Plastics are without a doubt a significant part of society since they have a large range of
applications at low costs. With this widespread and consistent use it is expected that production
will continue to increase, reaching over 1.1 billion tons per year (Geyer et al. 2020). Of this, only
around 16% of plastics are recycled, with rates for complex polymers even lower
(Mohammadinia et al 2019). These high landfill rates ultimately lead to associated environmental
impacts with anywhere from 4.8 to 12.7 million tons entering the oceans annually (Jambeck et al
2015). I have always been interested in sustainability and knew immediately when I learned
about Rorrer Lab that it was something I was passionate about. Plastic waste is unquestionably
one of the most pressing issues of today, making research and development on chemical
upcycling not only extremely fascinating but critically important.

Rorrer Lab hopes to address this issue with an overarching goal of creating a circular
economy. There are two major alternatives to the current linear economy: closed and open loop
recycling. Closed recycling entails the production of chemically identical material through
deconstruction and remanufacturing of plastics into the same polymer. Open loop recycling
involves the creation of value-added products which are different compared to the starting
material (Nicholson et al 2022). Examining both open and closed loop recycling methods is
crucial as they can significantly advance our efforts in combating plastic waste.

Within the scope of creating a circular economy I have been working specifically towards
the problem of mixed plastic waste. In order to chemically break down plastics there are several
different techniques such as hydrocracking, hydrogenolysis, pyrolysis, and more. All of these
methods, though differing in complexity, involve altering reaction conditions and catalysts to best
depolymerize plastics. Mixed plastics are an issue because certain reaction conditions work best

depending on which type of plastic is being targeted. The most commonly manufactured plastics
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are polyethylene, (PE) polypropylene (PP), polystyrene (PS), and polyvinyl chloride (PVC)
(Krueger et al 2015). PE, PP, and PS are all hydrocarbons so may be approached more similarly
than the disagreeable PVC which contains chlorine atoms in the backbone. This leads to my
research project, which involves breaking down PVC plastic to selectively remove the chlorine
atom then further depolymerize into value-added hydrocarbon projects.

My interest in this project was inspired by a suggestion from my mentor to melt different
plastics and use infrared spectroscopy (a qualification technique) to identify the type of plastic
found in a barbie shoe. While seemingly silly, the barbie shoe (made primarily of PVC) behaved
significantly differently than any of the pure plastics we were melting. The shoe was colorful and
sparkly which is a clear sign that the plastic contained unknown additives and dyes—further
complicating recycling. There are numerous techniques used to separate mixed plastics such as
targeting each specific polymer by selectively dissolving, but again PVC is more complicated
than that (Walker et al 2020). The chlorine atom risks the creation of chlorine gas, poisoning
precious metal catalysts, and having to undergo harsh reaction conditions to separate (Comanita
et al 2015).

My fascination was furthered by a variety of papers that sought to address the problem of
PVC. In the first paper, entitled “Upcycling of polyvinyl chloride to hydrocarbon waxes via
dechlorination and catalytic hydrogenation,” one research group was able to successfully remove
the chlorine atom in a g-tube, which is a low pressurize batch reactor (Svadlenak et al 2023). I
have worked with g-tubes in the past for an earlier project in the lab where we were synthesizing
renewable fuels. In this paper, the authors were able to dechlorinate in relatively mild reaction
conditions. Avoiding the use of a highly pressurized vessel would be ideal not only for safety, but

for feasibility. However their work didn’t continue to depolymerize the PVC post-dechlorination
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Intensity

and that is something I am interested in exploring. The second paper which was equally
influential is “A two-stage strategy for upcycling chlorine-contaminated plastic waste.” This
group went even further and used a two-step technique (first dechlorination, then
depolymerization) to continue the reaction (Ma et al 2021). While Kots, et al, was able to break
down a PVC and PP blend they used higher reaction conditions and a Parr reactor to complete
the reaction. Both experiments lead to a plethora of discussions, helping direct my project to the
specific point of the tandem dechlorination and hydrogenolysis of PVC converting waste plastic
into value added chemicals.

I have been performing an experiment seeking to dechlorinate PVC with an aqueous base,
Dimethylhexylamine.

Figure 1

FID Spectra of PVC Depolymerization
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Note The spectra depicts a 24 hour reaction in a g-tube loaded with 100 mg of PVC, 20 mg of
Ru/C, and 2 mL of Dimethylhexylamine at 150C with 5 bar of hydrogen.
While I’'m relatively new to this reaction, Figure 1 shows some of my gaseous products with
linear alkanes and alkenes being formed as well as chlorinated products such as chloromethane.
These products along with my analysis on my solid samples have shown promising results to
continue to work towards complete dechlorination. If successful, the products formed can be
treated as hydrocarbons and therefore more easily depolymerized.

While PVC is just a subsection of the larger plastic waste problem, it still accounts for
12% of the total plastic demand (Yu et al 2016). Successful dechlorination is the first step in the
process of creating value added products from the challenging PVC plastic. My research project
seeks to address the issue of mixed plastics and work towards an overall goal of creating a

circular economy.
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