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New coatings made from renewable raw materials: Itaconic acid-based 
polymers with self-healing and switchable properties

IP Heilung

Charlotte Fischer von Mollard,a
Dr. Stefan Zechel,a Dr. Martin D. Hager,a
Dr. Burkhardt Pössel-Schmid,b
Dr. Martin Schreiber,c Frank Kamphuis,c

a Laboratory of Organic and Macromolecular Chemistry (IOMC)
Friedrich-Schiller-Universität Jena

b ACTEGA DS GmbH, Bremen
c ACTEGA Terra GmbH, Lehrte



schubert-group.de, jcsm.uni-jena.de 2

https://www.ppcoatings.co.uk/wp-content/uploads/2016/06/Coating-Failure-Defects.pdf

Motivation

Abrasion Cracking Delamination

Impact damage Stress cracking

Many ways for coating failure!
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Fiction or reality?

Future?Past

wikipedia.org

giantfreakinrobot.com
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Zooillogix on scienceblogs.com 

Nature
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B. J. Blaiszik et al., Annu. Rev. Mater. Res. 2010, 40, 179-211
www.titantapes.com; www.engr.sjsu.edu

Self-healing polymers

Intrinsic

Reversible covalent and
non-covalent interactions
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Targeted application: Packaging

Paper
Primer
Printing
Coating
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J. Meurer, J. Hniopek, J. Dahlke, M. Schmitt, J. Popp, S. Zechel, M. D. Hager, Macromol. Rapid Commun. 2021, 42, 2000636.
https://www.plantura.garden/gemuese/mais/mais-pflanzen

Starting point

Itaconic acid

Itaconic acid 
based polymerItaconic acid based ionomer

Bio-based ionomer with 
self-healing abilities
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Counter ion Bio-based ionomers Comonomers

Our aims

Understanding

Structure property-relationship

Using

Replacement of coating systems
based on fossil fuels
(styrene-acrylate)

Applications

Switchable coating (blister coating)
Self-healing
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Emulsion polymerization

R1 = Ethyl (DEI)
R1 = Butyl(DBI)

R2 = Butyl(MBI)
R2 = Dodecyl (MDI)

Initiators: K2S2O8:

Initiators: ACPA: 4,4'-Azobis(4-cyanopentanoic acid)

Initiators: VA-044: 2,2'-Azobis[2-(2-imidazolin-2-yl)propane] dihydrochloride
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Emulsion polymerization

R1 = Ethyl (DEI)
R1 = Butyl(DBI)

R2 = Butyl(MBI)
R2 = Dodecyl (MDI)

Successful synthesis
Yield could be improved from below 10% 
to almost complete monomer conversion

But poor film formation
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Figure adapted from Münzing PCA 10/2011 (TAFIGEL® PUR und TAFIGEL® AP)

Mechanism of rheology modifiers
HASE
Hydrophobically modified 
alkali swellable acrylate

HEUR
Hydrophobically modified 
ethoxylated polyurethane
Polyamide
modified urea

Swelling and thickening 
without interaction 
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Rheology measurements of emulsions with 1% Rheobyk-7420 CA 
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 IN-245
 IN-375
 IN-385
 DBI+MBI 1% Rheobyk-7420 CA 
 DEI+MBI 1% Rheobyk-7420 CA
 DEI+MBI

DEI+MBI
Rheobyk-7420 CA (1%)

DBI+MBI
Rheobyk-7420 CA (1%)

Dispersion 1
Dispersion 2
Dispersion 3
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Film thickness: wet film

Coatings of emulsions with 1% Rheobyk-7420 CA: Self-healing in more detail

P1 P2
5 µm                        10 µm                    5 µm                         10 µm

Scratch Scratch after healing at
100 °C for 20 minutes

P1 P2
5 µm                        10 µm                    5 µm                         10 µm
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https://www.presschem.com/chemical-process-development-services/chemical-engineering-specialization/free-radical-
and-emulsion-polymerization/

Application & next steps
• Application tests: 

• Self-healing properties
• Printing on coatings
• Blister coatings
• Barrier coatings
• Recycling of coated paper

Industrial                Self-healing
reference coating

Upscaling

OR2

O

OR1

O

OR1O OHO

n m
Application tests
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Conclusion

• Polyitaconates can be used for self-healing coatings
• Polyitaconates can be prepared successfully via an emulsion polymerization
• Rheology additives were successfully utilized to increase the viscosity of the

polymer dispersions
• Promising rheology additive identified - Rheobyk-7420 CA
• Dispersions with rheology additive resulted in good films
• Films obtained via the dispersions still show self-healing ability

(comparable examples are scarce in literature)
• Conversion of the polymerization is higher than 99%
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