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oReport summary (English)

Principal investigator: Japan Advanced Institute of Science and Technology,
Professor Tatsuo Kaneko
R & D title: Development of super-engineering plastics using microbial biomass

1. Purpose of R & D

We will develop a super engineering plastic derived from microbial biomass, which has transparency
and heat resistance at a performance level that can be used as an inorganic glass substitute. Our
target is microbial production of 4-aminocinnamicn acid, and transparent, high heat resistant
biopolyimide (BPI) poly(dimethyl truxillate-4,4'-diyl- cyclobutanetetracarboxylic acid diimide).
Since the BPI has the highest softening temperature of 310 © C (glass transition temperature of 350 °
C or higher) among all existing transparent resins, high temperature coating of indium tin oxide
(ITO), which is a transparent conductive material, on transparent plastic films by direct dry
sputtering (substrate temperature 250-300 © C) can be made. This will lead to the development of
technologies that contribute to lowering carbon, such as next-generation organic electronics panels.
As a result, a fundamental technology for the development of groundbreaking organic electronic
devices using bio-based processes is established. At the same time, the shift from fossil to renewable
energy will be greatly accelerated, contributing to a game change to global carbon reduction by
reducing carbon dioxide emissions.

2. Outline of R & D

(1) Contents:

Transparent organic glass of bio-polyimide (BPI) using bio-derived 4-aminocinnamic acid (4ACA)
has been newly developed as a raw material, by combining teams of biology (Prof. Takaya, Prof.
Kawaguchi), plastic development (Prof. Kaneko), and devices (Prof. Mitsumata, Prof. Murata). In
addition, a transparent electric conductor was directly coated on a BPI transparent film to establish
the basic technology for organic EL lighting, the next-generation low-carbon lighting technology.
(2) Achievements:

In order to improve the fermentation efficiency of 4ACA, a direct fermentation using glucose as a
raw material and a fermentation / chemical reaction process via 4-nitrophenylalanine can be
established, and the latter enables mass production of 4-aminocinnamic acid. (Prof.Takaya). In
addition, by studying culture and metabolic engineering, we improved the productivity of
4-aminophenylalanine (4APhe), the 4ACA precursor from glucose, and modified the conversion
reaction from 4APhe to 4ACA by modifying the substrate specificity by computational scientific
design of enzyme. (Associate Prof. Kawaguchi).

The target BPI was synthesized from the obtained 4ACA and bio-derived fumaric acid. Since this
BPI was highly soluble in organic solvents and water while maintaining high heat resistance, it was
formed into a film by a wet process and ITO was deposited at a high temperature to create a
transparent electrode (Prof.Kaneko). The volume resistivity and dielectric breakdown voltage of the
obtained BPI were measured and compared with general plastics and commercially available
polyimides, it was confirmed that BPI showed high electrical insulation properties comparable to
Kapton™, which is the currently-used film with color (Prof. Mitsumata). A model of an organic
electroluminescence (EL) lighting was created using the transparent electrode (Prof. Murata).

(3) Future developments:

Our BPI can be used as a basic material for organic electronics devices such as solar cells by the
same process as organic EL lighting, and aims to be applied by 2030. In addition, since this BPI has
high dielectric breakdown resistance, it can be expected to be applied to wearable PC panels and
transparent electronic circuits made by the roll-to-roll method. In addition, it aims to be applied as a
transparent plastic substitute for glass for transportation equipment such as automobiles. This is
expected to reduce the total weight of the car by 2% and saves 4.5 million kL / year of fuel
worldwide, leading to significant low-carbon technologies.



