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biomass as raw 
materials for monomers 

(no biorefinery)

green 
polymerization 

routes

- biodegradability

- recyclability or 
reprocessability of 

thermosets

bulk, hydrothermal, 
aqueous (latex), …

High performance polymers
Surfaces (coatings, adhesives, membranes, …)

Biomedical applications (with MERLN)
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Current linear, petroleum based economy
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ChemSusChem 2021, 14(19), p. 4041-4070, DOI: 10.1002/cssc.202100400
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Towards a circular economy

transforming the current European 
economy into one that is sustainable, 
climate neutral, and circular by 2050

https://www.gfa-group.de/news/GFA_NEWSLETTER_02_2022_4007306.html
https://www.dnaedgep.com/en/%E3%80%90da-knowledge-hub%E3%80%91what-is-the-role-of-bio-based-materials-in-a-circular-economy/



Goal 
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biobased economy circular economy

sustainable polymer thermoset materials



Goal 
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biobased economy circular economy

recyclable 3D printed objects

sustainable polymer thermoset materials



8https://www.tk-
toka.co.jp/english/product/jushi/dimerized_fatty_acid_based_thermoplastic_resin/det
ail/polyamide.html

HARD 
SEGMENT

SOFT SEGMENT

Biobased economy

fractionation

oligomer

monomer



Circular economy
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Thermosets Thermoplastics

+ mechanical properties
+ insoluble

- permanent shape
- no processing possible

+ malleable and processable
+ recycling

- creep
- solvent resistance



Circular economy
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C

covalent adaptable networks

Polymers 2020, 12



Circular economy
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Polymers 2020, 12

dissociative

associative



Challenge
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acrylic thermosets
• good mechanical performance

• thermal stability
• solvent resistance  

h or T

liquid solid

chain-growth
radical polymerization
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Challenge
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acrylic thermosets

h or T

liquid solid

BUT
• from fossil resources

• not recyclable, 
resulting in disposal in landfills or incineration of waste

chain-growth
radical polymerization



Reversible imine CANs
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associative

associative

dissociative



CAN synthesis

16ACS Appl. Mater. Interfaces 2023, 15, 27110−27119

UV curing

Tg = 63 – 76 °C
gel content 98+ %

0-10  wt%

20 wt%



Viscosity of ink formulations
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Stress relaxation
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(Tg=76 °C)



Reprocessability
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Original object

150 °C



Reprocessability – mechanical properties

21

0 1 2 3 4 5 6 7 8 9
0

5

10

15

20

25

30

35

40

E
n
g
in

e
e
ri

n
g
 s

tr
e

s
s
 (

M
P

a
)

Engineering strain (%)

 Pristine

 1st recycle

 2nd recycle

 3rd recycle

CROSS-5

Print 1st recycle 2nd recycle 3rd recycle

0

200

400

600

800

1000

1200

1400

1600

1800

Y
o
u
n

g
's

 m
o
d

u
lu

s
 (

M
P

a
)

 CROSS-0

 CROSS-5

 CROSS-10

Pristine



Application potential
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3D photoprinting
200 °C, 10 min200 °C, 10 min



Conclusions

• New biobased and recyclable resins prepared for UV curable 3D printing

• Imine CANs render polymethacrylate networks recyclable
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