Products in Development dlﬁ

Document Number: F-6-014

High-Performance Biomass Resin
~ Cashew Benzoxazine~

January 13, 2026

Tohoku Chemical Industries, Ltd.
Development and Sales Department



1. What’s CNSL? N 4

Cashew Plants

CNSL, obtained from cashew shells, is the main
ingredient in our products. Because every part of
the cashew plants can be put to effective use, they
are very environmentally friendly.

Cashew Apples

Cashew Seedlings

Oil-Extracted Shells

Extraction from the Shells
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Cashew Nut Shell Liquid (CNSL)

Nut Kernels




2. What’s Cashew Benzoxazine Resin? 1[4,

% Because it uses CNSL as a raw material, the plant-derived content exceeds 60%.

% Because it undergoes self-polymerization by heat, no curing agent is required.

% It can also copolymerize with other resins, allowing it to be used as an epoxy curing agent.
% It has a high glass transition temperature, providing excellent heat resistance.

% Itis liquid at room temperature, making it easy to handle.

% Its low dielectric loss tangent makes it suitable for electronic materials.

% Its low elasticity allows improved flexibility when blended into thermosetting resins.
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3. Curing Reaction I}

Because heat causes the oxazine rings to open and generate phenolic hydroxyl
groups, it can be combined with other resins such as epoxy and maleimide.
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4. Products in Development

I
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5. Resin Properties
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Appearance Red Liquid Red Liquid Reddish-Brown Liquid
Biomass Content
(%) 75 65 64
Viscosity at 25 °C 13010 186 9150
(mPa - s)
n-Hexane, MEK, n-Hexane, MEK,
Solubilit n-Hexane, MEK, Ethyl Acetate, Ethyl Acetate,
Y Ethyl Acetate Ethanol (slightly), Butanol (slightly),
Butanol, Acetone Acetone
Average
Molecular Weight 2225, 8668 589, 704 1313, 2992
(Mn, Mw)
Gel Time at 200°C 7'42” >15min 3'40”




6. Curing Conditions d'lf?
- Time Required for Molding Completion
Temperature

CR-276 CR-507 CR-513
200°C 1hr 10hr 10min
180°C 2hr - 40min
160°C 6~7hr - 2hr
140°C - - 10hr

\

Since CR-507 has a slow reaction rate, the use of 2-ethyl-4-methylimidazole
(2E4MI) is recommended as an acceleration agent.

Time Required for Molding Completion
Temperature

CR-507 + 2E4MI (3wt%)

200°C 2~3hr
180°C 3~4hr
160°C 5~6hr



7. Properties of Cured Resin

P
IZ)

Amine
Composition CR-276 CR-507 CR-513 CR-276 CR-507+ CR5i3+ ouring
Epoxy: Epoxys Epoxys Agent +
Epoxys
Glass Transition
Temperature 167 170-192 175-188 202 223 210 201
(°C)
Temperature for
o)
5% Thermal 218 283-336 223-236 318 348 310 303
Decomposition
Under N, (°C)
Shore D 16 49 50 53 54 80 78
Hardness
Flexural Strength 108 6.9 9.3 50.0 46.3 47.9 80.0
(MPa)
Flexural Modulus 0.21 0.16 0.19 1.4 1.4 1.4 3.3
(GPa)
Dielectric 514 2.49 2.48 2.45 2.33 2.13 1.88
Constant (5GHz) ' ' ' . . . .
Dielectric Loss 0.0267 0.0170 0.0165 0.0412 0.0546 0.0832 0.0621
Tangent (5GHz)

% Bisphenol A-type epoxy resin




8. Applications IZ!

% It contributes to increasing the biomass content
when blended into various thermosetting resins.

% It can be used as a curing agent or additive for
epoxy resins.

% It can be used as electronic substrates, insulating
coatings, and encapsulants in power modules.

% It can be used as adhesives for automobiles,
electronic components, and construction materials.

% It can be used as impact-absorbing CFRP for sports
equipment and aerospace applications.
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