per capita



Plastics Recycling 
Challenges and Opportunities

The majority of plastic is discarded

Global production, 

use, and fate of 

polymer resins, 

synthetic fibers, and 

additives (1950 to 

2015; million tons)
[Geyer, Jambeck, Law Sci. Adv. 

2017;3: e1700782]
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Plastics Recycling 
Challenges and Opportunities

Common types of plastics and % recycled in US

PET HDPE PVC LDPE PP PS
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Plastics Recycling 
Challenges and Opportunities

Disruption in plastic waste flow: “National Sword”
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Plastics Recycling 
Challenges and Opportunities

Plastic use increased during COVID

• Medical waste generation has 
increased significantly with the 
ongoing Covid-19 pandemic

• Covid-19 has increased medical 
waste generation by 18 to 
425%, and increased the ratio 
of hazardous (infectious) waste 
by 9% to 125%. [data from 
international studies; no 
relevant data found for the US] 
[Kalanrary et al.; Liang et al.]

Kalantary, R. R.;  Jamshidi, A.;  Mofrad, M. M. G.;  Jafari, A. J.;  Heidari, 
N.;  Fallahizadeh, S.;  Hesami Arani, M.; Torkashvand, J., Effect of COVID-19 
pandemic on medical waste management: a case study. J Environ Health Sci 
Eng 2021
Liang, Y.;  Song, Q.;  Wu, N.;  Li, J.;  Zhong, Y.; Zeng, W., Repercussions of 
COVID-19 pandemic on solid waste generation and management strategies. 
Frontiers of Environmental Science & Engineering 2021
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• Consumption of packed 
food, fresh food, and 
food delivery increased 
during lockdown

• Highest generation of 
waste was observed for 
plastic packaging and 
food waste



Plastics Recycling 
Challenges and Opportunities

Negative impacts of plastic
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Plastic pollution and oceans

Plastic pollution and soil

Microplastics

Plastics and health
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Plastics Recycling 
Challenges and Opportunities

March 2, 2022

Global agreement to control plastic
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Plastics Recycling 
Challenges and Opportunities

Title
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Plastics Recycling 
Challenges and Opportunities

It hasn’t been easy to replace plastic…
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Plastics Recycling 
Challenges and Opportunities

Biodegradable plastics have way to go…
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Plastics Recycling 
Challenges and Opportunities

Recycling of plastic waste
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Plastic value chain



Plastics Recycling 
Challenges and Opportunities

Mechanical recycling of plastic waste

https://ubuntoo.com/blogs/mechanical-recycling-for-dummies
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Plastics Recycling 
Challenges and Opportunities

Visit to local Materials Recovery Facility (MRF)

before

after after
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Plastics Recycling 
Challenges and Opportunities

https://www.simsmunicipal.com/recycling-education-center/school-tours/

Automated sorting for mechanical recycling of plastic waste
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Plastics Recycling 
Challenges and Opportunities

Mechanical recycling of plastics is not enough
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Plastics Recycling 
Challenges and Opportunities

Chemical recycling of plastic waste
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Plastics Recycling 
Challenges and Opportunities

Chemical “recycling” (?)
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EFRI E3P: Valorization of Plastic Waste via 
Advanced Separation and Processing

Ways to improve mechanical & chemical recycling of plastic waste
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Plastics Recycling 
Challenges and Opportunities

“Molecular” (physical) recycling of plastic waste
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https://www.linkedin.com/pulse/dissolution-
chemical-recycling-plastic-waste-gerald-altnau



Dissolution/Precipitation Recycling of Polyolefins

MOTIVATION
Dissolution/precipitation recycling, a method in which a polymer is dissolved in 
a solvent and reprecipitated after the removal of insoluble contaminants, offers 
the opportunity to generate near-virgin quality polymers from plastic waste. 
However, the few solvents that can dissolve polyolefins are hazardous. 

PROJECT DESCRIPTION
Evaluate polyolefin phase behavior in environmentally responsible “green” 
solvents and solvent-antisolvent mixtures. 
Analyze polymer-solvent thermodynamic interactions to identify solvents and 
conditions under which selective dissolution/precipitation recycling can be 
successfully applied.

METHOD OF APPROACH
Identify “green solvents” using solvent selection guides. Polymer-solvent phase 
behavior data is then generated through observing the onset of phase 
separation at a particular volume fraction by lowering the solution temperature 
(cloud point measurements).

