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ABSTRACT:

Linear low density polyethylene (LLDPE)/poly lactic acid (PLA) blends were prepared via different melt mixing methods. The
effects of various blend compositions and two mixing methods on morphological and rheological behavior of the blends were
studied. Scanning electron microscope (SEM) was used to investigate morphology behavior of the blends. The rheological stud-
ies illustrated that all samples presented shear thinning behavior and the PLA-rich blends exhibited a Newtonian region. It
was found from the rheological measurements that the LLDPE/PLA (75/25 w/w) prepared by batch mixer exhibited higher
values of storage modulus and complex viscosity, which is in agreement with the morphology results. In addition, using the
different mixing methods, significant differences in the morphological results for the LLDPE/PLA (50/50 w/w) blend were
observed. Finally, the results showed that the blends prepared by batch mixer exhibited better morphology, higher storage

modulus, and complex viscosity.

KEY WORDS:

Linear low density polyethylene, Poly (lactic acid), compounding method, morphology, rheology

1 INTRODUCTION

Thermoplastic polymers are blended to prepare engi-
neering materials for specific end-uses. Engineering ap-
plications of polymer composites may be achieved
through modification of the disadvantages of neat poly-
mers.Costsaving canalsobeachieved by blendinga high-
performance polymer with a cheaper material [1-5]. On
the other hand, environmental pollution caused by non-
biodegradable plastic materials is now a serious and crit-
ical problem all over the world. In recent years, polymeric
materials based on renewable resources have received
significant attention from both academia and industry
[6]. Total or partial substitution of synthetic plastics with
biodegradable materials steadily increased and has been
shown to be very useful as a solution to the plastic solid
waste management problem. The major limitation for
the far-reaching use of totally biodegradable polymers is
their high cost. To overcome this limitation, partially
biodegradable polymers have been developed as a com-
promise between cost and performance [7].
Polyethylene (PE) is one of the most consumed
petrochemical-based polymers, and is mainly used in
the packaging industry. It is non-biodegraded by the
microorganisms present in the environment. It can be

blended with biodegradable polymer in order to pro-
duce biodegradable plastic. Among the biodegradable
plastics, poly (lactic acid) (PLA) is a suitable candidate
dueto several good mechanical properties such as high
strength, high stiffness, and resistance to fats and oils
sothatitisreadily prepared. Thus, PLAmay be a promis-
ing polymer for various end-use applications. However
it presents several disadvantages such as brittleness,
low viscosity, low thermal stability, high moisture sen-
sitivity, medium gas barrier properties, high cost (com-
pared to PE, PP, PS, ...), and low solvent resistance, e.g.
against water. Therefore, applications of neat PLA are
limited [8, 9]. PLA blended with LDPE offers several ben-
efits, including improved brittleness, ductility, and
toughness of the PLA. On the other hand, the blends of
LDPE with PLA lead to enhance degradability of LDPE
[1o—12]. Therefore, these types of blends may be a suit-
able choice as an alternative to petroleum-based com-
modity plastics and may be excellent as biodegradable
packaging materials.

Several studies have investigated the mechanical,
thermal, and morphological behavior of polyethylene
and poly (lacticacid) [13-16]. In addition, the rheological
properties of polymers have presented importantimpli-
cations in polymer research. They present an important
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smooth fracture surface so that the dispersed phase is
distributed more uniformly than the other blends. Fig-
ure 6¢ also shows that for the LLDPE/PLA (25/75 w/w)
blend, when the PLA acts as a matrix phase, the droplet
sizes of the LLDPE dispersed phaseis largerthan the PLA
dropletsinthe LLDPE/PLA (75/25 w/w) blend. Moreover,
the large droplet dispersed phase with non-uniform
distribution is observed for LLDPE/PLA (50/50 w/w)
blend, and the changeinits structure is considerable as
compared to the other samples. To compare the role of
mixing methods, Figures 7 to 9 show the morphology
of the LLDPE/PLA blends with the various compositions
that were prepared by the two types of mixers. As can
be demonstrated by these figures, a good agreement is
observed between the morphological images and the
corresponding rheological behaviors of these blends.
Forthe LLDPE-rich blends which were prepared by batch
mixer, some fibers are linking the droplets of the dis-
persed and matrix phases, which results in improving
adhesion between droplet and matrix phases and lead-
ingtothe highervalues of the modulifor the LLDPE/PLA
(75/25 w/w) blends. The LLDPE/PLA (75/25 w/w) blend
prepared by twin screw extruder has presented the
largerdroplet size than that prepared by the batch mix-
er. As seen, the morphology structure of the LLDPE/PLA
(so/so0w/w) blend prepared by the twin screw extruder
is different from the other samples, and indicates poor
adhesion betweenits matrixand dispersed phases. This
structure confirms its rheological behavior with the
lowest storage modulus. Thus, the morphological
changes may be explained by the mixing process con-
ditions such as temperature profile and screw shear
rateinthetwin screw extruder. As can be seen from Fig-
ure 9, the presence of some partial adhesions in the in-
terface between the two phases in the blends, which
are prepared by the batch mixer, are observed. Thus,
the mixing type provided by batch mixer canreduce the
size of the dispersed phase and allow the formation of
astable morphologyforthese polymerblends. Compar-
ing the SEM images of the LLDPE/PLA (25/75 w/w)
blends, one can conclude that the type of mixer pre-
sents no significant effect onthe structure of the blend.
Butthe structures of the other samples, particularly for
LLDPE/PLA (50/50 w/w), do depend on the mixing
method.

4 SUMMARY AND CONCLUSION

In this work, the rheological and morphological prop-
erties of the viscoelastic behavior of the LLDPE/PLA
blends with different weight percentages, prepared by
a batch mixer and twin screw extruder, were studied.
The rheological responses were that the reflections of

the different morphologies that took place in the
blends through the various mixing methods. The re-
sults from Han plots showed that these blends exhibit
animmiscible structure. Theseresultsarein agreement
with those obtained through morphological observa-
tions. The linear viscoelastic results showed that the in-
corporation of 25 wt% of PLA into LLDPE led to an en-
hancement in complex viscosity and storage modulus
inthe low frequenciesin comparisonto neat LLDPE that
is the presence of the interpenetrated structure in this
blend. The shear thinning behavior was observed for
neat LLDPE and their blends, except that neat PLA and
LLDPE/PLA (50/50 w/w) blend that exhibited a Newton-
ianregion. The storage modulus of all of the blends pre-
pared by batch mixer is higher than that of blends pre-
pared by twin screw extruder. The LLDPE/PLA (50/50
w/w) blend prepared by twin screw extruder showed a
lower storage modulus than the other blends and also
showed a layered-structure with poor adhesion. More-
over, it can be concluded from the SEM results that the
blends prepared by batch mixer provided the well-dis-
persed phase. As a result, one can conclude that the im-
miscible blend morphology is influenced by the com-
ponents compositions and mixing method.
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