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PREFACE

It is a pleasure to introduce to the reader this new Marine Painting Manual. The
previous edition, entitled Ship Painting Manual, was published in 1975. Since then a
number of new technological developments have taken place. Also, standards with
regard to safety, health and the environment have become more severe.

These changes called for a thoroughly revised and updated Marine Painting Manual.

I believe that the editor should be congratulated on having completed this task in such a
commendable way.

I hope that this new volume will find as enthusiastic a response among those concerned
with maritime affairs as its predecessor did some fifteen years ago.

Dr. Jan Raat

Director

Netherlands Foundation for the
Co-ordination of Maritime Research



INTRODUCTION

The "Marine Painting Manual" sets out to provide clear guidelines for the effective
protection of marine structures, ocean-going vessels and offshore platforms. Painting is
a high cost procedure and is a crucial factor in determining the life and subsequent
maintenance of steel structures in the marine environment.

The book is a follow-up to the "Ship Painting Manual” published in 1975. It has been
completely revised, partly rewritten and an additional chapter on offshore structures
included. The present volume contains detailed and up-to-date information on all
aspects of the preparation and painting for the protection of marine structures.

The following chapters are included:

1. The protection of different parts of ships under construction.

2. The protection of different parts of offshore structures under construction.

3. Surface preparation.

4. Paints and paint systems.

5. Prefabrication (shop) primers.

6. Storage and application of paints.

7. Maintenance of paint systems.

8. Paint contracts and specifications.

9. Quality assurance, quality control, testing and inspection.

10. Cathodic protection.

11. Health, safety and the environment.

The "Marine Painting Manual" was commissioned by the Netherlands National

Foundation for the Co-ordination of Maritime Research (CMO)* and has been compiled
by the TNO Paint Research Institute**. The editor, Ing. A.M. Berendsen, was assisted

Stichting Coérdinatie Maritiem Onderzoek (CMO).

** The TNO Paint Research Institute forms part of the TNO Centre of Polymeric Materials.



by an advisory panel of representatives of ship yards, ship owners, paint manufacturers
and painting contractors. The chairman was Drs. F.H. de la Court, Head of the Paint
Research Institute. Chapter 11 has been drafted by another member of the Institute,
Dr. T. Doorgeest.

The members of the advisory panel were, in alphabetical order:

Ir. J.U. Brolsma : Stichting Coérdinatie Maritiem Onderzoek (CMO)
Ir. T.T. Dekker . Sigma Coatings B.V.
Ir. T. Flameling : Stichting Coordinatie Maritiem Onderzoek (CMO)

Dipl. Chem. HF.M. Frohn  : Directie Materieel Koninklijke Marine
(Royal Netherlands Navy)

Ing. R.J.M.Horsten : D. van de Wetering B.V.

Ir. G. Langelaar : Smit Vlootbeheer B.V.

Ir. HW. Rijksen : B.V. Rotterdamsch Zandstraal en Schildersbedrijf

Mr. P. Rol : Nederlandse Aardolie Maatschappij (NAM)

Mr. W.J. Ruts : Nedlloyd Rederijdiensten B.V.

Ing. P.A. Spuybroek : Rijndelta Coating Technieken B.V.

Mr. H.J. Waal : AKZO Coatings B.V.

Mr. G.B. Zijp : Dock and Shipbuilding Company Wilton-Fijenoord
B.V.

Acknowledgements

The author wishes to thank the members of the Advisory Panel for their help and
assistance. He is also indebted to many others, too numerous to mention by name, who
were consulted on specific items during the drafting of the manual.

He also wishes to thank Dr. D.R. Houghton for his advice on the English text and for
his useful comments.
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CHAPTER I

THE PROTECTION OF DIFFERENT PARTS OF SHIPS UNDER
CONSTRUCTION

1.1. Introduction

The construction of a new ship begins with the welding together of plates and profiles
into block sections. Before being welded, the various parts have undergone mechanical
treatments such as rolling flat, cutting to size, bending, stretching and drilling. The
sections are usually built under cover, in the so-called section hall. They are transported
to the slipway, where they are welded together.

Most slipways are not covered, although a growing number of yards in Western and
Northern Europe build their ships completely under cover and consequently they are no
longer dependent on the climate.

Before the ship is launched for fitting-out, after welding the sections together, it is
always necessary to apply a protective paint system to the bottom, the boottop area and
preferably to the entire outer hull. If the ship is to lie in sea water during fitting-out, it is
recommended that one or more coats of antifouling paint should be applied to the
underwater plating before launching.

1.2. Protective methods

Current practice is to blast-clean the steel plates and profiles that are to be assembled
into sections and to coat them with a prefabrication primer (shop-primer, shop-coat, see
5.1). The main advantage is that for a considerable time during the construction period
the steel is protected from corrosion and contamination by atmospheric pollution; an
additional advantage is that workshops remain clean. This method is called building in
the shop coat.

The classical method is the so-called building-in-rust, in which surface preparation and
painting are deferred until the sections have been welded together on the slipway.
During construction, weathering will partially or completely remove the mill scale. This
process, however, is often accompanied by more or less severe pitting, which can reduce
the lifetime of paint systems considerably, even when the entire substrate is thoroughly
blast-cleaned before painting. Also, it should be taken into consideration that large-scale
blast-cleaning in the open air, is not always acceptable in view of the environmental
pollution it causes.

For the above mentioned reasons the building-in-rust method is unattractive. In Europe,
this method has not been practiced for a long time.
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A variation of the building-in-rust method is to blast-clean the steel plates before
fabricating the sections, and to carry out further surface preparation and painting after
welding the sections on the slipway.

The time lapse between blast-cleaning and painting, however, allows fresh rust to form.
Although this method, in comparison with that described above (removing of mill scale
by weathering), has the advantage of reducing the risk of pitting, it is equally
unattractive as regards protection unless the surface is blast-cleaned for a second time
before painting. Moreover, in a heavily polluted (industrial/marine) atmosphere, the steel
surface may become contaminated with soluble salts. These salts considerably reduce
the lifetime of paint systems and are difficult to remove by blast-cleaning (see Part
3.2.4.5).

Building sections from unpainted blast-cleaned steel is of advantage to the shipbuilder
because welding and flame-cutting operations can be carried out at the highest possible
speed. On the other hand, the method is expensive as, for a good result, blast-cleaning
must be carried out twice.

Still another variation is to blast-clean the plates and profiles, assemble them into
sections, if necessary blast-clean them again, and apply the first coat of paint before they
are welded together on the slipway.

By far the best method as regards protection is, undoubtedly, to build ships in
completely sheltered and heated spaces. This method, although it requires high capital
expenditure, has become more widely adopted by Western and Northern European
yards, because of long periods during the year when weather conditions are
unfavourable for outdoor work, including coating application.

Beside the considerable advantage of working in sheltered, heated and well lighted
workshops, which makes it possible to work without interruption, there are, however,
some disadvantages. The steel surfaces often become dirty due to dust and welding
fumes. Welding zones, which can be alkaline, will not be neutralized (washed) by rain as
would happen in the open air.

It will be clear from the foregoing that additional cleaning operations are necessary.
When building under cover large scale blast-cleaning, apart from tank internals, is
impractical; only vacuum- or mini-(pencil) blast-cleaning can be permitted.
Furthermore, painting under cover causes problems such as fire (explosion) risk,
unpleasant odours and health hazards through solvent vapours and spray mist.
Consequently, unless a very good ventilation system is installed, painting is mostly done
during night when all other work is stopped.

As already stated, current practice is to blast-clean the parts to be assembled into
sections and to provide them with a so-called prefabrication primer (shop-primer, shop-
coat).

Surface preparation and application of the prefabrication primer are usually performed
by the yards themselves. It is possible, however, to begin construction with steel plates
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which are prepared in the same way by the steel supplier or specialized painting
contractor. This is the usual practice for small yards.

The best way of preparing shop-coated steel is to blast-clean plates and profiles in an
impeller machine and to auto-spray them immediately with a thin coat of prefabrication
primer. This procedure will be dealt with in Chapter 5, together with details such as
surface preparation grade, surface profile, types of prefabrication primer, dry film
thickness, corrosion protection, recoatability and behaviour of prefabrication primers in
welding and flame-cutting operations.

The shop-coated steel is subjected to the mechanical treatments described in section 1.1.,
after which the plates and profiles are assembled into sections by (automatic) machine-
or hand-welding in the section hall.

In order to carry out the automatic welding at the highest possible speed and to obtain
continuous (non-porous) welding, it will be necessary sometimes to remove ihe shop-
coat from the welding areas. This can be done by grinding or by vacuum-blasting.

After assembly, the sections are painted as follows:

 As soon as possible, partly or completely (in the section hall or in an adjacent coating
hall).
This method is called painting in section building or block painting,

« After a long period, e.g. after erection on the slipway.
This method is called building in the shop-coat.

The two methods are compared below:

Painting in section building (block painting) has the following advantages:

« it can be done under favourable conditions (i.e. under cover, which is especially
attractive for two-pack paints).

* it avoids premature corrosion.

Some disadvantages are:

* during transport of the sections to the slipway and during fitting-out there is a risk of
mechanical damage and burns, necessitating local repairs of the paint systems. Such
damage, however, can be minimized by adequate planning of the construction phase.

» subsequent pretreatment and painting of the section welds is of course unavoidable.
These areas must be left unpainted during block painting.

« those parts of sections where much welding and flame-cutting are to be expected
during final fitting-out are not suitable for painting during section building.

« some kinds of two-pack paints, applied at the block stages, may have become very
hard by the time the welded areas are painted on the slipway. In that case the surface
should be slightly roughened or softened, before being touched-up, in order to ensure
good adhesion of the touch-up coats. This should be done in accordance with the paint
manufacturers recommendations.
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When a ship is painted during section building, application of the last coat of the paint
system is often deferred until the ship is on the slipway or has been launched. This
practice prevents touched-up areas from showing up.

When painting during section building, adequate ventilation must be provided to
prevent fire and health hazards of solvent vapours liberated during degreasing and
painting.

Building in the shop-coat has the following advantages:

* no coating hall is required.

+ the repair of damage, caused by transport of the sections or by welding and flame-
cutting operations, takes much less time than in the case of block painting.

The main disadvantage of building in the shop-coat is that shop-coats (prefabrication

primers) are liable to weathering during construction of the ship. This means that, before

final painting, the steel surfaces should be properly cleaned and freed from possible

corrosion products.

By building ships under complete cover, which is normally is done in the shop-coat,

corrosion products are usually avoided. The steel surfaces, however, may be

contaminated by welding fumes and dust. ,

Shop-coated surfaces may become contaminated with water soluble salts by exposure in

an industrial/marine atmosphere. When these salts are not properly removed, premature

failure of the paint systems is to be expected. Nowadays, to avoid this, for immersed

parts of ships (bottom, tank interiors) there is a growing tendency to remove the shop-

coat by blast-cleaning before the application of the final paint system. An additional

advantage is that the corrosion-free steel surface with a sharp surface profile, obtained in

this way, will promote paint adhesion. The blast-cleaning of shop-coated surfaces,

however, does mean an extra operation.

Shop-coats (prefabrication primers) containing zinc dust pigment have the disadvantage
of producing 'white salts' (white rust') during weathering. These salts, which are
partially soluble in water (hygroscopic), cannot be removed easily. Residues of these
zinc salts may cause subsequently applied paint systems to blister, especially on the
immersed parts (underwater hull and interiors of tanks). To prevent this, the shop-coat is
sometimes removed by blast-cleaning (sweeping) or thoroughly scrubbed and
subsequently rinsed with fresh clean water, before application of the final paint system.

The choice between painting in section building and building in the shop-coat depends
on, among other things, the geographical situation of the yard, the equipment available,
the time of the year in which the painting has to be carried out, the nature of the paint
systems and the planning of the building. Since both methods are currently being widely
used, they will be dealt with in more detail in the following sections (1.2.1. and 1.2.2)



1.2.1. PAINTING IN SECTION BUILDING (BLOCK PAINTING)
1.2.1.1 Operations in the coating hall

Of great importance is the treatment of the welding seams, especially in sections for the
immersed parts of the ship, including the tanks. Special attention should be given to the
removal of welding flux in crevices and the removal of possible alkaline material on and
around the welding zones.

It is strongly recommended that welding spatters be removed by chipping, to smooth
sharp parts of the welds by grinding and to make good porous parts of hand welds by
rewelding.

After preparation as described above, the welding seams, burns and mechanically
damaged spots should be blast-cleaned and immediately provided with the first coat of
the paint system, applied by brush. Blast-cleaning can be done with a vacuum blasting
machine. The bumnt zones along the welds should not be overlooked.

Instead of blast-cleaning, mechanical cleaning is sometimes carried out by power tools
with (flexible) emery discs, needle hammers or rotary steel wire brushes but the results
are inferior to blast-cleaning. Therefore, welding seams and burnt areas should be
cleaned mechanically only if the paint manufacturer agrees. When mechanical cleaning
is executed, the preparation grade should be St3 according to ISO standard 8501 (see
Part 3.2.3.3).

After touching-up of the weld seams, burns and mechanically damaged areas, the
sections should be degreased where necessary with a suitable organic solvent or
detergent as recommended by the paint manufacturer.

As soon as the surfaces of the sections are dry, the subsequent coats of the paint system
are applied in accordance with the painting specification (painting list) and the paint
manufacturers recommendations. Those edges which are to be the section welds in a
later phase of the building should be left clear of paint for about 3 cm.

1.2.1.2 Operations on the slipway and during final construction (fitting-out)

After being painted, either wholly or partly, and after the paint systems have sufficiently
cured, the sections are transported to the slipway and welded together. The welds
between sections are called 'section welds'.

Any sections which, before being welded together on the slipway, have to be stored for
long periods should be placed so that no pools of rainwater can collect on them. The
transport and final building operations should be carried out so as to minimize the risk of
mechanical damage and burns.

When the sections have been welded together, the section welds, burns and mechanical
damages must be cleaned and touched-up.
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By far the best method is to blast-clean these parts (after degreasing where necessary)
and then apply the various coais of the paint system. In this touching-up no
prefabrication primer should be used.

1.2.1.3 Summary of painting in section building

The operations of painting in section building may be summarized as follows:

« smoothing of welding seams (especially for immersed parts);

* local blast-cleaning or mechanical cleaning of welding seams, burnt areas and
mechanically damaged spots, followed by local application of the first coat of the paint
system;

» degreasing of the sections where necessary;

* application of subsequent coats of the pairt system(s) according to the painting
specification and the recommendations of the paint manufacturer; the edges to be
joined should be left unpainted;

« transport of the sections to the slipway;

welding together of the sections;

local blast-cleaning or mechanical cleaning (after degreasing, where necessary) of the

sections welds, burnt and mechanically damaged areas (if any), followed by local

application of the successive coats of the paint system.

1.2.2. BUILDING IN THE SHOP-COAT
1.2.2.1 Operations in the section hall

The weld seams and burnt and mechanically damaged areas of completed sections
should be touched-up with the first coat of the paint system in the way described in Part
1.2.1.1.

Parts of sections to which access will be difficult in later stages of the building
procedure should have the complete paint system applied in the section hall, e.g. those
areas of the underwater hull which will afterwards rest on blocks and sledges.

At this stage too, it is advisable to apply, by brush, an extra coat of (touch-up) primer to
weld seams, sharp edges and other less accessible areas. A thin coat of quick drying
(system) primer is sometimes applied to the whole surface of the section.

1.2.2.2 Operations on the slipway and during final construction
After the operations in the section hall, the sections are transported to the slipway, where

they are welded together. Unless stated otherwise in Parts 1.3.1. to 1.3.9., the following
work scheme is recommended.
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Section welds and damaged or burnt areas are touched-up in the way described in Part
1.2.1.1. Blast-cleaning is strongly recommended, using an inert abrasive that needs not
to be recovered.

Other areas beside weld seams, burnt and damaged spots, showing outbreak of rust,
should be derusted and touched-up in the way described above before application of the
final paint system.

On shop-coated surfaces where the steel has corroded more or less uniformly to a
degree Re I or more of the European rust scale (i.e. at least 0.05% of the surface covered
with protruding rust) the shop-coat should be removed by blast-cleaning before
application of the first coat of the paint system.

As mentioned previously, in order to avoid premature paint failure in critical locations
like underwater plating, it is recommended that the shop-coat will be removed by blast-
cleaning before the application of the paint system. This becomes more important when
the building time of the ship is protracted.

Before applying the different paint systems, the surfaces should be degreased where
necessary with a suitable organic sclvent or detergent; it is sometimes sufficient to wash
the surfaces manually or by spraying with clean fresh water. Surfaces which have been
directly exposed to the atmosphere, such as the outer hull, decks, exterior of deckhouses,
etc. should in any case be washed with water. Surfaces coated with a prefabrication
primer containing zinc dust should be scrubbed thoroughly with nylon brushes, using an
abundance of clean fresh water, or should be hydroblasted. If such a coat is heavily
weathered, it should be removed by sweep-blasting.

After the surfaces are thoroughly dry, the paint systems for the outer parts (underwater
hull, boottop zone, topsides) are applied on the slipway as soon as possible. When these
coats have cured, the ship can be launched.

The remaining parts of the ship are partly painted on the slipway, and partly during final
construction, depending on the building scheme and the planning.

Painting should be done in good weather and each coat should be checked for
appearance and thickness.

If long intervals between the application of successive coats cannot be avoided, it is
recommended that any dirt adhering to the previous coat is washed-off with clean fresh
water and the surface allowed to dry before applying the next coat.

Some two-pack paints, particularly if allowed to harden for long periods, may provide a
poor basis for adhesion of the next paint coat. These two-pack paints should be properly
roughened or slightly softened with a strong solvent before the application of the next
coat of paint.
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1

.2.2.3 Summary of building in the shop-coat

The operations during building in the shop-coat may be summarized as follows:

repair by blast-cleaning or mechanical cleaning of weld seams, burnt and mechanically
damaged spots, followed by local application of either a thin coat of primer or the first
coat of the paint system;

prepainting of sharp edges and inaccessible areas with the first coat of the paint
system.

transport of the sections to the slipway;

welding together of the sections;

touch-up blast-cleaning or mechanical cleaning of the section welds, burnt, damaged
and slightly rusted areas, followed by application of the first paint coat to these areas;
if more rust is present, the shop-coat is often removed by blasting prior to application
of the first paint coat;

where necessary, degreasing, washing or scrubbing the surface and allowing it to dry;
application of the subsequent layers of the paint system according to the painting
specification and the recommendations of the paint manufacturer.

