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Ant i fou l ing  co at ings  are 
acknowledged to make a 
significant contribution to the 

operational efficiency of marine vessels, 
helping to maintain a foul-free and 
consequently a smooth underwater hull. 
These coatings can also deliver further 
benefits such as extending dry dock 
intervals and improving the reputation of 
the shipping industry via a reduction in 
emissions (via reduced fuel consumption). 
They also play an important role in 
preventing the translocation of invasive 
species, currently a major concern of  
the IMO.

Such coatings work by the release 
of active ingredients (biocides) from a 
polymer system deterring the settlement 
of fouling species which cause an increase 
in the roughness of the underwater hull 
and hence an increase in the frictional 
resistance of the hull. This means that to 
maintain a specific vessel speed there will 
be a requirement for an increase in power 
and hence an increase in fuel consumption 
and subsequent emissions.

Frictional resistance is essentially caused 
by the hull ‘rubbing’ against the water 
it is moving through and there are two 
main causes of roughness on vessel hulls: 
physical roughness caused by mechanical 

damage, coatings cracking, detachment 
and corrosion; and biological roughness 
caused by fouling.

The fouling problem
There are approximately 5,000 different 
fouling species found in the world’s seas 
and oceans and these can be classified as 
either: micro fouling (slime fouling); or 
macro fouling (weed and animal fouling).

Slime fouling is always present to some 
extent on immersed surfaces, and whilst it is 
not a source of invasive species, it still has an 
impact on the performance of a ship’s hull. 
The actual effect is not commonly agreed 
within the industry and values from a few 
percent up to 19% are quoted. Weed and 
particularly animal fouling (the major source 
of invasive species) has the greatest effect on 
ship performance. Examples of the adverse 
effects of fouling on ship performance is 
shown below in Table 1.

Controlling fouling on ships has been a 
requirement since water has been used as a 
means of transport. Historically, ‘biocides’ 
such as mercury, arsenic, lead, pitch/tar and 
copper were used to prevent the build-up of 
fouling. One famous use of fouling control 
occurred at the Battle of Trafalgar, where, in 
October 1805, the British fleet used copper 
cladding which controlled fouling and gave 

them much more manoeuvrability than 
their French counterparts.

In the 1970s tributyltin (TBT) was 
introduced; tributyl tin oxide (TBTO) was 
a well-known biocide, but expensive and 
the target was to bind TBTO to an acrylic 
polymer to make paints last longer and 
more cost effective. The innovation was a 
hydrolysing polymer which released TBTO 
and polished away itself – Self Polishing 
Copolymers (SPC) were born. However, 
negative effects on non-target organisms 
ultimately led to TBT being banned under 
the IMO AFS Convention in 2008.

Modern day biocidal 
antifouling coatings
Today, there are two main technology 
types of TBT-free antifouling technologies 
available:
· Self-polishing copolymers (SPC): 

commercially available types include, 
silyl acrylate, silyl methacrylate, metal 
(copper or zinc) acrylate. SPC antifoulings 
generally deliver the highest performance 
of the biocidal options.

· Rosin-based controlled depletion 
polymers (CDP), generally acknowledged 
as delivering entry-level performance at a 
lower cost base than SPC.

Blending of these two technologies by 
paint suppliers is common and these coatings 
are often termed ‘hybrid’ or self-polishing; 
they are designed to give intermediate 
performance at an intermediate cost base. 
However, this is a very complex sector with 
a wide range of products from all coating 
suppliers and the boundaries can become 
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The development of copper-free 
antifouling coatings

Hull condition Additional shaft power 
to sustain speed (%)

Freshly applied coating 0  (Baseline)

Deteriorated coating or thin slime 9

Heavy slime 19

Small calcareous fouling or 

macroalgae

33

Medium calcareous fouling 52

Heavy calcareous fouling 84

Table 1: Roughness 
and Fouling 
Penalties – 
Adapted from 
Schultz, 2007(1)

(1) Schultz, Michael P. (2007) Effects of coating 
roughness and biofouling on ship resistance 
and powering, Biofouling, 23:5, 331-341, 
DOI: 10.1080/08927010701461974
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blurred between CDP and SPC technology.
The alternative option is foul release 

coatings (FRC), typically based on a 
silicone matrix; these products are 
characterised by their low surface energy 
and elastomeric nature which prevents 
fouling attachment. However, FRCs are 
generally more suitable for high activity, 
faster vessels although recently developed 
products claim improved performance 
at lower speeds. The application process 
for silicone based coatings can also be 
challenging due to the need for masking 
to protect surrounding areas from 
contamination and the use of dedicated 
application equipment which add time 
and cost to the operation. 

As a result, biocidal anti-fouling 
technology currently still accounts for 
around 90-95% of the fouling control 
coating market but there is increasing 
pressure to reduce the use of biocides. The 
European Union (EU) currently has the 

most stringent requirements when it comes 
to the application of biocidal coatings via 
the EU Biocidal Products Regulation 

(BPR). Signatories to the International 
Convention on the Control of Harmful 
Anti-fouling Systems in Ships (AFS 

Antifouling application
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Convention) have also recently agreed to 
banning the use of the biocide cybutryne 
(Irgarol) from 2021.

