
Enhancing Polystyrene Circularity via

Functionalized Weak Linkages

A novel process incorporates bio-derived weak linkages into polystyrene to

enable low-temperature depolymerization, facilitating high-purity styrene

monomer recovery and enhanced circularity for new, high-quality plastic

products.

Polystyrene is a common synthetic polymer that presents a significant end-

of-life challenge due to its limited recyclability and persistence in the

environment. Traditional recycling methods such as mechanical

reprocessing and chemical depolymerization often degrade the recycled

material's performance or require high energy. Researchers at Purdue

University have developed a novel approach to enhance polystyrene's

circularity by incorporating bio-derived muconate esters (ME) as weak

linkages within the polymer chain during polymerization. The process allows

for the recovery of high-purity styrene monomers (40-73% yield), which can

be used to create new, high-quality polystyrene products. The strategically

placed linkages also significantly lower the thermal depolymerization

temperature to a more energy-efficient 280-300Â°C, compared to the

400Â°C required by conventional methods.

Technology Validation:

A 54 g-scale emulsion polymerization using styrene and 4 g ME-B yielded

47.4 g copolymer with ~3 mol% ME-B moieties. Scanning electron

microscopy (SEM) analysis confirmed well-defined polymer microspheres

with a narrow size distribution (~60 nm diameter).

Advantages:

-Reduced depolymerization energy consumption

-High-purity monomer recovery

Applications:

-Recycling of polystyrene packaging
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