EFRI E3P: Valorization of Plastic Waste via 
Advanced Separation and Processing
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Phase Diagram for Polyolefins in Green Solvent
RESULTS/FINDINGS:
✓ Polyolefin (HDPE, LDPE, and PP) phase behavior in five 

different “green solvents” 

✓ Influence of antisolvent (precipitating agent) on 
polyolefin solubility- negligible up to a certain 
concentration (dependent on antisolvent)

IN PROGRESS: 
❑ Analysis of polymer-solvent thermodynamic 

interactions using Flory-Huggins theory

PRACTICAL IMPLICATIONS:
❖ The generated phase diagrams can be applied in the 

dissolution/precipitation recycling of polyolefins in 
order to isolate and purify a target polymer 

EFRI E3P: Valorization of Plastic Waste via 
Advanced Separation and Processing
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Polyolefin Dissolution Kinetics

PROJECT DESCRIPTION
• Achieve a comprehensive understanding on the dissolution kinetics of 

polyolefins, the most popular type of plastics

MOTIVATION
• Recycling of polyolefins via dissolution/precipitation can increase both the 

fraction of plastics that is being recycled and the value of the plastics recovered.
• Understanding the underlying phenomena which govern the dissolution 

behavior of polyolefins is critical in the design and optimization of chemical 
recycling processes involving plastic dissolution/precipitation.

METHOD OF APPROACH
• A phenomenological model is developed to describe the swelling and dissolution 

of polyolefins by capturing the underlying transport phenomena. 
• Dissolution kinetics experiments are performed to validate the model and obtain 

the key fitting parameters.

EFRI E3P: Valorization of Plastic Waste via 
Advanced Separation and Processing
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Fitting model to experimental data to 

obtain the fitting parameters (Kdec & rdis)

Dissolution of HDPE in p-xylene at T=104 0C

T=104 0C

rdis = 1.75×10-8 m/s

Kdec= 38.5×10-3 (1/s) 
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T=104 0C

EFRI E3P: Valorization of Plastic Waste via 
Advanced Separation and Processing

Fit model to experimental data to obtain 

the fitting parameters Kdec & rdis

- Dissolution of HDPE 

in p-xylene (T=104 0C)

- HDPE samples: 

1cm×1cm×0.1mm

rdis=1.75×10-8 (m/s)

Kdec=38.5×10-3 (1/s)

Increasing 𝑟𝑑𝑖𝑠

Increasing 𝑟𝑑𝑖𝑠

Less swelling and less time 
for full dissolution𝑟𝑑𝑖𝑠

Crystalline domains will 
decrystallize sooner

𝑘𝑑𝑒𝑐

Increasing 𝑘𝑑𝑒𝑐

Increasing 𝑘𝑑𝑒𝑐

Crystalline domains will 
decrystallize more, less 
swelling will happen 

𝑘𝑑𝑒𝑐

More dissolved polymer at a 
specific time and less time 
for full dissolution

𝑟𝑑𝑖𝑠

Effects of 𝒌𝒅𝒆𝒄 (a) & (b), and 𝒓𝒅𝒊𝒔 (c) & (d) on the dissolution process  

(a) (b) (c) (d)
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REMADE: Recycling of Polymer-based 
Multilayer Packaging by Delamination 

This project aims to deconstruct flexible 

films and multilayer packaging utilizing 

delamination, to recover polyolefin films 

using separation processes, and to 

validate that the recovered plastics can 

replace primary materials without loss of 

properties or performance. 

Packaging consumes 40% of plastics used world-wide. Half of plastic flexible packaging comprises multilayer films. 

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
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Plastics Recycling 
Challenges and Opportunities

Title
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Closing remarks
• Problem: plastic is an invaluable material, but too much plastic waste generates concern

• Negative impacts of plastic: environment (water, soil, GHG generation, climate) and 
health (additives in plastic, microplastics)

• How we currently recycle plastic: primarily with mechanical recycling; chemical recycling 
receives negative publicity and limited utilization  

• Emerging trends: bans of certain plastic products, EPR, reusable containers, bioplastics, 
new chemistries for recyclable plastics, plastics from CO2 from air, etc.

• But can these handle 450 million metric tons annual plastics production? (slated to go up)

• In the meantime: plenty of room for improved sortation and for molecular re/up-cycling

• Molecular Recycling of Plastics: environmentally responsible solvents for dissolution of 
polyolefins; solvent-polyolefin phase behavior; mechanism and kinetics of polymer 
dissolution; solvent-assisted delamination of multilayer films
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Valorization of Plastic Waste via 
Advanced Separation and Processing 



Thank You!
palexand@buffalo.edu

https://scholar.google.com/citations?user=AHDBpe8AAAAJ&hl=en

www.cbe.buffalo.edu/alexandridis

Valorization of Plastic Waste: 
Research Advances in Molecular Recycling 
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