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resistance. In addition, bio-adhesion could promote trans-regional biological invasion. In order to reduce the damage from
biofouling, anti-fouling coatings are regarded as one of the easiest and most economical ways to combat biofouling, which are
widely used in ships, offshore wind power, offshore oil platforms, and other fields. Traditional anti-fouling coatings have some
limitations such as short service periods, biological toxicity, and microplastic pollution, failing to meet the requirements of
practical applications. Therefore, it has become a hotspot to develop a series of new-type marine anti-fouling coatings
characterized by high efficiency, broad spectrum and environmental protectivity.

In this work, the latest advance on marine anti-fouling coatings as well as their anti-biofouling mechanisms and preparation
strategies were summarized. Firstly, the bio-adhesion and metabolite-corrosion processes of marine organisms/microbes on the
surface of metal substrates were briefly described, including four stages: surface conditioning, biofilm formation, algal and
larval attachment, and microorganism colonization. There were two anti-kind of fouling mechanisms. The physical anti-fouling
was conducted through the adhesion inhibition of biological fouling on the surface of materials, and the chemical anti-fouling
was through releasing anti-fouling agents or active oxygen to kill microorganisms.

Furthermore, the preparation strategies of marine anti-fouling coatings could be divided into two categories: synergistic
anti-fouling and bionic anti-fouling. Specifically, synergistic anti-fouling strategies contained the application of anti-fouling
agents to improve broad-spectrum antibacterial properties. Moreover, the stimulus of electric, thermal, magnetic, and other
external field interventions could synergistically strengthen the anti-fouling properties of coatings. In contrast, the bionic
anti-fouling strategy was to construct micro-nano patterns on the surface of materials in a natural way, endowing the coatings
with super-wettability, super-lubricative, dynamic self-polishing, and other bionic properties, thus hindering the adhesion of
microorganism through forming a blocking layer like air cushion or hydration layer, to realize efficient anti-fouling capability. In
addition, natural anti-fouling agents or their synthetic derivatives could also be incorporated into marine coatings to reduce their

toxicity on ecological environments. Finally, it is prospected that a deep investigation on the anti-fouling mechanism would
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further propose new development of anti-fouling coatings for marine engineering.

KEY WORDS: biofouling mechanism; anti-fouling coatings; external stimulus; bionic sterilization
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Tab.1 Application of some natural anti-fouling agentsin anti-fouling field

Antifouling gent Anti-fouling efficiency

Use and Advantage

Coumarin .. .
conditions, algae cover is lower

Terpene with
sugar!"™ EC50=0.088 pg/mL

[74] Escherichia coli 98.17% Under light

Antifouling activity to barnacle larvae,

Has effects on both bacteria and algae and can
respond to fluorescence synergistic anti-fouling

Antifungal and cytotoxic, non-toxic to barnacles

Capsaicine[70'76]

Piperine[m

Carvacroll™

Cinnamyl
aldehydel™

Glycine betaine!®

Bacillus subtilis
protease[gl]

Halogenated
furanone!®

The antibacterial properties against
P.aeruginosa are 96.91%

Exhibits high resistance to barnacle
sedimentation, EC5p=1.1 + 0.3 pg/mL

Escherichia coli and Staphylococcus aureus
decreased by 65%~80% and 60%~75%

Has good antibacterial performance against
MRSA and its biofilms

It has 99.9% inhibition on the growth of
staphylococcus

Effectively reduced the settlement and
adhesion strength of zoospores of Ulva and
Navicula cells

Strongly inhibits barnacle larvae and algae
spores.ECsy<25 ng/cm’

The adhesion of anemone to the base was inhibited
obviously. Do not to break the chain of Marine life

Non-poisonous. Anti-sedimentation is reversible,
barnacles can perform a normal metamorphosis

It has the strongest bactericidal effect at 37 C and
can reduce biofilm formation

The application of liposomes further improves the
stability of antibacterial drugs and prolongs the
action time

Hydrolysis is controllable and after hydrolysis
coating still, maintain amphoteric

High efficiency Antifouling ability increased with the
increase of enzyme surface concentration and
activity

The growth of the marine bacterium SW§ was
inhibited more strongly than by the common
antibiotic gentamicin
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