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Studies on Controlling the Dissolution/disintegration Behavior of Polysaccharide—based Blend
R CRE4 | Films by Incorporating Intermolecular Crosslinks
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In the past decades, a wide variety of biodegradable plastics such as polylactic acid (PLA) have been developed,
and have been widely considered to be the solution of environmental and ecological issues caused by single—use
plastics. However, they may not properly address the marine plastics issue caused by single—use plastics mainly
due to their slow biodegradation in seawater. Therefore, it is necessary to develop new alternatives to the
current single—use plastics

Starch, a natural polysaccharide that is mass—producible and biodegradable in seawater, has been considered
a promising starting material for the development of marine ecosystem—friendly polymeric materials. In the
past, a variety of starch—based blend films have already been developed by blending starch with different
polymers, and these films generally have shown suitable overall physical properties for single—use plastic
films. These films tend to swell, dissolve, or disintegrate rapidly in water, after which their mechanical
strength is severely degraded. While this rapid dissolution/disintegration renders these films low risk for
marine wildlife after them being discarded and leaked to the marine environment, it can also be interpreted
as lack of water resistance, which may limit their application prospect as single-use plastics
Crosslinking method connects polymer chains with chemical bonds, by which a strong 3D molecular network is
generated. In particular, the introduction of crosslinks has been considered as an effective means of improving
the water resistance of polysaccharide—based materials: By crosslinking, the naturally occurring
intermolecular interactions (e.g., hydrogen bonds) are strengthened, which contributes to improved water
resistance. In this thesis, intermolecular crosslinks including covalent and non—covalent crosslinks were
utilized to fabricate starch films with improved water resistance, and starch films with controllable
dissolution/disintegration behavior in seawater were also developed by exploiting the stimuli-responsive
properties of non—covalent crosslinks. In the first chapter, the water resistance of a hydroxypropyl starch
(HPS) /poly (vinyl alcohol) (PVA) blend film, was improved by the introduction of hemiacetal/acetal bond
crosslinks. While non—crosslinked HPS/PVA blend film prepared by simple blending dissolved immediately in
water, the crosslinked HPSo,/PVA blend film was stable and did not disintegrate in water. In the second chapter,
a tapioca starch—-g—poly(acrylic acid) (TS-g-PAAc) was first prepared by grafting polymerization, then a
hydrogen bond—crosslinked TS—g—PAAc/PVP blend film was prepared by blending the TS—g-PAAc with poly(vinyl
pyrrolidone) (PVP) and solution casting. While owing to the hydrogen bond crosslinks, the water stability
of the film was higher than that of unmodified starch film in fresh water, in seawater the film dissolved
quickly as a result of disruption of the hydrogen bond crosslinks at the presence of weak acid anions. In
the last chapter, a dialdehyde starch (DAS)/carboxymethyl cellulose (CMC) blend film crosslinked by both acetal
bonds and ionic bonds, was prepared via a modified solution casting process. In solutions of low ionic strength
encountered in daily life, such as freshwater, the film remained stable due to both types of crosslinks. In
high ionic strength solutions, such as seawater, the film swelled rapidly and disintegrated owing to the
cleavage of ionic crosslinks. This study showed that the dissolution/disintegration behavior of starch—based
blend films can be effectively controlled via the introduction and the disruption of intermolecular crosslinks,
and dissolution/disintegration behavior control of starch-based blend films can be a potential strategy for

balancing their ecological risk to the marine ecosystem and the ease of use in daily life
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