1.3. Paint systems for the separate parts of a ship in new construction

1

1

(see Appendix 1.A for a tabular summary)

.3.1. UNDERWATER PARTS

.3.1.1 Regquirements

Paint systems for the underwater hull should be:

corrosion-inhibiting;

water-resistant;

abrasion-resistant;

anti-fouling;

smooth;

compatible with cathodic protection systems (i.e. resistant to alkaline conditions).

In order to keep bunker costs to a minimum, it is extremely important that the
underwater parts are smooth and remain smooth during service. The coating system
should be applied as evenly as possible and provide long-lasting protection against
corrosion and fouling. Some additional information concerning hull roughness
parameters is given in appendix 1.B.



1.3.1.2 Suitable paint systems

Paint systems for underwater parts usually consist of several anti-corrosive coats and an
anti-fouling paint system.

In conventional systems corrosion protection is provided by several coats of a
bituminous paint with a total dry film thickness of at least 150 micrometers (um). If the
system is thinner, its service life may be considerably shortened.

Bituminous aluminium paints (which can also be supplied as 'high-build' types) are
particularly popular as conventional underwater paints.

The anti-fouling properties are provided by a conventional (classical) anti-fouling paint.

With modern high-performance systems, which must provide a very long lasting
protection, corrosion protection is afforded either by at least two coats based on coal tar
epoxy or polyurethane tar, with a total dry film thickness of at least 250 pm, or by
several coats of paints based on chlorinated rubber, vinyl copolymers or vinyl/tar, with a
total dry film thickness of at least 200 um. These paints are often used in their 'high-
build' modifications.

Two-pack paints are often preferred to chlorinated rubber or vinyl paints because of their
better mechanical properties.

The anti-fouling properties are provided by several coats of an anti-fouling paint of the
contact matrix (longlife) or a self-erodable type.

Sometimes a 'sealer’ or 'tie coat' must be applied between the coal-tar epoxy or
polyurethane tar paint and the anti-fouling paint.

The sealer prevents the tar from bleeding into the anti-fouling coating system, thereby
improving its effectiveness; in addition a sealer improves the adhesion of the anti-
fouling layer.

In order to avoid the use of a separate sealer, sometimes the second coat of coal-tar
epoxy paint is a vinyl modified type, which remains easily recoatable without intercoat
adhesion problems.

On special ships, like tugs, harbour and offshore craft, where a very high abrasion
resistance is required because of fender damage, ice impact or shallow water grounding,
the underwater part can be coated with a very thick abrasion resistance system. These
systems, for instance, consist of special epoxy coatings, sometimes solvent-free, applied
in (dry film) thicknesses of approximately 300-500 um or consist of solvent free epoxy
or polyester resin coatings, reinforced with glass flakes, applied in thicknesses of 500-
2000 pm.

If the underwater hull is cathodically protected by means of an impressed-current
system, the areas around the anodes are liable to be damaged by the current, and should
be given extra protection. This protection as a rule consists of a special dielectric (anode)
shield. Directly around this shield an epoxy filler of at least several millimeters thick is
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often applied, or the anti-corrosive underwater paint system, provided this is based on
coal-tar epoxy or polyurethane tar, is locally applied very thickly.

1.3.1.3 Procedures

To ensure adequate protection of areas that become inaccessible for painting during
building, such as keel block areas, the complete paint system, including the anti-fouling
layers, should be applied on those areas before the sections are placed on the blocks.
The first coat of anti-fouling paint normally is applied shortly before the ship is
launched. For conventional types of anti-fouling paint this is a must, because they cannot
be exposed to the atmosphere for long periods. Modern types have a better resistance.
The paint manufacturers recommendations as to drying and exposure time should be
followed closely. Sufficient time should always be allowed for the anti-fouling paint to
dry thoroughly.

When a ship has been completed, it is taken into dry-dock, where its underwater parts
are cleaned by scrubbing or hydro-blasting. Where necessary, the surfaces should be
degreased by means of a detergent, followed by hosing with plenty of clean fresh water.
The surface is then allowed to dry, and any mechanically damaged spot touched-up with
the correct number of paint coats. As soon as the paint is dry, the anti-fouling is applied
shortly before delivery of the ship.

1.3.2. THE BOOTTOP ZONE
1.3.2.1 Requirements

Paint systems for the boottop should be:

* corrosion-inhibiting;

¢ water-resistant;

+ weather-resistant;

¢ impact-resistant;

« scratch-resistant;

¢ smooth;

* easy to clean;

+ anti-fouling (especially resistant to growth of algae).

Since many harbours are heavily polluted with oil, the paint system should also be oil-
resistant .

When applied to ships provided with cathodic protection, paint systems should be
compatible with cathodic protection systems (i.e. resistant to alkaline conditions).

The continually alternating action of water and air, the possibility of mechanical
damage by drifting ice and other floating objects, and the possibility of softening of the
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paint from floating oil, add up to the boottop zone being one of the most severely
exposed parts of the ship.

The protection of the boottop zone should be at least qualitatively equivalent to that of
the underwater parts.

1.3.2.2 Suitable paint systems

Paint systems for boottops usually consist of several anti-corrosive and one or two coats
of boottopping paint of the desired colour.

For the anti-corrosive coats the reader is referred to the section on underwater systems
(1.3.1.2).

Conventional boottopping paints are based on tung oil phenolic resin combinations or
bitumen. However, the tung oil phenolic resin based products, which are saponifiable,
are now not used very often.

Modern high-duty boottoppings are based on epoxy resin, polyurethane resin,
chlorinated rubber or vinyl copolymers. Sometimes, to obtain a high degree of abrasion
resistance in the boottop zone, special abrasion resistance systems, as mentioned under
Part 1.3.1.2, are applied.

Chorinated rubber paints are not resistant to fuel oil residues floating on the water and
consequently are less suitable as boottopping compositions.

The colour mostly preferred by shipowners are black, red, reddish or dark green, which
are not visibly discoloured by possible bleeding of coal-tar epoxy, polyurethane/tar or
bitumen from the anti-corrosive coats. If a light colour for the boottop zone is preferred,
it is recommended that anti-corrosives containing tar should not be used, unless an
efficient sealer is employed as an intermediate coat.

So as to limit the number of paint types and to simplify the planning and execution of
the paint work, it is further recommended that the high-duty system of the boottop zone
is similar to that applied on the bottom parts, in which case no special coloured
boottopping is used. This avoids the use of a separate paint system for the boottop area.

1.3.3. TOPSIDES AND EXTERIOR PARTS ON DECK (SUPERSTRUCTURES)
1.3.3.1 Requirements

Paint systems for topsides and superstructures, including deck houses, hatch coamings,
hatches, cranes, funnels, bulwarks, etc., should be:

* corrosion-resistant;

» weather-resistant;

* impact-resistant;
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« scratch-resistant;
= easy to clean.

Particular the top coat should be smooth and hard to prevent soiling and to ensure easy
cleaning. For aesthetic reasons, especially’ for certain parts like deck houses, most
owners prefer high-gloss paints of durable colour and gloss.

1.3.3.2 Suitable paint systems

Paint systems for the topsides and exterior work on deck (superstructures) consists of
several anti-corrosive coats and one or more finishing coats of the desired colour.

Conventional alkyd paints still find wide application because of their pleasing
appearance and good application properties. They are easy to repair and therefore
particularly suitable for smaller ships, the topsides of which are often damaged by river
vessels or lighters moored along side. Alkyd paint systems, whose total dry film
thickness should be at least 140 micrometers, usually consist of two coats of anti-
corrosive primer (having a certain colour difference) and two coats of finishing paint.
They can easily be touched-up by the crew using a brush or roller.

Because of the risk of toxic fumes, anti-corrosive primers containing red lead or
chromates should not be used on parts which have to be welded.

The topsides and exterior surfaces on decks of larger ships are often painted with high-
duty paint systems (primers and finishing coats) based on epoxy resin, polyurethane
resin, chlorinated rubber or vinyl copolymers. These high-duty systems should be at
least 200 pm thick after curing.

If a high-build system is applied, the final coat is usually not of a high-build type but a
conventional paint which gives a more decorative and smoother finish which is easier to
clean.

Very decorative and durable finishes for deck houses etc., are provided by polyurethane
paints based on aliphatic isocyanates or isocyanate (polyurethane) acrylic paints which
have a better gloss and colour stability than paints based on alkyd resins. However, pure
polyurethane paints have the disadvantage of possible intercoat adhesion problems when
recoating since the old coats are very hard and insoluble. In this respect the polyurethane
acrylic paints are to be preferred.

Some parts of the superstructures may consist of aluminium (e.g. deck houses) or
galvanized steel (e.g. railings, pipelines) which require special surface preparation before
being painted and, as a rule, special types of primer. (see Parts 3.3.3.4 and 4.5.1.3).

The protection of machinery on deck depends on the material from which it is
constructed, its function and especially on its accessibility for maintenance. Extra
requirements for the paint system are that this should be resistant to lubricating oil and
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grease and is sometimes required to be heat-resistant. Machinery is often supplied with a
standard finish, for cosmetic purposes, which is totally unsuitable for service on deck
where a high corrosion-resistance is required.

The best way to overcome this problem is to issue the supplier, in good time, with a
realistic coating specification. The machinery can then be delivered clthcr totally
(adequately) coated, or properly pretreated and primed.

Life-boats, constructed from glass-reinforced polyester resin, normally are delivered
with a surface consisting of a gel-coat which has been pigmented in the required colour
(orange or white). These boats are only painted in cases of mechanical damage or during
maintenance when the gel-coat is excessively weathered.

The surface should be degreased and cleaned, for instance by rubbing with wet pumice
powder and a detergent. In this way weathered gel-coat, wax and mould release agent
residues will be removed. After having rinsed the surface with clean fresh water and
after having allowed it to dry it should be painted, e.g. with one or two coats of
isocyanate (polyurethane) acrylic paint, preferably on top of a suitable pretreatment
primer.

1.3.4. MAIN DECKS AND GANGWAYS
1341 Requirements

Paint systems for decks should be:

* corrosion-inhibiting;

+ weather-resistant;

* impact-resistant;

« abrasion-resistant;

« non-slip (even when the decks are wet);

* resistant to water, fuel oils, lubricating greases, detergents (cleaning agents);
* resistant to spillage of cargo.

1.3.4.2 Suitable paint systems

Paint systems for steel decks not otherwise coated (e.g. by asphalt) usually consist of
several anti-corrosive paint coats and one or more coats of deck paint of the desired
colour. Often special 'non-slip' paints are used on the deck parts with heavy foot traffic.

Conventional paint systems for steel decks usually consists of two coats of anti-corrosive
primer and two coats of deck paint, all based on alkyd resin. Such systems, applied at
dry film thicknesses of at least 140 um, are only moderately wear-, impact- and scratch-
resistant.
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They are not fully resistant to aromatic and other strong solvents and only poorly
resistant to acids and alkalis. They should therefore on no account be used on the decks
of 'extended white product'- or chemical tankers.

High-duty paint systems for decks consist of paints based on epoxy resin, polyurethane
resin, chlorinated rubber, vinyl copolymers or zinc silicate. With the exception of the
last-mentioned, the high-duty systems should be at least 200 pm thick after drying.

Zinc silicate paints, when used without top-coat should have a dry film thickness of
between 75 and 120 um. Zinc silicate is very hard, scratch-, wear- and corrosion-
resistant, but not resistant to acidic and alkaline liquids.

Systems based on epoxy or polyurethane resin or combinations of these have good
resistance against wear, as well as against chemicals and solvents. These systems are
therefore suitable for use on decks of solvent carriers as well as the decks of chemical
tankers.

Paint systems based on chlorinated rubber and vinyl copolymers are less wear-resistant
than two-pack systems. They are resistant to acids and alkalis, but not to strong solvents.
Moreover, chlorinated rubber paint systems are only moderately resistant to oils.
Accordingly, chlorinated rubber and vinyl paint systems should not be used on the decks
of solvent carriers. The decks of crude oil tankers should preferably not be coated with
chlorinated rubber systems. Both paint systems, however, are fast-drying, which is an
advantage when painting ships' decks.

Pipelines on deck should be treated according to their operating temperature. It may be
necessary to use more or less heat resistant paint systems.

Deck equipment, not directly delivered by the yard, often is very poorly painted. When
necessary, the paint work on this equipment should be derusted, touched-up and given
extra coats in order to obtain the desired dry film thickness (approximately 200 um).

1.3.4.3 Procedures

Before delivery of a ship the decks often show many damaged and rusted areas.
Remedial action is often difficult, since, at this late stage of construction, open blasting
is not always permitted and it is also impossible to isolate these areas for long periods.
To avoid open blasting, portable vacuum or impeller blast-cleaning machines can be
used, which can be driven slowly over the deck. The surface is blast-cleaned while dust
and contaminants are safely collected.

When, in countries having a wet climate, a ship is to be delivered in winter, the anti-
corrosive coats for its decks should be applied in the section building stage otherwise
they will suffer severe corrosion. Whilst one has to realize that repair to the damage is
expensive this has to be weighed against the much higher cost of blast-cleaning the
whole deck and to a considerable delay in commissioning the vessel.
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Ships that are being built in the shop-coat, should preferably be treated with a shop
(prefabrication) primer having a high corrosion-resistance, such as one containing zinc
dust. 'Building in the shop coat' is the preferred method for ships with small deck spaces
(e.g. freighters) which are liable to suffer considerable damage during construction.

The ideal working procedure if a ship is built in the shop-coat is to blast-clean the decks
shortly before delivery and to apply the entire paint system immediately after blast-
cleaning.

It should finally be stated that non-slip paints, which are applied to certain deck areas in
order to provide a non-slip surface, should not be applied too thickly.

1.3.5. DRY-CARGO HOLDS
1.3.5.1 Requirements

Paint systems for dry-cargo hold should be:
* corrosion-inhibiting;

¢ wear-resistant;

* impact-resistant;

* scratch-resistant.

Paints for the holds of dry bulk cargoes such as iron ore and coal should be particularly
abrasion- and impact-resistant.

Paint systems for holds which are used for transport of cereals etc., where the risk of
contamination of the cargo is unacceptable, should therefore on no account tend to flake.
If they do, the holds will not be accepted for the transport of cereals etc. Also the
systems should have official approval for use in contact with food.

In the case where dry-cargo holds will sometimes be used as ballast tanks, the coating
system must fulfil additional requirements (see Part 1.3.6.3) and the number of cargoes
to be transported is limited.

Especially for cargoes like grain, which may cause a rise in temperature due to natural
heating, the coating system should not be thermoplastic in order to avoid sticking of the
cargo to it and damaging the coating system. For this reason, systems based on
chlorinated rubber and vinyl copolymers are not recommended.

Water collecting at the bottom of holds is normally drained off via the bilges at the side
of the hull. Hence, paint systems for the floors of holds should be water-resistant.
Bilges, in which moisture and dirt can accumulate should be very well protected during
building, since in later stages it is nearly impossible to clean, dry and paint them
adequately.
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1.3.5.2 Suitable paint systems

Conventional systems for dry-cargo holds consist of several coats or bituminous or
alkyd paint e.g. two coats of anti-corrosive primer and one or two coats of 'hold paint' of
the desired colour. For refrigerated holds 'low odour paints' are sometimes supplied. The
total dry film thickness should be at least 140 pum. Alkyd and bituminous paints,
however, tend to be damaged easily and require a great deal of maintenance.

High-duty paint systems based on epoxy resin, polyurethane resin or their combinations
with coal-tar are wear- and impact-resistant and give reasonable results in the protection
of holds for ore, coal or scrap. These systems should have a dry film thickness of at least
200 pm.

In holds liable to suffer heavy damage, a coat of zinc silicate paint at a dry film
thickness of 75-120 um is the most satisfactory because of its very good corrosion
protection, hardness and resistance to wear.

Bilges, where good water-resistance is of prime importance, are often coated either with
a very thick coat of hot applied bitumen, several coats of coal-tar epoxy, or with a so-
called 'grease paint’, which is a corrosion-inhibiting grease based on petroleum wax
and/or wool grease (lanoline). Disadvantages of these 'grease paints' are that dirt easily
sticks to their surface and that they may give problems when it is decided to protect the
bilges subsequently with another type of coating system.

1.3.6. TANKS
1.3.6.1 Introduction

All ships have tanks for ballast water, fuel, lubricating oil, drinking water, deionized or

distilled water and special materials such as sludges and liquid detergents. All these
substances are indispensable in the normal ship operation. Fuel tanks are sometimes also
used as water ballast tanks; these tanks are known as fuel oil/ballast tanks. Tanks for
ballast water only are called segregated ballast tanks.

In addition to these tanks there are the cargo tanks, intended for the transport of many
kinds of product. These tanks are also sometimes filled with ballast water (‘cargo/ballast
tanks', 'crude oil/ballast tanks").

Depending on the type of ship and kind of cargo, the tanks may be provided with
heating facilities (coils).

Ships are often named after the kinds of cargo they carry such as crude oil tankers, white
oil or product carriers (for refined fuels, lubricating oils and aromatic distillates such as
toluene and xylene), solvent carriers (for strong solvents, such as esters and ketones),
chemical tankers (for strong solvents, acids, lyes, latex, etc.), wine tankers, gas
(LNGILPG) tankers (for liquefied gases such as propane, butane, ethylene, ammonia).
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Not all tankers are coated internally with a complete paint system. No painting is
required for fuel and lubricating oil tanks, and large parts of crude oil tanks also can
often be left unpainted but this is not a general rule.

It should be considered that, apart from corrosion protection, one of the advantages of
the use of a coating system is that the tanks can be cleaned more easily and rapidly and
permit rather quicker changes in the type of cargo carried. Also, cargoes will be
considerably less contaminated than in uncoated tanks.

