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MarineOutfittings Prof.Dr.YousriWelaya

Corrosion Control and Paint Systems

Corrosion is the wasting of metals by chemical or
electrochemical reactions with their environment. Iron and steel
corrode in an attempt to regain their oxide form which is in a
balanced state with the earths atmosphere. This oxidizing or
rusting as it is commonly termed, will take place whenever steel is
exposed to oxygen and moisture.

Many different types of destructive attack can occur to
structures, ships and other equipment used in sea water service.
The term 'aqueous corrosion' describes the majority of the most
troublesome problems encountered in contact with sea water, but
atmospheric corrosion of metals exposed on or near coastlines, and
hot salt corrosion in engines operating at sea or taking in
salt-laden air are equally problematical and like aqueous corrosion
require a systematic approach to eliminate or manage them.

Types of Marine Corrosion

1. Electrochemical Corrosion

Iron left out in the rain results in a specific kind of
corrosion. Its called an electrochemical reaction, meaning there is
an electrical change. For two iron atoms to really interlock with
three oxygen atoms and make iron, they have to share some
electrons, which releases a few electrons. Since electricity is
just a flow of electrons, those free electrons become a little bit
of electricity when the chemical change takes place.

The same scenario applies to aluminum and aluminum oxide. Those
are the deep, dark secrets of corrosion as they apply to metals.
Another example is a steel plate carrying broken millscale in sea
water or corrosion currents flowing between areas of well painted
and areas of defective paintwork. Those are also the basics of an
electrochemical reaction, which is known as galvanic corrosion. All
galvanic corrosion is an electrical reaction. Not all
electrochemical reactions, however, are galvanic corrosion.
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Some metals appear twice because they are capable of having both
a passive and an active state. A metal is said to be passive due to
the formation of a current barrier on the metal surface, usually in
the form of an oxide film. This thin protective film forms, and a
change in the overall potential of the metal occurs when a critical
current density is exceeded at the anodes of the local corrosion
cells on the metal surface.

The noble metal will tend to take electrons from the active one,
while the electrolyte hosts a flow of ions in the same direction.
The flow of electrons between the corroding anodes and the
non-corroding cathodes forms the corrosion current.

The following remarks should be taken into consideration:

New steel is anodic to old steel. Brightly cut surfaces (e.g.,
pipe threads are anodic to uncut surfaces. Steel is anodic to its
surface mill scale. Highly stressed areas (e.g., pipe bends) are
anodic to less stressed areas.

Among the more common bimetallic corrosion cell problems in ship
hulls are those formed by the mild steel hull with the bronze or
nickel alloy propeller. Also above the waterline problems exist
with the attachment of bronze and aluminum alloy fittings. Where
aluminum superstructures are introduced, the attachment to the
steel hull and the fitting of steel equipment to the superstructure
require special attention. This problem is overcome by insulating
the two metals and preventing the ingress of water as illustrated
below:

A further development is the use of explosion-bonded
aluminum/steel joints. These joints are free of any crevices, The
exposed aluminum to steel interface is readily protected by
paint.
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3. Erosion-Corrosion

Erosion is essentially a mechanical action but it is associated
with electro-chemical corrosion in producing two forms of metal
deterioration:

a- Impingement Attack, the action is mainly electro-chemical but
it is initiated by erosion. Air bubbles entrained in the flow of
water (particularly turbulent flow) and striking a metal surface
may erode away any protective film that may be present locally. The
eroded surface becomes anodic to the surrounding surface and
corrosion occurs. Sea water discharges from the hull are a
particular case, the effects being worse if warm water is
discharged.

b- Cavitation Damage. If the local pressure drops below that of
the absolute vapour pressure. Vapour cavities, that is areas of
partial vacuum, are formed locally, but when the pressure increases
clear of this region the vapour cavities collapse or implode. This
collapse occurs with the release of considerable energy, and if it
occurs adjacent to metal surface damage results. The damage is in
the form of pitting which is thought to be due to the effects of
the mechanical damage. However, It is also considered that
electro-chemical action may play some part in the damage after the
initial erosion.

