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Abstract of Thesis

Monoliths are continuous porous materials with three-dimensional structures of interconnected pores. These
materials have been developed for several decades and now hold a strong position in highly efficient separation,
ion exchange, catalysis, and chromatography applications. Chitin (CT) and chitosan (CS) are natural polymers
with excellent biological properties, such as biodegradability, immunological activity, and wound-healing
capabilities. These materials have applications in various areas, including drug delivery, biotechnology, food
technology, and numerous industrial applications. This thesis focuses on the development of CT and CS monoliths
with controllable porous structures for flow-based applications. Through the employment of thermally-induced
phase separation (TIPS) technique, the author aimed to develop CT and CS monoliths with controllable
morphology and enhanced performance in flow-based systems. The thesis is divided into general introduction,
three main chapters, each addressing a specific aspect of this research endeavor, and concluding remarks.

The first chapter describes the preparation of CT monoliths with a continuous porous structure using the TIPS
method by utilizing soluble CT derivative, dibutyrylchitin (DBC), as a starting material. the morphology of the
porous structures could be tailored by adjusting the phase separation conditions. The resulting DBC monoliths
can be subsequently converted into CT by hydrolysis. The integration of CT's unique properties, such as its
hierarchical porous structure and functional groups, with the flow-based characteristics opens up new routes for
its utilization in various fields. CT monoliths have excellent mechanical properties and thermal stability, and
water flow tests demonstrated sufficient permeability for use as a filter or microreactor.

The second chapter presents a practical template-free method for creating a CS monolith with hierarchically
porous structures from CT monoliths. This was achieved through high-concentration alkali treatment at high
temperature to deacetylate the CT monolith into a CS monolith. This method eliminates the need for scaffolds,
allowing to production of functional monoliths. Additionally, epichlorohydrin (ECH) was used as a crosslinking
agent for the durability of the CS monoliths against acidic and basic environments. The acquired CS monoliths
exhibited a high surface area, and in adsorption experiments, they demonstrated excellent performance in a
continuous flow system due to their hierarchical porous morphology. The resulting hierarchically porous CS
monoliths were then evaluated for their ability to capture Cu(Il) ions in a flow-based system, demonstrating their
potential for environmental remediation and water purification applications.

In the final chapter, a novel method for immobilizing a-amylase on a hierarchically porous CS monolith is
presented. By controlling the morphology of the CS monolith, the specific pore sizes were optimized to provide an
ideal structure for effective enzyme immobilization. This immobilization technique combines physical adsorption
and covalent bonding to enhance the stability of a-amylase under different pH levels and temperatures compared
to its soluble form. The amino and hydroxy groups in CS facilitate physical binding with the enzyme, while the
epoxy groups in the monolith contribute to additional stability through covalent bonding between the stationary
phase and the enzyme. The a-amylase immobilized on the CS monolith demonstrated excellent stability,
reusability, and increased activity compared to the soluble enzyme, across a range of pH levels and temperatures.
Additionally, the high porosity and permeability of CS monolith enable to preserve high reaction rate of the
immobilized enzymes.

In this study, CS-based monoliths have shown great potential for various flow-based applications, and the
integration of the unique properties of CT and CS with the advantages of monolithic structures opens up new

avenues for the utilization of these sustainable and eco-friendly materials.
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