Sometimes tanks are only partially coated or are provided with a cathodic protection
system, often in combination with a coating system. Inert gas systems, which were
designed for prevention of explosions, contribute to the reduction of corrosion.

Shipping registries permit a reduction in plate thickness of cargo- and ballast-tanks when

these are provided with a durable paint system. Conditions and permitted reductions

differ somewhat among the various registries and can be found in:

* Lloyd's Register of Shipping. Rules and Regulations for the Construction and
Classification of Ships

* Bureau Veritas. Rules and Regulations for the Classification of Steel Ships.

The above mentioned shipping registries publish a list annually of approved corrosion
control coatings.

Also according to the registries, on ships intended for the carriage of oil cargoes having
a flash point not exceeding 60°C (closed cup test), paints containing aluminium should
not, in general, be used in positions where cargo vapours may accumulate, unless it has
been shown by appropriate tests that the paint to be used does not increase the hazard of
spark generation.

From the viewpoint of adequate protection, tanks in particular should be constructed as
simply as possible. For that reason, in modern practice, stiffeners are fixed outside and
the inside surfaces are kept as uncomplicated (smooth) as possible. Further
constructional provisions should be made to facilitate staging and to avoid as far as
possible local pools of water or (aggresive) cargo when the tanks are emptied.

1.3.6.2 Procedures

Like the other parts of a ship, tanks can also be painted in the section building stage, or
being 'built in the shop-coat’, the latter being the more usual procedure. Painting in
section building requires very careful planning, since during final construction tanks
may sustain burns or other damage as a result of installing heating coils, making
passages between tanks, fitting steel ladders, etc.
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In tanks for chemically aggressive cargoes, such as strong solvents, acids or alkalis, it is
necessary to remove the shop-coat by blasting, even when it is still intact, before the
application of a heavy-duty paint system (tank coating system). This is called in situ
blasting and should be done very carefully.

In tanks for less critical cargoes, such as 'white oil products' a shop-coat, provided that it
is in good condition and resistant to white oil products, need not to be removed, and
thorough cleaning is sufficient. Rusted and burnt spots, however, should be blast-
cleaned to a preparation grade of at least Sa 21/2 prior to painting.

Especially in ballast tanks and tanks for aggressive cargoes, before blast-cleaning or
further coating, welding spatters and deposits should be removed by grinding. Porous
parts of welds should be cut out and re-welded. Sharp edges should be rounded by
means of mechanical grinding to a radius of about 2 mm.

Any faults in the steel should be ground until a smooth surface is obtained. As some of
these faults only become visible after blast-cleaning, it may be necessary to carry out the
grinding operations subsequently.

With respect to tank coating procedures the following general information can be given.
During pretreatment and coating operations and during initial curing of the coating
system tank openings should be covered for protection against rain, snow, etc.

Adequate staging, enabling good access to the entire inside tank area is of prime
importance; the staging planks (gratings) should be smooth and turnable for cleaning.
The distance between the gratings and the tank walls should be at least 0,50 and not
more than 1 m, thus enabling free access for blast-cleaning and proper paint application
without holidays, overspray, (dry spray) sagging, etc. The distance between each level of
the staging should be about 2 metres.

Adequate safety (spark-free) lighting has to be installed inside the tanks, to provide
optimal illumination of the surfaces.

All workers, engaged in blast-cleaning and painting operations in the tanks have to be
equipped with fresh air masks and protective clothing. Such masks must also be womn
when entering tanks while the paint is still drying, especially if the concentrations of
solvent and thinner vapours still exceed the TLV (MAC)*.

All equipment should be properly earthed. For more details concerning safe working in
tanks, the reader is referred to Part 11.6.3 and Appendix 11.C.

Before, during and after blast-cleaning and painting, condensation of water on the steel
surfaces should be avoided. The risk of condensation is particularly great when the ship
is lying in cold water which cools the outer walls of the tanks below the dew point of the
internal air. Preferably, the painting of tanks should be completed before the ship is
launched.

*

see Part 11.2.6
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Blasting and painting should only be allowed if the temperature of the coldest parts of
the tanks is higher (preferably at least 3 °C) than the dew point of the air inside the tanks
and remains so during the whole operation.

Possible changes in relative humidity should be taken into consideration. This
necessitates continuous monitoring of steel and air temperatures, humidity and
determination of the dew point.

In the interest of health and safety and in order to create favourable working and
painting conditions, tanks should be ventilated with dry, oil-free and, if necessary,
heated air, before, during and after painting. If the air has to be dried, this may be done
in special dehumidifiers, e.g. by passing the air over silica-gel.

When heated, the air should not be allowed to pick up excess moisture.

For this reason electrical heating is preferred. Hot air guns are unsuitable because their
combustion gases raise the humidity and reduce the oxygen content of the air. Normally,
driers are used which both dry and heat the air.

For blast-cleaning, only suitable uncontaminated inert abrasives are allowed.

In order to obtain a sufficiently rough steel surface with a sharp edged anchor pattern,
(steel) shot abrasives are not acceptable. Generally, no recycling of used abrasive is
permitted, especially in cargo tanks.

Unless otherwise specified, the blast-cleanliness should be at least Sa 21/2* at the
moment the first paint coat is applied. The surface roughness** should be about 50-80
micrometers.

During blast-cleaning, oil and/or water contamination of the cleaned surfaces must be
avoided. For that reason compressors should be fitted with coolers and adequate oil- and
water separators which should be drained-off regularly.

After the blast-cleaning operation, the steel surfaces and scaffolding should be

thoroughly cleaned by means of industrial vacuum cleaners. Special attention should be

paid to comners where excessive amounts of dust may collect. Staging planks should be

vacuum-cleaned, both top and bottom. Finally, after blast-cleaning, dust must be

completely removed.

To prevent dust/grit contamination of blast-cleaned or painted surfaces, the following

measures should be taken:

* the area on the main deck surrounding the entrance coaming should be kept in a clean
condition;

* workers in tanks should wear soft soled shoes;

» fibre mats, for wiping feet, should be placed at coaming entrances.

* seePart3.2.4.4
** Rys or Rz (see Part 3.2.4.3)
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The coating system should be applied according to the paint manufacturers instructions.
The first paint coat should be applied as soon as possible after cleaning. All sharp
edges, irregular/rough welds, inaccessible areas and horizontal girders, where liquids
may remain after emptying the tank, should be stripe-coated before spray application of
each coat. Premature corrosion of these susceptible areas is thus prevented.

Excessive high film thicknesses which may lead to cracking, for instance in corners of
stiffeners etc., however, should be avoided. Tank coating systems for instance should
nowhere have a dry film thickness of more than 50% above that prescribed.

The lower parts/bottoms of the tank should be done last.

Spraying equipment should be in good order and the nozzle dimensions and pressure
should be in accordance with the applicable data sheets.

Under no circumstances should paint be applied at lower temperatures or at higher
relative air humidities than those specified by the paint manufacturers’ data sheets.

After completion of the paint application, staging damage, including staging marks on
the bottom, should be touched-up. This should be done by vacuum-blasting or
mechanical grinding and building up the coating system again by brush and/or roller.
Mechanical grinding should not result in too smooth (polished) a surface. When
touching-up the paint system by brushing or rolling, sometimes more coats are needed
than with spray application in order to obtain the prescribed dry film thickness.

During touch-up activities special attention should be paid to avoid damage to intact
parts.

Adequate prevention of fire and explosion hazards requires a high air ventilation
capacity. This high capacity is needed to prevent concentrations of flammable vapours
of solvents/thinners building up to more than 10% of the lower explosion limit. This
capacity can be calculated when the volatile matter content of the paint and the lower
explosion limit (LEL) of the volatile matter is known. An example of such a calculation
is given in Part 11.5.9.

It is very important to install the ventilation exhausts at or near the bottom of the tanks,
because this is where solvents, being heavier than air, usually collect. Ventilation
through man holes only is certainly not sufficient.

In view of the increased fire and explosion hazard in tanks and its surroundings, the use
of paints with a high flash point is often specified. Fire, explosion and health hazards can
be further minimized by the use of quick-drying high-solid paints and preferably by the
use of those that are solvent-free. As a general rule, ventilation should be continued for
a long time after application of the final paint coat.

Tanks should not be closed too early and not be filled with cargo or ballast water before
the interior coating system is completely cured, i.e. before the evaporation of
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solvents/thinners and the chemical drying (curing) are complete. Incomplete curing can
seriously impair the resistant properties of the coating.

Too early a loading of freshly coated tanks may cause the system to soften, blister and
flake, leading to premature corrosion and contamination of the cargo. Before loading the
tank it is therefore strongly recommended that the paint suppliers’ advice is sought on
whether the system has sufficiently cured.

Aggressive cargoes can only be carried when the tank coating system is fully cured. Full
cure may be obtained by transporting a hot, non-aggressive cargo for a few days. For
this purpose, for instance lubricating oil at 60°C can be used.

Critical parts of coated surfaces should be checked for the presence of holidays and
pinholes by visual examination and holiday detectors (see Part 9.4.7.4). All defective
areas should be properly repaired (derusted and recoated) before the staging is removed.

For a final check on the presence of possible holidays it is good practice to fill the tank
with sea water. After about 24 hr the tank is emptied and the inside allowed to dry.
Holidays are revealed as rust spots.

1.3.6.3 Requirements

Paint systems for the interiors of tanks should be:

¢ corrosion-inhibiting;

* free from pores;

» smooth (easy to clean);

* very resistant to the cargo to be transported;

* resistant to substances as may be released by the cargo;

* resistant to tank cleaning procedures;

* resistant to a sequence of different cargoes and cargo/cleaning procedures.

When cathodic protection is applied, the paint systems should also be unsaponifiable.

As a general rule, paint systems for tanks should not develop substances that may
contaminate the cargo. This is particularly important for cargoes intended for human
consumption and pure chemical cargoes.

Paint systems for tanks for edible and potable cargoes must not develop toxic substances
or substances affecting colour or taste. For this reason they need to be officially
approved.
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1.3.6.4 Suirable paint systems
a. Water ballast tanks

Conventional systems for water (segregated) ballast tanks consists of several coats of
bituminous paint with a total dry film thickness of at least 300 pm. High-build
modifications of these paints are also used.

As an alternative, solventless bituminous compositions are often employed. These
compositions must be heated to prepare them for airless spraying (dry film thickness
300-500 pum) or application by brush in very thick coats (dry film thickness a few
millimeters).

If necessary, the solidified brush coats can be smoothed by flame. To ensure good
adhesion of the bituminous compositions, a so-called bituminous solution must be
applied beforehand as a 'key-coat'.

To effect repair, water-based bituminous or epoxy coal-tar dispersions are sometimes
used. This has the advantage that paint application is already possible during welding
operations.

Less durable products for water ballast tanks are the grease paints (anti-corrosive grease,
based on petroleum products or non-oxidising animal products) and float coats (low-
viscosity non-drying anti-corrosive petroleum or wool fat derivatives).

Grease paints and float coats need no thorough surface pretreatment and the tanks can be
ballasted shortly after application.

A float coat is applied by floating it on the surface of the water, filling the tank slowly
and then emptying it, so that the product is deposited on the walls (flotation method).
The procedure is cheap because it saves labour and material, but it has to be repeated
several times. There is a risk, however, of contaminating the harbour water. Float coats
can easily be applied by airless spraying, some of them in a thick layer.

The flotation method does not always give satisfactory results. Suppliers sometimes
recommend applying the float coat to the upper parts of the tank and to the more
inaccessible parts by airless spraying, and to the remaining parts by flotation. This
method gives better results. If the tanks contain much sludge, the value of the treatment
with a float coat is questionable.

The use of grease paints or float coats may give rise to problems when tanks are
subsequently protected with another coating system. The reason being that it is very
difficult to remove the grease paint or float coat to the extent necessary for obtaining
adequate surface-cleanliness.

High-duty systems for water ballast tanks usually consist of several coats of paint based
on coal-tar epoxy, epoxy resin, polyurethane tar or vinyl tar; their dry film thickness
should be at least 250 pm for the epoxy and polyurethane systems and at least 200 um
for the vinyl systems. Sometimes epoxy resin/bleached tar combinations are used for
which a dry film thickness of at least 300 um is recommended.
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Some of the epoxy-, coal-tar epoxy or polyurethane products are solvent-free and can be
applied in one layer with a dry film thickness of at least 250 pum.

Water ballast/fuel oil tanks should not be coated with bituminous, coal-tar epoxy, grease
paints or float coats because these products would soften or even dissolve in the fuel.
Water ballast/crude oil tanks are left in a shop-coated condition (after thorough cleaning)
or are completely or partly (bottom + horizontal parts) coated with a (coal-tar) epoxy or
polyurethane paint system with a dry film thickness of at least 250 pm.

As water ballast tanks are very prone to corrosion, pitting can occur due to irregularities
(pores, mechanical damages) in the coating system. Therefore, sacrificial anodes are
sometimes installed in the bottom area to provide cathodic protection.

b. Fuel tanks

Since liquid fuel prevents the rusting of steel and will emulsify considerable quantities
of water, the interior of liquid fuel tanks need not be painted.

After mechanical cleaning, these tanks are filled with fuel oil as soon as possible. If a
long delay is unavoidable, the interior of the tanks should be oiled.

The bottoms and horizontal parts of diesel oil tanks are usually protected by several
coats of epoxy paint to a total dry film thickness of at least 250 pm.

Gas turbine fuel tanks should be completely coated with a well-adhering paint system,
since contamination of such fuels with solid particles (e.g. dirt, rust, or zinc particles)
would severely damage the turbines. Gas turbine fuel systems have very elaborate
filtering systems which should not be blocked. As gas turbine fuels are chemically
active, and also because contamination with paint particles must be avoided, gas turbine
fuel tanks have to be treated in the same way as those for chemicals (see Part 1.3.6.4f).
The preparation of the inner tank surfaces includes 'in situ' blasting, followed by
application of several coats of epoxy paint. The paint system should be at least 250 pm
thick and should be free from metallic pigments.

c. Lubricating oil tanks

Since lubricating oils contain inhibitors preventing the rusting of steel, it is not strictly
necessary to paint the interior of the tanks in which they are carried. If such tanks are not
painted, however, it is of vital importance that all dirt, rust particles and pieces of metal
are thoroughly removed. Any solid contaminants in lubricating oil may clog the system.
Many classification bureaus and shipowners require the interior of the tanks to be
delivered at silver brightness. After mechanical treatment and thorough cleaning the
tanks should be filled with lubricating oil, as soon as possible, or otherwise be oiled.

To prevent contamination of the lubricating oils and corrosion (pitting) by condensed
water on the upper parts of the tanks, present practice is often to paint these parts of the
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tanks during building. For this purpose at least two coats of epoxy paint are applied.
Sometimes, however, the whole tank interior is painted.

d. Drinking (potable) water tanks

The oldest method of protecting the interior of drinking (potable) water tanks is to give
them a cement wash. This treatment is cheap, but should be frequently repeated.
Moreover, cement wash is likely to attack zinc containing shop-coats.

Another cheap method of protection, which also requires frequent repetition, is to apply
an odourless and tasteless preserving grease.

More durable conventional systems usually consist of several coats of a special
odourless and tasteless bituminous paint, or of similar compositions that can be applied
hot in very thick layers (a few millimeters) to a thin key coat of bituminous solution. An
advantage of such compositions is that they do not contain slowly evaporating solvents
that might impart a disagreeable taste of drinking water.

The usual high-duty systems for protecting drinking water tanks consist of one or several
coats of epoxy paint with a total dry film thickness of at least 250 um or several coats of
vinyl paint with a total dry film thickness of at least 200 pm.

The use of coal-tar epoxy paints is less attractive and even forbidden in some countries,
because these paints may give off unpleasant tasting or even toxic substances. In many
countries, paints for drinking water tanks are subject to approval of official bodies, for
example the Food and Drug Administration (FDA) in the United States of America.
Before being put into service, drinking water tanks should be ventilated for a long period
so as to remove any solvent vapours that might taint the water.

e. Water tanks other than ballast water or drinking water tanks

High-duty systems for such tanks usually consist of several coats of epoxy paint with a
total dry film thickness of at least 250 pm. In order to reduce the risk of blister
formation, the tanks should be blast-cleaned shortly before the application of the paint
system when the shop-coat, if present, should also be removed. At the time the first coat
of paint is applied, the blast-cleanliness should be at least Sa 21/2.

Hot water tanks, in which the risk of blistering is greatest, should preferably be given a
paint system of at least three or more coats so as to ensure that the substrate is well
sealed.

For this purpose 'high-build' paints are not always suitable, because of their tendency to
retain solvents which makes them particularly likely to blister.
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f. Cargo tanks
General

In the cargo tanks a wide variety of cargoes is shipped. While some tanks are always
used for the same product, other tanks are used for different commodities. It may be
necessary to wash the tanks insides thoroughly (for instance by butterworthing) when
changing cargoes.

Consequently, the coating system should not only be resistant to the separate cargoes
but also to the alternating action of different cargoes and cargolcleaning procedures.
While two successive cargoes may be individually compatible with a tank coating
system, a mixture of the two, due to residues of the first cargo, may cause damage. For
instance when a vinyl acetate monomer (VAM) cargo is followed by a water containing
cargo, residues of the vinyl acetate monomer in the tank lining (coating) will hydrolyse.
By this process acetic acid is formed which will cause corrosion and attack the coating.
It may be necessary to clean and/or ventilate cargo tanks or to wait a certain time when
changing cargoes from one to another.

Extensive information about the resistance of tank coating systems to a great variety of
cargoes is given by coating manufacturers in their commodity- or resistance list. An
example of a part of such a list is given in Appendix C of this chapter.

Special attention must be paid to the additional notes, containing warningsirestrictions,
for instance concerning acidity/alkalinity, presence of water in the tanks, cleaning
chemicals, cargo residues, etc.

Especially in the case of the transport of cargoes which cause swelling, such as certain
solvents, tank coating systems based on organic coatings should not be too thick (e.g.
not thicker than 500 pm).

