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Abstract
End-of-life bioplastics require sustainable valorization strategies to fully support the transition
towards a circular plastics economy. 
In this work, post-consumer poly(lactic acid) (PLA) was upcycled through alcoholysis in
dihydrolevoglucosenone (Cyrene ), a bio-based solvent derived from cellulose, using
pentaerythritol (2, 5 ora 10 wt.%) and zinc stearate (2 wt.%) as low-impact reagents. The process
generated branched PLA oligomers rich in hydroxyl functionalities. 

®

[1]

Rather than isolating the alcoholysis products, the reaction medium was directly reused to prepare
porous PLA films via Non-solvent Induced Phase Separation (NIPS). This integrated approach
avoided purification steps, reducing solvent consumption, waste generation and process
complexity.
The obtained oligomers acted as functional additives within the PLA matrix, enhancing water
uptake, improving the retention of a model cationic compound and promoting faster enzymatic
degradation under mild conditions. 
In addition, Cyrene  was recovered from the water/solvent mixture generated during film
preparation by simple distillation and successfully reused without detectable loss of purity.

®

By combining PLA waste valorization, functional material production and solvent recovery in a
single process, this work demonstrates a practical circular strategy for transforming post-
consumer bioplastics into high-value porous materials while adhering to the principles of
green chemistry.

H-NMR analysis of the alcoholysis products1

Water uptake and retention capacity of porous films

Enzymatic hydrolysis of porous films

Conclusion

The linear starting PLA had a molecular weight of ca. 90,000 g/mol. [2]

The M  of the alcoholysis products demonstrated the effectiveness of the
transesterification reaction in promoting chain scission, resulting in significantly lower

molecular weight values.
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Free hydroxyl groups possess a
catalytic effect and can act as initiation

sites for chain scission. [5]
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Introduction of -OH groups:
Enhancement in wettability [3]

Establishment of specific interactions with the dye  [4]
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In this work, a sustainable and scalable upcycling strategy for PLA was
developed, based on alcoholysis in the green solvent Cyrene  and using bio-
based reagents. The efficiency of the process was confirmed by ¹H-NMR
analysis, which enabled determination of M  values for the alcoholysis products,
found to be significantly lower than those of the starting PLA.

®
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A true closed-loop approach was achieved through direct use of the crude
oligomer mixture for film preparation and recovery of Cyrene  after processing.
The resulting porous films exhibited high water uptake and strong retention of
pararosaniline hydrochloride, a cationic dye used as a mimic of amino-
terminated drugs, highlighting the functional role of the branched additives. In
addition, the materials showed accelerated enzymatic degradation compared to
neat PLA.

®

Overall, the system integrates synthesis, processing, and end-of-life behavior
into a simple, low-impact, and scalable circular approach for PLA valorization.
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