4. Crevice Corrosion

Crevice or contact corrosion is the corrosion produced at the
region of contact of metals with metals or metals with nonmetals.
It may occur at washers, under barnacles, at sand grains, under
applied protective films, and at pockets formed by threaded joints.
Contact or crevice corrosion occurs when surfaces of metals are
used in contact with each other or with other materials and the
surfaces are wetted by the corrosive medium or when a crack or
crevice is permitted to exist in a stainless-steel part exposed to
corrosive media. Cleanliness, the proper use of sealants, and
protective coatings are effective means of controlling this
problem.

5. Fatigue Corrosion

Fatigue corrosion is a special case of stress corrosion caused
by the combined effects of cyclic stress and corrosion. No metal is
immune from some reduction of its resistance to cyclic stressing if
the metal is in a corrosive environment. Damage from fatigue
corrosion is greater than the sum of the damage from both cyclic
stresses and corrosion. Fatigue corrosion failure occurs in two
stages.

The first stage, the combined action of corrosion and cyclic
stresses damages
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the metal by pitting and crack formation to such a degree that
fracture by cyclic stressing will ultimately occur, even if the
corrosive environment is completely removed.

The second stage is essentially a fatigue stage in which failure
proceeds by propagation of the crack and is controlled primarily by
stress concentration effects and the physical properties of the
metal. Fracture of a metal part due to fatigue corrosion generally
occurs at a stress far below the fatigue limit in laboratory air,
even though the amount of corrosion is extremely small. For this
reason, protection of all parts subject to alternating stress is
particularly important wherever practical, even in environments
that are only mildly corrosive.

6. Biological Corrosion

Marine biological organisms may accelerate corrosion by changing
the normal environment. The organisms may create different oxygen
levels in the electrolyte. Organisms may also create corrosive
products through their metabolism or decomposition, or may remove
the protective film of corrosion products from metal surfaces.

Corrosion Control

The prevention of corrosion may broadly considered in two forms,
Cathodic Protection and the application of Protective Coatings. The
two distinctly different methods are usually complementary to one
another in that both are normally fitted on modern ships.

1. Cathodic Protection

The metal is corroded from the point where the current leaves
the metal (the anode). At the point where the current re-enters the
metal (the cathode) the metal is protected. Cathodic protection
operates by providing a reverse current flow to that of the
corrosive system. With current then entering the metal at every
point, i.e. the whole metal surface becomes a cathode, it is
therefore cathodically protected.

Two means of cathodic protection are in general use on
ships:

a- Sacrificial Anode System

In this method metals such as aluminum and zinc which form the
anode of a corrosion cell in preference to steel are used. As a
consequence, these sacrificial anodes are gradually eaten away and
require replacement after a period of time.
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a poorly painted hull and therefore cathodic protection should
be regarded as an additional protection to painting and by no means
a substitute.

Although the initial cost is high, those systems are claimed to
be more flexible, to have a longer life, to reduce significantly
hull maintenance, and to weigh less than the sacrificial anode
systems.

Cathodic Protection of Tanks

The cathodic protection of ballast and cargo/ballast tanks is
only ever of the sacrificial anode type using aluminum, magnesium
or zinc anodes. The anodes are arranged across the bottom of a tank
and up the sides, and only those immersed in water will be active
in providing protective current flow. Deck heads cannot be
cathodically protected, since tanks are rarely full; they are
therefore given adequate additional protective coatings of a
suitable paint for the upper 1.5 m of the tank.

2. Protective Coatings

Painting the ship isolates the steel from the corrosive media.
The paint must also be resistant to the marine environment and the
application strictly controlled to ensure full and effective
coverage of the steel. Regular inspection and repair of the coating
may be necessary to achieve reliable and lasting protection.

Paints consist of three major components and many additives
which are included in minor proportions. The major components
are:

a- Binder (other terms used include: vehicle, medium, resin,
film former, and polymer).

b- Pigment or extender. c- Solvent.

