
Chapter 6

Specialist coatings and
applications

Modern paint systems can provide very corrosion-resistant coatings and
are used successfully in many aggressive environments. There are, how-
ever, some situations, such as the lining of tanks, where, although the
materials may be similar to those used for structural steel, there are special
requirements.

There are also specialist coating materials, such as powder coatings,
tapes and fire-proofing coatings that are also associated with structures.

6.1 Coating or lining of tanks

Coatings for tank internals are often called linings and they may be
applied directly to the steel as coatings, or as sheets cut to shape and
cemented to the steel to provide a barrier to the liquids in the tank. The
choice of coating is generally determined by the nature of the liquid and
its corrosivity to the steel. However, with some solutions, tainting with
even a small amount of iron corrosion products is not acceptable. Con-
sequently, even a limited amount of corrosion which might not seriously
affect the integrity of the tank has to be avoided by the choice of suitable
lining materials and application methods. Lining of tanks, therefore, may
be to protect the tank from corrosion caused by the contents, but also to
protect the contents, or cargo, from the metal of the tank.

6.1.1 Corrosion protection

From a corrosion protection point of view, a tank can be divided into three
areas, bottom, walls and roof, both internally and externally.

6.1.1.1 Internal tank bottom corrosion

Providing it is supported, the bottom plate is not considered a structural
member and is therefore often made of thinner plate than the walls. Since
water, sometimes seawater, can collect at this point and differential aera-
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tion cells can form due to deposits on the surface, bottom plates can suffer
severe pitting and metal loss, for example, 0.5–2.0mm per year.

Sulphate-reducing bacteria have been detected in oil-storage tanks and
this could add to the problem, but Delahunt1 considers that pitting from
this cause is minimal.

6.1.1.2 External tank bottom corrosion

Tank bottoms resting on the ground are susceptible to corrosion attack.
Ideally the foundations should consist of an inert and compact surface
such as a layer of fine aggregate covered with oiled sand or asphalt or
bitumen. The use of coal cinders or other acidic materials, or large rocks
that allow differential aeration cells to form, can greatly accelerate corro-
sion.

Corrosion can also be caused by stray currents. An external source of
DC, such as from electrified railways or nearby impressed-current cathodic
protection, may cause current to flow through the ground to the tank
bottom and cause pitting. Measurements of potential, and particularly
fluctuations in the potential, can indicate stray currents.

6.1.1.3 Internal wall corrosion

Attack on the shell occurs at the junction with the bottom plate owing to
water collection, but this normally extends no higher than 300 mm. Corro-
sion can also occur in the upper courses of the shell because of condensa-
tion and corrosive atmospheres entering the tank owing to expansion and
contraction of the stored product.

6.1.1.4 External wall corrosion

The external wall is subject to normal atmospheric corrosion attack with
two added problems. Firstly, the temperature of the stored product, if it is
different from the ambient, can cause condensation. Such condensation
contaminated with, for example, salt spray from a marine atmosphere, can
cause severe corrosion. Secondly, if the tanks are lagged then, regardless
of the type of insulation used, corrosion under the lagging can be very
rapid and severe.

Hot tanks experience severe attack of the walls at the bottom where the
insulation can become saturated with water. Refrigerated tanks can
corrode under the insulation on the roof and upper strakes. Pitting rates of
up to 1.5 mm per year have been reported and such corrosion is impossible
to locate by visual inspection without removal of the insulation.

Methods of prevention for such corrosion usually include the provision
of external cladding of either metal or a mastic coating to prevent water
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penetration. Mastic systems based on butyl or Hypalon rubber are becom-
ing increasingly popular because they can be more easily and effectively
sealed at points where the insulation is penetrated, for example, at ladder
fixings and the like. In addition, it is advisable to paint the steel, before
applying the insulation, with a suitable barrier coat, such as polyamide-
cured epoxy. Zinc-rich systems should not be used for this purpose.

6.1.1.5 Internal corrosion of tank roofs

In roof areas, corrosion can occur owing to condensation and the corro-
sion rate may be greatly accelerated by chlorides from the atmosphere or
hydrogen sulphide from the product under store, such as oil. Overlapping
roof plates that are not sealed underneath also provide crevices that
cannot be painted and will promote corrosion. If permissible in the design
of the structure, such areas should be sealed by welding.

Severe corrosion can occur with floating roof construction because the
movement of the roof can dislodge corrosion products and reveal a fresh
surface for corrosion attack.