As many cargoes are very corrosive, the inside of cargo tanks should contain no (poorly
covered) sharp edges etc. Beside rounding the sharp edges and stripe-coating these
before application of each coat, there is nowadays a tendency to construct tanks without
internal sharp edges by placing the stiffeners outside the tanks (see also Part 1.3.6).
Beside the advantage of avoiding sharp edges on the inside, the inner surface area,
which must be protected by an expensive tank coating system, is reduced.

Heating coils of stainless steel or aluminium brass are often fitted in the cargo tanks in
order to decrease the viscosity of some cargoes, thus facilitating pumping.

Electrical connection of these heating coils to the hull should be avoided by insulating
them well from their supports. If there should be electrical contact between the coils and
the hull, rapid corrosion will take place. Especially as in the bottom area of the tanks
coating irregularities often occur, due for instance to mechanical damage, severe pitting
may be the result. In order to avoid damage to the coating system as a result of
overheating and to make touch-up painting under the coils possible the distance between
the coils and the tank bottom should not be less than 10 cm.
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Coating systems

Crude oil tanks are usually protected by high-duty paint systems based on coal-tar
epoxy, polyurethane/tar or epoxy resin; the total dry film thickness should be at least
250 pm.

The cargo tanks of very large tankers (VLCC's), including crude oil/ballast tanks, are
often only partially protected. In such cases, only the bottom (on which acidic water
settles), the deckheads including a zone of about 2 metres downward on vertical walls
and bulkheads (on which water condenses), a similar zone from the bottom upwards, and
the upper side of the horizontal stringers, are painted. Coating damage should be avoided
as this will result in severe pitting corrosion. The remainder of the plates and profiles of
the tanks consist of blast-cleaned steel which is not shop-coated and painted. Often the
bottom part of the tank is protected from excessive rapid corrosion by a cathodic
protective system using sacrificial anodes.

This method is unsatisfactory for crude oil/ballast water tanks, and for adequate
protection they should be painted completely; this point will be dealt with in more detail
in Part 10.9 (cathodic protection of tanks).

Tanks for white oil products (refined fuels and aromatic distillates such as toluene and
xylene) are generally protected by an epoxy or polyurethane coating system with a total
dry film thickness of at least 250 um, or by a zinc silicate paint coat with a dry film
thickness between 75 and 120 um. Before application of a zinc silicate paint, the tanks
should be thoroughly blast-cleaned; no other shop-coat, except zinc silicate, should have
been used previously. At the time of application the blast-cleanliness should be at least
Sa 21/2. When using zinc silicates it is extremely important to avoid rough layers, for
instance due to dry (over) spray, because it is extremely difficult to clean such areas
when changing cargo.

If no zinc silicate paint is used, but an epoxy or polyurethane paint system, shop-coated
surfaces of the tanks are often blast-cleaned to a cleanliness of Sa 21/2, but sometimes
ordinary cleaning will suffice.

Whether or not (re-)blast-cleaning is required depends on the aggressiveness of the
future cargoes and on the extent of breakdown of the shop-coat; this should be judged by
the paint supplier.

It is not permitted to transport some types of fuel, such as kerosines for jet aircraft, in
tanks treated with zinc containing paints. The slightest contamination of these fuels by
zinc (zinc pick-up) is unacceptable, which means that even the shop-coat under the paint
system must be zinc-free.

Tanks for strong solvents (esters, ketones) are painted like those for 'white products'.
Any shop-coat should first be removed by blast-cleaning.

Chemical tanks (acids, lyes, latex, etc.) are (after in situ blast-cleaning) usually treated
with a chemically resistant paint system consisting of several coats of epoxy, epoxy
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phenolic or polyurethane paint with a total dry film thickness of at least 300 pm. The
degree of blast-cleanliness should be at least Sa 21/2 when the first coat is applied. Any
shop-coat should be removed by blast-cleaning. Material coated with a zinc containing
shop (prefabrication) primer should not be used. Zinc residues remaining in the pores of
the steel after blast-cleaning may reduce the chemical resistance of tank coating systems.
In chemical tankers, in the wing tanks often one bulkhead consists of stainless steel,
which also forms part of a centre tank. In order to prevent (galvanic) corrosion, this
bulkhead should also be properly blast-cleaned and coated, in the same way as the other
(mild steel) parts of the tank. In order to obtain an optimum coating adhesion, the profile
of the blast-cleaned stainless steel surface should be sharp.

Tanks for liquid consumer goods (edible oils, wines etc.) are treated like tanks for
chemicals, additional requirements being that the paints must be odourless and must not
develop substances that are toxic, coloured, or liable to cause tainting of the cargoes. In
most countries the required paints are subject to approval by official bodies.

1.3.7. ENGINE ROOMS
1.3.7.1 Requirements

Paint systems for the engine room above the floor plate should be:

» corrosion-inhibiting;

* oil-resistant;

* easy to clean;

* not (or only slightly) subject to yellowing;

« fire-retarding (in many countries).

Yellowing is undesireable because it reduces the efficiency of the lighting.
Since polluted water, dirt and acid-contaminated lubricating oil will collect under the
floor plate, paint systems for this space should be:

* corrosion-inhibiting;

* water-, acid- and oil-resistant.

1.3.7.2 Suitable paint systems

The usual paint systems for engine rooms above the floor plate consist of alkyd resin
based paints e.g. one or two coats of anti-corrosive primer, one coat of undercoating,
and one coat of non-yellowing light-coloured finishing paint. To ensure easy cleaning
and colour retention, the finishing paint should be high gloss and based on non-
yellowing alkyd resins. For this purpose, polyurethane resin based paint systems, which
are very easy to clean, may also be used. The top coat of such systems should be based
on non-yellowing aliphatic polyurethane- or polyurethanelacrylic resin.



28

For the spaces under the floor plate, where esthetic appearance is not important but
where corrosion prevention is imperative, coal-tar epoxy, polyurethane tar, or straight
epoxy paints with a total dry film thickness of at least 200 pm may be used.

1.3.8. 'WET ACCOMODATION AND SERVICE SPACES
1.3.8.1 Requirements

Paint systems for 'wet' accomodation spaces, such as bath rooms, showers, galleys and
toilets should be:

* corrosion-inhibiting;

 water-, soap- and scratch-resistant;

* easy to clean;

* non-yellowing.

For reasons of hygiene, the systems should be light-coloured.

1.3.8.2 Suitable paint systems

Alkyd resin paint systems (dry film thickness of at least 120 um) consisting of, e.g.,

two coats of anti-corrosive primer, an undercoat and a white gloss finishing coat, satisfy
these requirements, provided that they are allowed to cure for a long period and are not
permanently exposed to water. However, preference is to be given to paint systems
based on epoxy and polyurethane resins with a thickness of, e.g. 200 pm, since these are
better impact-, scratch- and water-resistant and easier to clean than alkyd paints.

A high-gloss surface is preferred because this facilitates cleaning.

The floors of 'wet' accomodation and service spaces often are coated with solvent-free
epoxy compositions with a thickness of a few millimeters.

1.39. DRY ACCOMODATION SPACES

1.3.9.1 Introduction

In dry accomodation spaces, a great variety of substrate materials are used. Of these,
wood, chipboard, other kinds of board and insulating materials may be mentioned.

The insulating materials may consist of mineral or glass wool packed in gauze and
levelled with a coat of cement.
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1.3.9.2 Requirements

Paint systems for dry accomodation spaces should have lasting adhesion to the various
substrates, be easily recoatable and usually decorative.

Many countries will also require the paints to be fire-retarding.

The painting work in dry accomodation spaces is not particularly difficult, since there is
no direct action of sunlight, moisture or salt.

1.3.9.3 Suitable paint systems

Wood, after having been sanded, is usually painted with one primer coat or undercoat,
and one or two finishing coats of the desired colour, all these paints being based on an
alkyd resin. If a very smooth surface is required, a knifing filler is applied after
application of (thinned) primer; when the filler coat has been sanded or rubbed down,
the undercoat and finish are applied.

Hardboard is treated like wood, but the first coat should be a thinned primer/undercoat,
which prevents the absorption of subsequent coats. Highly absorbent types of hardboard
should be pretreated with a sealer coat of a water-soluble cellulose derivative ('cellulose
size').

Chipboard is treated like hardboard. If a smooth surface is required, several coats of
brush or spray filler (primer surfacer) are applied on top of the (thinned) primer before
top coating.

Hard wood objects (furniture and decorative linings) are usually treated with several
coats of varnish.

Insulating materials (lagging) are usually painted with several coats of water-based
emulsion paint. If the material is cement-coated, the paint should be an unsaponifiable
one (e.g. based on chlorinated rubber).
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APPENDIX 1.B. - HULL ROUGHNESS

1. Introduction

The surface roughness of the underwater hull has a large influence on its resistance and
consequently on the engine power needed to maintain a certain speed.

As an increase in engine power means an increase in fuel consumption, i.e. higher
bunker costs, every shipowner is strongly recommended to keep the hull surface
roughness as low as possible during building as well as throughout the lifetime of the
ship. '

In this respect it has to be born in mind that fouling causes a very large friction increase,
especially animal fouling such as barnacles and algal fouling, e.g. Enteromorpha.
Friction increase due to the paint system alone is much lower, but can still be of
importance when fuel costs are high.

According to investigations of the Royal Institute of Naval Architects, for every 10
micrometers increase in surface roughness an increase in engine power of 0.5-1% is
required to maintain a given speed. The actual figure depends on the initial roughness
and the hull form.

The following formula can be used to estimate the percentage change in power:

AP
+-x 100 = 5.8* [(r)13 - (1]
where:
AP = change in power
P = power required for roughness 1
r; = roughness 1 (initial roughness)
rp = roughness 2 (present roughness)
2. Hull roughness measurements

Hull roughness measurements are normally carried out by means of roughness gauges,
the probe being moved over S0 mm of the rough surface for each determination.

The commercially available instruments register the maximum peak to valley value.
Normally, the mean hull roughness (MHR) is calculated from a dozen determinations of
the maximum peak-to-valley value at about 100 positions, evenly spread over the
underwater hull. By averaging the MHR-values, the average hull roughness (AHR) is
determined.
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To obtain more accurate information, TNO modified one of the commercially available
instruments in such a way that the roughness profile is registered on magnetic tape so
that it can be reproduced and analysed at a later stage. The root mean square value
(RMS) of each profile is calculated by computer, which gives information about the
roughness perpendicular to the surface. The RMS-value is the standard-deviation of all
deviations of the roughness profile around its mean. Roughly estimated, the AHR is
about 5-6 times the RMS.

For a carefully coated new ship the value for the AHR may be for example 75-100
micrometers. This initial roughness depends on the quality of the steel, the construction,
the blast-cleaning, the coating system and the coating application.

Normally ships hulls roughen during service. The rate of roughening depends on the
way they are protected from corrosion and fouling, the frequency and quality of the
underwater hull maintenance and on the initial roughness. It was found that ships with a
higher initial roughness roughen at a higher rate than ships with a low initial roughness.
For old ships with a rough hull the AHR for instance may well be 500-600 micrometers.

3. Hull roughness parameters
3.1. INITIAL ROUGHNESS

The initial roughness of the underwater hull depends mainly on the quality of the steel,
the construction, the coating system and the coating application. With reference to the
quality of the steel, it will be clear that the initial condition of the steel surface is the
prime importance.

Condition A* (intact mill-scale) is a much better starting point than condition D (pitted
steel). The roughness will also be determined by the condition of the welds, which
should be as smooth as possible and by the presence of any laminations and weld spatter
which should be removed before coating.

With reference to the contribution of the coating system to the roughness, the orange
peel effect, solvent-popping and sags have to be considered. Coatings should be such
that with normal application the orange peel effect is minimal and there should be no
sags or solvent popping.

With reference to coating application, roughness promoting factors are:

« inclusion of dirt, debris and grit particles;

* poor application techniques resulting in film-irregularities such as sags, dry-spray,
overspray, pinholes, uneven areas etc.

* According to ISO standard 8501-1 (see Part 3.2.3.3)
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Poor application techniques arise from insufficiently stirred settled paint, incorrect
mixing of paint and hardener, inclusion of air, the use of the wrong thinner or incorrect
degree of thinning, the use of inappropriate or worn-out nozzles, a wrong spraying
distance, angle or pressure etc. Apart from sagging, roughness due to coating application
will not normally exceed 30 micrometers.

3.2, ROUGHNESS INCREASE DURING SERVICE

As mentioned under Part 2, ships' hulls will roughen during service. The main causes

are:

» mechanical damage, followed by corrosion, for instance caused by anchors chains,

contact with jetties, other ships etc.;

corrosion;

fouling;

overcoated fouling remnants;

» coating defects such as flaking and blistering;

* uneven areas due to build-up of old coating residues at places during maintenance;

* coating detachment due to the build-up of so-called 'sandwich coatings' (alternate
layers of primer and leached-out anti-fouling; see Part 7.2.2);

* cold flow (plastic deformation of the paint surface due to the water velocity).

Roughness due to mechanical damage, corrosion, fouling, blistering and flaking may be

considerably higher than the roughness due to coating application.

After dry-docking, hull roughness should be considerably lower than before and some

owners put exact requirements on the maximum allowable limit.
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APPENDIX 1.C. - PART OF A RESISTANCE (COMMODITY) LIST*

Introduction

This resistance table applies only to the following system(s):

System sheet | Specification | System name Surface preparation
number number standard
A 1 Epoxy phenolic Near SIS-SA3
B 1 Isocyanate cured HB epoxy | Near SIS-SA3
C 1 HB epoxy SIS-SA21/2
D 1 HS epoxy SIS-SA21/2
E land 2 Zinc silicate Near SIS-SA3
Substrate and curing

System(s) applied directly to the steel structure which has been blasted in situ, freed
from rust and scale and cured under the correct conditions for at least the minimum
period stipulated.

Exposure to an aggressive cargo before the coating has had the minimum curing time
can permanently affect its properties of resistance.

This list is not valid when prefabrication primers have been used under the system,
except system E specification 2, whereby coating manufacturers approved zinc silicate
primer may be accepted under restrictions.

In the case of stainless steel tank walls, the blasting profile of the substrate should be the
same as for mild steel, specified in the relative product system sheet.

Validity of this table

It is important to check that this resistance table is the latest issue, particularly if it is
more than one year old.

* Courtesey Sigma Coatings B.V.
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Explanation of data

RC = Resistance code + Suitable
+1,2,3 etc. Suitable, subject to reference notes 1,2,3 etc.
+ T (degrees C) Suitable up to T degrees Centigrade
- Unsuitable

A blank in this column indicates that the product has not been tested.

Transport and storage duration

The resistance code refers to bulk storage or transport of cargoes for a maximum period
of 6 months.
For extended storage or transport times please refer to the coating manufacturer.

Maximum temperature in degrees Centigrade

Some cargoes are so viscous that they need to be heated to reduce their viscosity so that
they can be pumped. The relevant temperatures have been obtained from organizations
in the transport and manufacture of chemicals.

For these highly viscous cargoes storage temperatures are indicated in degrees
Centigrade. Loading and discharge temperatures may be as much as 10 degrees
Centigrade higher. But the time at these higher temperatures must be kept as short as
possible and should not exceed 48 hours.

For less viscous cargoes that do not need be heated to reduced viscosity and allow
pumping, no maximum temperatures are stated. This means that in such cases the
coating system is resistant to temperatures up to 30 degrees Centigrade.

All cargoes having reference notes 4, 7, 8 or 11 should not be carried in tanks in contact
with adjacent tanks containing cargoes at higher temperatures than allowed for other
specific cargo.

Cargo and product conformity

When identical products or chemicals but with different trade or chemical names are
offered, these may be carried at the defined conditions provided it is established by the
shipowner and/or the shipper that the cargo does meet the chemical description give in
the list.
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The list is based on products or commodities of normal composition (e.g. natural
materials).

Variation in composition can affect performance and the coating manufacturer cannot
accept responsibility for any such effects.

Non -listed cargoes and temperature deviations

For cargoes not included in the list, or in cases when the owners have to deviate from
maximum temperatures, the coating manufacturer must be consulted before a cargo is
accepted or transported.

Inorganic acids and alkalines

Although the coatings themselves are resistant to several inorganic acids in various
concentrations we do not accept these chemicals as cargoes.

This is because of the very serious pitting of the steel and undercutting of the coating
system in the event of mechanical and other forms of damage of the coating prior to
loading of the inorganic acid.

System E, being a silicate zinc-rich coating is not resistant to strong acids or alkalines.
Its suitability is limited to products in the pH-range between 5 and 9. The use of acidic
or alkaline tank cleaning products must also be avoided. Slight zinc pick-up by the cargo
is possible, depending on the cargo in question.

Reference notes
Reference notes have a fixed number. This means that although a reference note may be
revised or extended its original intention will be the same.

Cleaning chemicals

A list of accepted tank cleaning materials is available on request.

Note 1

Certain products, such as esters (acetates, phthalates, etc.) and chlorinated or brominated
materials can react with water to form acidic compounds. Thus, although these products
are suitable for storage in coated tanks when dry, the presence of water may make them
aggressive or totally unacceptable. Such products must, therefore, be dry, carried in
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completely dry tanks, and water leaks must be avoided. Water contents should not
exceed 0.002% (200 ppm).

Note 2

These products may cause some discolouration of the coating. Subsequently cleaning of
the tanks may be difficult so that contamination of susceptible cargoes could occur.
These products are variable in composition, depending on source, and consequently the
effects on the coating can also differ.

Note 3

Vegetable and animal oils, fats, greases and waxes are esters of polyols and various fatty
acids, and contain mostly free fatty acid as well.

If in contact with water at higher temperatures these esters can saponify, resulting in
increased free fatty acid content. These free fatty acids, especially the short chain types,
can be very aggressive to tank coatings. Thus, during loading, storage and discharge the
acid values should not exceed the maximum values given in the table.

System Maximum acid value Maximum free fatty acid
content (approximately)

Epoxy phenolic No limit No limit
Isocyanate cured HB epoxy No limit No limit
HB epoxy 40 20%
HS epoxy 20 10%
Zinc silicate 5 2.5%

The fatty acids accepted in this list can be transported only if they are of normal
composition and do not contain more than 2% short chain organic acids (below C6).
The acid values of specific types should not be more than 10% higher than the
approximates and constants for those types. The water contents must be limited to 0.75%
maximum.

