N
N

N

HAL

open science

PLA-PHA blends: morphology, thermal and mechanical
properties
Thibaut Gérard, Tatiana Budtova

» To cite this version:

Thibaut Gérard, Tatiana Budtova. PLA-PHA blends: morphology, thermal and mechanical properties. Inter-
national Conference on Biodegradable and Biobased Polymers - BIOPOL 2011, Aug 2011, Strasbourg, France.

¢hal-00678873)

HAL Id: hal-00678873
https://minesparis-psl.hal.science/hal-00678873v1

Submitted on 14 Mar 2012

HAL is a multi-disciplinary open access archive
for the deposit and dissemination of scientific re-
search documents, whether they are published or not.
The documents may come from teaching and research
institutions in France or abroad, or from public or pri-
vate research centers.

L’archive ouverte pluridisciplinaire HAL, est des-
tinée au dépot et a la diffusion de documents scien-
tifiques de niveau recherche, publiés ou non, émanant
des établissements d’enseignement et de recherche
francais ou étrangers, des laboratoires publics ou
privés.

Au‘to':'lizition
HAL Authorization


https://minesparis-psl.hal.science/hal-00678873v1
https://about.hal.science/hal-authorisation-v1/
https://about.hal.science/hal-authorisation-v1/
https://hal.archives-ouvertes.fr

PLA-PHA BLENDS: MORPHOLOGY, THERMAL AND MECHANICAL
PROPERTIES

T. Gérard, T. Budtova

Mines ParisTech, Centre de Mise en Forme des Mate(@EMEF), UMR CNRS 7635, BP 207, 1 rue Claude
Daunesse, 06904 Sophia Antipolis Cedex, France
Email: thibaut.gerard@mines-paristech.fr

Introduction

Biotechnological polymers such as polylactides (PLand polyhydoxyalkanoates (PHA) are
alternatives to petroleum-based polymers and reptesn attractive growing market. These
sustainable polymers are becoming more competitiveto the increase of the price of the oil barrel
and overall concern about the limits of petrol f#edk. However, the polymers from renewable
resources have often serious disadvantages as oeunpéah conventional synthetic polymers. One is
poor mechanical properties which limit their preatiapplications. Blending of polymers is a useful
way of obtaining new materials with improved prdjes, which can overcome the drawbacks of the
pure components. The physical and mechanical piiepenf blends can be tuned by choosing the
proper polymers, varying the composition of thendland preparation conditions.

Most of the studies on PLA and PHA blends that hlbgen reported in the literature concern the
blends prepared by solvent casting. Only few studliave been conducted on the preparation and
characterization of PLA/PHA blends by melt mixingj] [despite the fact that both polymers are
thermoplastics and their processing is similar He tlassical oil-based polymers. In the present
research work, blends of a polylactide and a pgigfbxybutyrate-co-hydroxyvalerate) (PHBV)
prepared by melt-mixing have been studied.

Experimental

The PLA/PHBV blends were prepared by melt mixingaim internal batch mixer (Haake Rheomix
600). The PLA/PHBV compositions tested were 0/100/90, 20/80, 30/70, 40/60, 50/50, 60/40,
70/30, 80/20, 90/10 and 100/0 (w/w).

Results and Discussion
Differential scanning calorimetry was used to stulg miscibility and thermal properties of the
PLA/PHBV blends. The glass transition and meltieghperature of PLA and PHBV were almost
constant for all the range of compositions testedi @incided with transition temperatures of thespu
components. It was concluded that the PLA/PHBV Hlyildends are immiscible in the melt.

The blend morphologies were investigated usingaarsiag electron microscope (SEM). Blends with
a minor phase below 30 wt% showed a nodular strectior example, Figure la presents a SEM
micrograph of a fractured surface for a 70/30 PLABY blend. We clearly distinguished spherical
droplets of PHBYV in the PLA matrix.
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Figure 1a— SEM micrograph of a Figure 1b— Optical micrograph made in
PLA/PHBYV fractured sample with reflection mode of a PLA/PHBYV polished

weight ratio 70/30 sample with weight ratio 50/50



On the contrary, 60/40, 50/50 and 40/60 blends edetm exhibit a co-continuous structure, which
was confirmed by microscopy in reflection on podidisamples as shows Figure 1b.

The rheology of the pure polymers and of the blemds investigated in the dynamic mode. It was
demonstrated that thermal stability of PHBV is ertely low: complex viscosity dropped by more
than one decade in one hour. Dynamic frequency puwests were carried out to characterize the
viscoelastic properties of the PLA/PHBV blends &6°C. A “shoulder” for G’ was observed for
PLA/PHBYV blends and correlated to a significanerof polymer-polymer interphase.

Tensile tests were performed for all the blend casitfipns. The samples (ISO 527 - Type 1BA) were
injected with a mini injection moulder (Haake Miet I1). Pure PLA and pure PHBV had similar
mechanical characteristics: small elongation aakb about 4%) and similar Young’s modulus. Figure
2 shows the evolution of the elongation at breal &snction of PLA weight fraction in the blends.
For the majority of the blends, the mechanical bgha was similar to the one of the pure
components. However, we observed a significant ingckor compositions containing PHBV as
dispersed phase (10 and 20 wt%). The PLA/PHBV 9@l#dd exhibited substantial ductile plastic
deformation: elongation at break reached more #@%6. The same phenomena has been observed
with blends of PLA and poly(hydroxybutyrate-co-hggyhexanoate) (PHBHXx) [2]. The difference is
that PHBHx is much more ductile than PHBV used hirs tstudy. Possible mechanisms of this
interesting effect will be discussed.
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Figure 2 — Elongation at break as a function of PLA weifyhttion in the PLA/PHBYV blends
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Conclusion

Blends of PHBV and PLA have been prepared by mé&king. Blends morphology, thermal and
mechanical properties were investigated by electsoanning and optical microscopy, DSC,
oscillatory rheometry and tensile experiments. D& showed the immiscibility of the two polymers
for all compositions. Two different morphologiesveabeen observed: nodular and co-continuous
structure depending on blend composition. Rheolsiggwed that thermal stability of PHBV was
extremely low and that interfaces played a sigaificrole in PLA/PHBV blends. Although PLA and

PHBYV are both brittle polymers, blends containingnzall amount of PHBV in a PLA matrix showed
a significant ductile plastic deformation.
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