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BioCoating research at Sirris

• CASE 1: Bio-based acrylates under UV curing

• CASE 2: Bio-based epoxy under thermal curing

• CASE 3: Improving performance with bio-based fillers

Illustration on processing and properties of bio-based relatively to fossil-based coatings

= opportunities and functionalities for bio-based coatings

• Collective research and development projects (VLAIO – COOCK)

• Composition with bio-based ingredients

• Processing and application conditions 

• Bio-based barrier coatings for paper packaging

• Bio-based anti-microbial coatings for high-traffic surfaces

• Performance of bio-based versus fossil-based coatings: 

mechanical properties, weathering, water repellence, durability, lifetime
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Wood Coating and UV Curing Conditions
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High curing speed 
increased production: UV 

coating cure in a matter of 

seconds, rather than 

minutes or hours

Fast start-up and shut-down
no energy or time lost for oven to come to 

temperature, no standby-mode needed;
Lower energy cost

compared to the heat 

generated by gas fir or electric 

ovens in some conventional 

coatings

Economic factory space 

no space is taken up when drying

Ease of use 
one pack system, no pot life for the lacquer 

when it is stored away from the UV light, 

constant viscosity and no need to clean the 

application machinery

Environmental benefits 
• Reduction in atmospheric pollution of exhaust by-products (except ozone)

• No airborne contaminations of the coatings
• Volatilization of solvents used in the conventional solvents (100% solid, no VOC).

• Disposal of lacquer waste eliminated

Control of coating properties
crosslinking depending on selection of

monomers and oligomers

Improved productivity

Compatibility
can be used on temperature-sensitive

substrates (wood and plastic).

Wood substrates

• Stability (swelling/shrinkage): moisture and drying; 100% solids

• Composition (extractives, density, porosity)

• Good interface adhesion (elasticity, flexibility, small schrinkage)
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Case 1  : Bio-based Acrylate Coatings

• Oligomer (prepolymerized acrylate)

• Monomers (diluent)

Basic film forming properties: hardness, chemical resistance, flexibility, toughness, abrasion 

resistance, adhesion, weathering

Processing and performance: viscosity reduction, flexibility (mono-functional), crosslinking

(multifunc-tional), curing speed

• No bio-based acrylic acid

• Bio-based content in side-chain apart from the functional group: 

hemicellulose-based, lignoscellulosic, vegetable oil…

(e.g. acrylated vegetable oils, itaconic acid based)

• Photo-initiator

Bar coating (manual wire rod)

Wet coating thickness 70 µm

Substrates: softwood (beech), hardwood (pine), 

Belt speed 7 m/min

Number of crosslinking steps

Mercury lamp UV intensity 60 to 220 mW/m2

P. Samyn et al., Express Polymer Letters 16 (2022), 718-724
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60 W/cm

220 W/cm

BO + BM3.0 BO + FM3.0

Relationship between intrinsic mechanical

properties and abrasive wear resistance

bio-based (○ 60 W/cm, D 220 W/cm) 

fossil-based (● 60 W/cm, ▲ 220 W/cm)

Lubricity

Case 1  : Bio-based Acrylate Coatings

P. Samyn et al., Materials Today Communications 32 (2022), 104002, 

Lubricating properties of residual

Monomer fraction in the composition
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Effect of monomer

Effect of oligomer

• Better performance for bio-based

• Rather overlap at low functionality (Tg)

• Comparable results for both substrates

• Better performance for bio-based

• Strongly depending on functionality

• Bio-based best at high functionality
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Number of revolutions

Number of revolutions

BO + BM1.1
Abrasive wear track analysis

FO + FM1.2BO + BM1.2

BO + BM3.0 BO + FM3.0

Case 1  : Bio-based Acrylate Coatings

P. Samyn et al., Materials Today Communications 32 (2022), 104002, 
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Case 2  : Bio-based Epoxy Coatings
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Case 2  : Bio-based Epoxy Coatings

Cashew nut shell liquid
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High reactivity 

Fast cure

Ambient 

temperature

Adhesion

Water and moisture resistance, 

hydrophobicity

Viscosity control

Higher flexibility reduced brittleness

Surface tension

Wetting properties

Thermal and fire 

resistance

Chemical resistance

Cardanol as the main ingredient of CNSL

Phenalkamine (PK)

Mannich reaction

(amine + formaldehyde)

Epoxy curing agent

High crosslink density depending on amine value

Cardanol

+

Case 2  : Bio-based Epoxy Coatings
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Case 2  : Bio-based Epoxy Coatings

P. Samyn et al., Molecules 28 (2023), 4259.
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VLAIO-COOCK Project AddBio : 2024-2026

• Roadmap for pretreatment of bio-additives

• Characterization techniques for physical and chemical 

properties

• Coating formulation and properties

High variability in composition, physical properties, purity, chemical 

properties, compatibility, …

2 research institutes, 17 companies

Case 3  : Converting Residual Biomass Streams
into functional coating additives with reproducible properties
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From filler to functional Bio-Additives

• Anti-cracking

• Compatibilizers

• UV protection

• Anti-sagging

• Surfactant

• Anti-tacking

• Opacifier

Dampening

Biochar

Brewer Spent Grain

Intrinsic Properties and Synergystic Effects
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• One-by-one replacement (drop-in solutions) do not result in best performance

• Increasing availability of bio-based building blocks, however, recently rather stagnating 

• Rethinking of a coating formulation based on bio-based components

• Optimization of processing conditions according to the requirements of the end-user

• Access to toolbox of different coatings ingredients, to be selected from industrially available grades

• Valorization of under-utilized resources or residuals into higher value applications

Opportunities

Challenges • Long-term degradation in presence of water

• Economic competitiveness should balance against better performance

• Availability of new bio-based feedstock (e.g., algae, chitin/chitosan, nanocellulose, …)

• Need of development time

Conclusion
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https://www.linkedin.com/in/psamyn/

pieter.samyn@sirris.be

www.sirris.be

Pieter Samyn, Senior Engineer Circular Economy and Renewable Materials

https://www.linkedin.com/company/sirris/
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