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Development of Bacterial Cellulose-Based Materials Utilizing its Unique Properties
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In this doctoral thesis, new functional bacterial cellulose-based materials utilizing its unique properties were
developed. In comparison to plant-derived cellulose, bacterial cellulose (BC) has several interesting characteristics such as
nano-sized network structure, high purity, high crystallinity and high moisture content (around 99%). Additionally, BC with
layered structure is formed under static culture conditions. On the basis of the characteristic structure, BC hydrogel shows
mechanical anisotropy; BC hydrogel sheet has high tensile strength; whereas it is easy to deform and lose the moisture under
compression.

In Chapter 1, semi-dried BC hydrogel sheet which has high reactivity was prepared by utilizing nano-sized network
structure and layered structure of BC. By controlling the reaction condition for periodate oxidation at 50 °C for 3 h, selective
modification of the one-sided surface of BC sheets was optimally achieved. The present results may be the starting point for
preparing practical surface-modified cellulose sheets.

In Chapter 2, a strong hydrogel composite of biocompatible components was successfully prepared by the facile
freeze-thaw method from a combination of BC and PVA without any crosslinking reagents. The PVA solution penetrated the
network of BC and PVA covered the nanofibrous BC matrix in the dried state. Despite of the immiscibility between BC and PVA
in the molecular level, the thermal stability and mechanical strength of the composite were much improved in comparison with
those of PVA. These characteristics would be due to the strong interaction of both components in the network structure as well as
high crystallinity of PVA. The present composite has great potential for various applications such as biomedical and cosmetic
matrix.

In Chapter 3, unique shrinkage-swelling behaviors BC based material was prepared by internal crosslink reaction. The
solvent exchange of BC hydrogel with acetone and subsequent crosslinking by MDI produced the reinforced BC organogel. This
gel one-dimensionally shrank by drying under vacuum to give the thin sheet, which also one-dimensionally swelled in
LiCI/DMAc. Additionally, the solvent of the swollen gel could be converted to the hydrogel by immersion in water. This
regeneration cycle could be repeatedly conducted. These unique behaviors are probably due to the crosslinked layered structure of

BC. To my best knowledge, this is the first attempt on the one-dimensional shrinkage-swelling of polymer gels.
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