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Abstract
In garment industry, cotton waste is the major threat for disposal or waste management due to environmental issues. Nanofi-
brillated cellulose (NFC) from waste cotton was isolated by steam explosion technique, an eco-friendly method in comparison 
with chemical methods. Nanocellulose was characterised by different analysis techniques like TEM, SEM and XRD. The 
crystallinity index of nanocellulose was found to be 66% based on Seigel’s empirical method. SEM micrographs showed 
highly entangled nanofibrils with diameters ranging from 67 to 70 nm. TEM results revealed reduction in the size of fiber 
from micro to nano upon mild acid treatment along with steam explosion. Bionanocomposites of maleated styrene ethylene 
butylene styrene (MA-g-SEBS) toughened polylactic acid (PLA) reinforced with nanocellulose were fabricated by twin screw 
extruder and tested for thermo-mechanical behaviour using injection molded specimen. Mechanical property evaluation 
showed that the composites containing nanocellulose exhibited higher modulus compared to virgin PLA and PLA binary 
blend system containing SEBS or MA-g-SEBS. The elongations of bionanocomposites were substantially increased, possibly 
due to good dispersion of nanocellulose and its plasticizing effect. Morphological studies were also carried out to investigate 
the effect of nanocellulose on toughened PLA. The impact strength was also found to be higher compared to virgin PLA by 
the incorporation of nanocellulose to SEBS toughened PLA. Differential scanning calorimetry measurements observed an 
increase in crystallization of PLA by heterogeneous nucleation effect of NFC.
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Introduction

Renewable resource-based materials are increasingly used 
as a potential source to produce biopolymers due to less 
energy consumption and liberating smaller amount of toxic 

pollutants over their life cycle than products from fossil 
fuels. Polylactic acid (PLA) is one of the most resourceful 
and sustainable aliphatic thermoplastic polyesters derived 
from 100% renewable sources like corn [1].

PLA is now widely used for a myriad of applications 
owing to its bio-compatibility, bio-degradability, less tox-
icity and wide range of mechanical properties. It has the 
ability to mold into different shapes and possess compara-
ble performance to petroleum based plastics. Its increasing 
popularity has expanded its use from packaging to medical, 
textile, automotive, cosmetic and household applications [2]. 
However, poor toughness (very brittle), thermal stability and 
less reactive side group of PLA restrict its use in both com-
mon and high-end applications.

Many different strategies and research works have 
been reported to overcome the short-comings of PLA 
which include chemical or physical modification, melt 
blending and use of reinforcing agents like natural fibers, 
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