6.1.1.6 External corrosion of tank roofs

This is similar to that occurring on the tank walls except that buckling of
plates, depressions on flat surfaces, etc. can cause ponding of water and
accelerate corrosion.

6.1.2 Lining materials

A wide range of coating materials is used for tank linings. The choice will
depend upon the nature of the solutions to be contained or, in the case of
solid materials, the amount of abrasion and wear likely to occur.

The materials considered below are those most commonly used. Some
general indication of their chemical resistance is given but detailed advice
should be sought before selecting linings for highly corrosive liquids.
Useful tables on the chemical resistance of various materials have been
published,2 but it may be necessary to carry out tests before finalising the
choice of lining. Variations from published data, such as differences in
concentration and temperature or impurities in the solutions, may affect
the performance of lining materials.

6.1.2.1 Organic coatings

It is unlikely that any one type of coating would be suitable for all tank
linings. They are required to withstand a multitude of environments and
be applied under many different circumstances. For exposure to water
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immersion, zinc silicates and epoxies have been used successfully. For
exposure to alcohols and phenols, zinc silicates have been used success-
fully. For chemical resistance, there are often suitable formulations based
on epoxy resin, where stoved phenolic linings were used in the past. To
reduce the problems arising from solvent emissions there is an increased
use of solvent-free coating and dual-component spraying equipment. The
US Navy has reported3 that, as a result of a five-year test programme and
five years’ subsequent use in their ships, the use of solvent-free epoxies has
significantly improved the maintenance-free life of their tank coatings. In
particular, formulations based on bisphenol-A epoxy resin and amine-
based curing agent for seawater ballast tanks and the lower viscosity
bisphenol-F epoxy resin for chemical and fuel tanks. It was also appreci-
ated that the choice of the right coating material was not sufficient on its
own and that they also had to improve their application techniques and
quality control to realise the coatings, potential. Sometimes tank linings
have to be applied in less than ideal conditions, for example: cold ambient
temperatures, high humidity and often the need to re-commission the tank
as soon as possible. There are epoxy resin systems which can fulfil many, if
not all, of these requirements.4 However, there is no miracle coating and
again it must be emphasised that even with judicious coating selection this
must be accompanied by a well-written specification, conscientious quality
control and qualified applicators using suitable application equipment,
with de-humidifiers as required.

For very thick coating systems, and particularly for the repair of cor-
roded tank bottoms, hand lay-up of glass-reinforced polyester coatings
over an epoxy primer, is frequently used. Glass fibre or glass flake-
reinforced epoxy resins are also used and have excellent adhesion and
good chemical resistance, particularly to alkalis, which is a weak point for
the polyesters. The epoxy systems, however, are generally more expensive,
and because only solventless types can be used at the thickness required,
they tend not to wet out the glass fibre or flake quite so satisfactorily.

In the petroleum industry there has been a move towards vinyl esters
because they have superior resistance to unleaded fuels. The vinyl esters
are based on an epoxy resin reacted with an acrylate monomer and dis-
solved in styrene. Like polyesters, they cure by the addition of a peroxide
catalyst.

The polyesters and vinyl esters in particular require special care in
handling and application. Nill, of Phillips Petroleum USA, has published
a comprehensive proposal for the method of installing fibre-reinforced
plastic (FRP) coatings in petroleum storage tanks.5 It is particularly con-
cerned with the safety requirements, method of repairing holes, surface
preparation and quality control.

Other organic-type lining systems include thermoplastic resins such as
polyvinyl chloride, polypropylene, polyvinylidene fluoride,6 chlorinated
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polyether and chlorosulphonated polyethylene. Although in some cases
these plastics can be applied as dispersions, for tank linings they are nor-
mally in sheet form. The sheets are often provided with a woven glass fibre
cloth backing in order to assist adhesion to the steel. The seams are then
heat-welded to provide a continuous lining. These materials or their adhe-
sives have temperature limitations but have the advantage of being able to
apply a thick film in one application. Sheet linings are usable in thick-
nesses varying from 1.5 to 6 mm.

A number of sheet lining systems are based on elastomeric materials
such as semi-hard or soft rubber, neoprene, or Hypalon. The rubber
systems have excellent ageing properties, particularly when protected
from heat or oxidising solutions. Neoprene is superior to rubber in its
resistance to oils, sunlight, heat, etc. Hypalon is used where resistance to
sunlight, ozone, abrasion, aliphatic oils and oxidising chemicals is required.

