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Plastic Recycling Still Has A Long Way To Go

Level of plastic waste in U.S. municipal solid waste disposal (thousand tons)

- 8 billion tons of plastic waste
produced since 1950, but only
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Supercapacitors vs. other

- i Supercapacitor applications
electrochemical storage devices
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Summary of previous work on plastic
upcycling intfo porous carbonaceous materials

Plastic Waste Product and Yield BET SSA- (m2g')
PE or PP Amorphous porous 750-2,200
carbon
PVC, PIE'E'TPP' S, Flash graphene Not reported

Mixed plastic

Low-cost &
scalable
upcycling

‘ method

High
crystallinity
graphene

High specific
surface area

Upcycling plastic waste into high quality graphene with high
crystallinity and high specific surface area is still very challenging.
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PE Upcycling into Porous Graphene
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9518-9527 Chemistry & Engineering, in review)

« Stabilization occurs from oxidation and formation of cyclized ladder structures which are
more stable at high temperatures than original alkyl chain.

« Pre-treating between 290-330 °C stabilizes PE for high tfemperature processing under N,,.
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How Do We Do Stabilization in Bulk?
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—— Raw spectrum
- — Sum

Cc=C sp?
———cC-Csp®
—C-0
—CO0O0

n—T*

Intensity (a. u.)

1000 1500 2000 2500 3000 282 284 286 288 290 292 00 02 04 06 08 10
Raman shift (cm™) Binding energy (eV) Relative pressure (P/P,)

BET Surface Area Oxygen Content
(m2g) at%

Yield Raman Id/lg

PE-Graphene 7.5 wt.% 1,800 0.85 2
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Electron flow
e
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High areal capacitance
~ curent and high power density
are desired.

e ©
et
Negative electrode Positive electrode grap hene
electrode
M HQSO4 aqueous « Schematic illustration of the porous carbon-based
e|ec’[ro|y’[e supercapacitor (Materials 2020, 13(18), 4215)

V. H. Pham et al., Small Methods 2024, 2301426
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PE-derived graphene has comparable or even
better elecirochemical capacitive properties.
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e 95% of salt mixture can be
recovered and reused for
subsequent synthesis.

« Salt mixtures are reused three times
which produce similar quality porous
graphene products as G-rel, re2,
and red.
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- PE are upcycled into porous graphene with a facile and
scalable bulk stabilization/oxidation method followed by
an inexpensive catalytic graphenization synthesis.

 The porous graphene has a BET surface area up to 1,800
m2g-! and a hierarchical pore size distribution.

- The graphene demonstrate excellent elecirochemical
capacitive properties as a supercapacitor electrode
material, which outperform the commercial porous carbon
electrode.

« The salt mixture (KCI and K,CO;) used in the process can
be easily recycled and reused for at least 3 cycles.
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