Of these only the first two form the final dry paint film.
Solvent is necessary purely to facilitate application and initial
film formation, it leaves the film by evaporation and can therefore
be considered an expensive waste product. a- Binders

Binders are the film forming components of paint. They are
predominant in determining the principal characteristics of the
coating, both physical and chemical. Paints are generally named
after their binder component, (e.g. epoxy paints, chlorinated
rubber paints, alkyd paints, etc). The function of the binder is to
give a permanent continuous film which is responsible for adhesion
to the surface and which will contribute to the overall resistance
of the coating to the environment.
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Binders used in the manufacture of paints fall into two classes,
convertible and non-convertible. The classification is solely
dependent upon how they, form a film. In the case of liquid paints,
how they change state, i.e. from a liquid to a solid. This
transformation in paint terms is known as drying. It will be
readily appreciated that a convertible coating when dry will be
chemically quite different from the paint in the can. With a
non-convertible coating the dry film and the wet paint differ only
in solvent content but chemically these remain essentially
similar.

Generic types of convertible binders which are in this category
include: Oleo resinous varnishes, Oil modified alkyd resins,
Urethane oil/alkyd resins (air drying resins), Epoxy ester
resins.

Non-convertible binders are simple solutions of various resins
or polymers dissolved in suitable solvent(s). Drying is simply
effected by the loss of the solvent by evaporation. Generic types
of binders which are in this category include:

Chlorinated Rubber Resins Vinyl Resins Bituminous Binders
Cellulose Derivatives

b- Pigments and Extenders

Pigments and extenders are used in paints in the form of fine
powders. These are dispersed into the binder to particle sizes of
about 5-10 microns for finishing paints and approximately 50
microns for primers. These materials can be divided into the
following types:

Anticorrosive pigments to prevent corrosion by chemical and
electrochemical means (e.g. Red Lead, Zinc Chromate).

Barrier pigments to increase impermeability of the paint film.
Colouring pigments to give permanent colour (e.g. Titanium dioxide,
iron

oxides). Extending pigments to help give film properties
required.

c- Solvents

Solvents are used in paints principally to facilitate
application. Their function is to dissolve the binder and
consequently reduce the viscosity of the paint to a level which is
suitable for the various methods of application, i.e. brush roller,
conventional spray, airless spray, dipping etc. After application
the solvent evaporates and plays no further part in the final paint
film.
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Anti-Fouling Paints Fouling is the undesirable growth of
organisms on artificial structures immersed in seawater. The most
visible form of such fouling are barnacles and seaweed which
degrade the performance of ships considerably. For conventional
ships, 50-80% of the resistance is caused by friction between the
water and the wetted surface of the ship. The smooth, wetted
surface of a newly built ship has a roughness of about 80-130 m.
However, the roughness of a surface fouled with for example green
algae can easily exceed 1000 m.

The rate of growth of fouling depends on water temperature,
salinity, area of service and increases rapidly if the ship is at
rest or moving at a slow speed.

Anti-fouling paints function by slowly releasing a poison into
the laminar water layer surrounding the ship. There are three basic
types of anti-fouling paint:

The low toxicity; e.g. for fishing vessels in the North Sea,
i.e. minor fouling problems.

The strong toxicity, e.g. for a general-purpose cargo ship,
since it dry docks every approximately 18 months.

High performance long life, e.g. larger tankers and bulk
carriers to reduce very high docking costs (metallised acrylic
polymer).

Conventional anti-fouling paints are usually based on colophony
derivates and are pigmented with cuprous oxide as the main
toxin.

A recently developed anti-fouling paint which also, by chance,
discovered to become smoother in service, is called self-polishing
anti-fouling with a lifetime that is proportional to applied
thickness. It results in reduced friction drag. Though more
expensive than conventional anti-foulings, given the claim that
each 10 micron (10-3 mm) increase in hull roughness can result in a
1 % increase in fuel consumption. Their self-polishing
characteristic as well as their
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longer effective life, up to 5 years protection between dry
dockings, can be attractive to ship owners.