6.1.2.2 Cementitious

Cementitious linings are composed of inert aggregate in an inorganic
binder, such as potassium or sodium silicate. These materials can be
applied by trowel, but for linings, normally a special high-pressure spray
system is used. To assist adhesion, special anchor points are generally
welded to the substrate.

The actual lining material has good heat, abrasion and corrosion resis-
tance but in situ tends to crack due to thermal cycling and has poor resis-
tance to steam, alkalis and weak acid solutions. They are therefore
normally applied over an acid-resistant membrane.

In the majority of cases, cementitious linings are applied at site because
transport of a lined tank would involve extra weight and the danger of
cracking of the lining due to the flexing of the tank walls.

Acid-resistant brick linings are also used for the protection of certain
types of tanks or process vessels. The cement mortar between the bricks
can be based upon polyester, phenolic, epoxy or Furan cements depending
upon the service conditions.

6.1.3 Application of linings

6.1.3.1 Design requirements

Tank linings require an exact specification, careful application and
rigorous inspection. Surface preparation is normally required to a higher
standard than for structural steel.

Correct design of the tank is important. For example, it has to be
realised that there must be sufficient and suitably sized access holes for all
the equipment, ventilation hoses, etc.
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All holes, cracks and the like need to be repaired before work starts. It
is also generally necessary to fill all lap seams, depressions, sharp corners,
etc. with epoxy putty to provide a smooth surface. All edges and welds
must be radiused, with all welds free from undercutting, porosity and
inclusions. Porous or rough welds must be treated. In riveted tanks it is
desirable to seal-weld the rivets and install water stops. Contrary to what
may appear obvious, many authorities believe that coating application
should start at the bottom of the tank and work upwards. This is because it
is exceptionally difficult to rid the tank floor of all traces of abrasive.
Treating that surface first gives the minimum amount of abrasive that has
to be removed before the coating is applied. Only non-metallic abrasives
should be used. Obviously the applicator must take special care to avoid
damage to the coating already applied. Rubber-soled shoes or overshoes
should be worn by any person inside the tank after the primer has been
applied and ideally these shoes should be changed and left inside the tank
on entering and leaving.

6.1.3.2 Rigging or scaffolding

Tanks up to 10m to the higher point in the roof are often painted using
movable platforms. The height of the work platform should not exceed
four times the main base dimension.

Beebe7 suggests that higher tanks and those up to 9m in diameter can
be painted with a painters’ boom or ‘merry-go-round’. This consists of a
tight vertical cable between a roof opening and a fixing lug on the tank
bottom. The painter’s stage is controlled by ropes attached to the vertical
cable, and manipulated by the painter and a helper on the floor of the
tank.

Even larger tanks can be painted using a swing stage. This requires two
attachment points: one at or near the top centre of the tank and one on or
near the tank’s walls.

All this points to the need to consult experts on rigging at the design
stage of the tank so that attachment points can be included to provide safe,
effective and economic access.

6.1.3.3 Ventilation

Toxicity of solvent vapours and risk of explosion are the hazards most
likely to be present when painting inside a tank or confined space.
However, ventilation is not only necessary for reasons of safety: the per-
formance of a coating system can be greatly affected by the type and
amount of solvent trapped in a coating when it cures or dries. Adhesion,
water resistance, mechanical or chemical properties can all be adversely
affected. Very slow evaporation of trapped solvents can also develop
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internal stresses. Condensation of solvent onto adjacent coated surfaces
can also cause problems.

Many solvents are heavier than air and if the ventilation is inadequate
can remain in stagnant pockets at the base of the tank. Ideally, air should
be exhausted from the bottom of such tanks and clean air drawn in from
the top of the tank. In addition suction fans tend to reduce the air pressure
within the tank slightly and this helps with solvent evaporation.

Exhaust fans must be capable of achieving the required volume of air
movement. Table 6.1 gives typical ventilation volumes for maintaining
solvent vapour concentrations below 10% of the Lower Explosive Limit.8

6.1.3.4 Dehumidification

In cold climates, or at night-time in hot climates, the temperature of
the air inside the tank is often higher than outside. This is particularly so
if the temperature is raised in order to speed cure and the walls are not
insulated. Under these conditions, the hot air impinging on the tank walls
can cause copious condensation. The solution is dehumidification of the
air to reduce the moisture content to 50% RH or less. However, some
applicators claim that very dry conditions, for example below 20% RH,
make the atmosphere uncomfortable to work in and causes respiration
problems.

