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Abstract

Among the bio-based resources, agricultural residues are abundantly available across the globe,
generally treated as waste. The transformation of agricultural residues to value-added products,
thus provides an opportunity to develop novel processes for sustainability. Herein, a
comprehensive waste biomass processing approach is presented to convert agricultural residues
into acoustic materials and value-added chemicals. Towards this, the first part of the
dissertation explores the sustainable utilization of rice straw for developing sound absorbing
and insulating materials. A pretreatment was first applied to separate out the cellulosic
component of the waste biomass. Cellulosic pulp obtained from rice straw was employed as a
feedstock to fabricate sound absorbing materials. Impedance tube measurements were
performed to test acoustic properties of the fabricated material by filling it in a 3-D printed
polylactic acid cavity. The pretreated pulp consists of a porous structure, which provides
opportunities for dissipation of sound energy within the material. The pretreatment has shown
significant enhancement (25.45%) in noise reduction coefficient to 0.55 compared to 0.41
measured for the material fabricated from raw rice straw. In parallel, sound insulating
biocomposites were developed by mixing rice straw with bio-based binders such as lignin and
guar gum. The developed biocomposites were tested for sound transmission loss (STL) in an
impedance tube setup. It measured an average STL in the range of 28-30 dB, which is
significant for noise control applications. A techno-economic analysis (TEA) of the fabrication
process was performed. Economic indicators such as net present value (NPV), internal rate of
return (IRR), and payback period (PB) were estimated. Economic analysis results suggested
the importance of keeping raw feedstock cost within permissible limits to ensure economically

viable commercial-scale noise-control material production.
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In the second part of the dissertation work, chemical processing routes were explored to
valorize the leftover cellulosic biomass into value-added chemicals. Towards this, the chemical
transformation of 2,5-dimethylbenzoic acid was explored experimentally. The results indicated
that the acidic ionic liquids enhance the yield of 2,5-dimethylbenzoic acid due to the higher
availability of HSO4 ions in the reactant. Moreover, trimellitic acid (TMLA) production TEA
from biorenewable substrates was explored theoretically using ASPEN Plus. The TEA of the
TMLA production suggested the importance of managing raw material cost and solvent

recycling to achieve the desired economics for TMLA production.
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