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Abstract
The physical, viscoelastic, thermal and mechanical properties of poly(lactic acid) (PLA) as a well-known biodegradable 
plastics were enhanced by incorporating a chemically modified biomass without sacrificing the biodegradability of the 
matrix. Rice straw after milling was benzylated with NaOH and benzyl chloride solution at reflux temperature for 6 h. The 
weight gain percentage of benzylated rice straw (BRS) was 145% and some thermoplasticity was induced in the material. 
The results showed that the chemical modification successfully reduced the glass transition temperature (Tg) of rice straw 
to about 170 °C. By adding the benzylated rice straw at an optimal loading, the mechanical properties of PLA, i.e., Young’s 
modulus, tensile strength as well as toughness, were considerably improved as well as Tg, crystallinity and processability. 
Higher Tg, intensified non-terminal behaviour, and microscopic observations of the resultant PLA green composites demon-
strated the strong interactions between PLA chains and the plasticized lignocellulosic polymers. Despite the positive effect 
of benzylated rice straw in PLA, compounding of the organically modified nanoclay with the biocomposites did not change 
the latter properties as expected due to the poor dispersion state of nanoparticles in the matrices.
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Introduction

In recent years, interests in protecting the environment using 
products from renewable natural resources and products 
that decompose into environmentally friendly constituents 
have steadily and rapidly grown [1]. The twenty-first cen-
tury could be called the cellulosic century, because plenty 
of renewable plant resources and products were discovered 
in this century [2]. Lignocellulosic materials are one of the 
largest sources for the production of biodegradable poly-
mers. Wood and straw crops such as wheat and rice are rich 
sources of lignocellulosic materials that are composed of 
cellulose, hemicellulose and lignin [3]. Biodegradable com-
posites are obtained by compounding a biodegradable poly-
mer and biodegradable fillers such as lignocellulosic materi-
als. Since both components, i.e., matrix and reinforcement 
agent, are biodegradable, the composite is also expected 
to be biodegradable [4]. A large number of biodegradable 

polymers are commercially available such as biopolyesters 
[5]. Poly(lactic acid) (PLA) as a biopolyester is one of the 
most appropriate materials that can be used as the matrix 
of biodegradable composites because of its thermoplastic 
nature, biodegradability, biocompatibility and good mechan-
ical strength, modulus and processability [6]. PLA has many 
useful properties, but as a thermoplastic matrix, the stiffness 
and strength must be improved by the incorporation of rein-
forcing fibers. Natural reinforcements are especially benefi-
cial, since the resultant PLA composites show larger stiff-
ness, acceptable strength and even biodegradation, which is 
a notable advantage over most common plastics [7]. Overall, 
there are many different reasons for incorporating the ligno-
cellulosic fillers into biodegradable polymers, including: the 
low density and weight, higher specific strength, modulus 
and toughness and more reasonable material costs in using 
these inexpensive fillers [8, 9]. Because of severe thermal 
degradation before melting point, these fillers cannot be 
thermally processed, which greatly limit their applications 
in plastic industries [10, 11]. In other words, very high cohe-
sive energy introduced by intra- and intermolecular hydro-
gen bonding heightens the melting temperature of lignocel-
lulosic fillers well above their degradation thresholds [12].
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