Surface Preparation

It is essential to state that prior to the application of
coating material, all surface have to be free from foreign
materials such as dust, dirt grease, millscale, rust, weld
spatters, etc. Cleanliness is necessary in order that maximum
adhesion of paint to steel is obtained. This can only be
successfully achieved when the coating comes into contact with the
steel surface. Contamination of any kind will obviously not allow
direct contact. Over coating such contaminated surfaces will
inevitably lead to poorer adhesion and premature breakdown of the
coating. For successful paint performance therefore, it is
essential to achieve the recommended surface preparation
standards.

New steel used for construction is invariably hot formed. This
result in the formation of a mixed oxide surface layer generally
called millscale. Initially the millscale layer is continuous but
not necessarily uniform in thickness. The thinner areas are more
susceptible to penetration by moisture, which, together with the
cathodic nature of the millscale to steel creates an electrolytic
cell allowing corrosion to occur at the steel surface, i.e. the
anode. Millscale is therefore detrimental to steel and should
always be removed before painting.

The most common surface preparation methods are:

Shot blasting (the most efficient method). Pickling by immersing
the metal in an acid solution, afterwards a thorough

hot water rinse is needed. Using an oxy-acetylene flame.
Although not very effective, it dries out the

plate in inclement weather conditions. Hand cleaning by wire
brush (not very satisfactory).

After the steel is blast cleaned it may be several months before
it is built into the ship and finally painted. It is desirable to
protect the material against rusting in this period and a
quick-drying prefabrication primer must be applied.

Paint Systems It is usual to divided the ship into the following
parts:

1. Under water hull exterior (bottom and boot topping region).
2. Above water hull exterior (Topsides). 3. Hull interior. 4.
Tanks, void spaces and chain lockers. 5. Decks and floors. 6. Super
structure interior and exterior.
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Application methods

The normal methods of application of paint coatings are by:

Brush Roller Conventional Spray Airless Spray

Other methods may also be encountered, such as dipping and
pouring, and more sophisticated adaptations of spraying such as
electrostatic, powder coatings application, and automatic
plants.

When a vessel enters dry-dock, conditions may not be entirely
suitable for painting, but nevertheless painting must proceed if
the vessel is to undock on schedule. If the steel temperature is
close to the dew point, i.e. within 3C, better adhesion can be
achieved by applying paint by brush or roller. This physically
disturbs any moisture on the surface. Application by spray causes
the paint film to lie over the moisture.

Generally extreme conditions refer to temperatures below 5C or
above 30C. Below 5C, the curing of paints such as epoxies slows
down dramatically and for some paints curing stops altogether.
Other marine paints are not so severely affected. Chlorinated
rubbers and vinyls are quite suitable for use at temperatures below
0C provided that the surface is clean and free from ice or frost.
At the other extreme 30C and above, the drying and curing of paints
is rather rapid and care should be taken to avoid dry spray. This
is caused by the too rapid loss of solvent from paint droplets
between the spray nozzle and the surface.
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Underwater Areas

The ships bottom has priming coats of corrosion-inhibiting paint
applied which are followed by an anti-fouling paint. Highly
alkaline conditions are to be found near the anodes of cathodic
protection systems, and paints of an epoxide type are therefore
required. Further, the paint should have a good electrical
resistance so that the flow of corrosion currents between the steel
and sea water is limited. The anti-fouling paints should not come
into direct contact with the steel hull, since the toxic compounds
present may cause corrosion.

Modern practice makes little or no distinction between the paint
used on the bottom shell and that used around the boot topping
region. The latter is, however, more likely to suffer damage due to
mechanical abrasion (erosion) and the action of waves.

Topsides and Superstructure

Red lead or zinc chromatic based primers are commonly used as an
undercoat. White finishing paints are extensively used for
superstructures. Since appearance is of some importance,
non-yellowing oils, good colour and gloss retaining properties of
paints used on these parts is essential.

Where aluminum superstructures are fitted, under no
circumstances should lead based paints be applied; zinc chromate
paints are applied in this case.

Weather Decks

The paint for the weather deck area requires exceptionally good
resistance to wear and abrasion and some non-slip quality. The deck
coating should also be resistant to any oils or chemicals carried
as cargo or fuel. Traffic, cargo handling and general ship
operation make long-term protection by paint alone almost
impossible. Self-sealing coatings utilizing epoxide resins have
been used with some success on top of epoxide resins paint for a
hard-wearing deck covering.