Note 4 (steel temperature)

These aggressive cargoes can only be carried when the coating is fully cured. Full cure
will be obtained after transport of a hot cargo such as lubricating oil, animal oil or
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vegetable oil at temperatures of 60 degrees C for 5 days, or 50 degrees C for 10 days for
double-skin vessels. For single-skin vessels and seawater temperatures below 15
degrees C, the cargo temperature should be raised to 80-90 degrees C (lubricating oils
or mineral oils). Full cure will also be obtained after a service period of 3 months with
non-aggressive cargoes (cargoes without any special note).

However, for caustic soda or caustic potash cargoes in isocyanate epoxy coated tanks, a
hot cargo cure is essential and cannot be substituted by a service period of 3 months with
non-aggressive cargoes.

After transport of caustic soda or caustic potash in isocyanate epoxy coated tanks, no
low concentrates of these cargoes should be left.

For transport of methanol and ethanol cargoes in epoxy phenolic coated tanks, a hot
cargo cure is essential and cannot be substituted by a service period of 3 months with
non-aggressive cargoes.

After transport of note 4 marked cargoes it is essential to restore its original condition.
This can be obtained by carrying non-aggressive cargoes (without remarks 4, 7, 8 or 11)
for a period of at least 30 days or by a hot cargo of lubricating oil, vegetable oil, animal
oil or molasses for a period of at least 5 days at 50 degrees C or 3 days at 60 degrees C.

Note 5

Products in this class are proprietary materials and can be transported, provided that the
pH is within the range 5.0-9.0.

Note 6

These cargoes should not be transported in tanks adjacent to tanks containing hot
cargoes (above 35 degrees C).

Note 7

Carriage of this cargo must be restricted to 30 days. Before another cargo with notes 4,
7, 8 or 11 is transported, it is essential to restore its original condition. This can be
obtained by carrying non-aggressive cargoes (without remarks 4, 7, 8 or 11) for a period
of at least 30 days or by a hot cargo of lubricating oil, mineral oil, vegetable oil, animal
oil or molasses for a period of at least 5 days at 50 degrees C or 3 days at 60 degrees C.
Note 8

Carriage of this cargo should be restricted to 90 days. Before another cargo with notes 4,
7, 8 or 11 is transported, it is essential to restore its original condition. This can be
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obtained by carrying non-aggressive cargoes (without 4, 7, 8 or 11) for a period of at
least 30 days or by a hot cargo of lubricating oil, mineral oil, vegetable oil, animal oil or
molasses for a period of at least 5 days at least 50 degrees C or 3 days at 60 degrees C.

Note 9

Lubricating oil, excluding chlorinated, brominated, phosphated and ester types, may be
carried at temperatures up to 70 degrees C (80 degrees C for loading or discharge). It is
necessary to establish that cargoes of lubricating oils are not of the types listed as
exclusions.

Note 10

Molasses can be carried when the pH of the product is between 4 and 11. Diluted
solutions of molasses should be removed within 24 hours after tank cleaning or, when
acidic, be neutralized by an alkaline tank cleaning product.

Note 11

Before loading these aggressive water miscible cargoes it is essential to remove all traces
of water from the tanks.

Tanks having carried these cargoes should not be brought into contact with water. No
steam, ballast water, or aqueous cargoes must come into contact with the coating before
its original coating condition is restored. This can be obtained by carrying non-
aggressive cargoes (without remarks 4, 7, 8 or 11) for a period of at least 30 days or by a
hot cargo of lubricating oil, mineral oil, vegetable oil, animal oil or molasses for a period
of at least 5 days at 50 degrees C or 3 days at 60 degrees C. In case of residual cargo
removal by means of water flushing in the bottom-area is unavoidable, please contact
your coating manufacturers representative.

Concerning the quality of the methanol-ethanol, this must be pure (i.e. no contamination
with formaline, acetone, acetic acid and others) and completely water free (max. 0.06
per cent water acceptable). Samples have to be sealed, properly marked and dated and
maintained onboard for minimum 6 months after discharge’ of the methanol/ethanol
cargo.

Note 12

Amines can be transported, when free from moisture. If water is present the alkalinity
may increase to a pH of more than 9. To prevent contamination by water, both the cargo
and the tank must be completely dry at the time of loading and preferably, the cargo
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should be transported under a dry nitrogen gas-blanket. Maximum water contents 0.05%
(500 ppm).
Note 13
Well cured zinc silicate is resistant to phenols and cresols. Tanks should be ballasted or
water-cleaned at least once before transporting these products.
Note 14
Crude oils can normally be transported and stored in zinc silicate coated tanks. Some
crude oils, however, are very acidic and thus aggressive to zinc silicates, especially when
heated and in the presence of water. Acid values above 0.4 are not permitted. The pH of
water concentration should not be outside the range 5 to 9.
Note 15
These products can be carried only in completely dry tanks without any leakage.
Maximum water contents 0.015% (150 ppm).
Note 16
This is a generic name. Most of these cargoes can be transported, but it should be
established that no notes are included under the specific type name of this cargo
elsewhere in the list.
Note 17
If zinc silicate coated tanks are also available, it is recommended that they should be
used to carry this product.
Note 18
Storage of this cargo should be restricted to 90 seried days. Before carriage of another
water cargo, the coating must be restored to its original condition.
This can be obtained by drying the tanks thoroughly and adequate ventilation during 72

hours thereafter or by a hot cargo of lubricating oil, mineral oil, vegetable oil, animal oil
or molasses for a period of at least 5 days at 50 degrees C or 3 days at 60 degrees C.



46

Extended service life for very aggressive cargoes will be obtained by avoiding
ballasting.

Note 20

The coating is resistant, but possible cargo contamination by the coating should be
considered (e.g. zinc pick up from zinc silicates).
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CHAPTER I

THE PROTECTION OF DIFFERENT PARTS OF OFFSHORE STRUCTURES
UNDER CONSTRUCTION

2.1. Introduction

Broadly, offshore structures can be divided into two groups, e.g. floating and fixed
Structures.

Examples of floating structures are jack-up rigs, semi-submersible drilling platforms,
drilling vessels for exploration, drilling and heavy lift barges, diver support vessels, pipe
laying barges etc.

Fixed structures comprise sub-sea well-head structures, sub-sea manifolds, well-head
and production platforms, sub-sea pipelines etc.

Ships, barges and floating structures can be brought to shore into a dock or at least into
sheltered water for repair, modification and maintenance. For this type of structures
high-duty ship painting systems can be used. They generally give adequate performance
for the relatively short working life of this type of equipment.

Fixed installations on the sea bottom such as well-head structures, sub-sea manifolds,
pipelines and support structures (jackets) for production platforms (apart from modules)
cannot be transported to shore for repair or maintenance and most parts cannot be
replaced without extreme difficulty and heavy cost if they should fail due to corrosion.
Consequently, fixed offshore structures may be expected to have a service life of 25
years or more, which puts extremely heavy requirements on corrosion control.

This chapter mainly deals with corrosion protection by means of paint systems. As
offshore floating equipment can be dry-docked and maintained like a ship, this chapter
deals only with fixed offshore structures which cannot be transported onshore for
maintenance.

As (fixed) offshore platforms form a large part of such structures, their corrosion
protection will be dealt with under Parts 2.2 to 2.5.

2.2. Building/Painting of fixed offshore platforms

2.2.1. INTRODUCTION

Offshore platforms operate as complete gas and/or oil production and processing units.
Consequently they have to accommodate drilling-, processing- and control equipment
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and have to provide safe accommodation for the crew. The support structure of a
platform is the jacket. This structure, built in tubular steel is positioned on the sea-
bottom and the superstructure, consisting of the deck, drilling-, processing- and
accommodation modules, is mounted on the jacket to form the complete platform.

The building of these offshore structures is a highly specialized operation where much
use is made of prefabricated sections and building takes place under cover.

As offshore structures, which must enable safe and economical oil and gas production in
a very corrosive and often rough environment, represent very large capital investments,
adequate corrosion control is of the utmost importance.

Due to factors like poor weather conditions, poor access, interference with other
activities etc., offshore painting or other corrosion combating operations are often
impossible or at least very difficult and expensive*. Moreover, it is very difficult to
obtain the desired high protection quality offshore. Therefore, corrosion protecting
operations must be executed onshore as completely as possible and under adequate
conditions.

In order to postpone difficult and expensive maintenance as long as possible, corrosion
protection must be of the highest quality. Good planning and quality control during build
is essential. Also design features, that will simplify corrosion control, are strongly
recommended. Some recommendations, as given in NACE Standard RP-0176-83*, are
given in Appendix 2.A. of this chapter.

2.2.2. PROTECTIVE METHODS
(see Appendix 2.B. for a summary)

In order to obtain a high quality product, there is a tendency to build offshore structures
under cover as far and as completely as possible. Depending on the building contract,
shop-coated or untreated hot-rolled steel tubular members, plates and beams are used.
For shop-coats and their behaviour, the reader is referred to Chapter I, Part 1.2 and to
Chapter 5. When untreated steel is used, the original condition should be preferably be A
or B according to ISO standard 8501 (Swedish Standard SS 05 59 00-1988)***. This
means that severely corroded pitted (polluted) steel, with conditions C and D, should not
be used.

The jacket normally is constructed under cover or in the open air. Welds are tested by
X-ray scanning and repaired where necessary. After approval of the welds, the part of

It is estimated that offshore maintenance is at least three times as expensive as onshore maintenance.
**  NACE Standard RP-0176-83, "Recommended Practice, Corrosion Control of Steel, Fixed Offshore
Platforms Associated with Petroleum Production”.

see Part 3.2.3.3.

ko
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the jacket which has to be coated (see 2.3.3.1 and 2.3.3.2) is normally blast-cleaned
(cleanliness at least Sa 21/2) and provided with the subsequent layers of the paint system.
Welds should be given particular care to ensure that weld spatter, weld flux residues and
soluble salt contaminations are properly removed. Welds and edges are stripe-coated
before the application of each layer of the paint system.

When the jacket is constructed in the open air it is advisable to use (temporary) shields
to protect the environment against blasting and paint dust and the paint work against rain
etc. :

The deck and superstructure normally are constructed from prefabricated sections which
are assembled to form modules which are mounted on the jacket structure after this has
been brought offshore.

In modern offshore module construction, all operations up to the time of load-out and
transport are normally executed under cover in large workshops. Often there are separate
workshops for prefabrication of sections, blasting/priming and module construction/final
painting; these workshops should preferably be heated and well-ventilated. For the
advantages and disadvantages of building/coating under cover, the reader is referred to
Part 1.2 of this manual.

If there is no full facility for building/coating under cover and part of this work has to be
done outside in the open air, care should be taken to touch-up corroded spots before
paint application and to remove, by fresh water washing/brushing, all possible
weathering and air pollution products from the surfaces before a subsequent paint layer
is applied.

Before being welded into sections, the various parts have undergone mechanical
treatment such as cutting to size and bending. Also with respect to the very high quality
desired, before welding all welding areas (section welds) are freed from corrosion
products and/or shop-coat. This is preferably done by blast-cleaning; the blast-
cleanliness should be at least Sa 21/2 according to ISO standard 8501.

After welding into sections and subsequent removal of welding spatters by chipping, the
welds must be smoothed by grinding.

Also the welds are tested by X-ray scanning and repaired where necessary. It is strongly
recommended that all sharp edges be rounded by mechanical grinding to a radius of at
least 2 mm.

After these operations, the sections are often precoated, which means that they are blast-
cleaned (cleanliness at least Sa 21/2) and provided with the first coat (anti-corrosive
primer) of the paint system. When this is a zinc-rich primer and the following layer is a
sealer, the sealer is also applied at this stage.

It is strongly recommended that all welds, edges and comers be stripe-coated before the
application of each layer of the paint system. Stripe-coating with a zinc-rich primer
should result in a thin coat (dry film thickness under 25 um), avoiding thick drops and
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runs. Instead of stripe-coating with a zinc-rich primer a non-zinc touch-up primer may
be used.

All areas to be welded at a later stage (connections between sections) are left free from
paint. This is done by masking them with adhesive tape before coating starts. This tape
should not leave behind residues of adhesive on the substrate as this might impair paint
adhesion.

After transport to the assembling facility, the sections are assembled into modules.

The welds between the sections will again be smoothed etc., as previously described and
subsequently cleaned, preferably by (vacuum, pencil) blast-cleaning.

If this is not longer permitted because of the risk of damage to and/or contamination of
vulnerable equipment, power tool-cleaning will be employed; the cleanliness should
then be St3 according to ISO standard 8501.

After approval, the welds will be primed and if necessary sealed. If in the painting
specification a zinc-rich primer is prescribed for the priming of these welds, a special
non-zinc containing touch-up primer is often used. In this way undesired overlaps with
zinc-rich primers will be avoided; this is especially important when using zinc silicate
primers.

After construction of the modules and installation of the equipment, final painting
should be undertaken. Before it can start, all burnt areas and mechanically damaged
and/or corroded spots should be blast-cleaned (cleanliness at least Sa 21/2) or thoroughly
power tool-cleaned (cleanliness St3) and touched-up (primed and sealed). After curing
of the touch-up paints, all surfaces should be rendered dust-free, thoroughly degreased
where necessary (for instance by hot water/steam-cleaning) and coated with the final
layers of the paint system. Also at this stage, all (rounded) edges should be stripe-coated
before application of each layer.

It is recommended that final painting be undertaken at an earlier stage on surfaces that
will become difficult to access during construction of the modules.

The jacket and modules, fabricated as described above, are transported to the offshore
location, installed and assembled to form a complete platform. Before transport, all paint
layers should be allowed to cure sufficiently in order to prevent unnecessary mechanical
damage.

Prior to welding, the welding areas are freed from paint by blast-cleaning (cleanliness
Sa 21/2). Mechanical damage and/or corroded spots originating during transport are also
treated in this way. Care should be taken to protect the surrounding surfaces against
damage by abrasive; if such damage is unavoidable, power tool-cleaning should be used
as an alternative cleaning method (cleanliness St3).

After smoothing and approval of the welds, these and the pretreated mechanically
damaged and/or corroded spots should be primed and coated with the different layers of
the paint system. As there is a risk of contamination of prepared surfaces by sea water
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mist before coating application, it is strongly recommended that the paint system be
applied within the shortest possible period and to wash the surfaces with clean fresh
water between application of the subsequent layers.

The building operations for the jacket and modules as described above are summarized
in the flow sheet represented in Appendix 2.B.

2.3. Protective systems for the separate parts of offshore platforms in new
construction

2.3.1. GENERAL

For the reasons set out under Part 2.1 it is of vital importance that corrosion protection
measures should be of the highest possible quality. This can only be achieved by
executing the corrosion protection operations, as complete as possible, onshore under
well-defined conditions. Good planning and quality control, before and during
execution, is essential.

Consequently, the right high-quality system must be applied during new construction
and easy maintenance of these systems must be possible under adverse (offshore)
conditions.

The systems described under Parts 2.3.2 up to and including 2.3.11 are examples of
common systems of good quality. No attempt has been made to produce a list of all
possible systems.

2.3.2. UNDERWATER (SUBMERGED) ZONE

Although some offshore platforms support structures are constructed from concrete, this
manual deals only with jackets constructed from tubular steel, which form the majority
of the support structures.

2.3.2.1 Requirements

As the supporting structure of the platform, continuously submerged in salt water, the
jacket should be effectively protected against corrosion. Any coating system applied
should be compatible with the cathodic protection system (alkali resistant and resistant to
cathodic disbonding).
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2.3.2.2 Suitable protective systems

Corrosion protection systems for the underwater part of offshore structures usually
consist solely of cathodic protection systems, either by sacrificial anodes or by
impressed current systems.

The cathodic protection system, sometimes, is combined with a coating system, applied
to the whole or part of the underwater area. The reasons for this can be:

» cost reduction, due to reduced current requirements in the case of impressed current
systems;

» better corrosion protection of areas with complex steel configurations where adequate
current distribution is difficult to achieve;

 weight reduction, in case of sacrificial anodes, which deserves special consideration
when the platform is situated in deep water.

When a coating system is added to a cathodic protection system, the steel substrate
should be thoroughly blast-cleaned to a cleanliness of at least Sa 21/2 and the coating
system may consist of 2 or 3 layers of coal-tar epoxy or polyurethane tar paint with a
total dry film thickness of at least 400 pm.

2.3.3. TIDAL AND SPLASH ZONE

2.3.3.1 Requirements

The tidal/splash zone can extend from 3-8 metres below Lowest Astronomical Tide
(LAT) to 5-10 metres above LAT, depending on the location and size of the structure.
The tidal/splash zone, which is the most difficult to reach for maintenance painting, and
which is exposed to the severe continually alternating action of sea water, salt spray and
the atmosphere (tidal movement, wave action), is considered to be the most corrosive
zone of the platform (see Appendix 2.C).

Due to heavy marine fouling (sea weed) inspection of the surface for corrosion is
impossible or at least extremely difficult. Moreover, in this zone, being only partly
immersed for regular periods, cathodic protection systems will not give satisfactory
protection.

Also, there is a strong possibility of mechanical damage of the protective system by
workboats, floating ice, etc.

With reference to the above mentioned, paint systems in the splash/tidal zone should be:
« highly corrosion-inhibiting;

« resistant to mechanical damage;

capable of local (patch) repair after spot blasting or power-tool cleaning;

+ anti-fouling (although the existing anti-fouling compositions are not durable enough);

» resistant to the mechanical action of fouling.
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2.3.3.2 Suitable protective systems

To compensate for the extreme corrosive environment, sufficient extra steel to provide
a corrosion allowance and heavier wall tubular members may be provided as well as
steel wear plates and rubber boat fenders which can provide extra resistant to
mechanical damage.

The tidal/splash zone of offshore structures normally is protected by a high-quality anti-
corrosive coating system. These systems usually consist of 2 or more coats of coal-tar
epoxy or coal-tar polyurethane paint to give a dry film thickness of at least 500 pm,
over blast-cleaned steel (cleanliness = Sa 21/2) or over blast-cleaned steel, primed with a
zinc-rich primer (zinc epoxy, 25-35 um or zinc silicate, 50-75 pm) or a zinc-free anti-
corrosive epoxy primer (30-40 pm).

