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oReport summary (English)

Principal investigator: Hokkaido University, Professor Takao Masuda

R & D title: Development of technique for production of mono-aromatic chemicals
from poly-aromatics in nature

1. Purpose of R & D

Separation technique of woody and herbaceous biomass into cellulose, hemicellulose and lignin,
and conversion method of each component with a focus on lignin into useful chemicals including
petrochemicals is developed. Reasonable system of total biomass utilization is proposed based on
researching both biomass separation and each component utilization.

2. Outline of R & D
(1) Contents:

Woody and herbaceous biomass was precisely separated into dissolved lignin in 1-butanol phase,
hemicellulose-derived sugars in water phase and solid cellulose through organosolv treatment using
water/1-butanol solution.

Analytical method of average molecular structure of dissolved lignin was established for
investigation and optimization of the organosolv. Dissolved lignin was fractionated into light,
medium and heavy fractions based on its molecular weight, and utilization of each fraction was
developed. Catalytic reaction of light fraction was conducted for recovering phenols, and medium
one was used for polymer additives and so on. Hemicellulose derived sugars in water phase were
converted into value-added ally compounds and diols after concentrating sugars content. Solid
cellulose was converted into glucose, and its saccharification efficiency was confirmed.

(2) Achievements:

* Unreacted-core model was built up for analysis of reaction kinetics of delignification. The result
revealed that the dominant factor of delignification rate was diffusion of dissolved lignin within
cellulose layer. (Hokudai Gr.)

* Support program for analysis of aromatic ring framework of dissolved lignin was developed, in
which substitution patterns of side chain structure were estimated by NMR chemical shift of
tertiary and quaternary aromatic carbon of dissolved lignin, and the candidates of framework
combination could be assumed. (AIST Gr.)

+ Two-step treatment was developed, in which water/BuOH treatment was followed by
hydrothermal treatment. Because contamination of hemicellulose-derived compounds into BuOH
phase during water/BuOH treatment was suppressed due to hydrothermal one, two-step process
achieved more advanced biomass separation than one-step by water/BuOH. (Hokudai and
Idemitsu Gr.)

* A simplified process for fractionation of dissolved lignin without handling solid component was
developed for continuous operation. (Idemitsu Gr.)

+Catalytic reaction of dissolved lignin over mixed catalysts of TiO.-FeOx and zeolite greatly
improved the yield of phenols as compared with the reaction using each catalyst alone. (Hokudai
Gr.)

*Polyols, which were able to be induced from hemicellulose-derived sugars, were converted into
the value-added allyl compounds and diols through dehydration and hydrodeoxygenation
reactions using solid catalysts, respectively. (Tokyo Tech Gr.)

*Separation technique was applied to a bench-scale test. Equivalent result to lab scale study was
attained. Enzymatic saccharification of solid product was conducted and over 90% of
saccharification rate was obtained. (Idemitsu Gr.)

(3) Future developments:

Base technology for biomass separation and conversion and utilization of each component was
established with aiming for its total utilization. Delignification mechanism was also revealed from
the view point of reaction engineering, and the scale-up test was successfully demonstrated.

We will continuously investigate the enhancement of each component value to be able to deal with
market trend flexibly, which leading to develop economic efficiency of whole process. In addition,
collaboration with user companies of each component and bio-process needs to be proceeded.