In selecting a dehumidifier for the job, emphasis should be put on its
low-temperature performance, since this is when it is mainly required.
Refrigeration dehumidifiers are commonly used in industry and are
capable of removing large amounts of water at high temperatures and
during winter conditions when the water has to be frozen out of the air,
rather than condensed as a liquid. Absorption or desiccant dehumidifiers,
on the other hand, have nearly the same performance in summer or winter

148 Steelwork corrosion control

Table 6.1 Typical ventilation volumes required to maintain solvent vapour
concentrations below 10% of the L.E.L.

Tank volume (ft3) Ventilation volume
(ft3/min)

670 1000
2800 2000
8400 3000

11200 4000
14000 5000
28000 6000
56000 10000

112000 20000
168000 30000

From Ref. 8.
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because the affinity of the chemical absorbent for moisture is not greatly
affected by temperature.

The benefits of dehumidification to the contractor are considered9 to be
that:

1 Crews can start work earlier in the morning.
2 It generally enables large areas to be prepared and completed in one

go.
3 It avoids possible delays between application of coats.
4 It enables a contractor to predict accurately when the work will be

completed rather than being at the mercy of the weather.

6.1.3.5 Inspection

Inspection of the application of tank linings generally needs to be even
more rigorous than for structural steel. This should include a continuity
check of the whole surface. NACE have prepared a recommendation for
the inspection of linings on steel and concrete.10

6.1.3.6 Health and safety matters

Since most tank lining operations take place in enclosed spaces, correct
ventilation is extremely important to avoid health and safety hazards.
NACE International publishes ‘Manual for Painters Safety’ and ‘Coatings
and Linings for Immersion Service’ which provide an in-depth review of
many safety issues when lining tanks, some of which are given below.

Steps should be taken to detect any hazards such as concentrations of
noxious fumes, or any remaining splashes or spillage of harmful liquids,
conditions of excessive heat and/or areas where the oxygen content of the
air may be dangerously low.

To avoid human error, all valves on pipelines feeding to or from the
tank should be locked in the off position and further protected from
ingress of spent abrasive. Adequate clothing and respiratory equipment
should be worn by anyone entering the tank during the lining operation,
according to the relevant safety regulations. Some lining operations take
place in potentially explosive atmospheres and there must be no source of
ignition that would trigger an explosion. Precautions include the use of
explosion-proof lighting equipment and approved safety, non-sparking
type hand and power tools.

The chemicals and resins used in fibreglass-reinforced polyester coating
(FRP) linings present a very real fire and explosive hazard if used incor-
rectly. It is important that all personnel involved should receive and obey
the instructions in the material safety data specification. Persons carrying
out the application of any coating should follow safety rules as set out in
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the specification or by the safety engineer or person responsible for safety
on a particular job. Because of the hazards associated with tank lining, this
becomes even more important.

6.2 Powder coatings

The use of powder coatings has increased significantly in recent years.
They offer films with excellent corrosion and chemical resistance, high
resistance to abrasion and excellent adhesion to metal, and being totally
free from solvents they are more acceptable in this age of heightened
awareness of environmental issues.

There are two broad groups of resins or polymers used for powders to
produce what are commonly called plastic coatings. These are thermoplas-
tic polymers which can be heated without chemical change, the process can
be repeated any number of times, and thermosetting polymers which, when
heated, produce a chemical change which is permanent. Some examples of
thermoplastic powders used for corrosion protection are: nylon 11, nylon
12, low-density or high-density polyethylene, polypropylene, ethylene
vinyl acetate (EVA), polyvinyl chloride (PVC), chlorinated polyether
(Penton), acrylic and methylacrylic resins, cellulose aceto-butyrate, poly-
styrene, chlorinated polyethers and polyesters.