When a zinc-rich primer is used, this is often sealed with an epoxy micaceous iron oxide
(MIO)-pigmented sealer coat (50-75 pum).

As repair of coating systems near the water line is extremely difficult and costly, there is
a growing tendency to use special coatings or other systems of high durability for
tidal/splash zone protection. Some of these special coatings or systems are described in
the following paragraphs; the protective systems mentioned under parts a and b are the
most commonly used.

a. Silica-filled (flint-reinforced) compounds are mainly solvent-free epoxy claddings
which are applied by spraying or troweling directly to blast-cleaned steel
(cleanliness > Sa 21/2) in a dry film thickness of 3-5 mm. Special attention should
be paid to the surface profile of the blast-cleaned steel which should be at least 75
um. The epoxy claddings are very durable and highly resistant to impact and wear.

b. Monel 400 (nickel-copper alloy) sheeting, thickness 1-5 mm, is attached to the
tubular steel either by bonding or by welding. Welding is preferred because by this
method the gap between steel substrate and sheeting is sealed. On the other hand,
however, welding can introduce problems arising from the fusion of dissimilar
metals which can form a corrosion cell. In order to avoid hidden corrosion, the
sheeting is sometimes applied over a protective coating system. In order to facilitate
sheeting, all members in the splash zone should be smooth vertical cylinders;
avoidance of cross and diagonal bracing and nodes is strongly recommended.

c. Glass-flake reinforced epoxy coatings are high-build or high-solid coatings which
are applied to blast-cleaned steel (cleanliness > Sa 21/2) by spraying in one or two
layers with a dry film thickness of at least 500 um per layer. These coatings are
tough, very durable and highly resistant to impact and abrasion. The application is
easier than the application of the silica-filled epoxy claddings (a). When only one
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layer is applied, this may be top coated with a non-glass flake containing epoxy or
polyurethane paint.

d. Thick rubber or neoprene (synthetic rubber) coatings are applied in thicknesses
of about 6 to 13 mm. Since these coatings cannot be applied after assembly, the
application is restricted to straight parts of tubular members. This means that the
ends of these members should be left uncoated to prevent damage during welding.

¢. Bituminous wrappings from which the wrapping material usually is glass fibre.
Before application of the wrappings, the steel is cleaned and given one coat of coal-
tar of bitumen primer.

2.3.4. UNDERDECK AREA

2.3.4.1 Requirements

As the zone between the splash zone and the decks is not in direct contact with sea
water, corrosion attack may be expected to be less severe than in the tidal/splash zone.
However, the steel surfaces are difficult to get at for maintenance and will be salty, from
sea spray, which is strongly corrosion promoting.

The most severely exposed areas are the undersides of the decks, due to severe

condensation as a result of poor ventilation and the low temperature of the steel. In

addition, coating systems on the undersides of drilling decks may be attacked by spillage

of oil, mud and chemicals.

Paint systems for the splash zone to underdeck areas should be:

* highly corrosion-inhibiting;

* resistant to weathering;

« resistant to spillage of oil, drilling mud and (process) chemicals;

» capable of local (patch) repair after spot-blasting or power-tool cleaning for instance
during the offshore hook-up phase of the platform;

* lightly coloured in order to facilitate inspection in the dark underdeck areas.

2.3.4.2 Suitable protective systems

Depending on the view of the platform operator and/or paint manufacturer concerned,
protective systems for the area between the splash zone up to and including the
underside of the decks are often similar to the paint systems for the tidal/splash zone or
for the topside facilities, for which the reader is referred to Part 2.4.5.

It is also possible to extend the special high-durability systems of the tidal/splash zone,
as mentioned under Part 2.3.3.2a-e, all the way up to the deck level. These protective
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systems, however, are not always suitable for completion and repair during the hook-up
phase of the platform. When a system is chosen similar to the paint system used on
upper parts, it is strongly recommended that an extra (intermediate) layer be applied to
the deck undersides. The bearing (supporting) parts of the structure in de underdeck
areas often are coated with a fire-resistant cement-based system, reinforced by means of
a coated galvanized mesh which is fixed to the steel substrate. The fire-resistant system
is very thick and is applied on top of an inorganic anti-corrosive paint system (see also
Part 4.5.3.6).

2.3.5. ATMOSPHERIC ZONE (TOPSIDE FACILITIES)

The exterior of the topside facilities comprise all the steel exposed to the atmosphere
above the lowest deck (cellardeck) level, with the exception of special surfaces such as
decks, walkways, high-temperature areas, module sidings, tank interiors etc.

2.3.5.1 Requirements

Paint systems for the exterior of the topside facilities should be:

* highly corrosion-resistant (resistant to chloride contamination and condensation);
* resistant to weathering (ultra-violet radiation);

» more or less aesthetic; '

» capable of local (patch) repair after spot-blasting or power tool-cleaning.

2.3.5.2 Suitable protective systems

Because subsequent maintenance is much easier than for the other parts of the platform,
originally air-drying alkyd coating systems were widely used.

Due to the extremely aggressive atmosphere, however, nowadays only high-duty coating
systems, totally based on unsaponifiable binders, starting with a high-quality two-
component anti-corrosive primer are used.

A large variety of coating systems is suitable for topside steel protection. Generally, they
consist of a 2-component anti-corrosive primer (often a zinc-rich type, based on an
epoxy- or silicate binder), a tie-coat or sealer coat, one or two intermediate build coats
(for building-up thickness) and a, more or less, aesthetic or identification top coat.
Apart from the primer, which often is a zinc-rich epoxy or zinc silicate, the other layers
of the system are based on epoxy resins, polyurethanes, combinations of the foregoing
types, chlorinated rubber (modified chlorinated rubber) or vinyl copolymers.

Insulated parts should be given a full anti-corrosive coating system under the insulation
material.

A few examples of current coating systems of good quality are given in Appendix 2.D).
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Similar to those of the underdeck areas, the supporting parts of the topside are often
coated with a thick cement-based fire resistant system. Paint systems for the interiors of
the topside facilities are often similar to those described for the exteriors, although dry
film thicknesses are sometimes lower in dry spaces. On the inside of accommodation
modules, decorative top coats and fire-retardant coating systems are often used.

For walls and roofs of modules, coil coated corrugated panels (sidings) are often used.
Most of these materials are hot dip zinc or zinc/aluminium coated, chemically pretreated,
primed and coated with an organic coating in continuous (coil coat) processes. After
fabrication, the coated coils are cut to size and corrugated. Although a lot of coating
systems are in use, for offshore conditions it is advisable to use only materials with a
thick coating system (thickness 2 100 pm) such as a plastisol system or systems
consisting of an epoxy coating, with PVDF (polyvinylidene fluoride) or polyurethane
top coats.

Special attention should be given to the desired protection of the back of the panels,
proper attachment to the main structure, avoidance of damage during installation and
adequate protection of the (cut) edges. Materials showing cracks in the organic and/or
zinc coating should not be used.

2.3.6. DECKS (WORKING DECKS AND HELIDECKS)

2.3.6.1 Requirements

Deck areas are subjected to heavy traffic and other mechanical influences. In addition,
they are exposed to the marine environment and, in some areas, to salt water and spillage
of drilling mud, chemicals, hydraulic oil and diesel fuel. Moreover, deck areas cannot
remain inaccessible for long periods.

With reference to the above, and in order to obtain a rough surface and to enable safe
working, protective systems for decks should be:

* corrosion-resistant;

 weather-resistant;

* resistant to abrasion, impact and scratching;

* resistant to salt water;

« resistant to spillage of drilling mud, chemicals, hydraulic oil and diesel fuel;

« non-slip (non-skid);

« fast drying;

* "easy" to clean.
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2.3.6.2 Suitable protective systems

Coating systems for decks often consist of a zinc silicate primer (dry film thickness 50-
75 pum) with or without a sealer (depending on the paint manufacturers recommendation)
and one or more layers of a high-solid or high-build epoxy paint. The total dry film
thickness should be at least 300 pm).

The top layer of the system should be non-skid (non-slip).

Coating systems for decks may be similar to those described for the top sides, but with a
non-skid top coat. If such a system is chosen, the chlorinated rubber and vinyl
copolymer based types should not be used on helidecks and other areas where
hydrocarbon spillage may be expected.

For decks which will be subject to heavy wear and damage, walkways and helidecks, the
protective system often consists of a non-skid, silica-filled (flint-reinforced) epoxy
cladding, directly applied on the blast-cleaned substrate, with a dry film thickness of
2 3 mm. Also glass-flake reinforced epoxy coating systems (thickness 1 mm) are suitable
for such decks.

2.3.7. HIGH TEMPERATURE AREAS

2.3.7.1 Requirements

(Hot) piping, flare stacks and gas turbine exhaust stacks are subjected to elevated
temperatures, sometimes intermittently. Protective systems for such surfaces should be:
* heat-resistant (resistant to alternating temperatures);

* corrosion-resistant;

« weather-resistant;

* resistant to intermittent condensation.

2.3.7.2 Suitable protective systems

For operating temperatures up to 150-200°C, paint systems consisting of one coat of
zinc silicate primer (dry film thickness 75 pm) and two coats of aluminium pigmented
silicone alkyd (dry film thickness 25 um per coat) or silicone acrylic resin (dry film
thickness 50 pum per coat) are often used. Aluminium pigmented epoxy coating can also
be used as a top coat (for instance 2 layers, dry film thickness 40 pm per layer).

For operating temperatures up to about 400°C, current systems normally consist of one
coat of zinc silicate primer (dry film thickness 75 pm) and two coats of heat-resistant
aluminium silicone paint (dry film thickness 25 pm per coat). For an adequate film
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development the silicone top coat should be heated gradually to the maximum possible
temperature.

For operating temperatures up to about 600°C current systems consist of one coat of
zinc silicate primer (dry film thickness 75 um) and one coat of silicate finish (dry film
thickness approximately 75 um).

With regard to corrosion protection under offshore conditions, the above mentioned
paint systems of low thickness cannot be considered to be very effective. Corrosion
protection by these systems cannot be upgraded by the use of higher film thickness
without losing part of their heat resistance. Therefore it is recommended that elevated
temperature surfaces be treated by metal spraying.

A suitable system is to blast-clean (cleanliness > Sa 21/2) the surfaces and to metal spray
these with two layers of high purity aluminium (purity 2 99.5% Al). The dry film
thickness should be at least 100 um per layer. The metal sprayed coating may be sealed
by the application of one coat of heat resistant silicone paint (dry film thickness 25 pum),
pigmented with aluminium or stainless steel.

2.3.8 TANKS

2.3.8.1 Requirements

For the outside of the tanks the reader is referred to Part 2.3.5 (topside facilities), for the

requirements and suitable protective systems.

Paint systems for the interiors of tanks (tank linings) should be:

+ corrosion-inhibiting;

« free from pores;

» smooth (easy to clean);

« highly resistant to the liquid to be held in storage, including such substances as may be
released by this liquid;

- unsaponifiable, especially when cathodic protection is applied.

Beside these requirements, coating systems for tanks should not develop substances that
may contaminate the liquid to be stored. Especially for drinking water tanks, coating
systems must not contain toxic substances or substances affecting colour or taste. They
must receive official approval.

2.3.8.2 Procedures

Tank coating procedures are described under Part 1.3.6.2.
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2.3.8.3 Suitable protective systems
(see also Part 1.3.6.4d)

a. Drinking (potable) water tanks

The insides of drinking water tanks are usually coated with:

* one or more coats of high-build, high-solid or solvent-free epoxy paint, total dry film
thickness at least 250 um);

» several coats of vinyl paint, total dry film thickness at least 200 pm.

Before application of these systems, the substrate should be 'in situ blasted' to a

cleanliness of at least Sa 21/2. The coating systems should be certified for suitability in

potable water tanks.

b. Tanks for crude oil/ballast water/drilling mud/drilling water/fresh water

The interiors of these tanks are usually coated with:

* one or more coats of high-build, high-solid, or solvent-free epoxy paint, total dry film
thickness = 300 jum;

* two or more coats of coal-tar epoxy paint, total dry film thickness 2 300 pm.

Depending on the paint manufacturers recommendations these systems should be

applied on 'in situ blasted' steel or on top of intact, thoroughly cleaned (shop) primer.

c. Tanks for fuel oil/white petroleum products

The interiors of these tanks are usually coated with:

* one or more coats of high-build, high-solid or solvent-free epoxy paint, total dry film
thickness 2 300 um.

In the case of fuel oil only, the interior of the tanks need not be painted (see also

1.3.6.4b).

d. Tanks for chemicals and solvents

Suitable systems for the interiors of these tanks are:

» several coats of epoxy, modified epoxy phenolic or polyurethane paint, total dry film
thickness 2 300 um.

Before application, the steel substrate should be 'in situ blasted' to a cleanliness of at

least Sa 21/2.
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e. Tanks for methanol (and other strong solvents)

The inside of tanks for methanol and strong solvents should be coated with one coat of
zinc silicate paint, dry film thickness 75-100 um.

Directly before application of the coating, the steel substrate should be blast-cleaned to a
cleanliness of at least Sa 21/2 and a surface profile (RyS5) of at least 50 pm.

2.39. RISERS

Oil or gas from a well below a production unit (platform) ascends via the drill pipe,
protected by a so-called conductor. After processing and separation of gas, oil and water,
the oil and/or gas leaves the platform via a so-called "riser".

The riser is the vertical part of a pipeline coming from the sea-bottom and may lead to a
loading buoy, another platform or to the shore. Pipeline risers, which may operate at
internal temperatures up to about 100°C and pressures up to about 500 KPa, pass
through the sea, tidal, splash and atmospheric zone. The risers are therefore subjected to
extreme corrosive conditions.

Internal corrosion, which will not be dealt with in this manual, is caused by (dissolved)
hydrogen sulphide (H2S), carbon dioxide (CO32) and free water in the oil or gas
transported.

External corrosion will be strongly promoted by the high temperature of the oil or gas.
Moreover, expansion of the risers during testing and service causes severe strains on any
coating system, particularly in the area where the riser passes through cold sea water.
The part of the riser which is most vulnerable to external corrosion, is without doubt the
splash zone portion. Sometimes, risers are subjected to the corrosive effects of stray
currents from welding operations that take place after the offshore installation has been
completed. The only way to avoid this is proper earthing of the welding equipment.

2.39.1 Requirements

For the submerged-, splash/tidal- and atmospheric zone, any corrosion protection system
for (hot) risers must meet the requirements set out for the jacket and platform
construction under Parts 2.3.2.1 (submerged zone), 2.3.3.1 (tidal/splash zone) and
2.3.5.1 (atmospheric zone) respectively.

Moreover, coating systems should be resistant to elevated temperatures and to the
extension and contraction of the riser pipes, in other words be permanently flexible.
Also, for the tidal/splash zone, coating systems should be resistant to warm/hot water.
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2.3.9.2 Suitable protection systems

The submerged zone of risers normally is protected solely by means of a catrhodic
protection system (see Part 2.3.1.2).

The splash/tidal zone, after blast-cleaning (cleanliness 2 Sa 21/2), for instance, may be

coated with one of the following systems:

* Monel metal sheeting, of at least 2 mm thickness;

* two or more coats of coal-tar epoxy or coal-tar epoxy/urethane paint, sometimes over
a zinc-rich primer, total dry film thickness at least 400 um);

* one or two layers of glass-flake reinforced epoxy- or polyester paint, dry film thickness
at least 1 mm;

* Neoprene sheet wrappings.

Considering possible coating systems it should be stated that highly pigmented, solvent-
based epoxy coatings (like tank linings) should not be used due to their limited water
resistance at higher temperatures. Also sand or quartz-filled solvent-free epoxy
compositions and solvent-free coal-tar epoxy compositions should not be used because
these materials contain constituents which may become more or less volatile on heating
and become slightly soluble in warm water.

The Monel sheet is attached to the risers by tack welding or by incorporating water and
air tight joints at both ends (top and bottom). Welding, although to be preferred, can
introduce problems arising from the fusion of dissimilar metals which can form a
corrosion cell. If the water and air tight joints are not incorporated properly, corrosion
will take place unnoticed behind the sheeting.

As the resistance of Monel sheeting to impact is relatively poor, special care must be
taken when handling during 'hook-up'.

The atmospheric zone of the (hot) risers may be treated like the atmospheric zone of the
platform (see Part 2.3.5). Chlorinated rubber or vinyl paints however should not be used
due to their limited temperature-resistance.

There is a growing tendency to use special (stainless) steels (such as duplex steel) for
risers, which makes protection by coating systems unnecessary.

2.3.10. SEA WATER PIPING SYSTEMS

Sea water piping systems are used to transport sea water to the fire main systems or for
cooling purposes, for instance for gas turbines or centrifugal pumps. The pumped sea
water is very corrosive and by its high velocity has a strong eroding effect on internal
linings. For these reasons conventional pipe coating systems have been observed to fail
quickly.



65

2.3.10.1 Requirements

For the external corrosion protection requirements the reader is referred to Part 2.3.5.1
(requirements for coating systems for the atmospheric zone).

Internal corrosion protection systems should be:

» highly corrosion-resistant (resistant to aerated sea water);

+ highly erosion-resistant (resistant to the eroding action of high-velocity sea water);

* resistant to impingement attack.

2.3.10.2 Suitable protective systems

External

The reader is referred to Part 2.3.5.2 (atmospheric zone).
Internal

* thick PVC-lining on properly pretreated (preferably blast-cleaned) steel;

* a glass-flake reinforced unsaturated polyester or epoxy system on blast-cleaned steel.
As coating integrity at joints and welds always represents a problem, the trend nowadays
is towards the use of stainless steel or cupro-nickel alloy pipelines.

2.3.11 SUPPLIERS EQUIPMENT

Suppliers equipment, such as cranes, turbines, motors, valves etc., is often supplied with
a standard finish, for cosmetic reasons, which is totally unsuitable for service offshore
where a perfect corrosion-resistance is required.

