
Graphitic carbons are crucial for large-scale energy storage.
With the decline in the traditional high-quality precursors,
obtaining carbons from plastic waste is an environmentally
friendly approach to support renewable energy storage.
Barriers to upcycling waste plastic include its extremely low
yield and non-graphitic nanostructure. We demonstrate a
novel solution of using Graphene Oxide (GO) as a templating
agent to increase yield and obtain high-purity graphitic
carbons from plastic waste. GO provides the oxygen
required for polymer stabilization while the chemical
bonding and sp2 interactions promote graphitic
nanostructure. This work will create a new path for green
and efficient graphite manufacturing.
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Pure plastics have extremely low carbon yields as they go
through chain unzipping and β-bond scission to produce light
gases. Compositing with GO provide excellent stabilization
through the radical sites formed by the leaving oxygen groups.
The key advantage of GO as additive is that it nets a
substantial increase in carbon yields, nearly 250% in some
plastics. There is a trade-off between carbon yield and
graphitic quality in GO/plastic composites. After
graphitization, graphitic quality of GO composites is slightly
lower than all pure plastics (except HDPE) potentially because
of crosslinking by reactive radical sites on GO which are
responsible for the yield increase. Although of relatively lower
graphitic quality, GO/plastic composites possess lattice
parameters comparable to graphitized anthracene coke. GO
can improve yield by 3 main mechanisms: crosslinking by
leaving oxygen groups, diffusional confinement of radicals
increasing radical combination and stabilization of radicals by
the GO π-network. The results from composites with various
grades of GO show that oxygen content and lateral size have
the most effect on the yield increase. Therefore, crosslinking
and diffusional confinement of radicals are the dominant
mechanisms in GO/Plastic composites. These highly graphitic
composites hold promise as high-quality electrode material in
energy storage devices.

FUTURE WORK

• Investigation of changes in carbonization reactions using
TGA, DSC and FTIR.

• Electrochemical testing – Li ion battery.
• ReaxFF simulations for the chemistry of GO-plastic

reactions.

ACKNOWLEDGEMENTS

This work was sponsored by an MRI Seed Grant in partnership
with the Pennsylvania Recycling Markets Center for Disruptive
Concepts in Materials Recycling and a Circular Economy.

Robert (Bob) J. Bylone, Jr., President, CEO and Peter Previte, The
Pennsylvania Recycling Markets Center Inc., 501c(3) are gratefully
acknowledged for supplying recycled plastics.

The project addresses program goals of (1) use of recycled
materials as feedstock in a new recycled content product(s); (2)
manufacturing processes research which leads to increased use of
an externally sourced recycled feedstock.

1. The John and Willie Leone Family Department of Energy and Mineral Engineering and the EMS Energy Institute, Penn State University, University Park
2. The Department of Mechanical Engineering, Penn State University, University Park

3. The Department of Engineering, Penn State DuBois
4. Morgan Advanced Materials

5. Materials Characterization Lab, Penn State University, University Park

A. Gharpure*1, M. Kowalik2, A. van Duin2, R. Rajagopalan3, C. Leon y Leon4, E. Bazilevskaya5, and R. Vander Wal1
Upcycling Plastic Waste into Graphitic Carbons

Recycled Plastic

Polystyrene

PolypropyleneMixed PE Film (shred)

High Density PolyethyleneMixed PE Film (PCR Pellets)

Carbonization at 600°C

Graphitization at 2500°C

0

20

40

60

80

100

PE film 
(shred)

PE film 
(PCR 

Pellets)

Poly-
propylene

HDPE

Pure Plastics
Plastics + 2.5 wt% GO

La
 [1

10
] (

nm
)

10.8%
36.9%

24.9%

1.5%

0

5

10

15

20

25

PE film 
(shred)

PE film 
(PCR 

Pellets)

Poly-
propylene

HDPE

Pure Plastics
Plastics + 2.5 wt% GO

Lc
 (n

m
)

7.1%16%

11.4%
7.4%

0

0.2

0.4

0.6

0.8

1

20 30 40 50 60 70 80

N
or

m
al

iz
ed

 In
te

ns
ity

 (c
ou

nt
s)

2-Theta (degrees)

XRD
Model graphitizing material: 

Anthracene Coke
La [110]= 68 nm

Lc= 20 nm
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