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= VA M H Studies on Decomposition of Natural Polysaccharides
under Hydrothermal Conditions
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Chitin is a simple B -(1-4) glycan, and is widely distributed in nature as a component of

bacterial cell walls and exoskeletons of, for example, crustaceans and insects. Chitosan is also a
natural polysaccharide, which has been produced industrially by the deacetylation of chitin. On
the other hand, cellulose was found to be a major component of plant cell walls. These two kinds
of biomass resources, cellulosic materials and chitinous materials (which are both major
components of biomass) are expected to be valuable renewable resources for energy, chemicals,
food and feedstock. Depolymerization of these biomass resources for their successful utilization
in various fields is an important area of study, since improved solubility and essential biological
activities of the corresponding depolymerized products have recently been discovered. These
polysaccharides are hydrolyzed with concentrated hydrochloric acid, sulfuric acid or hydrolase,
and decomposed with other reagents. Transformation of these biomass molecules into their low
molecular weight homologs usually needs catalysts or reagents, because chitinous and cellulosic
materials are highly crystalline. However, these methods include the following drawbacks: the
acidic treatment method leads to corrosion of the reactor, and the enzymatic method is very
expensive.
Recently, supercritical water treatment has been considered to be an attractive alternative for
hydrolyzing cellulose, compared with enzymatic saccharification and acidic hydrolysis methods.
Some researchers have reported that supercritical water treatment can rapidly convert cellulose
to glucose.

Water is the most commonly used, and most environmentally friendly solvent. It is a unique
fluid with interesting properties. Because of its high critical points for temperature and
pressure, much attention has recently been given to its use in the supercritical state. The

fundamentals of the characteristics of water as a reactive solvent can be understood from the



viewpoint of an ionic product and a dielectric constant. The ionic product plays a role in
estimating the activation of hydrolytic and hydrogen-bonding sites of substrates and reactants,
and the dielectric constant is useful as a measure to evaluate the solubility of various solutes.
Water has a comparatively high ionic product under high temperature. Supercritical water is a
non-polar solvent with a low dielectric constant. It is able to dissolve organic compounds, while
simultaneously retaining high hydrolysis performance. However, control of the reaction
conditions for decomposition of chitinous and cellulosic materials in supercritical and sub-critical
water is too difficult, because these materials are rapidly decomposed to monosaccharide,
oligosaccharide, and pyrolyzed products. Furthermore, the experimental device used is very
expensive, because the process requires both high temperatures and high pressures.

Chitin and cellulose are usually not decomposed easily with aqueous acid or enzyme under
moderate subcritical conditions (below 200 °C), because their molecules contain rigid crystalline
areas. Therefore, the present author tried to destroy the rigid hydrogen bonding structures in
these biomasses before carrying out the depolymerization experiments. In this study, it is shown
that decrystallization of chitinous and cellulosic materials accelerates the depolymerization
reaction, even under hydrothermal conditions (120-200 °C), in the absence of catalysts, or with a
dilute acid. For the mechanistic study, hydrolysis of various acetals under hydrothermal
conditions is also investigated.

In chapter 1, the relationship between crystallinity and ease of hydrolysis of chitinous
materials under hydrothermal conditions without any catalyst addition is discussed. Although
transformation of commercially available chitin and chitosan into their low molecular weight
homologs needs some catalysts or reagents, chitin and chitosan decrystallized with concentrated
sodium hydroxide were found to be good substrates for catalyst-free decomposition under
hydrothermal conditions (120-180 °C). The decomposition of chitin and chitosan under
hydrothermal conditions is regarded as a hydrolysis reaction, because IR analysis of chitin and
chitosan decomposed under these conditions did not show any structural change, and the number
of reducing groups increased.

In chapter 2, hydrolysis of cellulosic materials as chitin-like polysaccharides under
hydrothermal conditions without any catalyst. Cellulosic materials such as decrystallized
cellulose, water-soluble cellulose derivatives and cellooligosaccharides were decomposed
effectively under hydrothermal conditions of 120-180 °C in the absence of catalyst. In contrast to
these substrates, avicel, which is highly crystalline, was difficult to decompose. Therefore,
decomposition of cellulosic materials under hydrothermal conditions is influenced by the degree of
crystallinity of the substrates. Because molecular weights decreased and the number of reducing
groups increased after the hydrothermal reaction, decomposition of cellulosic materials under
hydrothermal conditions is regarded as a hydrolysis reaction.

In chapter 3, hydrolysis of chitinous materials under hydrothermal conditions in the presence
of dilute hydrochloric acid is discussed. In the case of chitinous and cellulosic material
decomposition under hydrothermal conditions without any catalyst, only a small amount of water
soluble oligosaccharide and monosaccharide fraction was formed. Usual industrial methods for
the saccharification of chitinous materials consist of treatment with concentrated acid. In this

chapter, decomposition of chitinous materials under hydrothermal conditions (120-180 °C) with



dilute hydrochloric acid was examined. The chitinous hydrolysate obtained by this treatment
contained a fairly large water-soluble fraction, and formation of chitooligosaccharide was
confirmed.

In chapter 4, the transformation of several organic compounds in neutral water under
hydrothermal conditions was attempted, and it was found that acetals and ketals were
hydrolyzed to give their corresponding hydroxy and carbonyl compounds in high yields. This
result provides additional evidence that the degradation reaction of chitinous and cellulosic
materials under hydrothermal conditions can be regarded as a hydrolysis reaction of the acetal
moiety in the biomass.

This thesis is comprised of 4 chapters. It shows that hydrothermal methods are promising for
depolymerization of natural polysaccharides, and gives a convenient method for the
chemoselective hydrolysis of acetal and ketal groups. This procedure using hydrothermal
conditions is more environmentally friendly than conventional methods, which require strongly
acidic conditions, and is expected to lead the way for the development of a key technology that will

be necessary in the future.
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