In general, the nylons have excellent resistance to oils, solvents and
abrasion; the polyethylenes can resist strong acids and other corrosive
fluids; EVA resists mild acids and alkalis and is particularly suitable for
marine conditions; PVC has good resistance to impact and moisture and is
comparatively cheap; Penton is a relatively expensive material which is
used for the coating of smaller items such as pumps and valve bodies. Cel-
lulose aceto-butyrate is a relatively low-cost thermoplastic with good deco-
rative properties and is available in a wide range of colours. It has
excellent colour and gloss retention under normal conditions. Chlorinated
polyether is a relatively expensive material but possesses outstanding
chemical and corrosion resistance. It is used to protect chemical equip-
ment and in particular to replace glass linings. It can also be machined
which makes it useful for valves, etc. Polyesters are available both as ther-
moplastic and thermosetting polymers and are moderate in cost. They can
be applied in relatively thin films. They are available in a wide range of
colours and have superior decorative properties as well as outstanding
electrical properties. Polyethylene is available as two types, high and low
density. Low density (LD) is generally used for wire goods and high
density (HD) for chemical resistance. Polyvinylchloride is a low-cost ther-
moplastic with superior decorative properties, outstanding flexibility and
resistance to impact, water and corrosion. It has some of the qualities of
rubber and is occasionally used to replace rubber linings at a lower cost.

All thermoplastic materials have limited resistance to heat.
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Some examples of thermoset powder coating systems used for corrosion
protection are epoxy, epoxy/polyester hybrids, polyester/triglycidal iso-
cyanate (TGIC) and polyester/isocyanate (PUR). In general, these mater-
ials harden rapidly, have good adhesion after curing and excellent chemical
and corrosion resistance. The epoxy and epoxy/polyester systems have out-
standing chemical resistance especially against aqueous acids and alkalis.
The epoxy/polyester powder systems are preferred for decorative interior
use but have limited gloss retention and resistance to yellowing on exterior
exposure. Where weather resistance is required, the TGIC and PUR
systems are preferred. The TGIC system has the advantage of lower curing
temperatures and shorter curing times, plus better film coverage on edges.11

6.2.1 Application methods

The following methods are used to apply these coatings.
(i) Flock spraying: with this process the powder is mixed with low pres-

sure compressed air and blown onto the surface through a wide-orifice
nozzle.

(ii) Flame spraying: in which the powder is heated as it passes through
the nozzle of a special spray gun and the molten powder falls onto the
steel in the form of globules which are then fused together with gentle use
of a flame. The method is most suitable for the application of thermoplas-
tic powders.

(iii) Electrostatic spraying has been discussed in Chapter 5 and is
unusual in that the whole surface of components can be sprayed from one
position. This is the most widely used method of applying thermoset and
thermoplastic powders, as for example in pipe coating (see Section 6.6).

(iv) Vacuum coating is a specialised process used mainly for pipes and
chemical vessels to be coated with Penton powder. A high vacuum is used
to draw powder from a fluidised bed onto the heated object to be coated.
The vacuum is maintained during the fusion of the powder, so eliminating
the possibility of air entrapment.

(v) Dipping covers two different processes. The plastisol method consists
of dipping a primed and heated steel object into a tank of cold plastisol,
which is a colloidal dispersion of the resin in a plasticiser. The action of the
heat results in the formation of a gelatinous deposit arising from the cross-
linking of the main components. Heating at about 175°C results in fusion
into a solid film. This method is used to coat tanks, pipes and other com-
ponents with PVC, in one coating operation, which can produce thick-
nesses up to 12 mm. The technique is widely employed to coat steel strip
(see Section 6.3).

The other method of dipping is based on the fluidised bed technique.
In this method a tank with perforations at the bottom is used. Air is
introduced through the perforations to maintain the powder in the tank as
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a suspension. The powder in suspension acts as a fluid. When a steel
object, heated to a temperature just above the melting point of the powder
in the bath, is dipped into the fluidised bed, the powder in contact with the
steel fuses to the surface and flows to produce a coating. The steel object is
then removed from the bath and chilled in cold water. The thickness of the
coating will be determined by the temperature of steel article when dipped
and by its heat capacity, effectively its mass.

A number of components can be treated at one time in the fluidised
bed, and in some situations the powder may become agglomerated
because of the temperature and heat capacities of the objects being
processed. One method of overcoming this problem is to cause the powder
to adhere to the article by electrostatic action, so eliminating the need to
heat the articles before dipping. The electrostatic charge is applied from a
grid mounted just above the tank bottom which is maintained at a suitable
potential to impart the charge to the powder. As more of the powder par-
ticles adhere to the article, the force of attraction between the article and
the charged particles in suspension is decreased due to the insulating effect
of the coating build-up and the consequent decrease in electrical conduc-
tivity. This allows the thickness of coating to be controlled by altering the
applied potential. The article with adherent powder is finally fused by
heating after removal from the bath.

