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PLASTIC CIRCULAR ECONOMY

“A circular economy reduces material use, redesigns materials, products, and services to be less resource .

intensive, and recaptures “waste” as a resource to manufacture new materials and products.” - EPA
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PLASTIC CIRCULAR ECONOMY

“A circular economy reduces material use, redesigns materials, products, and services to be less resource
intensive, and recaptures “waste” as a resource to manufacture new materials and products.” - EPA \
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PLASTIC CIRCULAR ECONOMY
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POLYOLEFIN CHEMICAL CONVERSION

Pyrolysis
y
¥ Hydrocarbons including
K ) waxes, oils, gases, and fuels

TRADITIONAL: NO CIRCULARITY

{—o—Wl — R&

FOSSIL CRUDE NAPHTHA STEAM CRACKER HIGH VALUE CHEMICALS (HVC)

AN

- LY
Hydrogenolysis I Oxidation \
Hydrocarbons including @ Carboxylic acid and ketonated
waxes, oils, gases, and fuels waxes, oils, and chemical feedstocks

SOME CIRCULARITY, BUT ENERGY ?NTENSIVE AND REQUIRES MANY STEPS

28~ g_.Q_.m_., \rz ¢

'PLASTICWASTE  PYROLYSIS  NAPHTHA STEAMCRACKER

_IMPROVED CIRCULARITY, LESS ENERGY INTENSIVE, LESS STEPS REQUIRED

HZSM-5 ZEOLITE s E

¥ Medium Si/Al |

- v Phosphorus - 22 ¢| |

45%! @ ! ! = ¥ Swarirg r 2 9 §

Mesopores
PLASTIC WASTE  PYROLYSIS CATALYTIC UPGRADING HVC

Decrease in CO2 footprint/HVC

20 |: Others

- aromatics
- cycloalkanes/alkadienes

315 - mono-olefins

B

= B -paraffins

é I is0-paraffin

o

&

=

=1

7}

=

5 10 15 20 25 30 35 40
Carbon number

ChemSusChem, 2020, 13, 1764 —1774.




POLYOLEFIN CHEMICAL CONVERSION
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POLYOLEFIN CHEMICAL CONVERSION
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OUR APPROACH: GREENER OXIDATION

Our Focus

To develop an inexpensive process to break C-C bonds in polyolefins to form
bioavailable compounds.

To develop a process which avoids post-processing steps prior to bioconversion.

Reduce reaction
temperature and minimize
catalyst loading

Benign metal catalysts

Aqueous conditions

and no toxic additives for bio-upcycling
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METAL CATALYZED OXIDATION OF LDPE FILM N

« Develop a technique breaking down LDPE using a “inexpensive and greener” process ) \
« Using aqueous conditions, earth-abundant first row transition metals and low temperatures
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METAL CATALYZED OXIDATION OF LDPE FILM N

« Develop a technique breaking down LDPE using a “inexpensive and greener” process ) \
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METAL CATALYZED OXIDATION OF LDPE FILM N

« Develop a technique breaking down LDPE using a “inexpensive and greener” process ) \
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METAL CATALYZED OXIDATION OF LDPE FILM N

« Develop a technique breaking down LDPE using a “inexpensive and greener” process ) \
« Using aqueous conditions, earth-abundant first row transition metals and low temperatures
» Achieving high carbon recoveries
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__ EXTENT OF LDPE DECONSTRUCTION

« (atalyzed oxidative C-C cleavage results in low molecular weight species
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__ EXTENT OF LDPE DECONSTRUCTION

« (atalyzed oxidative C-C cleavage results in significant depolymerization

« Water soluble low molecular weight fragments (100-500 gmol )
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__ EXTENT OF LDPE DECONSTRUCTION

« (atalyzed oxidative C-C cleavage results in significant depolymerization

« Water soluble low molecular weight fragments (100-500 gmol )

« No significant effect from catalyst loading and higher temperatures
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__ EXTENT OF LDPE DECONSTRUCTION

« (atalyzed oxidative C-C cleavage results in significant depolymerization

Water soluble low molecular weight fragments (200-300 gmol )

No significant effect at higher temperatures

Water insoluble species are partly depolymerized ( 600-1200 gmol ')
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CHEMICAL COMPOSITION OF PRODUCTS

« Carboxylate and carboxylic acid functionalities

« Small amounts of y-lactone and carbonyl (aldehyde or ketone species)
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WATER-SOLUBLE PRODUCTS CHEMICAL COMPOSITION ™
N\

* Mass Spectrometry of water soluble products ) \

« Water soluble products spiked with dicarboxylic acid standards
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WATER-SOLUBLE PRODUCTS CHEMICAL COMPOSITION ™\
N\

* Mass Spectrometry of water soluble products )

« Water soluble products spiked with dicarboxylic acid standards \
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LARGE SCALE REACTION SHOWS SIMILAR PROPERTIES

 Significant effect on yield (unoptimized)

Extent of depolymerization (100-500 gmol ™)
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 Significant effect on yield
« Extent of depolymerization (100-500 gmol)

« Similar dicarboxylic acid products
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LARGE SCALE REACTION SHOWS SIMILAR PROPERTIES ™
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~_ CHEMICAL CONVERSION OF COMMERCIAL PRODUCTS \
N\

* Yield was significantly effected with Sandwich Bag and Six Pack Holder \
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~_ CHEMICAL CONVERSION OF COMMERCIAL PRODUCTS \
N\

1.00 Six Pack Holder

* Yield was significantly effected with Sandwich Bag and Six Pack Holder oo Bog
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CHEMICAL CONVERSION OF COMMERCIAL PRODUCTS \

N
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 Slight differences in dicarboxylic acid products
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BIOLOGICAL AVAILABILITY OF THE BREAKDOWN PRODUCTS N\
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BIOLOGICAL AVAILABILITY OF THE BREAKDOWN PRODUCTS N\
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CONCLUSION

LDPE Film Metal Catalyzed Low Mw Carboxylic Acids

Aqueous Oxidation
L
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Inexpensive Catalysts Mild Conditions High Carbon Recovery
(Fe, Cu) (130 °C, 7 bar 0,) (70 %)
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CONCLUSION
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CONCLUSION
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LDPE Film Metal Catalyzed  Low Mw Carboxylic Acids Bio-upcycling
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Inexpensive Catalysts Mild Conditions High Carbon Recovery
(Fe, Cu) (130°C, 7 bar 0,) (70 %)

Conversion to Products Technoeconomic Analysis
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