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PREFACE

The growing global concern over environmental degradation, resource depletion, and
waste management has driven researchers and innovators toward the exploration of
sustainable materials and processes. In this context, the concept of utilizing agricultural
residues into high-value products has gained significant attention, both in academic
research and in industrial innovation. This thesis is a reflection of my own academic
curiosity and commitment to environmental stewardship, and it seeks to contribute
meaningfully to the field of sustainable biomaterials. The genesis of this research
stemmed from an awareness of two intersecting challenges. On one hand, the sugarcane
industry generates vast quantities of fibrous residues, which are often underutilized or
disposed of in ways that contribute to environmental stress. On the other hand,
industrial and agricultural runoff continues to introduce excessive phosphate into water
bodies, leading to eutrophication, water quality deterioration, and loss of aquatic
biodiversity. These parallel issues inspired me to investigate whether an innovative,
green approach to material synthesis could offer a dual solution, valorising waste

biomass while providing an efficient material for environmental remediation.

Sugarcane bagasse is an abundant lignocellulosic biomass in many parts of the world,
especially in sugar-producing countries like India, Brazil etc. Traditionally, it is used as
fuel in mills, composted, or left to decompose. However, its rich cellulose content
makes it an excellent precursor for nanofibrillated cellulose production. The production
of nanofibrillated cellulose offers numerous advantages: it is renewable, biodegradable,
exhibits surface functionalization flexibility due to presence of dense amount of
hydroxyl groups, exceptional mechanical strength and high specific surface area. By
adopting green approach in its production process, this work aimed to avoid harsh
chemicals and excessive energy consumption, aligning with global efforts to minimize

environmental impact in biomaterials production.

The journey of this research was shaped by the challenge of bridging two fields;
biomass valorisation and water pollution control, into a coherent, scientifically robust
framework. My aim was not only to demonstrate that nanofibrillated cellulose can be
derived from sugarcane bagasse using environmentally benign methods, but also to

evaluate its performance in phosphate removal from wastewater. This required a
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multidisciplinary approach, drawing from materials science, environmental

engineering, and analytical chemistry.

What makes this research particularly relevant is its alignment with the broader
principles of the circular economy. The transformation of sugarcane bagasse; an
agricultural residue into a functional nanomaterial for pollutant removal represents a
closed-loop strategy where waste is reimagined as a resource. This not only reduces
environmental burdens but also offers economic opportunities for agro-industrial
regions. Moreover, phosphate removal is an urgent environmental priority, given the

scale of eutrophication-driven ecological damage worldwide.

The results presented in this thesis demonstrate that it is possible to produce high-
quality nanofibrillated cellulose from sugarcane bagasse through a green processing
route and that the biomaterial can be effectively applied for phosphate adsorption from
wastewater. Beyond the data and conclusions, this work also reflects the process of
persistent inquiry, adaptation, and learning. Scientific research is rarely linear; it is an
iterative journey shaped by both setbacks and breakthroughs. The practical challenges
encountered from variability in biomass composition to fine-tuning material
characterization techniques were as instructive as the successful outcomes. In writing
this thesis, my intention has been to not only present the scientific findings, but also to
situate them within the urgent global conversation about sustainability, resource
efficiency, and environmental protection. The hope is that this work will contribute to
a growing body of knowledge on bio-based nanomaterials, inspire further innovations
in agricultural waste utilization, and highlight the potential of green chemistry in

addressing critical environmental challenges.

This preface, therefore, is not merely an introduction to the work that follows; it is also
an invitation to consider the larger implications of scientific research in a world facing
complex ecological crises. The intersection of waste management, material science, and
water treatment represents a fertile ground for innovation, and the work presented in
this thesis is one small step toward a future where industrial by-products are

transformed into valuable solutions for environmental sustainability.
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