Compared with paint and metal coatings, plastic coatings are used to a
limited extent on steel structures. They are being increasingly employed
for components, cladding and subsidiary parts of structures, e.g.
balustrades, and for submarine pipelines. They are comparatively expen-
sive to apply so tend to be utilised where appearance is important or for
specialised purposes where plastic-coated steel can be used as a replace-
ment for more expensive alloys, or where coatings of high integrity are
required. The application of plastic coatings must be carefully controlled
to ensure sound films with full fusion of powders to provide reasonably
pore-free coatings. When plastic-coated steelwork is damaged or where it
has to be welded after coating application, some form of ‘touch-up’ is
required. Generally, this is an air-drying paint, which is unlikely to provide
protection equivalent to the original plastic coating; even special fusion
sticks are unlikely to meet this requirement. Also, when maintenance is
required then air-drying paints are usually used.

Special methods have been adopted for field welds on fusion-bonded
epoxy coatings which provide coatings of a high standard. However, such
methods are not generally used for plastic coatings.

6.3 Coil coatings

Plastic coatings are applied to thin gauge steel, which is used generally in
profiled form for cladding and roofing for buildings and also, when
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formed, for some structural purposes. Many of the coatings are primarily
decorative with only limited corrosion resistance and are used internally
for domestic appliances, office furniture and shelving. These will not be
discussed in this section, which is concerned with those coatings intended
for exterior application.

Coatings are generally applied to steel that has been zinc coated or hot-
dip galvanised for exterior exposure. This prevents or delays corrosion at
the edges and damaged areas. The plastic coatings are applied in one of
two ways; liquid coatings, similar to those discussed in earlier sections of
this chapter, are more commonly used, but some coatings are produced
using a film of the plastic material which is bonded to the steel surface.
Both methods are used in a continuous process: applying the films to coils
of steel which, after coating, are cut into sheets of suitable size, hence the
term ‘coil coating’.

The general method of applying liquid coatings is as follows: the coil is
fed through the line and is either pickled beforehand or in some cases is
pickled in-line. After cleaning of the surface, a primary coat is usually
applied, then baked in an oven and followed by the application of the final
coat. Different companies vary the process but it follows these general
lines.

A number of different organic finishes have been developed to provide
different levels of performance. The major generic types are as follows:

Polyesters, at a nominal 25 µm thickness, are low-cost coatings with rea-
sonable flexibility but relatively poor performance outdoors. Life to first
maintenance is claimed as 5–7 years.12

Silicone modified polyesters, at a nominal 25µm, have improved colour
fastness and resistance to sunlight than polyesters but less flexibility and
are more expensive. Life to first maintenance is claimed as 7–10 years.12

Polyurethanes, at 25 µm, have a durability similar to the silicone modi-
fied polyesters but are more flexible and cheaper.

Fluorocarbons can be a 35-µm thick film bonded to the substrate or a
dispersion in an acrylic resin, to a nominal 25µm. These materials have
good colour stability and chalk resistance but the relatively thin films are
more easily damaged during installation than the thicker plastisols. It is
claimed that these materials will give a life to first maintenance of 10–12
years in non-aggressive environments.

PVC plastisols at 100–200µm have the maximum flexibility and resis-
tance to damage and abrasion of all the coated cladding systems.
However, these materials can degrade under the influence of sunlight and
rainfall so that the film is eroded, becomes porous and eventually can
detach from substrate. Therefore, its durability is least in clean, sunny
environments and greatest in shaded, or dirty industrial atmospheres. It is
claimed that life to first maintenance should be between 10 and 25 years. If
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the system is caught before it starts to lose adhesion it can be overpainted,
otherwise it is necessary to strip off the coating and replace it with a new
coating.

There are also special proprietary cladding sheets available which
consist of felt impregnated with bitumen on a sheet which is generally gal-
vanised. The sheet is then top-coated with a coloured finish, such as a
styrenated alkyd. The aesthetic durability therefore tends to be governed
by the performance of the top coat.

Most of the pre-coated sheets are embossed for decorative purposes.
These tend to collect dirt and grime. This can often be removed by suit-
able cleaning with warm water containing a detergent, with careful brush-
ing where required. The use of solvents to clean the coatings should be
carried out with caution. Both chlorinated hydrocarbons and ketones
attack PVC, so a check should be made before using organic solvents.

With all types of coated cladding it is advisable that the purchaser fully
understands the implications of the manufacturers’ claims for durability.
In some cases this might mean a relatively simple overcoating and in
others complete stripping of the original material and replacement with a
new and different material. In some cases this latter option may be eco-
nomically or operationally unacceptable. Advice should be sought on this
aspect.

