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Department of Coatings & Polymeric Materials
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Thermosets: high-performance polymeric materials
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Heat and flame High strength and
resistance durability
Chemical resistance Dimensional stability
Thermoset :
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Epoxy thermosets
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h A % * Diglycidyl ether of bisphenol A (DGEBA)

/\ Bisphenol A (BPA)

Key advantages Key challenges

| Processability
| Tunability
1 No volatile emissions
| Predictable performance
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Our approach

Biomass as a feedstock

Renewable and
abundant

Reduced reliance on
fossil resources.
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Single curing chemistry

Challenges in balancing
thermoset properties

Multicuring concept

Tailored network
structure and performance
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Biobased dual-cured thermosets

(o) o) CH, Soybean oil-based monomer

| (SBM)
A/O CH;3 “soft”, allyl groups

2-ethylhexyl acrylate
(2-EHA)
CH; “soft”

2-glycidoxy-5-vinylanisole
(GVA)
vanillin based , “rigid”, epoxy group

-

Q5 "-(I-Methylethylidene)bis[2-furanmethanamine] Biomass /
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Dual crosslinking mechanism

<« allyl groups

€= epoxy groups

& amine curing
agent

Autoxidative curing

Driers
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Dual-curing

(1:n) (epoxy-to-amine ratio)

Driers

@ cured allyl groups

«w cured epoxy groups

Epoxy-amine
curing
(1:n) (epoxy-to-amine ratio)
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Characterization of cured thermoset films
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Autoxidation: tan 6 > 1 — flexible,

energy-dissipating behavior

Epoxy & dual: tan 8 < 0.5 — rigid,

highly crosslinked network
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Characterization of cured thermoset films
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Characterization of cured thermoset films
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Characterization of cured thermoset films
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Characterization of cured thermoset coatings

Sample DFT, mkm MEK double rubs Pencil hardness

SEG40e 1:1 84+7 >400 2H
SEG40e 1:0.8 74+5 1Tloo H
SEG40e 1:0.6 786 145 - F

SEG40a 76+8 60 8B

SEG40d 1:1 77+3 >400 2H
SEG40d 1:0.8 754 >400 F
SEG40d 1:0.6 71%5 340 ~ B
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Characterization of cured thermoset coatings

* Autoxidation — elastomeric (low damping time)
*  Epoxy & dual — rigid (high damping time )

Autoxidation : _ 20 T ] Autoxidation
150 - [ Dual £ [ Dual
. [ Epoxy L= 16 [ Epoxy
% | ,_C‘T [
v B0
S 100- I =a
= 100 | (]
< s
= | 172
.20 | g 081
5 50- -
z "= 04
2
|
04 I 0.0
_ : -
|
|
|
|
|
|
|
1

[ Residual uncured epoxy groups contribute to ]
enhanced adhesion strength.
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Characterization of cured thermoset coatings
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Sample Conical mandrel
SEG40e 1:1 Cracked
SEG40¢ 1:0.8 Cracked
SEG40¢ 1:0.6 Cracked
SEG40a Did not crack
SEG40d 1:1 Cracked
SEG40d 1:0.8 Cracked
SEG40d 1:0.6 Cracked
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Conclusions

TN “  High allylic functionality, combined with controlled variation of
epoxy-amine stoichiometry, enables effective tuning of network

%é structure and thermomechanical properties of dual-cured thermosets.
Storage modulus, E’ at 0 °C MEK double rubs
Autoxidation ~1300 MPa At datio 60
Epoxy—amine 1310 — 2340 MPa
Epoxy—amine 145 — 400
Dual curing 2030 — 3030 MPa
Dual curing 340 — 400

Optimized epoxy:amine ratio (1:0.8) 3030 MPa
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