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1. Introduction 
The global plastic production and waste associated with it have intensified concerns regarding environmental 

impacts, resource depletion, and greenhouse gas emissions associated with conventional fossil-based polymers 

(1). The transition towards a circular economy has therefore become important, particularly within the EU, where 

directives such as reduced dependence on petroleum-based polymers and promotion of bio-based and 

biodegradable polymers (2). PLA is one of the most promising biobased and compostable plastics that is widely 

used in packaging and the pharmaceutical industry due to its comparable or even superior properties compared 

to traditional plastics (3,4). The increasing incorporation of PLA into packaging and other disposable applications 

has led to its growing presence in post-consumer waste streams. Although mechanical recycling remains a 

promising and primary route for managing PLA waste, PLA’s hydrolytically sensitive ester backbone raises issues 

regarding its stability in the current industrial washing conditions (5,6).  

In practice, before the melt processing step, the material undergoes a washing step, which is designed to remove 

inks, labels, and organic contaminants, which typically involves a hot alkaline wash (2). These conditions involve 

high temperature and sodium hydroxide concentration, which may accelerate the rate of hydrolysis, resulting in 

molecular weight reduction and partial hydrolysis. Furthermore, mis-sorting of PLA in PET streams introduces an 

additional challenge as PET recycling requires high purity, and even a trace amount of contaminant can affect the 

optical clarity and mechanical properties of PET (7). To address this gap, this study investigates PLA hydrolysis 

under recycling-relevant washing conditions. The objectives are to (i) identify safe washing conditions for sorted 

PLA that minimize hydrolysis while ensuring contaminant removal, (ii) determine kinetic models linking 

degradation rate to washing variables, (iii) quantify PLA degradation under representative PET hot-washing 

conditions, and evaluate its potential removal as a contaminant. 

2. Materials and Methods 
Alkaline hydrolysis of pre-dried PLA pellets (LX930 and 6202D) was conducted in analytical-grade NaOH (10 mL) 

at defined solid-liquid ratios using sealed 30 mL glass vials under controlled temperature and stirring (500 rpm). 

Eight vials were sampled at 5-60 min in a heating block to obtain time-dependent kinetic data. At each time 

interval, the solid and liquid phases were separated, and the pellets were dried at 40 °C until a constant mass 

was achieved. Gravimetric mass loss was calculated using the following equation: 

𝑀𝑎𝑠𝑠 𝑙𝑜𝑠𝑠(%) =  
𝑚0 − 𝑚𝑡

𝑚0

∗ 100 

Where 𝑚0 is the initial mass of the pellet and 𝑚𝑡 is the mass at time t. 

The supernatant liquid was acidified to pH 2-3 using concentrated H₂SO₄ to convert formed sodium lactate to 

lactic acid and arrest further hydrolysis. Lactic acid concentration was quantified by ion chromatography 

(Metrohm method, Metrosep Organic Acids 250/7.8 column, 0.5 mM H₂SO₄ eluent). Samples were diluted to 0-

100 ppm depending upon the concentration, filtered using a 0.45 µm filter, and analysed using a calibration 
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curve. The measured lactate concentration was compared with theoretical values derived from PLA mass loss to 

assess reaction extent and mass balance closure. 

3. Results and discussion 
A full factorial design of experiments (DoE) was performed to systematically investigate the effects of 

temperature, NaOH concentration, and solid-liquid ratio on the hydrolysis kinetics of PLA. The figure presented 

here corresponds to one of the conditions of the entire DoE (55 °C, S/L=5.5 %, 3 % NaOH). Both LX930 and 6202D 

exhibited hydrolytic degradation as a function of time, which is seen by increasing gravimetric mass loss and 

lactate concentration over time. LX930 demonstrated significantly higher mass loss, reaching 3.7 % after 60 min, 

whereas 6202D showed 1.5 % under identical conditions. The IC measured lactate concentrations increased 

proportionally with time. In the case of LX930, the measured and theoretically calculated (based on mass loss) 

showed good agreement, indicating efficient depolymerization and mass balance closure. However, 6202D 

displayed lower measured lactate than predicted from mass loss, suggesting possible surface-controlled 

hydrolysis, oligomer formation, or partial retention of degradation products. These structure-dependent 

differences highlight the importance of the nature of the polymer in governing alkaline hydrolysis kinetics. 

 

 



4. Future Prospects 

Future work will focus on developing a comprehensive mechanistic framework for PLA degradation under 
industrial washing conditions by integrating gel permeation chromatography (GPC) analysis of molecular weight 
evolution along with gravimetric mass loss, and IC quantification of lactic acid. Particular emphasis will be placed 
on validating IC-based lactic acid measurements as a reliable indicator of hydrolytic chain scission compared to 
bulk mass loss. A systematic Design of Experiments (DoE) approach will be extended to evaluate the influence 
of temperature, NaOH concentration, solid-to-liquid ratio, stirring intensity, and particle morphology (pellets, 
sheets, flakes), including friction-washing scenarios. Kinetic modelling will be refined using Mn evolution over 
time to construct Arrhenius relationships and establish diffusion-reaction regimes for amorphous versus 
crystalline PLA. Mixed PLA and PET washing experiments under  PET washing conditions will further assess 
contamination behaviour, including lactic acid adsorption on PET surfaces and potential effects on PET 
reprocessing. These studies will enable the definition of a robust operating window, balancing degradation 
control and contaminant removal. 
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