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oReport summary (English)

Principal investigator: Atsushi Fukuoka, Professor, Hokkaido University
R & D title: Depolymerization of lignocellulose over carbon-based catalysts.

1. Purpose of R & D

The purpose of this research is to produce mono and oligo-saccharides by catalytic
hydrolysis of lignocellulose. This objective corresponds with the project goal of
“Developing a technology for saccharifying cellulose and hemicellulose with high
efficiency”.

Monosaccahrides can be converted to many useful chemicals and fuels. However, their
use was hindered by the lack of an efficient hydrolysis process for their synthesis from
lignocellulose. The development of a catalytic process for saccharification of
lignocellulose will enable industrial processes for production of bio-based bulk
chemicals leading to significant reduction of CO; emissions.

Oligosaccharides are bio-stimulants that can be used to develop sustainable methods of
agriculture and livestock farming. However, synthesis of oligosaccharides is challenging
due to the difficulty in controlling the product distribution. A process for catalytic
hydrolysis of biomass to desired products would achieve significant CO; reduction in
agriculture and livestock industries.

2. Outline of R & D

(1) Contents:

Fukuoka group discovered that carbon catalysts with weak acid sites were able to
effectively hydrolyze cellulose. We aimed to elucidate the mechanism of the catalytic
reaction to improve the yield of monosaccharides. With the help of Hasegawa group,
who performed theoretical calculations, we clarified the underlying mechanism for
adsorption of cellulose on carbon surface and its subsequent hydrolysis. To further
improve the efficiency of the process, carbon catalyst was synthesized by using biomass
and lignin as the source. This allowed us to develop a cost effective and recyclable
catalytic process for lignocellulose conversion. Furthermore, we developed a slurry flow
process equipped with a solid-liquid separator to perform contineous hydrolysis of
biomass to obtain a solid free sugar solution.

Following the success of monosaccharide synthesis, Fukuoka group focused on the
selective synthesis of cello-oligosaccharides from cellulose. Carbon catalysts produced
cello-oligosaccharides as intermediates during the hydrolysis reaction. We developed a
semi-flow reactor to control the hydrolysis reaction and succeeded in increasing the
yield of cello-oligosaccharides with a desired molecular weight. The synthesis of
oligosaccharides from chitin/chitosan was also examined. Showa Denko group
conducted a market survey for the use of oligosaccharides and confirmed its importance
in agricultural industry.

(2) Achievements:

We have published 19 journal papers and filed 4 patents. Our achievement appeared in a
newspaper.

(3) Future developments:

In future we aim to scale up the synthesis of oligosaccharides and make it commercially
available with the primary objective of reducing greenhouse gas emissions.



