
Proposal for Interdisciplinary PhD Research 

Title: Development of Strong and Tough Sustainable Bio-based Composite Material through Chemical 

Modifications of Lignocellulosic Biomass 

Coordinating Supervisor: Dr. Prasenjit Khanikar, Department of Mechanical Engineering 

Co-Supervisor: Dr. Kalyan Raidongia, Department of Chemistry 

Objective: Utilization of naturally abundant lignocellulosic biomass to develop strong and tough 

sustainable bio-composite material 

Background and Motivation: 

Materials with high strength and toughness are desired for numerous advanced applications such as 

transportation, construction, automotive, and aerospace. Typically, materials with advanced 

mechanical properties are developed from metals, ceramics and petroleum-derived polymers and 

nanomaterials including carbon fibres, carbon nanotubes, and graphene. However, most of these 

materials require complex and high-cost manufacturing processes and cause adverse environmental 

impacts. Moreover, the key structural properties-strength and toughness-tend to be mutually 

exclusive. In order to overcome these challenges, tremendous research efforts have been devoted to 

developing bioinspired structural materials that exhibit the combination of strength, toughness, and 

low density. A comprehensive understanding of the microstructure-property relationship is required 

to engineer sustainable bio-based composite with superior mechanical properties. Lignocellulosic 

biomass, e.g. wooel or bamboo, can be modified with chemical treatment and combined with 

polymeric or nanom.aterials to develop a sustainable bio-based composite with improved mechanical 

properties. Through this program, simple and cost-effective top-down methods will be developed to 

convert biomass into a lightweight, strong and tough bulk structural matNial. 

Processes and techniques to be used/learnt during the PhD duration: 

1) Mechanical testing- tension, compression, flexural and impact tests; 

2) Microstructure characterization- scanning electron microscopy (SEM), optical microscopy; 

3) Flattening, de lignification, and compression process of raw and modified biomass samples. 

Methodology: 

1) Removal of lignin and hemicellulose through chemical treatments 

2) After the delignification process, the pores will be filled up with appropriate nanomaterials or 

polymeric materials. 

3) Optimization of the compression process of raw and modified biomass samples 

4) Mechanical testing will involve- tension, compression, flexural and impact tests 

5) Microstructural characterization of both undeformed and deformed samples 


