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Abstract 
Although poly (lactic acid) (PLLA) is currently the most promising biobased biodegradable polymer, it’s limited in applications where ductility and impact strength 
are decisive factors in material selection. Therefore, this work aimed at development of tough PLA-based biodegradable composites by incorporating various 
modified nanocellulose into PLLA matrix via solution cast-injection molding technique. Various characterization techniques are employed to evaluate the 
performance of the PLLA composites in this work.  

Firstly, a systematic study of PLLA-nanocellulose composites ascertained the effects of rubber content (length) in CNC-rD-PDLA and nanofiller concentration 
on the tensile toughness of the composites. Secondly, the effective toughening mechanism responsible for the outstanding tensile toughness improvements in PLLA-
nanocellulose composites was found to be crazing induced plastic deformation. However, there was no significant improvement in impact strength for the binary 
PLLA-nanocellulose composites. In this respect, PLLA ternary composites were fabricated using CNCaq-rD, and CNCaq-rD-PDLA fillers. By varying the dual fillers in 
the composites, both tensile toughness and impact strength were enhanced simultaneously through the synergetic effect of cavitation and crazing mechanisms. In 
conclusion, this thesis reveals deep insights and knowledge on nanocellulose modification and their use in toughening of PLLA, which increases the portfolio of 
sustainable PLA materials 
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