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Nature-Inspired
Hybrid Polymers

Nature’s material (spider silk, wood,
seed pods) as models for new
modular materials that respond to
external stimuli and are constructed
from limited building blocks

Uses architectural features to design
functional, responsive, and
adaptable polymeric materials

Valorization of
End-of-Life Plastics

Chemical deconstruction and upgrading
of plastic waste as a means to achieve
circularity in the plastics’ lifecycle

Combining valorization efforts with an
understanding of polymer chemistry
with complex thermal, mechanical, and
physical properties, for the
development of next-generation
materials towards a circular plastics
economy.

Bioderived,
Tailorable Polymers

Bio-derived polymers can be used as a
potential replacement for petrochemical
derived options for development of new
materials

Group designs lignin-derived materials to
build structure-activity-function-processing
maps to facilitate application matching and
to enable film, fiber, foam, and composite
manufacturing
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Characterizing HDPE Hydrocracking
Catalyst Poisoning by Antioxidant

Additives

Pt/WO3/ZrO2 hydrocracking catalyst
was developed for polyethylene
deconstruction.

Both Pt metal sites and acidic sites
on catalyst must be active, and their
ratio (PtYWQO3/ZrO2 composition)
affects product distributions (Metal
Acid Balance, MAB)

Common additives in HDPE lower
catalyst activity and changing product
distributions

Catalyst +
pure HDPE

BHT
additive
lowers
reactivity

Cyanuric acid
based additive
kills activity

Green Chem., 2022, 24, 7332-7339
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Characterizing HDPE Hydrocracking

Catalyst Poisoning by Ant|OX|dant

Additives

Pt deactivates from CO generated from
additive decomposition

Stripping out additives improves
catalyst activity and selectivity for lower
molecular weight products

Takeaway: The phenol-like antioxidant
additives in  “real” HDPE are
responsible for hydrocracking catalyst
deactivation

Green Chem., 2022, 24, 7332-7339
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Nature-inspired Hybrid Polymers
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Z5: favors “intermolecular” B-sheet

Z20: favors “intramolecular” a-helix (

As helical and peptide content

increases, we perturb and help order k ﬁ

the PEG domains.  Pavasenny ) (Crossiinker )

(Crystalline PEG is also helical) Af:d — "“:“I‘ [ e o T, } 0
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Nature-inspired Hybrid Polymers
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Polarized OM shows “maltese cross”
optical features of varying sizes.

SEM shows differing spherulite size
perturbed by peptides, with the
a-helix forming Z20 series forming
larger spherulites.

AFM shows fibrous structure formed
by crystalline PEG, most disrupted
by Z5 series.



