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Treasuring
Trash: Chemical
Advancesin
Upcycling Single-
Use Plastics

The proliferation of single-use plastics,
particularly polyethylene (PE) and
polypropylene (PP), presents a significant
environmental challenge. Of the 300-400
million tons of plastic produced annually,

up to 80% is discarded, often ending up in
landfills or polluting our oceans. This not only
creates severe environmental hazards but
also represents a massive waste of chemical
energy, equivalent to approximately 35

pbillion barrels of oil yearly. In response to

this challenge, Dr Kenneth Poeppelmeier of

Northwestern University and his team are
pioneering an innovative approach to upcycle

these plastics using catalytic hydrogenaolysis.
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Limitations of Current Plastic Recycling Methods

Plastic products are an inescapable part of everyday life. Since
the initial development of fully synthetic plastics in the early

20th century, the use of this versatile material has skyrocketed
because it is easy and inexpensive to make, has high thermal
and chemical stability, and can be used for a wide range of
applications. However, single-use plastics pose a problem both in
environmental and economic terms because they are difficult to
recycle, which leads to pollution and wastage.

Current recycling methods struggle to address this issue
effectively. Mechanical recycling is less expensive and more
energy efficient than chemical recycling if the plastic is clean
enough, but not all plastic makes the cut. By 2050, mechanical
recycling will be capable of processing only about 15% of
polyethylene waste, leaving a substantial 85% that will require
alternative solutions.

One such solution is pyrolysis, a process that chemically converts
plastics back into raw chemical feedstocks that can be turned
into new products. However, there are limitations in the types of
products pyrolysis can produce, and it often yields broad product
distributions that require extensive separation.

An Innovative Approach: Catalytic Hydrogenolysis

To address these issues, Dr Kenneth Poeppelmeier of Northwestern
University and his team are leading a groundbreaking initiative

to upcycle plastics through the use of catalytic hydrogenolysis.
This method breaks down plastic molecules in the presence of
hydrogen, allowing for greater control over the end products. Their
research has led to the development of a promising catalyst:
Platinum on Strontium Titanate nanocuboid supports (Pt/STO).

This catalyst stands out for its ability to convert polyethylene

and polypropylene — two of the most common single-use

plastics — into high-grade waxes and base oils with remarkable
efficiency. In solvent-free conditions at 300°C under 170 psi H2, Pt/
STO catalysts can selectively transform PE materials into value-
added products. The team tested a variety of pre-consumer HDPE
samples as well as a commercially sourced, single-use plastic
bag. The final products had average molecular weights centred
at C70 with narrow dispersity (B =1.06). Small amounts of gaseous
hydrocarbons (c1-c8) were produced, and no coke formation was
observed.

The significance of this breakthrough lies in its potential impact.
The waxes and base oils produced are valuable materials used
in various industries, including automotive lubricants. By creating
these high-value products, the process provides economic
incentives for plastic recycling. Pt/STO catalysts achieve higher
yields compared to other catalysts, making the process more
energy efficient. This efficiency is crucial for reducing the overall
environmental impact of recycling.

Key Features of the Pt/STO Catalyst

The Pt/STO catalyst has several features that make it attractive for
polyolefin upcycling. Owing to a close lattice match between face-
centred cubic Pt and the {100} facet of STO, Pt nanoparticles exhibit
a cube-on-cube epitaxy with STO nanocuboids. This provides
stabilisation against sintering under harsh reaction conditions.

The catalyst can be synthesised using methods like atomic layer
deposition (ALD), surface-organometallic chemistry (SOMC), or
strong electrostatic adsorption (SEA), allowing for precise control
over catalyst properties.



Importantly, Pt/STO catalysts have demonstrated reusability,
maintaining performance over at least five consecutive
hydrogenolysis runs without significant changes to product
properties or requiring catalyst reactivation.

A further key feature of this process is its potential to handle
plastics with additives — a major barrier in traditional recycling.
While Pt/STO itself might not solve all additive issues, it opens
the door for developing catalysts that can. In the future circular
economy, catalytic hydrogenolysis could work alongside
mechanical recycling and pyrolysis, each addressing different
aspects of the plastic waste problem.

Impact on the Circular Economy and
Sustainability

The development of efficient chemical recycling methods like
catalytic hydrogenolysis is crucial for advancing towards a
circular economy and improving sustainability. By converting
plastic waste into valuable chemical feedstocks, we can decrease
reliance on fossil fuels for producing these materials. Effective
recycling means less plastic ends up in landfills or oceans,
reducing environmental pollution. The energy efficiency of
catalytic processes using Pt/STO could lead to lower greenhouse
gas emissions compared to producing new plastics or other

less efficient recycling methods. For example, work published

in 2022 showed that life cycle emissions were in the range of
0.48-12 kgCO2 kglLub-1 showing, for the best-case scenario, a 52%
reduction relative to the emissions for petroleum lubricants, and a
74% reduction relative to the emissions for PAO lubricants.
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Challenges and Future Directions

Dr Poeppelmeier's work on catalytic hydrogenolysis using Pt/STO
catalysts represents a significant step forward in addressing the
plastic waste crisis. By efficiently converting common single-
use plastics into valuable products, this technology could play
a crucial role in creating a circular economy for plastics. As we
move towards a more sustainable future, innovations like these
will be essential in tackling the 85% of plastic waste that current
mechanical recycling methods can't handle. The potential

to reduce reliance on fossil fuels, minimise waste, and create
economic value from plastic waste makes this an exciting
development in the fight against plastic pollution.

While the Pt/STO catalyst shows great promise, several challenges
remain to be addressed. Further research is needed to find ways
to integrate this technology with current recycling infrastructure,
and other chemical recycling methods will be key to maximising
its impact. Additionally, the mechanism behind polyolefin
hydrogenolysis is currently not well understood, and further
studies, including computational modelling, are required.

Future research will focus on understanding the hydrogenolysis
mechanism, developing new catalysts based on the principles
that make Pt/STO effective, and optimising the process for
real-world plastic waste, which often contains mixtures of
different plastics and additives. These efforts, combined with
advancements in other recycling technologies, will be crucial in
establishing a truly circular economy for plastics and mitigating
their environmental impact. The work of Dr Poeppelmeier and his
team offers a promising path forward in our ongoing efforts to
address the global challenge of plastic waste and move towards
a more sustainable future.
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As we move towards a more
sustainable future, innovations
like these will be essential in
tackling the 85% of plastic
waste that current mechanical
recycling methods can't
handle.
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Dr Kenneth Poeppelmeier obtained his PhD on reduced scandium
halide compounds from lowa State University in 1978. Now
Professor of Chemistry at Northwestern University, Dr Poeppelmeier
has had a remarkable career. He began as a teacher in the South
Pacific and then transitioned to a distinguished role as a Research
and Staff Chemist for Exxon. He has also provided consultancy for
numerous corporations, including Shell plc, and is a member of
multiple editorial boards. Dr Poeppelmeier is a member of several
prestigious organisations, including the American Chemical
Society, Materials Research Society, and the Catalysis Society. He
is also a Fellow of the American Association for the Advancement
of Science. Notably, he received the FLOGEN SIPS Fray International
Sustainability Award in 2023. His work centres on synthesis,
materials design, and applications in superconductivity, nonlinear
optical materials, catalysis, and energy storage, significantly
advancing the fields of solid-state and materials chemistry.
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