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Introduction

The optimization of the gas barrier properties of polylactide (PLA) is a pending issue for a number of applications.
The crystallization of PLA is still the most relevant method from an industrial point of view. The objective of this
work was the investigation of the impact of the crystalline morphology at the scales of the lamella and the
spherulite, and the impact of the amorphous phase dynamics of PLA on its oxygen barrier properties. Therefore,
sample films with controlled morphology were produced by a thermal annealing treatment. The sample size was
designed to allow the multi-scale characterization of morphology and oxygen permeability on the same material.
The results showed that the crystalline morphology and the mobile amorphous phase dynamics had negligible
impact on the oxygen diffusion coefficient. It was however substantially increased by the presence of a rigid
amorphous fraction (RAF) in the amorphous phase, which provides an accelerated pathway for diffusion. As a
conclusion, for reaching optimal barrier properties, semicrystalline PLA should be pre-nucleated and quickly
crystallized from the glass in a-form in the aim to reach a high crystallinity degree and decoupling of amorphous
and crystalline phase.

Objective

Investigation of the effects of the molecular mobility and dynamic
heterogeneity in the amorphous phase of PLA on barrier properties
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Three phase model - Rigid amorphous fraction (RAF)
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Figure shows the determination of the RAF by TM-DSC on the sample G85 60 17.

Tg (°C) % (%) MAF (%) RAF(%)
amorphous 58,0 - 100 -
G85 60 17 57.2 27 17 75

G85 1200 39 56.1 39 40 21
G130_20 34 96.1 34 60 6
G130_1200_37 93.5 37 o0 13

M85 60 24 56.9 24 73 3
M85 1200 47 54.8 47 38 15
M130 60 37 56.3 37 58 5
M130 1200 41 53.2 41 46 13

» RAF develops at low crystallization temperature or lonqg times
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» Decrease of CRR due to confinement caused by increasing
crystallinity and RAF
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