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Direct catalytic plastics waste upcycling

M Check for updates

Recycling plastics waste into
value-added chemicals using
efficient and selective novel
nanocatalysts promises economic as
well as environmental benefits.

ccording to a recent document

published by the International

Unionfor Conservation of Nature

(IUCN), at least 14 million tons of

plasticendupintheoceansevery
year, threatening the marine ecosystem, food
safety and economicactivities'. Approachesto
mitigate the environmental impact of plastics
in oceans include reducing use, reusing and
recycling. Of the over 400 million tonnes of
plastic produced every year, however, only
9% is recycled?, usually with conventional
mechanical or thermal pyrolysis methods
that necessarily lead to lower-value products
thanthe original plastics or inefficient energy
recovery in the form of heat’. In recent years,
direct catalytic transformation of waste plas-
tics into value-added fuels, chemicals, and
materials is seeing more and more attention,
due to its potential environmental and eco-
nomic benefits.

A common way to directly upcycle plastics
waste is to depolymerize it into value-added
monomers or oligomers (or their deriva-
tives) without subsequent transformations.
The design of the catalysts determines the
products and their distribution. Forinstance,
withanordered, mesoporous shell/active site/
core catalyst architecture that incorporates
catalytic platinum sites at the base of the
mesopore, high-density polyethylene (HDPE)
canbe selectively hydrogenolysed into anar-
row distribution of diesel and lubricant-range
alkanes®*. Additionally, ruthenium nanopar-
ticles on HZSM-5 zeolite catalyze solvent/
hydrogen-free upcycling of HDPE into a sepa-
rable distribution of linear (C,-C,) and cyclic
hydrocarbons (C,-C;;) (see the Article in this
issue by Duand colleagues).

Another exciting strategy to directly gener-
atevalue-added productsisby depolymerizing

plastics waste and simultaneously functional-
izing theresulting crude product. Production
of aromatic surfactants from polyethylene
can be achieved at relatively mild operating
conditions, by combining the aromatization
and hydrogenolysis with a platinum/alumina
catalyst®. Additionally, propylene can be
selectively produced from waste-grade poly-
ethylene with yields as high as 80% by partial
dehydrogenation and tandem ethenolysis of
the desaturated chain®.

Theintroduction of heteroatoms and halo-
gensduringthe depolymerization processalso
aids the formation of value-added products.
For example, gaseous hydrocarbon products
can be made from the direct conversion of
polyethylene through an oxidative route. A
nitric acid treatment converts polyethylene
into organic acids (succinic, glutaric, and
adipic acid), which can then be photocata-
lytically or electrocatalytically converted into
olefins’. Additionally, oxidative upcycling
of polystyrene to aromatic oxygenates has
been realized with graphitic carbon nitride
photocatalyst under visible lightirradiation.
The conversion of polystyrene can be more
than 90% at 150 °C, obtaining mainly benzoic
acid, acetophenone, and benzaldehydein the
liquid phase®.

There are a variety of other, indirect app-
roaches for plastics upcycling, where
waste plastics are first depolymerized into
monomers, oligomers, or their derivatives,
which can then be further transformed
into high-value chemicals under thermo-,
electro-, photo-, or bio-catalytic conditions.

This upcycling route is indirect, as it passes
through a separate monomer-generation
step and it might have a negative impact on
both the environmental ramifications and
the economics of the process compared to
direct upcycling’.

Commercial plastics are usually a blend
of components or formulations that include
polymers and small-molecule additives. Key
factors such as the molecular identity and
arrangement (the degree of branching and/
or cross-linking), crystallinity, and molecu-
lar weight determine the physico-chemical
properties of the polymer and accessibility
to chemical bonds, affecting the efficiency
and selectivity of the catalytic plastics decon-
struction methodology™. To quantitatively
compare the catalysts and processes being
developed for different feedstocks with the
various chemical compositions and physical
structures, the physical properties of the poly-
meric substrate, their chemical composition
and structure (monomer identities, molecu-
lar weight distribution, melting point, and
crystallinity), as well as reaction conditions
(pH, temperature, substrate loadings, stirring
rate, and so on) shouldbe rigorously reported.
This metrology in the reporting literature is
essential to coordinate progress in the field
and help tackle the issue of plastic pollution
inameaningful manner.
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