This problem could be solved by issuing the main equipment supplier with a realistic
coating specification. It is essential that the equipment be coated properly by the vendor
onshore. In the long-term, saving on maintenance costs should more than compensate
for increased initial expenditure.
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APPENDIX 2.A. - PART OF NACE-STANDARD RP-0176-83,
RECOMMENDED PRACTICE, CORROSION CONTROL
OF STEEL, FIXED OFFSHORE PLATFORMS
ASSOCIATED WITH PETROLEUM PRODUCTION*

SECTION 3: STRUCTURAL DESIGN FOR CORROSION CONTROL

3.1. Introduction

3.1.1. This section recommends design features that will simplify corrosion control of
structural steel in the atmospheric, splash, and submerged zones of offshore platforms.
The structural design parameters that must be considered for a platform to resist the
dynamic and static loads are the responsibility of civil and structural engineers and are
not a part of this Recommended Practice.

3.2, Splash zone

3.2.1. This is the zone of a platform that is alternately in and out of the water because of
the influence of tides, loads, and seas. Excluded from this zone are surfaces that are
wetted only during major storms. In the Gulf of Mexico, the splash zone typically covers
an interval of about 6 feet (2 metres); in Cook Inlet, Alaska, the interval approaches 30
feet (9 metres); while during winter storms the splash zone in the North Sea can be 33
feet (10 metres).

3.2.2. The structure should be designed to minimize the surface area of steel in the
splash zone. Intersecting 'T', 'K' or "Y' joints should be avoided in the splash zone.

3.2.3. Methods for controlling corrosion in the splash zone are presented in Section 10.

3.2.4. Sufficient added thickness (typically, in the Gulf of Mexico, 0.5 to 0.75
inches = 13 to 19 mm), either as a weld-applied wrap or heavier-wall tubular member,
may be provided to compensate for the anticipated splash zone corrosion during the life

Reprinted with permission from NACE (National Association of Corrosion Engineers, Houston,
Texax, U.S.A.), copyright 1983.
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of the platform. Steel wear plates can provide adequate resistance to damage by work,
boats, or ice.

3.3. Atmospheric zone

3.3.1. This zone of the platform extends upward from the splash zone. It is exposed to
sun, wind, spray, and rain.

3.3.2. Corrosion in this zone is typically controlled by the application of a protective
coating system (see Sections 12 and 13). Steel surface areas requiring coating can be
minimized and made accessible by:

3.3.2.1 Substituting tubular members for other structural shapes.

3.3.2.2 Seal welding and boxing-in of structural units.

3.3.2.3 Eliminating skip welding.

3.3.2.4 Eliminating close fitting and faying surfaces.

3.3.2.5 Providing padeyes to make scaffolding and maintenance painting easier.

3.3.3. Nonferrous materials minimize atmospheric corrosion problems. For example,
quarters modules and life boats are available in polyester materials. Other types of
corrosion-resistant materials can be used for handrails, electrical conduit, stair treads,

and deck plates in light traffic areas. When using dissimilar metals, care must be taken to
prevent galvanic corrosion of the active component.

3.3.4. Drilling fluids can damage protective coating systems and nonferrous metals
such as aluminium and zinc. Solid decks, splash walls, and a good drainage system will
minimize coating damage and pollution caused by drilling fluids.

34. Submerged zone - external areas

3.4.1. This zone extends downward from the splash zone and includes that portion
below the mudline. Corrosion control for the external areas of the submerged zone is
achieved through the application of cathodic protection or by cathodic protection in
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conjunction with coatings. To simplify the application of effective cathodic protection,
the following design features are recommended.

3.4.1.1 Use tubular members wherever possible. Recessed corners in channels and 'T
beams are more difficult to protect. The crevice formed by placing angles or channels
back to back cannot be reliably protected, and such construction should not be used.

3.4.1.2 For platforms to be installed under conditions where fatigue or corrosion fatigue
is an important factor in structural design, stress relief of weld will reduce the likehood
for corrosion in the heat affected zone and reduce the possibility of cracking. This is
particularly important in cold-water environments where polarization tends to develop
slowly (see API)! RP2A.

3.4.1.3 Welded joints should be continuous. Skip and tack welding should not be used.
If lap joints are used, both edges should be welded. Bolted and riveted fittings should be
avoided.

3.4.1.4 Ballast control valve reach rods should be designed so that they can be removed
after the platform has been set, where practical. If left in place, they may shield the
adjacent structural members from the cathodic protection current. Loose reach rods can
cause chafing damage to the platform.

3.4.1.5 Piping such as grout lines, well cutting lines, discharge lines, water supply
casings, and pipeline risers, if clustered around a platform leg, can cause shielding and
interfere with the flow of cathodic protection current. Piping not needed for platform
operations should be removed if economically feasible. Lines not removed should be
located to avoid shielding. Provide a minimum clear spacing of 11/2 diameters of the
smaller pipe. Pipe coatings can also be used to minimize shielding.

3.4.1.6 Supplemental of replacement impressed current anodes are sometimes required
after a platform has been placed in service. Designers should consider providing spare 'J'
tubes for pulling cables from add-on anodes and/or providing other types of brackets,
guides, or clamps to facilitate anode additions or replacement.

3.4.1.7 The steel below the mudline consists of the platform pilings. Piles driven
through the jacket legs are normally bonded to the jacket by welding and thus receive
cathodic protection. Skirt piles are typically driven inside submerged piling grout tubes
and then grouted in place. Skirt piles may be electrically connected to the jacket by

1" American Petroleum Institute (API), 2101 L St., N.W. Washington, DC 20037
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means of guide shoes, centralizers, or other acceptable bonding methods. However,
corrosion rates below the mudline are low. Because of the low corrosion rates and the
thick sections, bonding of grouted piles is not required.

3.4.1.8 Where the well casing conductors are considered necessary to the integrity of
the well casings, the conductors should be electrically connected to the platform.

35 Submerged zones - internal areas

3.5.1. Corrosion will be negligible on the internal surfaces of structural members or in
compartments that are sealed and have no contact with either the atmosphere or the
seawater. Wherever possible, the design should provide for sealed compartments.

3.5.2. During the platform launching and tilt-up operation, some structural members are
flooded and remain flooded for the life of the platform. To prevent internal corrosion,
the flooding valves should be closed to isolate the flooded chambers from contact with
atmospheric oxygen. In compartments where circulation of seawater is not prohibited,
provisions should be made to curtail internal corrosion. Cathodic protection using
anodes or a combination of anodes and coating should be used.

3.5.3. Pipelines are sometimes installed in pull tubes, or 'J' tubes. In order to restrict
contact with seawater and atmospheric oxygen, the pull tube annulus should be sealed at
the above-water end and a suitable nonwicking packing after the lines have been pulled
into position.

3.514. In closed, flooded compartments, bacteria may develop that can cause corrosion.
Bacteria related corrosion can be controlled by the use of internal cathodic protection,
chemicals to raise the pH, and/or bactericides. In thick sections such as those used for
pilings, the resultant corrosion may not be significant.
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Appendix 2.B - BUILDING/PAINTING OPERATIONS FOR MODULES

(example of current practice)

1 untreated or shop-coated steel parts

2 mechanical treatments for prefabrication of sections

Y

blast-cleaning of areas to be welded

3 (cleanliness >Sa 2 1/2)

4 welding into sections
|

S5 cleaning/correction of welds by chipping or grinding
|

6 rounding-off sharp edges (radius >2 mm)
Y

7 transport of sections to blasting/priming workshop

SECTION
PREFABRICATION
FACILITY

|



Appendix 2.B - Continuation

10

11

12

13

|

blast-cleaning of the sections (cleanliness > Sa 2 7))

71

\

masking module welds with suitable adhesive tape

|

application of the anti-corrosive primer

\

|

stripe-coating of welds, edges and corners with sealer

\

application of

the sealer

\

application of the remaining part of the system to surfaces
difficult to access during final construction; stripe-

coating between layers (see 1

1) strongly recommended

i

BLASTING/PRIMING
FACILITY
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Appendix 2.B - Continuation

|

14

transport of prefabricated sections to the module
construction facility

|

15

removal of the adhesive tape from areas to be welded

i

16

welding of sections into modules

17

cleaning/correction of welds (see 5)

18

pretreatment of the welds by vacuum/pencil
blasting/cleanliness > Sa 2 112

Y

19

application of anti-corrosive primer to the welds

Y

20

application of the sealer to the welds

|

MODULE
CONSTRUCTION
FACILITY
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Appendix 2.B - Continuation

|

21 further construction of the modules

cleaning of burnt areas, mechanically damaged/corroded
22| spots by vacuum/pencil blasting (cleanliness > Sa 2 1/2)
or power-tool cleaning (cleanliness St3)

[
touch-up painting with primer and sealer of the

23 pretreated burnt areas and mechanically
damaged/corroded spots
MODULE
CONSTRUCTION
1 FACILITY
24 dust-freeing module surfaces

25 degreasing (solvent or steam-cleaning) the module
surface

|

6| @pplication of the final layers of the paint system; stripe
coating edges between subsequent layers

|
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Appendix 2.B - Continuation

|

27 offshore transport and installation of the modules
Y
freeing weldmg areas from paint by blasting (cleanliness
28| > Sa 2 112); protecting adjacent areas against damage by
abrasive
[
pretreatment of damaged/corrodcd spots by blast- )
29 cleaning (>-Sa 2 1/2) or power-tool cleaning (St 3) HOOK-UP PHASE
|
30 hook-up welding between the modules
|
31 cleaning/correction of the welds (see 5)

{

3| blast-cleaning of welds (>-Sa 2 !/2); protecting adjacent
areas against damage by abrasive

application of the subsequent layers of the paint system

33] to the pretreated welds and damaged/corroded spots,
within the shortest possible period




Appendix 2.C -

loss of weight loss
thickness g/mz

in mm

|

1,0
0,9
0.8
0,7
0.6
0,5
0.4
0,3
0,2

0,1

-

$

- 8000

- 7000

- 6000

- 5000

™ 4000

3000

[~ 2000

™ 1000
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WEIGHT LOSSES OF STEEL 37 DUE TO CORROSION IN VARIOUS
ENVIRONMENTS

in splash zone
(seawater)

submerged zone

atmosphere industrial

atmosphere maritime

in sea bed

in soil (clay)
i ] 1 1

3 4 5 6

Exposure time (years)



76
APPENDIX 2.D.- EXAMPLES OF CURRENT SYSTEMS FOR THE
ATMOSPHERIC ZONE
Epoxy system on zinc silicate primer

* blast-cleaned steel (cleanliness > Sa 21/2, profile depth RyS 50 um)

* inorganic zinc silicate primer , dry film thickness (dft.) 75 pm

 micaceous iron oxide (MIO) epoxy sealer , dry film thickness 50"

* high-build MIO epoxy coat , 100"

* recoatable high-build epoxy top coat , " 100"
total average dry film thickness 325 um

Epoxy system with aesthetic or identification top coat

* blast-cleaned steel (cleanliness > Sa 21/2, profile depth Ry5 approximately 50 pm)

* zinc-rich epoxy primer , dry film thickness 25-40 pm
* high-build MIO epoxy sealer , 100 "
* recoatable high-build epoxy coat , 100 "
» aesthetic isocyanate (polyurethane)
acrylic top coat , " 50"
total average dry film thickness 275 um

Chlorinated rubber/vinyl systems on zinc silicate primer

* blast-cleaned steel (cleanliness 2 Sa 21/2, profile depth RyS 50 pm)

* inorganic zinc silicate primer , dry film thickness 75 um
+ chlorinated rubber, vinyl or epoxy tie coat , " 25-50"
* high-build chlorinated rubber or vinyl

intermediate coat , " 100 "
* chlorinated rubber or viny! top coat , " 50"

total average dry film thickness 250-275 ym



CHAPTER III
SURFACE PREPARATION

3.1. General

Adequate surface preparation is of vital importance for the optimum service life of the
object to be painted. Surface preparation means thoroughly freeing the surface from all
contaminants that might impair the performance of the paint system. The surface should
be so treated that it ensures good and permanent adhesion of the paint system. Only in
this way can long-term protection be ensured.

For a lasting adhesion, it is necessary to clean the surface thoroughly and, for certain
paint systems, to roughen it, e.g. by blast-cleaning.

The importance of adequate preparation cannot be over-emphasized. The paint system
and surface preparation should always be related to one another.

3.2 Surface preparation of steel

Surface preparation of steel involves freeing it from mill scale, rust, soluble (iron) salts,
grease and any other impurities. In addition, the steel surface should preferably be
slightly roughened to ensure good adhesion of the paint system. The methods of surface
preparation dealt with in the following sections are: degreasing, weathering 1o remove
mill scale, mechanical cleaning, blast-cleaning, flame-cleaning and pickling.

3.2.1. DEGREASING

Large amounts of oil and/or grease should be removed by scraping-off as much as
possible. For the removal of the remainder use can be made of organic solvents, e.g.
recovered paint thinners, or of detergents (in aqueous solution, sometimes combined
with emulsifying organic solvents).

Solvent degreasing of a surface is usually accomplished by wiping it with rags dipped in
a solvent. A common error is to use one and the same rag for cleaning a large surface,
and to dip it repeatedly in the same can of solvent. The result is that a thin film of oil or
grease is spread-out over the surface. A better practice is to use a can with a spout for the
solvent, so that the rag cannot be dipped into it, and to take a new rag at short intervals.

When using organic solvents, one has to bear in mind that they may differ considerably
in their capacity to dissolve grease. Attention should also be paid to fire (explosion) and
health hazards (inhalation, skin contact), especially when solvents are used in confined
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spaces. Sensitive individuals may develop dermatitis, as well as other diseases, if
exposed to liquid solvents and solvent vapours for prolonged periods (see Chapter XI).
Detergents are usually applied to the surface by brushing or spraying. When during
maintenance a painted surface has to be cleaned, the paint system should not be affected
by the detergent. After a certain time (specified by the manufacturer) the detergent is
removed, together with the emulsified grease and dirt, by brushing with clean fresh
water or by (high-pressure) water spraying.

A variation of the above method is steam cleaning, in which a jet of steam is used to
which a detergent can be added. This is often used during maintenance of offshore
structures as is (high-pressure) hot water cleaning.

Residues of detergents may have an adverse effect on the adhesion of the paint, and
should therefore be removed completely by a thorough fresh water wash.

If the surface is properly degreased, a drop of water will spread-out in a continuous film.
If oil or grease is still present, the water contracts to form droplets (water-break test).

3.2.2. REMOVAL OF MILL SCALE BY WEATHERING

The oldest method of removing mill scale from steel plates was to weather them on the
stocks in the open air. If the plates are weathered during assembly and erection, the
process is called 'building in the rust'.

Removal of mill scale by weathering should always be followed by further treatment to
remove the remaining mill scale and rust, e.g. by mechanical or blast-cleaning.

The process of removing mill scale by weathering is erratic and time consuming; in an
industrial environment it takes at least six months. It is sometimes accompanied by local
pitting, even though in other places mill scale still adheres to the steel surface. Steel
surfaces will also become contaminated by airborne salt particles originating from sea
spray (yards near the coast, offshore structures) or from industrial activities. This results
in the formation of hygroscopic (water-absorbing) ferrous salt particles. If the rust layer
is not completely removed from the steel surface, such hygroscopic salt residues will
remain on the surface, especially in the corrosion pits. Due to osmotic blister formation,
followed by flaking and corrosion, their presence is highly detrimental to the durability
of the paint system. Salt residues can never be removed completely from rusted steel by
hand cleaning alone and even (dry) blast-cleaning does not always remove them to a
sufficient extent.
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3.2.3. MECHANICAL SURFACE PREPARATION*

3.2.3.1 Hand-cleaning

Hand-tool cleaning should always be preceded by degreasing the surfaces where
necessary.

Common hand-cleaning tools are chipping hammers, scrapers, chisels, etc. When the
surface has been freed from loosely adhering rust, loose paint and impurities, it is
brushed with wire brushes or sanded with non-woven abrasive pads or sand paper.

The dust is then removed by suction, compressed clean air, or by brushing with a soft
brush.

The first coat of paint should be applied as soon as possible after cleaning. Hand-
cleaning is only suitable for the removal of loose rust, loose mill scale, paint flakes and
other superficial contaminants. Because hand-cleaning is very labour-intensive and
qualitatively inferior, it is used only for local repairs, or in places inaccessible to
mechanical or blast-cleaning.

3.2.3.2 Mechanical-cleaning (power-tool cleaning)

Mechanical-cleaning should, as with hand cleaning, always be preceded by degreasing.
Mechanical-cleaning is executed by means of pneumatic or electric-driven portable
tools. The cleaning action is based on impact, rotation (abrasion) or combined impact
and rotation.

The most common impact-cleaning tools are chipping/scaling- and needle hammers.
When using impact-cleaning tools excessive, cutting into the steel surface should be
avoided because it leaves sharp burrs where paint failure may be expected.
Impact-cleaning is a slow method which, unless very carefully carried out, leaves an
unsatisfactory surface. The method is useful in removing rust, weld flux, slag and old
paint, particularly in areas difficult of access.

Rotary-cleaning tools are straight (in line)- or vertical (right angle) machines.

The straight machines are used with radial wire brushes, coated abrasive flap wheels and
non-woven abrasive wheels. By taking abrasive materials of different coarseness it is
possible to remove rust and then to give the surface a certain roughness.

V-stones are used to remove corrosion from pits etc.

For descriptions of surface preparation methods by hand and power-tool cleaning, see also ISO
standard 8504-3, which still was under development at the time of completion of the Marine Painting
Manual.
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The vertical machines are commonly equipped with cup wire brushes or coated abrasive
discs. Wire brushes should be made of steel because non-ferrous materials can produce
deposits which promote galvanic corrosion.

Prolonged burnishing of the steel surface with rotary brushes should be avoided
because this produces a very smooth surface to which paint will not adhere
satisfactorily.

Prolonged burnishing also tends to force rust particles into surface pores.

Rotary cleaning can be done with a higher productivity than impact cleaning but it does
not remove intact mill scale satisfactorily.

Rotary impact (chipping) tools operate by centrifugal force where hammers or cutters
are rotated at a high speed and thrown against the steel surface. Rotary impact tools use
hardened steel cutter bundles of stars, swinging hammers or flexible flaps with tungsten
carbide tips. With the latter it is possible to remove intact mill scale.