Premature failure of cladding sheets may also occur due to poor fixing
or inadequate design of details.

Pre-coated sheets are supplied as standard products and reliance must
be placed on the quality control systems operated by the suppliers. As the
whole process is capable of a much higher level of control than would be
anticipated with coatings applied to structural steel, there should be little
or no requirement for further inspection by the user. Any shortcomings in
the process are not likely to be immediately evident but will result in pre-
mature failure of the coating or loss of decorative aspects, such as colour
fading. There are no obvious ways by which users can check the properties
likely to cause such failures before use. The thickness of the coating, its
freedom from pinholes and forming properties can be checked by standard
test methods.

Materials used for repainting coated cladding sheets need to be specially
formulated to allow for the required flexibility, adhesion, etc. Currently in
the UK, a single-pack moisture-cured urethane primer and a high-build
single-pack moisture-cured urethane finishing coat, is the main system
being used for this purpose. These materials have the added advantage for
site application that they can be applied to slightly damp surfaces and will
cure at temperatures as low as �9°C.13
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6.4 Wrapping tapes

Wrapping tapes are utilised mainly for tubular sections and pipes. They
can be used for angles and I-beams but the wrapping is more difficult and
the protection is therefore often less effective than on round sections. If
properly applied with suitable overlapping, tapes provide sound protection
in many situations. They are widely used to protect bare pipes and pipe
joints even where other forms of protection are employed for the main
surface. Sometimes they are used to provide additional protection where
pipes are buried in rocky soils.

Tapes can be applied by hand over comparatively short lengths, but
special wrapping machines are generally used; these may be hand or
power operated (see Figure 6.1). Although tapes are sometimes applied
directly to the steel surface, it is more usual to apply a suitable primer and
often a mastic or heavy grease to improve the contours for wrapping,
particularly at joints. The wrapping may consist of a number of different
tapes to provide the required protection, with the outer tape chosen to suit
the environmental condition.

A range of tapes is available and some of those most commonly used
include the following:
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Figure 6.1 Hand tape wrapping machine.

Source: Winn and Coles (Denso) Ltd.
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(i) Petrolatum compound tapes consisting of a fabric of natural or syn-
thetic fibre impregnated with a jelly-like petrolatum compound, usually
with neutral fillers. A petrolatum-type primer is generally recommended.
Such tapes are highly conformable, do not harden and can be applied to
irregular profiles. They can be wrapped externally with bitumen-type or
plastic tapes to resist damage, particularly when used under atmospheric
conditions.

(ii) Petrolatum compound reinforced with woven polypropylene lami-
nate is used with special machines for wrapping pipelines. A bitumen-type
primer is used.

(iii) Plastic materials such as PVC or polyethylene are also used for
tapes: these are usually coated on one side with a rubber-bitumen or a
butyl rubber compound.

(iv) Cold-applied, two-pack, cementitious coatings combined with rein-
forcing fabric are used for the protection and sealing of petrolatum tapes.

(v) Bitumen and coal-tar compounds are also used with fabric reinforce-
ments. A range of products is used: some involve heating the material with
a flame, and some authorities consider this method to be safer to apply
than hot-poured flood coatings. These tapes are generally used for buried
pipes and a suitable primer is applied before wrapping. Other materials
are also used as tapes, e.g. polyethylene may be extruded as a wrap on
pipes (see Section 6.6.1.3).

Although most generally used for pipelines, tapes are also used for other
purposes, e.g. for insulating bimetallic joints. Logan14 has discussed the use
of tapes for protecting steel used in marine environments and an earlier
paper gave examples of the application of petrolatum-coated tapes in such
situations. Generally, only tubular or box-type sections have been pro-
tected as these allow spiral or circumferential wrapping. Jetty piles have
been protected with tapes in many parts of the world. In all cases the
primary protection has been by petrolatum tape over a specially formu-
lated petrolatum primer paste. Outer wraps are chosen on the basis of the
aggressivity of the environment and the degree of damage anticipated;
they have included a cold applied bitumen tape using a nylon carrier with
a PVC backing, PVC and polyethylene tapes and even a preformed glass
reinforced jacket bolted round the pile, where severe mechanical effects
were considered to be likely.

