Celia Marin-Collado 
  
Gael Huet 
  
Anir Benihya 
  
Emmanuelle Gastaldi 
  
Florian Monlau 
  
Cecilia Sambuisti 
  
Sandra Domenek 
  
Chemical pre-treatment to improve anaerobic digestion of polylactic acid packaging

à la diffusion de documents scientifiques de niveau recherche, publiés ou non, émanant des établissements d'enseignement et de recherche français ou étrangers, des laboratoires publics ou privés.

Contact:

Sandra Domenek: sandra.domenek@agroparistech.fr Celia Marín Collado: celia.marincollado@agroparistech.fr

Polylactic acid (PLA) is a promising bio-based alternative to conventional petrol-based plastic packaging. Despite its biodegradable qualities in industrial composting, PLA biodegradability remains low in mesophilic anaerobic digestion (1,2). In anticipation of the selective collection of biowastes, efforts are being made to foster and accelerate PLA food packaging digestibility together with biowaste by applying pretreatments strategies (2). Among the different types of pre-treatments, thermo-alkaline methods seemed to be the most promising (1).

This study aims to better understand the impact of PLA's morphology and geometry during thermo-alkaline hydrolysis, to gain knowledge on PLA kinetic biodegradation and solubilization (2). For this purpose, several PLA available in the market has been selected and are described below.

( Overall, this poster emphasizes the importance of effective end-of-life management of PLA packaging and presents a novel approach to enhancing its biodegradability. The thermo-alkaline hydrolysis pre-treatment offers a promising solution for meeting industrial anaerobic digestion times and fostering PLA degradation for methane production. The findings of this study contribute to the development of sustainable waste management practices and support the transition to a circular economy. A decrease in pH is observed with an increase in pretreatment duration due to the PLA hydrolysis.

The crystallinity degree of all the samples increased with the thermo-alkaline pre-treatment duration. The initial increase of the amorphous samples was faster.

The solubility percentage of all the samples increased with the pre-treatment duration. The different geometry (PLA 1.1 and PLA 1.2) seems to have no impact.

Thermograms show values for melting temperature (T m ) and the enthalpy of crystallization. The enthalpy increased with the pre-treatment duration, the crystallinity degree increases over time and so does the melting temperature (T m ) of the material. 
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  Thermo-alkaline pretreatments was performed on the various PLA polymers (amorphous vs semicrystalline, and pellet vs film). KOH was purchased at Sigma Aldrich and used at 20 % w/v (3.57 M equivalents, pH of 13.5). Polymers were hydrolyzed at a solid loading of 50g/L, 20 % w/v KOH, at 80 ºC and 100 rpm stirring in a water bath for 24 h, 48 h and 72 h respectively. The following analysis were performed: Differential San Calorimetry (DSC): program heating-cooling-heating between -20 ºC and 200 ºC, at a rate of 10 ºC/min in a Mettler Toledo DSC (DSC 1, USA) under N₂ 50 ml/min. Results were analyzed using STARe software.