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Catalysis Made Plastics. Can Catalysis Unmake Them Too?

Production of industrial polymers is impossible without catalysis. In many cases, catalysts 

exert exquisite control over formation of molecular architecture and composition, yielding 

polymers with remarkable properties. Some applications release polymers into the 

environment both through unintended loss and through use profiles that create release. We 

must find solutions that eliminate persistent plastic in the environment. Desire to make 

plastics reusable faces many challenges. Polymers tend to degrade in processing, have the 

potential to carry contaminants through physical recycling, and improved physical properties 

of virgin polymers loom large, making infinite recycling of polymer problematic. “Chemical 

recycling” even wrinkles faces with confusion at an ACS meeting. “Monomerization” is 

actually already a word describing what we want to do; controlled decomposition of 

polymers to form monomers. Returning polymer to monomers is appealing, but technically 

difficult. Catalysis will surely be part of the solution as we are asked to use less, recycle more 

and to make those polymers that are released to the environment more degradable. We are 

entering a new era where catalysis is being asked to undo, to disassemble what it assembled. 

Creative solutions and new approaches are needed, turning waste into opportunity.



Challenges facing the chemical industry (which is really the 

plastics industry).

Incumbency is a hurdle.

Creative solutions are needed.



SIMPLIFIED CHEMICAL INDUSTRY



MODERN CHEMICAL INDUSTRY



ROUGH INDUSTRY MASS BALANCE



CHEMICAL TRANSFORMATION



US PETROLEUM FLOW, 2016
IN MILLION BARRELS PER DAY

EIA Monthly Energy Review, September 2017 (Release Date: September 28, 2017)

Lippe, Dan; Oil & Gas Journal, 4 Sept 2017, pg 82.



ROUGH MASS BALANCE



IMPLICATIONS

~
EPA 2.59 lb CO2/lb black

~5 carbons out of ground

2 go to CO2

3 go to CB

(12 out, 5 burned, 7 product is 

closer)



OPTIONS FOR CO2







ALTERNATIVES COST MORE

Source: American Chemistry Council TRUCOST report



ALTERNATIVES HAVE HIGHER ENVIRONMENTAL COSTS

Source: American Chemistry Council TRUCOST report



GROWING >GDP



THREE KINDS OF POLYETHYLENE







WHERE DOES PLASTIC GO?



U.S. TRASH



https://circularityinaction.com/2021PlasticRecyclingData



https://circularityinaction.com/2021PlasticRecyclingData



POSSIBLE SOLUTIONS





LINEAR ECONOMY

29



CIRCULAR ECONOMY

30



RECYCLING



DEGRADATION DURING MECHANICAL RECYCLING

https://onlinelibrary.wiley.com/doi/full/10.1002/marc.202000415



WASTE REDUCTION HIERARCHY



DOWNCYCLED PET



MORE DOWNCYCLED CONTENT





RECOVER 

37







PYROLYSIS

Yield to oil <50%

H2



Yield to oil <45%



• Yield
- only ~50% to pyrolysis oil

- yield to prime olefins is <25%

- yield to ethylene from PE <15%

• Oil unsuitable without treatment
- formation of aromatics and olefins

• Cost

• Emissions
- NGOs use “incineration”

PYROLYSIS PROBLEMS



SYNGAS FERMENTATION



• Yield
- ~75% to ethanol (molar)

- near 75% to ethylene (ethanol near 100% to ethylene)

• Flexible for C2= and C3=

• Cost
- gasification capital is high

• Emissions
- still high

• Scales down well

SYNGAS FERMENTATION IMPROVEMENTS/PROBLEMS



SUPERCRITICAL PYROLYSIS

Yield to oil ~80%

ground broken on 20,000 tonnes per year in 2023

Also:





The PureCycle process:

1. Melting & Filtering

2. Extraction

3. Mixing & Settling

4. Filtering

5. Purification

6. Separation

7. Extruding & Pelletizing



Good News Bad News



GOOD NEWS



PET RECYCLING



PET RECYCLING



PET RECYCLING



BAD NEWS

over 20% of recycle bin material is rejected



just a handful of crackers and polymer plants



hundreds to thousands of converters



placed in millions of hands



hub and spoke processing



shippable intermediate to maintain economies of scale.



Challenges facing the chemical industry (which is really the 

plastics industry).

Incumbency is a hurdle.

Creative solutions are needed.
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