After mechanical-cleaning the surface should be rendered dust-free and the first coat of
paint applied as soon as possible.

Mechanical-cleaning is much less time-consuming than hand-cleaning and gives a better
result. Apart from certain types of rotary impact tools, tightly adhering mill scale, at
best, can only partially be removed.

For large surfaces, mechanical-cleaning is more expensive than blast-cleaning. It is
therefore used mainly for local repairs, removal of rust spots and treatment of damaged
or burnt areas and welding seams.

3.2.3.3 Preparation grade

After mechanical surface preparation (hand- or power tool cleaning), the degree of
preparation (surface finish, cleanliness) is very dependent on the original condition of
the surface, the type and condition of the tool used and the duration of the cleaning
operation.

The condition of the surface, before and after pretreatment, can be specified according to
the International Standards ISO 8501, 'Preparation of steel substrates before
application of paints and related products - Visual assessment of surface cleanliness'.
Part 1 of this standard, 'Rust grades and preparation grades of uncoated steel substrates
and of steel substrates after overall removal of previous coatings', was issued on
December 1988. Part 2 of the standard, dealing with the preparation grades of previously
coated steel substrates after localized removal of previous coatings, had not yet been
published at the time of completion of the Marine Painting Manual.

Part 1 of ISO 8501 is identical to the Swedish Standard SS 05 59 00, 3rd edition (1988)
which supersedes the well-known SIS 05 59 00, 2nd edition 1967, which also has been
issued by the American Society for Testing Materials as ASTM D2200-67 (1980) and by
the Steel Structures Painting Council as SSPC-Vis 1-82T. British Standard BS 4232-
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Four rust grades are specified, which correspond to four grades of the initial condition of
hot-rolled steel. These rust grades are described, as well as illustrated by representative
photographic examples. The descriptions of the four rust grades (original conditions) are
as follows:

A : Steel surface largely covered with adhering mill scale but little, if any, rust.

B : Steel surface which has begun to rust and from which the mill scale has begun to
flake.

C : Steel surface on which the mill scale has rusted away or from which it can be
scraped, but with slight pitting visible under normal vision.

D : Steel surface on which the mill scale has rusted away and on which general pitting is
visible under normal vision.

Apart from the description and photographic examples of the rust grades, the standard
specifies a number of preparation grades, indicating the method of surface preparation and
the degree of cleaning.

The preparation grades are defined by descriptions of the surface appearance after the
cleaning operation, together with representative photographic examples.

Surface preparation by hand or power tool cleaning, such as scraping, wire-brushing,
machine-brushing and grinding, is designated by the letters St.

Blast-cleaning and flame-cleaning is designated by the letters Sa and Fl respectively (see
parts 3.2.4.4 and 3.2.5).

Prior to hand and power-tool cleaning, any heavy layers of rust shall be removed by
chipping. Visible oil, grease and dirt shall also be removed.

After hand and power tool cleaning, any loose rust and debris must be removed.
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The following preparation grades are distinguished:
St 2* Thorough hand and power tool cleaning

When viewed without magnification, the surface shall be free from visible oil, grease
and dirt, and from poorly adhering mill scale, rust, paint coatings and foreign matter.

St3 Very thorough hand and power tool cleaning

As for St 2, but the surface shall be treated much more thoroughly to give a metallic
sheen arising from the metallic surface.

For the description of surface preparation methods by hand and power tool cleaning, see
also ISO standard 8504-3, which still had not been published at the time of completion
of the Marine Painting Manual.

The condition of a steel surface after pretreatment is thus designated by a combination of
letters and numbers. The designation B St 3 for instance means that the initial rust grade
of the steel surface was B and that this surface was mechanically cleaned to the
preparation grade St 3.

If not otherwise specified, mechanical cleaning must be pursued to a preparation grade
equal to St 3 (not to be confused with Sa 3, which is a measure of blast-cleanliness; see
Part 3.2.4.4).

After mechanical surface preparation the steel surface often still shows residues of mill
scale, rust, soluble salts etc., which are detrimental to the durability of the coating
system.

Consequently, mechanical surface preparation is, apart from cases of minor repair, not
acceptable for the underwater hull and boottop of ships, for submerged parts and tidal/
splash zones of offshore structures and for the insides of tanks.

3.24. BLAST-CLEANING**

Before any blasting operation, if necessary, the surface should be degreased. If much
loose rust is present, this is often removed first by mechanical cleaning, especially if the
abrasive is recoverable.

* Preparation grade St 1 is not included as it corresponds to a surface unsuitable for painting.

For descriptions of surface preparation methods by blast-cleaning sec also ISO standard 8504-2,
which had not yet been published at the time of completion of the Marine Painting Manual.

*k
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For good quality work, welding spatters and deposits should be removed by grinding
before blast-cleaning. Rough parts of welds should also be smoothed by grinding and
porous parts of welds cut-out and rewelded.

Any faults should be ground until a smooth surface is obtained. As some of them only
become visible after blast-cleaning, it may be necessary to carry out grinding operations
afterwards.

Preferably, especially in tanks, sharp edges should be rounded to a radius of about 2 mm
by means of mechanical grinding.

After blast-cleaning, the surface should be rendered dust-free (or allowed to dry
completely in the case of water blast-cleaning)* and the first paint coat applied as soon
as possible.

3.2.4.1 Methods

With blast-cleaning, use is made of the eroding action of a jet of particles (the abrasive)
on the (steel) surface to be cleaned. The proper blasting method will remove all kinds of
impurities, mill scale, rust and old paint coats and will roughen the surface to a specified
standard.

Some factors, important for an adequate blasting job are:

* proper choice of abrasive (material, particle size, possible contamination);
» proper removal of dust and contaminants;

* proper blasting pressure;

* unabraded blasting nozzles;

* dry air (when air is used);

* proper oil/water separators (when air is used);

» proper ratio of abrasive/transport medium (air or water).

The most important blast-cleaning methods are nozzle-blasting, impeller-blasting,
vacuum-blasting and water blast-cleaning.

Nozzle-blasting

In nozzle-blasting (abrasive air blast-cleaning) the abrasive is propelled by means of
compressed air. When this type of blast-cleaning is done in the open air, cheap abrasives
can be used which need not be recovered. Use of a cabinet, however, allows recycling of
the abrasive.

On ships and offshore structures, nozzle-blasting is mainly used in the open air and in
tanks, without recycling.

A perfectly dry surface is no longer necessary for damp-tolerant (wet steel) primers (see Part 4.5.2.6)
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Large scale blasting in the open air should, however, be avoided as much as possible
because of the problems of the environmental pollution (dust) and noise it causes and
because of the problems involved with the disposal of polluted abrasive.

Moreover, the large amounts of dust produced can be very disturbing to work which is
carried out in the vicinity. Sometimes temporary shields (tarpaulins) are used to protect
the environment against damage and pollution. Nearby vulnerable equipment should be
adequately protected and care taken to ensure that blasting dust will not pollute freshly
painted surfaces.

Recently developed nozzle-blasting methods are mainly based on systems which reduce
the amount of dust, for example by adding water or steam in the air/abrasive stream or
by shrouding the blasting nozzle with a water curtain.

A very light nozzle-blasting is called sweep-blasting (sweeping) or brush-off blasting
and is used for superficial cleaning and roughening of, e.g. weathered (old) paint coats
before recoating,.

Small-scale nozzle-blasting with small equipment, for instance when carrying out spot
repairs, is called mini-blasting or pencil-blasting.

A recently developed method is the blast-cleaning/priming system.

By this method, steel surfaces -are blast-cleaned with an inert mineral abrasive and
simultaneously coated with a very fast surface drying, zinc epoxy- or zinc silicate
primer.

The advantage of the system is that it is suitable for blasting and priming damp/wet
corroded steel surfaces under adverse weather conditions. Furthermore, corrosion of
freshly blasted steel surfaces is avoided and on days with bad weather, more working
hours are possible than with normal abrasive air blasting.

A disadvantage of this system is that the degree of surface-cleanliness cannot be
checked. Moreover, the priming coat contains (inert) abrasive particles.

The blast-cleaning/priming system is especially suitable for flat surfaces. When priming
sharp edges, profile edges etc., the paint supply is first switched-off which means that
these parts are pre-blasted and then coated.

Impeller-blasting

In impeller-blasting (centrifugal blast-cleaning) the abrasive (mainly shot) is projected
against the surface by means of centrifugal machines provided with impeller wheels.
The steel is blast-cleaned while passing the machine.

Often the steel is preheated to a temperature of 35-40°C, and, immediately after leaving
the machine, it is coated with a prefabrication (shop)-primer (see Part 5.1).

Spent abrasive is separated from contaminants in an air-wash separator and re-used,
avoiding pollution of the environment.

The recirculated abrasive should be checked for specification regularly (size distribution,
salt content, content of organic matter).
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Dust is separated from the abrasive in a dust-collector, keeping adjacent areas clean and
dust-free. Openings provided from transporting the steel to be cleaned through the
impeller machine are equipped with seals to prevent flying abrasive and dust from
escaping.

The degree of roughness (3.2.4.3) and finish (3..2.4.4) of the steel surface are, of course,
determined by the speed at which the steel is passed through the machine and the nature
and refreshment cycle of the abrasive.

Due to the nature of the abrasive (shot) impeller-blasting generally produces a much
smoother (round) steel surface profile, compared to nozzle-blasting. The practice of
adding grit to the abrasive, in order to obtain a sharper (anchor) profile, results in
undesirable wear of the impeller wheels.

Special types of portable centrifugal blast-cleaning machines include, amongst others,
units for ship sides and decks. The hull side types can be mounted on a mobile
extensible crane system and reach the whole side of the largest ships. The advantages of
the portable machines include pollution and dust-free operation, re-use of abrasive and
no disturbance of other operations. The restrictions are their limited use where
obstructions, comers or fillets are encountered, frequent maintenance and clumping of
abrasives in wet conditions.

Vacuum-blasting

In vacuum-blasting, the air and abrasive are propelled in a rubber-hooded enclosure.

The abrasive and all the dust are drawn back into the blast unit where re-usable abrasive
is separated and recycled.

The dust- and pollution-free process is limited to the use of re-usable abrasives. As with
impeller-blasting, the recirculated abrasive should be regularly checked for specification.
Vacuum-blasting is more time-consuming than other blasting methods but the degree of
cleaning achieved is satisfactory. It is, however, a slow method and working with
portable equipment is very fatiguing. Another disadvantage is that corners present
considerable difficulties. For these reasons vacuum-blasting is used mainly for minor
repairs and the cleaning of welding seams.

Special types of large portable equipment for horizontal surfaces, can be used for the
blast-cleaning of decks. By these machines, which can be driven slowly over the deck,
the surface is blast-cleaned while dust and contaminants are collected.

Water blast-cleaning
Hydro-blasting, which means high-pressure water-washing, is mainly used in

maintenance work on ships' hulls. A high-pressure water jet (pressure about 150-300
bar) is used. Fouling (except 'hard fouling'), poorly adhering paint, loose rust and water-
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soluble salts are removed from the surface. Hydro-blasting cannot replace blast-cleaning
as it does not 'etch' the steel surface.

When hydro-blasting is carried out by the use of special equipment at very high
pressures, for instance up to 3000 bar, the process is called hydro-jetting. With this
process, beside poorly adhering paint and loose rust, even tightly adhering rust and intact
coating systems can be removed from the substrate.

A considerable advantage of this process, however, is that, if desired, only a part of the
coating system can be removed, for instance a defective topcoat, without causing serious
damage to underlying layers. Especially thermoplastic materials, which are difficult to
remove by ordinary blast-cleaning, can adequately be removed by hydro-jetting.

Hydro-jetting can also be carried out with the addition of abrasive in the water stream
which means that tightly adhering mill scale can also be removed and the surface
roughened. The hydro-jetting system incorporates a mechanical metering device,
controlled by the operator at the nozzle, which enables him to regulate the quantity of
abrasive in the water.

In wet-abrasive blast-cleaning, (wet-blasting') compressed air, water and abrasive can
be combined. The transport medium is the air.

The air/water pressure at the nozzle is about 7 bar. Newer systems involve pressures up
to 20 bar, and are fully adjustable up to this pressure-level. The system incorporates a
mechanical metering device, remotely-controlled by the operator, to enable him to
regulate the quantity of abrasive fed into the air/water mixture. During operation, the
air/water/abrasive is thoroughly mixed and projected onto the surface.

By wet-abrasive blast-cleaning, a cleaning-degree to white metal is achievable.

In order to prevent steel from flash-rusting, inhibitors are sometimes included in the
water when executing wet-abrasive blast-cleaning or hydro-jetting with abrasive. These
inhibitors must be compatible with the paint system to be applied, otherwise failure by
blistering may occur, especially on the immersed parts of ships and offshore structures.
Water blast-cleaning is by far the best method for removal of salts from contaminated
surfaces. The flash-rust which is the consequence of not including an inhibitor can be
removed by brush-off blasting afterwards.

The advantages of wet abrasive-blasting (wet-blasting) and hydro-jetting, with or

without abrasive, can be summarized as follows:

* cleaning can be carried out under humid conditions;

« large quantities of abrasive dust and hazard by flying abrasive are avoided;

 removal of salt contaminants from corrosion pits, especially when the blasting process
is followed by a fresh water wash;

« greatly reduced sparking hazard;

* possibility of selective removal of single paint layers and feathering of edges when
spot repairs are carried out, especially with the hydro-jetting process.
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Some disadvantages of the above mentioned processes are:

« after cleaning, the surface is wet or damp which is not ideal for paint application; for
damp surfaces however, special moisture-tolerant primers are available;

+ the working rate is somewhat slower than for dry blast-cleaning; this refers especially
to the hydro-jetting process;

« the wet abrasive sludge collecting below surfaces being cleaned can cause a disposal
problem. This problem is greater for wet-blasting than for hydro-jetting;

» especially when using a small amount of water, fine abrasives may remain stuck to the
substrate;

» residuals of corrosion inhibitors, used to avoid flash-rusting of the steel, may have
detrimental effect on the behaviour of the coating system;

* when no inhibitors are used, flash-rusting may be removed by brush-off blasting
afterwards, but this involves an extra operation.

3.2.4.2 Abrasives

Currently used abrasives can be divided into two groups, e.g. metallic and mineral
abrasives.

Mezallic abrasives have a long service-life because their particles can resist many
hundreds of impacts before their size is so reduced that the abrasive must be discarded.
Cast-iron abrasives, however, are relatively short-lived, because they degrade more
rapidly. Since metallic abrasives are expensive, they are used exclusively in installations
from which they can be recovered and re-used, such as impeller installations and
blasting booths.

According to particle shape, metallic abrasives can be subdivided into shot (spherical
particles), grit (angular particles) and cur steel wire (cylindrical particles of nearly equal
diameter and length). Cut steel wire, however, is not very widely used.

Shot abrasives are mainly used for cleaning new hot-rolled steel in impeller blasting
machines.

The choice of abrasive is a matter of matching size, shape and hardness in relation to the
surface finish and roughness required. The price and recycling possibilities are also
determining factors.

The most widely used mezallic abrasives are:

* steel shot : spherical particles of hardened steel

* steel grit : angular particles of hardened steel

» cast-iron shot : spherical particles of cast iron

* cast-iron grit : angular particles of cast iron.

Mineral abrasives are cheaper than metallic ones. Their shape is usually irregular and
angular.
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Mineral abrasives have a short life, being pulverized after only a few operations. They

are not worth recovering and are generally used in nozzle-blasting operations.

In view of the risk of silicosis, the use of silica containing abrasives (sand) is forbidden

by law in many countries.

Mineral abrasives must be inert; otherwise they can act as sources of corrosion.

They should not introduce a spark hazard during use.

Currently used mineral abrasives are:

 corundum® : angular particles of aluminium oxide

« silicon carbide : angular particles of silicon carbide

+ industrial by-products** : angular particles of e.g. copper slag, blast-furnace slag,
mineral slag etc.; these abrasives should not contain heavy
metals.

Sometimes, zinc-coated mineral abrasives are used. When blasting with these materials,
the steel surface is covered with a very thin layer of zinc which prevents rusting of the
steel after blasting for a certain time, depending on the environment (about 4 hours in
the North Sea splash zone).

Most abrasives can be supplied in a range of particle sizes. Cut steel wire is very
uniform in dimension, steel and cast iron slightly less so. The size distribution of grit and
mineral abrasives is still less regular and depends on the care taken in manufacture and
sieving.

According to specification J 444a of the Society of Automotive Engineers (SAE), the
type and size of metallic abrasives is classified by a notation consisting of the letters S
(shot) or G (grit) and a number for the particle size. For the blasting of structural steel
the shot quantities S70, 110, 170, 230, 280, 330 and 390 are commonly used,
corresponding with particle sizes (diameter) ranging from about 0.2 to 1.2 mm.

For the same purpose, the grit abrasives G 325, 200, 120, 80, 50, 40, 25 and 18 are used,
with particle sizes roughly corresponding to about 0.1 to 1.2 mm.

According to German Standard DIN 8201, all abrasives are classified by:

» their standard name;

* a letter combination for the type of abrasive;

* a letter for the particle shape;

* two figures, representing the minimum and maximum particle size (one figure in case
of cut steel wire);

» if desired, a letter/number combination for the hardness.

An example of such a classification is:

Blastman GS - K - 0.9 - HV 650 - DIN 8201, where:

Blastman = trade name of the abrasive

corundum is sometimes recycles.
or materials based on industrial by-products
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GS = Stahlguss (cast steel, hardened)
K = kantig (angular)
HV650 = Hirtebereich (average hardness according to DIN 50311)

DIN 8201 according to DIN 8201

In order to minimize wear of the blade wheels in impeller-blasting machines, shot is
mainly used as an abrasive. The resulting steel roughness profile is round-shaped and
does not show the sharp-edged 'anchor-pattern’, which is required for optimal
mechanical bonding between coating and steel substrate.

During use the shot becomes more or less angular but not really sharp. An improvement
of the roughness profile can be obtained by adding a small amount of steel grit to the
shot abrasive. This, however, may result in undesirable wear of the impeller wheels.

As mineral (slag) abrasives can be derived from a great variety of sources, it is of
utmost importance to test <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>