Cuprous oxide
Today there are only a handful of main 
biocides that can be used in the formulation 
of an antifouling coating and the most 
commonly used biocide is cuprous oxide, 
typically used in >90% of all biocidal 
antifouling coatings. 

Cuprous oxide provides a broad 
spectrum of activity against many 
fouling species, particularly animal 
fouling. Studies carried out at the Woods 
Hole Institute in 1950s showed that a 
copper release rate of 10µg/cm2/day was 
effective at deterring barnacle settlement. 
In addition to cuprous oxide, the vast 
majority of commercial CDP and SPC 
formulations also contain organic or 
organometallic biocides to maintain 
effectiveness across the entire range of 
fouling organisms.

Copper-free antifouling
Increasing concerns over the accumulation 
of heavy metals in the environment have 
prompted regulators in some locations 
to set copper release rate limits as part 
of the registration process for coatings. 
For example, in California the maximum 
allowed copper release rate is 9.5µg/cm2/day. 
In Washington, a ban on the use of copper 
based antifouling’s on recreational craft is 
being discussed.

As a result of this pressure, considerable 
research has gone into the development of 
effective copper-free antifouling’s. 

There are many obstacles to be overcome 
in new product development and copper-
free presents two major hurdles and many 
smaller ones, for the formulating chemist. 

The first is to identify an alternative 
biocide that is:
· As effective as copper against animal 

fouling;
· Cost effective and;
· Globally registered.

At the present time, there are two 
commercially available materials 
that display anti-animal properties – 
medetomidine (Selektope) and tralopyril 
(Econea). Both have been incorporated 
into commercial deep sea antifouling’s, 

but they are often used in combination 
with cuprous oxide rather than as a full 
replacement.

In formulations where cuprous oxide has 
been removed, the levels of other biocides 
have been significantly increased in order 
to be sufficiently effective, which brings 
additional potential health and safety 
issues due to the higher concentrations. It 
is possible therefore that new biocides may 
have to be developed before successful true 
globally available copper-free antifouling’s 
can be formulated.

Formulating challenges
The second challenge for the chemist 
is uncovering the rules that govern 
formulating with new technology. Any 
new paint must have the required physical 
properties in the can and for application 
to the ship’s hull. The dry film must also 
deliver the desired antifouling performance 
in service.

Cuprous oxide has a specific gravity (SG) 
of 6.0 and can make up almost 40% by weight 
of the liquid paint. Any replacement biocide 
is likely to have a significantly lower SG and 
the amount required to be effective in the dry 
film will be different to that of cuprous oxide. 
From this, it can be seen that a copper-free 
formulation will be considerably different to 
one containing copper.

Some of the properties of the liquid paint 
that may require adjustment are viscosity, 
Volatile Organic Compounds (VOC), 
hold up, in can stability and drying times. 
Mechanical properties of the film may be 
affected such as resistance to cold flow, an 
effect caused by flooding the dry dock too 
soon after application before the solvent 
has fully evaporated from the film. The bulk 
film then is subject to viscous flow when 
a continuous sheer stress is applied to the 

surface, i.e. when the vessels sails. New tie 
coats, which exist to ensure the antifouling 
adheres to the underlying anti-corrosive, 
may have to be developed. Within the 
formulation, the levels of additives required 
for storage stability, hold up and pigment 
dispersion will have to be adjusted. 
Critically, in the dry film the weight and 
volume ratios of the various components 
will have to be optimised to ensure the 
desired performance is achieved.

Ultimately, in addition to new biocides, 
new resin systems may be needed to 
produce viable, globally available, copper-
free antifouling formulations that perform 
to the desired level in service. 

New product development 
and collaboration
New product development is by its nature 
an iterative process. Experiments and 
testing develop the understanding of the 
interactions in a formulation because 
prediction is not possible in such a complex 
mixture. Most commonly, a very practical 
trial and error approach is adopted, using 
experimental design to minimise the 
number of experiments carried out, in 
combination with an extensive field and 
vessel trials programme. Timescales will 
inevitably be long, possibly 5-10 years 
assuming the materials are available, and 
will be longer if new biocides are found to 
be needed.

To convince shipowners and operators, 
new antifouling coatings must be proven in 
a range different environmental conditions 
over a significant period of time (typically 
>three years) on multiple test patches 
and full vessel applications. The cost of 
an antifouling failure to a shipowner is 
significant and they are very reluctant to use 
unproven technology.

Shipowners and operators will however 
continue to be under ever increasing 
pressure to control costs and to comply 
with emissions to air and sea. To meet 
these targets, they must rely on antifouling 
coatings that are compliant with national 
and international regulations.

Therefore, collaboration between 
shipowners/operators, regulators, coating 
suppliers and other industry bodies will be 
critical in helping bring new copper free 
antifouling products to the market in a 
timely and efficient manner. NA
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Heavy barnacle fouling


