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Degradation mechanism of biomass in subcritical water and applications of the remained
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Subcritical water treatment is an environmental friendly process for conversion of biomass to
valuable chemical and bio-fuels. Because only water is employed all over the process, and the
properties of high ion product and low relative dielectric content made subcritical water liquefy
biomass effectively. Many researches have been done about subcritical water liquefaction of
biomass to obtain valuable chemicals, however, the biomass degradation mechanism was still
unclear and the remained solid char had not been paid much attention. Therefore, the degradation
mechanism of biomass and applications of remained solid char (biodegradable foam, woody thin
board and bio-fuel) were studied in this thesis.

The degradation mechanism of microcrystalline cellulose (MCC) was investigated at the
temperature range from 205 to 300 °C. The degradation mechanism of MCC was combined with
degradation of MCC surface at the temperature of 205 to 245 °C, destruction of glycosidic and
hydrogen bonds at the temperature range from 245 °C to 275 °C and further degradation of MCC as
well as generated oligomer and monomer at higher temperatures.

The solid char was employed to prepare biodegradable material of corn starch-solid char foam.
The solid char derived from walnut shells treated at 200 °C for 15 min was employed to prepared
corn starch-solid char foam by a compression molding method. It was found that replacement of
20% of corn starch by solid char did not prevent the formation of a foam plate. The flexural modulus,
flexural strain and flexural stress of prepared foams could be comparable with those of commercial
polystyrene foam, and the flexural modulus of prepared foam containing 20% of solid char was 1.7
times stronger than that of foamed polystyrene. These results suggested that the prepared corn
starch-solid char foam was a potential material alternative to plastic based material.

The pure lignin and cellulose (model components of solid char) with water were used to prepare
woody thin board, which served as a precursor of woody plastic composite. The prepared woody
thin board showed high contact angles and low values of relative permittivity on the surface. The
water repellency of woody thin board was affected by the quantity of lignin presented on the surface
of woody thin board.

The fuel properties of solid char were characterized, as the solid char was a promising candidate
of fossil fuel. The fuel properties of solid char were similar to those of commercial coal, indicating
that solid char could directly be co-combusted with some of commercial coal.

The degradation mechanism of cellulose was clarified and the potential applications of solid
char were studied in this study. The clarification of degradation mechanism for cellulose would
provide a theoretic support to determine the optimum conditions for subcritical water liquefaction
of biomass to gain liquid products or solid char. The potential applications of solid char would
stimulate the novel applications of solid char and effective utilization of all the products obtained
from subcritical water liquefaction of biomass.
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