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Introduction

For several years, the use of biodegradable polymers is favoured to limit pollution by petrochemical polymers. Among the biodegradable polymers, polyesters such as polylactic acids are used, in particular for packaging. These polymers are often associated to biodegradable fillers such as starch. However, starch is hydrophilic while polylactic acid is hydrophobic. Consequently, a bad adhesion between them, leads to poor and irreproducible blends properties. To improve the interface between the matrix and the filler, several authors propose to use compatibilizers [1,2].

Co-grinding is an alternative to improve the interface without adding a compatibilizer. This process was used to produce composites made of petrochemical polymers filled by a mineral [3] or starch [4], and it was shown that the use properties of composite material could be significantly improved, in comparison to a simple mixing. This paper presents results on the production of starch-filled PLA co-ground composites and on the influence of co-grinding on the properties of the composites.

Experimental procedure

The products were ground in a 5-liter ceramic tumbling ball mill containing ceramic balls (20 vol. %) and the powder (10 vol. %). The chamber speed was 100 rpm. L-polylactic acid (PLA) Galactic was used as the matrix. The granules having an initial diameter of 3 mm were preground in a knife mill, and then sieved. Particles under 400 µm (figure 1-a) were kept. The filler was waxy maize starch (figure 1-b), mainly composed of amylopectin. The particles size varied from 4 to 32 µm (average size close to 13 µm). The PLA -starch mixtures contained 20 wt. % of starch. The materials were ground separately first, and then co-ground for different times.

The size distributions and the mean sizes of the particles were measured by means of a laser diffraction granulometer Malvern Mastersizer 2000. Selected samples were observed with a scanning electron microscope (LEO 435 VP). Surface energies were measured using the sessile drop method (Digidrop GBX). The powders were compacted at 60 °C in a Carver press to form cylindrical pellets on which three 

Results and discussion

The two products were first ground separately. PLA mean size increases during the first three hours due to agglomeration phenomena. Then, fragmentation leads to a decrease of the mean size. As for starch, since the particle size is small, no fragmentation is observed. Agglomeration between the particles occurs, leading to a progressive increase of the mean size. Concerning the mixture, the size distributions and the mean sizes are presented in figure 2 for various co-grinding times. The initial size distribution is bimodal (PLA peak at large sizes and starch peak at small sizes).

As co-grinding occurs, the starch peak disappears due to agglomeration of these During grinding, the polar energy of starch decreases, probably due to conformation modifications of starch macromolecules, while PLA energy remains quite constant.

As for the mixture, the initial polar energy is between those of the two products. Cogrinding leads to a drastic decrease of the energy during the 8 first hours. This can be explained by the observations made on size distributions. Indeed, starch sticks first on PLA particles, and then small PLA particles stick on big ones, covering starch.

Consequently, the pellets surface is progressively only constituted of PLA and the mixture energy tends towards the PLA one. For longer times, since the agglomerates are broken, starch may become free and present on the pellets surface. Thus the energy increases to be constant then, when starch is well dispersed in the matrix.

Finally the mechanical properties were studied using the brasilian test. This is a diametral compression test which was performed on pellets, an increasing force being applied on the pellets placed vertically until rupture. The Young modulus, E, and the stress at break, , were determined for PLA and mixture (figure 5). The two parameters do not evolve significantly for PLA. On the contrary, adding starch to PLA and mixing them (without grinding) has a negative effect on both parameters since adhesion of the filler on the matrix is bad. But these parameters increase when co-grinding proceeds. The values after 20 hours co-grinding are 3 to 4 times higher than with a simple mixing and even higher than the values measured for PLA alone. The filler is well dispersed in the matrix and interactions between the materials are enhanced. However, a too long treatment leads to a decrease of the two parameters, probably because of a degradation of the molecular chains. Cogrinding the mixture during an optimum time permits to have better mechanical properties than for the matrix alone, without using a compatibilizer.

Conclusions

With the objective of producing a totally biodegradable composite material, polylactic acid was filled with starch and the mixture was co-ground. Granulometry and morphology analyses have permitted to understand how the filler is dispersed in the matrix. The interactions between the hydrophilic filler and the hydrophobic matrix are favoured by co-grinding, what permits to enhance the composite mechanical properties without using a compatibilizer.
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