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oReport summary (English)

Principal investigator: Kazuhiro SHIKINAKA, Senior Researcher, National Institute of
Advanced Industrial Science and Technology

R & D title: Extraction of Lignin and its Utilization as Functional Materials via
Sustainable Process

1. Purpose of R & D

In today's society, products used in daily life, such as chemical products and resins, are produced
through the petrochemical industry (oil refinery). These products are eventually burned and
incinerated and discharged to the environment as carbon dioxide (CO.), causing global warming. In
contrast, utilization of non-edible plant biomass as fuels, chemicals, and products (lignocellulose
refinery) have zero net CO; emissions (carbon neutral) that induces the reduction of greenhouse gas
and the realization of a low-carbon society.

In this study, we will develop new extraction and processing technologies to replace petroleum-
derived polymers with non-edible plant biomass, lignin, for the purpose of reducing CO, and fossil
resources. The CO, reduction effect of replacing petroleum-based plastic with non-edible plant
biomass is at least 1.4 to 5 times the production weight (estimated by the Japan Organic Resource
Association) Specifically, by changing 5 million tons of petroleum-derived polymer to non-edible
plant biomass, the CO, reduction effect will be 7 to 25 million tons.

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

In this research project, we developed the utilization of lignin extracted from plants by an
environmentally adaptive process. Specifically, the extraction efficiency of the lignin derivative
(SESC lignin) obtained by the non-edible plant biomass extraction method “simultaneous enzymatic
saccharification and communition [SESC]” which does not use any strong acid, strong base, or high
heating is improved. Furthermore, we developed applications of SESC lignin as functional materials.
The research topics were carried out by the SHIKINAKA'’s group of the National Institute of
Advanced Industrial Science and Technology, the TOMINAGA’s group of Tokyo University of
Agriculture and Technology.

(2) Achievements:

In the SHIKINAKA’s group, the saccharification rate in the SESC process (calculated here by the
conversion rate of plant polysaccharides to monosaccharides and disaccharides) was improved from
78% to 84%, aiming at the high purity of SESC lignin. Secondly, SESC lignin and various polymers
were combined to develop self-standing films of SESC lignin. In particular, blends of clay minerals
or polyvinyl alcohol and SESC lignin have been found to be able to be treated as high-value-added
materials such as UV-cut moisture-permeable non-flammable films.

The TOMINAGA'’s Group discovered a function of SESC lignin as a high-performance heat-
resistant filler as part of the development of its applications. Specifically, the addition of only 5 wt%
of SESC lignin to poly(ethylene carbonate) (PEC) has found an effect as a strong heat-resistant filler
that increases the 5% mass decomposition temperature of PEC by about 70 °C. The above results
suggest that SESC lignin acts as a high-performance heat-resistant filler compared to existing
organic / inorganic / phosphorus / halogen-derived materials. Secondly, a shape memory behavior of
SESC lignin-PEC blend film in accordance with heating/cooling was found. It was further
demonstrated that the shape memory behavior can be controlled by the composition of the blend
film.

(3) Future developments:

Through the above efforts, we demonstrated the applicability of lignin as a functional material by
the environmentally adaptive process, SESC. Going forward, we will continue to work on the
implementation of functional materials based on SESC lignin through the implementation of
research issues in the JST-Mirai Program.