Tanks

Ballast, cargo/ballast and fresh water tanks require special
coatings. Treatment used includes two coats of epoxide resin or a
three-coat phenolic resin-based paints. Fresh water tanks can be
protected by bitumen or tar paints. Drinking water tanks must have
a non-taint coating such as artificial bitumen to BS 3416 Type
2.

Tankers carrying white oil cargoes suffer more general corrosion
than those carrying crude oils which deposit a film on the tank
surface providing some protection against corrosion. Epoxy resin
paints are used extensively within these
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Corrosion does occur onboard ships. Here the coating is broken
down, but there has not been much loss of metal. The strength of
this structure is still sound Action is, however, needed to
continuously preserve the structure, and the only solution in this
case is a complete new coating.

If the coating in this tank is left as it is it will continue to
degrade
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Ship paint after 3-4 years exposure to ocean environment.

About 30% of the paint has flaked off.

A corroded ship
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The IMO Performance Standard for Protective Coatings (PSPC)

This IMO Standard is applied to ships subject to the IACS Common
Structural Rules (CSR), for dedicated seawater ballast tanks in all
types of ships and double-side skin spaces arranged in bulk
carriers of 150 m in length and upwards which are contracted for
construction on or after 8 December 2006.

This Standard is based on specifications and requirements which
intend to provide a target useful coating life of 15 years, which
is considered to be the time period, from initial application, over
which the coating system is intended to remain in GOOD condition.
Good is defined as: Condition with spot rusting on less than 3% of
the area under consideration without visible failure of the
coating. Some of the basic coating system requirements are
summarized below:

Coating Type: A multi-coat epoxy-based system. The top coat
shall be of a light colour in order to facilitate in-service
inspection.

Coating Pre-qualification Test: The epoxy-based system should be
tested in a laboratory, which as a minimum meets the requirements
for rusting and blistering ; or which have documented field
exposure for 5 years with a final coating condition of not less
than GOOD may be accepted.

Job Specification: There shall be a minimum of two stripe coats
and two spray coats. Stripe coats shall be applied by brush or
roller.

Nominal Total Dry Film Thickness NDFT: NDFT 320 m. Care shall be
taken to avoid increasing the thickness in an exaggerated way. Wet
film thickness shall be regularly checked during application.

Shop Primer: Zinc containing inhibitor free zinc silicate based
or equivalent.

Steel Condition: The steel surface shall be prepared so that the
coating selected can achieve an even distribution at the required
NDFT and have an adequate adhesion by removing sharp edges,
grinding weld beads and removing weld spatter and any other surface
contaminant.

Environmental Conditions: Coating shall be applied under
controlled humidity and surface conditions, in accordance with the
manufacturers specifications. In addition, coating shall not be
applied when the relative humidity is above 85%; or the surface
temperature is less than 3oC above the dew point.

Testing of Coating: Destructive testing shall be avoided. Dry
film thickness shall be measured after each coat for quality
control purpose and the total dry film thickness shall be confirmed
after completion of final coat, using appropriate thickness
gauges.
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IACS Procedure for Coating System

This Procedure Requirement is applied by IACS Societies for
application of the IMO PSPC to ships subject to the IACS Common
Structural Rules (CSR). Type Approval Certificate showing
compliance with the PSPC is issued if the results of either method
A+D, or B+D, or C+D are found satisfactory by the Society. The
methods are as follows:

Method A: Laboratory Test Method B: 5 years field exposure
(according to manufacturers records) Method C: Existing Marintek B1
Approval (satisfactory test reports) Method D: Coating Manufacturer
meeting the requirements of IACS

The shipyard is responsible for compiling what is called The
Coating Technical File. The CTF is to contain all the information
required by the PSPC, such as:

Specification of the coating system Record of the shipyards and
ship owners coating work Detailed criteria for coating selection
Job specification Inspection, maintenance and repair record

The Coating Technical File shall be kept on board and maintained
throughout the life of ship.
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