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The need to improve sustainability in the shipping
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INTRODUCTION

Fouling release silicone-based coatings

Fouling release coatings - crosslinking process

Comp A: binder + additives

‘ Comp B: curing agent

@ Comp C: catalyst

Ecotoxicology and Environmental Safety 98 (2013) 250-256

Contents lists available at ScienceDirect

ECOTOXICOLOGY
H ENVIHOI\NS‘E\NTAL

Ecotoxicology and Environmental Safety

ELSEVIER journal homepage: www.elsevier.com/locate/ecoenv

An ecotoxicological study on tin- and bismuth-catalysed PDMS based @Cmm
coatings containing a surface-active polymer

Carlo Pretti **, Matteo Oliva“, Elvira Mennillo“, Martina Barbaglia®, Marco Funel ™',
Bhaskar Reddy Yasani®™', Elisa Martinelli®, Giancarlo Galli®

2 Dipartimento di Scienze Veterinarie, Universita di Pisa, 56126 Pisa, italy
b Dipartimento di Chimica e Chimica Industriale and UdR Pisa INSTM, Universita di Pisa, 56126 Pisa, Italy

5. Conclusions

Bismuth neodecanoate was an effective catalyst for the condensa-
tion curing of PDMS coatings that exhibited no toxicity against
V. fischeri, D. tertiolecta, A. salina and S. aurata, while dibutyltin
diacetate, even if effective catalyst, showed toxicity toward V. fischeri
and A. salina.

This encourages further exploitation of this catalyst and sug-
gests that it may represent an eco-sustainable alternative to
dibutyltin diacetate for the preparation of PDMS coatings incor-
porating a surface-active polymer to combat marine biofouling.

Pretti C, Oliva M, Mennillo E, Barbaglia M, Funel M, Yasani BR, et al. Ecotoxicol Environ Saf. 2013,98:250-6.
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INTRODUCTION

Regulatory landscape

ECHA

Annex XVII of REACH specifically restricts the use of
hazardous substances.

Entry 20 targets organotin compounds.
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"ECHA

EUROFPEAN CHEMICALS AGEMCY

ANNEX XVII TO REACH - Conditions of restriction

Restrictions on the manufacture, placing on the market and use of certain dangerous
substances, mixtures and articles

Entry 20

Organostannic compounds

Conditions of restriction

1. Shall not be placed on the market, or used, as substances or in mixtures where the
substance or mixture is acting as biocide in free association paint.

2. Shall not be placed on the market, or used, as substances or in mixtures where the
substance or mixture acts as biocide to prevent the fouling by micro-organisms, plants or
animals of:

(a) all craft irrespective of their length intended for use in marine, coastal, estuarine
and inland waterways and lakes;

(b) cages, floats, nets and any other appliances or equipment used for fish or shellfish
farming;

(c) any totally or partly submerged appliance or equipment.

3. Shall not be placed on the market, or used, as substances or in mixtures where the
substance or mixture is intended for use in the treatment of industrial waters.




WORKFLOW

Strategy for tin catalyst replacement

Approaches to eliminate tin catalyst Catalyst screening workflow

1. Modify binder technology

2. Explore alternative crosslinkers Initial pool
3. Evaluate catalyst options _ .
= Organic catalysts Primary screening
e.g., aminosilane, amidine, guanidine
= Metal-based catalysts Secondary screening
e.g., Bi-based, Zn-based, or other metal
systems Ad q _
= Catalyst mixtures vanced testing

Explore synergistic effects of combined =
catalysts e
candidate
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LAB TEST RESULTS @JOTUN
Hazard comparison of different catalysts

O/ b

Warning/Danger e Toxicity Sensitization Repro/Mutagen/  Environmental Corrosiveness

Catalyst Organ Toxicity Hazard

Bismuth

neodecanoate - - o ¢ ¢ @
Cerium

neodecanoate - - 1 & - @
Potassium ¢ ¢

neodecanoate - - ¢ N
Zinc neodecanoate @ & . . . w
Amidine @ . . @ . @
Aminosilane o 5 ® ¢ . ®
Dibutyltin

diacetate/Dibutyltin o . o ® @ @
dilaurate

Legend: @ Low/No hazard € Moderate hazard @ High hazard
Disclaimer: Commercial metal neodecanoates may contain neodecanoic acid.
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LAB TEST RESULTS @JOTUN
Comparative evaluation of catalyst systems

=—@— Organic (amidine, aminosilanes) ==@==Tin-free Metal-based (Bi, Zn, Ce)
Mixture (organic + tin-free metal) ==@==Tin-based (DBTDL, DBTDA)

Catalytic Efficiency

« The mixture catalyst (organic + tin-free
metal) offers the most balanced
performance across all five criteria.

Cost 3 Curing Temperature Range

« It effectively combines the strengths of
organic and tin-free metal-based catalysts,
making it the most promising candidate for
applications requiring both performance and
sustainability. —

~ 1
Humidity Sensitivity “Pot-life Suitability

1 Very Poor - performs poorly; ineffective, unstable, or problematic.
2 Poor - below average; limited use with significant drawbacks.
3 Moderate - acceptable; suitable but not optimal.
4 Good - strong performance; reliable with few limitations.
International Antifouling Conference 2025, 10-11t September 2025 5 Excellent - optimal; highly effective, safe, and preferred. 8



IN-SERVICE TEST RESULTS
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Performance of tin-free coatings in static exposure

8 months static exposure in Singapore
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Bismuth/organic- Zinc/organic- Cerium/organic- Lithium/organic-

Tin- I
I-9EsEE CEER! based catalyst based catalyst based catalyst based catalyst

Organic catalyst
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IN-SERVICE TEST RESULTS
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Long term static performance

mns-zu

12 months 24 months 36 months
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Coating with tin- | Coating with tin-free Coating with tin- | Coating with tin-free Coating with tin- | Coating with tin-free
based catalyst catalyst based catalyst catalyst based catalyst catalyst
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IN-SERVICE TEST RESULTS

In-service performance

Trading Area

0 95 100
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IN-SERVICE TEST RESULTS

In-service performance

Test Patch 2 (TP-2) - Overview Test Patch 5 (TP-5) - Overview
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Summary

* Organotin-free catalysts especially the mixture of
organic and metal-based catalysts have
demonstrated:

— Effective curing performance
—Maintenance of good coating properties

— Effective against fouling

« Tin-based catalysts present significantly higher toxicity
hazards compared to other commercially available metal-
based or organic catalysts.

* Thorough evaluation of potential risks is essential prior to
catalyst selection and use.

International Antifouling Conference 2025, 10-11t September 2025
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