Effect of carbon nanofillers on the permeability, conductive and
nanomechanical properties of PLA-based composites films
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Poly(lactic acid) (PLA) is one of the most widely used polymers during the last years which finds
versatile applications in packaging, pharmaceutical, textiles, engineering, chemical industries, automotive
composites, biomedical and tissue engineering fields. However, the low mechanical properties limit the number
of its applications. In this context, carbon-based nanomaterials, offer the potential to combine PLA properties
with several of their unique features, such as high mechanical strength, electrical conductivity, thermal stability
and bioactivity and a significant research has dealt with the use of fillers for improving the properties of PLA [13]. In the present work, two- and three-component PLA-based nanocomposites with carbon nanotubes and
graphene have been developed by the method of melting carbon fillers into the polymer matrix suitable for FDM
3D printing. In particular, the effect of nanoparticles, such as two different types of carbon nanotubes, graphene
and their combination, on nanomechanical, permeability and conductive properties of PLA nanocomposites
prepared by the melt blending method was investigated. Results show a remarkable improvement in the thermal
conductivity of graphene-based composite. RX analysis show that in presence of GNPs and at low concentration
of MWCNTs an increase of the size of the bundles (d1) is observed. Moreover, q2 and d2 values suggest an
increase of the distance between MWCNTs in the PLA matrix, as decreasing the content of MWCNTs and
increasing the content of GNPs. Water permeability tests of the developed films show a good improvement in
water barrier properties, mainly due to the effect of GNPs which reduce the diffusion of water molecules
through the polymer matrix. Results of conductivity tests suggest that a combination of conductive carbon fillers
(MWCNT and GNP) in an equal weight ratio leads to the formation of a more effective percolation path: a
conductive network can be formed thanks to the flexible MWCNTs rods that are bridged between the planar
GNP nanoplatelets
Nano-indentation tests performed with a new rapid type of nanoindentation show that a synergistic effect
was found on the combination of graphene with carbon nanotubes on the mechanical properties of
nanocomposites based on PLA. This mechanical reinforcement of the nanocomposites is probably related to the
specific structure and geometry of the particles of the hybrid fillers, the interactions between the fillers, the
effect of the concentration of carbon nanoparticles and the processing method.
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