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Forest in Japan

World total forest area: 40 million km?

Land area : 378,000 km? Proportion of forest: 31% (world average)
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* “Lignin” and “Glycol lignin”
* Glycol lignin based materials

* Concept of local production for local
consumption in bio-based materials



Chemical structure of plant cell wall
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What is lignin?

 Lignin is one of the main chemical
components of wood.

* The word “lignin” itself comes from the Latin
term “lignum”, which literally means wood.

« Based on the meaning of the original word,

wood Is wood precisely because it contains
lignin.



Lignin —Natural aromatic polymer-

* Lignin is the most abundant naturally occurring
aromatic polymer on earth.

— Aromatic compound is a hydrocarbon containing one or
more benzene rings that are characteristic of the benzene
series of compounds. @

— Aromatic polymers, which wholly or partially include
benzene rings and/or pseudoaromatic heterocycles, have
been used in a wide field of high-performance or
functional materials.

Lignin has a potential to be a source of high-
b%%ﬁMahce materlgls such as heat-resisting
plastics’and high-strength plastics.

Plus: Lignin is biodegradable



History of lignin, with evolution of land plants

Evolution of lignin with
diversifying functions

150 million years ago
Angiosperms

300 million years ago
Coniferous

380 million years ago
Trees, about 20 meters high

Appearance of Lighin

450 million years ago

First land plant



Dilemma of lignin-based materials

For trees, lignin is

 highly evolved high-performance material

* functional material to make tree form flexible
and strong

« changing the form to adapt variety of growth
condition

consequently  Lignin is not uniform

‘ Dilemma

Industrial materials should be uniform with a stable property



Solution “Glycol lignin”

“Glycol Lignin” is a series of lignin-derived advanced
iIndustrial materials.

* lignin derivatives with unique chemical structure
 high-performance with excellent workability

 variation controlled to be a stable properties as an
iIndustrial material

Two key points in the development of Glycol Lignin



Key point 1. Selection of plant species

Lignin in "Japanese cedar” is relatively homogeneous

% Japanese cedar is monotypic genus of cedar, /(
single and endemic species of Japan

% Since, Japanese cedar lignin is formed by single OH
type of building block unit, structural variation is Chemical structure of Japanese cedar
. lignin unit (left) and a schematic
relatively small. racture of the lgnim (gh)

% Japanese cedar is major and representative Japanese
wood in Japanese forestry. Stable supply cedar 21%
system is certain in Japan.

The system using Japanese cedar
wood will make a system using
Japan domestic forest resources
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Key point 2. Modification with polyethylene glycol (PEG)

Polyethylene glycol (PEG) is a nontoxic chemical with unique properties.
Interaction between PEG and plant cell wall components is strong.

v Control the physical properties of lignin by the interaction with PEG molecule.

Points v Gontrol the chemical degradation of wood in PEG to extract lignin.
v Proceed lignin extraction and PEG modification simultaneously.
Schematic chemical
structure of wood \

Glycol lignin

*PEGIE. M. EHZE. ICZRAINTLSEEO%EL
KBS HFTHY., ZLDIEHRISHFMShTNVET,
PEGIX T = DL LANKIL, HEEATYEEEILS
BHIENTEET,

Glycol lignin was produced by an acid catalyzed PEG
solvolysis that proceed lignin extraction and PEG

modification simultaneously.
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Freely controllable thermal property of Glycol Lignin

by controlling process condition
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Thermal properties of the glycol lignin as a function of introduced
PEG content in the glycol lignin. (Tg: glass transition temperature,
T, : thermal flow temperature)
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Glycol Lignin based products
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Ex.1 Glycol lignin based FRP for automobile

Volatile Organic Compound (VOC)

Invent a method of Glycol Lignin based molding

resin for fiber reinforced plastics (FRP). emission test ug/ X B&FRP
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Ex. 1. Press Release Oct. 23, 2018

Starting the practical vehicle test of exterior
and interior Glycol Lignin based FRP

World 15t motorcar using Glycol Lignin based FRP
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Ex. 2. Hybrid film for printed electronic devices

Flexible electric substrate film was prepared by Glycol lignin-Clay hybrid material

Electric substrate Smart electricity meter
Glycc?l Iignin rollto roll Heat radiation materials Heat radiation
hybrid film material

Development for printed electrics and heat radiation materials

Glycol lignin-Clay hybrid film shows better performance than commercial polyimide film
in gas barrier property and dimension stability. The price becomes a one-third of the

commercial polyimide film. 16



Environmental adaptability

Glycol lignin : Environmental friendly materials

No harmful volatile organic compounds in the production process
No accumulation in the environment (biodegradable)
Favorable in environmental impact assessment (carbon neutral)

Biodegradable
No microplastic marine
pollution

No harmful volatile

organic compounds
17



Glycol lignin production for the promotion of local industry

Creating new markets of 100
billion yen scale

Example
Operation at a local sawmilling factory Glycol Lignin based new
. roducts
Point P
Use wood waste only _ _
(Not affect to the lumbering work) New companies are entering the
market one after another
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Conclusion

« Two key points in the development of Glycol Lignin

1. Focus on the Japanese cedar lignin that is relatively
homogeneous.

2. Modification with polyethylene glycol (PEG) to control thermal
properties

Using Japanese cedar wood will make a system of using
Japan domestic forest resources

« Many Glycol Lignin based products has been developed
through composite technologies.

« Since glycol lignin is biodegradable, glycol lignin based
products will not accumulate in the environment (No

microplastic marine pollution).
19



Sustainable system on domestic resources

Forest: 25 million ha
(67 % of the land area)

Land area, total: 38 million ha Farmland: 6 million ha
(12 % of the land area)

Totally about 80% of the land is covered with biomass

Biomass superpower?

Glycol lignin will lead sustainable system of

material utilization to the future

Methane hydrate in the ocean

Lignin in the mountain ﬁ

Need innovation !

Key words: domestic resources, self sufficiency, energy security, local business, regional revitalization 20



Thank you!

Tatsuhiko Yamada, Ph.D.

Website
http://lignin.ffpri.affrc.go.jp/

J YouTube
https://www.youtube.com/channel/UCOF0JebKdA9fmHOMICi4lUA
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