
ORIGINAL PAPER

Effect of processing routes on the mechanical, thermal
and morphological properties of PLA-based hybrid biocomposite
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Abstract Due to environmental awareness and depletion

of petroleum oil, bioplastics and their composites are one

of the most researchable topics throughout the world.

Polymers that are produced from renewable sources are

expected to be the best alternative to replace conventional

polymers. The bottles neck of these bioplastics is its cost

which limits its application in certain purposes. Bioplastics

filled or reinforced with natural fibers can reduce cost and

improve properties, like stiffness, strength and toughness of

biocomposites. Impact strength and fracture toughness are

the main demerits of short fiber-filled biocomposite. On the

other hand, when nanoclay, having a very high aspect ratio,

is mixed with bioplastics it may significantly affect the

thermal and mechanical properties of the final composites.

A composite may also suffer dispersion inefficiency, which

is considered the key factor to improve the properties. The

aim of this paper was to hybridize nanoclay and short kenaf

fiber in polylactic acid (PLA) by double extrusion method

and followed by mechanical, thermal and morphological

characterizations. Mechanical properties showed improve-

ment with nanoclay, specifically the impact strength

increased more than 50 % compared with unreinforced

PLA. A double extruded composite showed 3–10 % better

tensile and flexural properties than the single extruded

composite. Similarly, addition of nanoclay increased

decomposition and melting temperatures (Tm) from 198 to

225 �C and 152 to 155 �C, respectively. Crystallization

temperature (Tc), however, dropped with nanoclay from

116 to 106 �C and storage modulus (E’) increased by about

1 GPa. These findings were also supported by scanning

electron micrograph (SEM) and transmission electron

micrograph (TEM) where in double extruded composite a

better dispersion of nanoclay was observed. By employing

X-ray diffraction (XRD) it was found that higher percent-

age of crystallinity was obtained while Fourier transform

infrared (FTIR) displayed new bond formation. The pres-

ence of nanoclay enhanced thermal and mechanical prop-

erties of the hybrid composite.

Keywords Hybrid biocomposite � Double extrusion �
Thermo-mechanical properties � Kenaf fiber

Introduction

Due to higher manufacturing cost, bioplastics and their

composites have only been used in medical applications

like drug delivery, sutures and orthopedic implant fabri-

cations [1–3]. Among biodegradable polymers, researchers

have focused on polylactic acid (PLA) because of its bio-

degradability, biocompatibility, properties and process-

ability. PLA can be produced from renewable sources, like

sugar beets or corn starch by fermentation process which is

the most important factor that makes it unique among

bioplastics [4–6]. At present, researchers are focusing to

extend applications of PLA in packaging and film making,

etc. [7–9].

Several attempts have been made to make PLA as a

household product and for packaging purposes by different
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