Although tapes are usually comparatively easy to apply, the manu-
facturer’s instructions must be followed to ensure a high degree of pro-
tection to the steel. If tapes are not properly applied and corrosion
occurs at the steel surface, it may be some considerable time before this
is detected. Unlike conventional coatings where signs of rusting can
be rapidly detected either by the visual appearance of rust staining or
changes in the coating itself, e.g. blistering, there may be no immediate
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changes in the appearance of tapes. Recommendations should cover the
following:

(i) Method of application to ensure close contact with the steel and a
tight fit without folds.

(ii) Overlap required when wrapping.
(iii) Mastic to be used to contour projections and protuberances.
(iv) Primer to be used.
(v) Requirements for outer wrap.

6.5 Fire protection

Increasingly there is a need to give some fire protection to steel structures.
This is particularly so for petroleum and petrochemical installations both
on- and off-shore. The materials traditionally used, such as cementitious
products, have limited physical strength and flexibility and are easily
damaged in an operational environment. This has led in recent years to
the development of fire-retardant coatings.

The majority of paint binders are organic in nature. Their organic mole-
cules contain carbon which, under heat, will react with atmospheric
oxygen and so burn quite readily. The function of a fire-retardant coating
is to minimise or delay the conflagration and, even more important, to
delay the flames or hot gases coming into contact with the substrate.

Fire-retardant coatings fall into three different types:

(i) Those that work by forming a heat barrier and giving off non-
inflammable gases when subjected to a fire. Early types were silicate based
but nowadays there are more durable systems based on phenol formalde-
hyde and polyamide resins. In a fire these are gradually destroyed to form
a heat-insulating carbonaceous char and give off carbon dioxide and
water.

(ii) Those that are generally based on halogenated compounds, such as
chlorinated alkyds or chlorinated paraffin and evolve non-combustible
gases such as hydrogen chloride or bromine when heated. These paints
usually contain antimony oxide pigments and can be formulated on water-
or solvent-based resins. They are very effective in retarding fire but the
corrosive nature of the gases evolved can be a problem.

(iii) Intumescent coatings, which are becoming increasingly popular.
At elevated temperatures they swell up and form a thick, insulating layer
of char or foam. Non-combustible gases are also trapped in this layer and
add to the insulation. Originally these coatings were based on thermoplas-
tic binders, either solvent- or water-based, but there are proprietary
materials based on epoxy resins which claim improved durability and
faster use.15
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6.6 Pipelines

There are a number of forms of pipelines: (i) laid above the ground, (ii)
buried, and (iii) submarine. Some pipelines may appear in all three forms.
From the standpoint of corrosion protection, buried and submarine
pipelines are likely to cause most problems. The selection of coatings is a
specialised matter and often sophisticated application techniques are used.
NACE International Standard RPO 1692 lists the desirable performance
criteria for pipeline coatings as follows

(a) Effective electrical insulation.
(b) Effective moisture barrier.
(c) Application to piping by a method that will not adversely affect the

properties of the pipe.
(d) Application to piping with minimum of defects.
(e) Good adhesion to the pipe surface.
(f) Ability to resist development of holidays with time.
(g) Ability to resist damage during handling, storage and installation.
(h) Ability to maintain substantially constant electrical resistivity with

time.
(i) Resistant to disbonding.
(j) Resistant to chemical degradation.
(k) Ease of repair.
(l) Retention of physical characteristics.
(m) Non-toxic to the environment.
(n) Resistant to changes and deterioration during above-ground storage

and long-distance transportation.

The important requirements for factory application of pipe coatings are:

(i) All incoming steel must be stored to prevent localised corrosion and
in the factory the metal surfaces must be suitably dressed and
cleaned from contamination such as oil, grease, water, paint, waxes
and soluble iron corrosion products.

(ii) The surface preparation of the metal must produce a chemically
clean surface with the required blast profile overall (including
dressed areas).

(iii) Application must produce homogeneous coatings and where heat is
required for curing this must be uniformly applied and the cure
carefully controlled.

(iv) Quality control of the preparation and application must be continu-
ous and to a high standard.

(v) Coated objects must be suitably handled and stored to minimise
mechanical damage.
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In this section some of the more common forms of protection are con-
sidered but there are continuing developments, particularly on submarine
pipelines, and those concerned with such matters should keep abreast with
them.

6.6.1 Subsea pipelines

A number of factors must be reviewed when selecting coatings for
pipelines immersed in water. However, one aspect specific to such
pipelines is the requirement for concrete weight coatings to ensure negat-
ive buoyancy. The problems of applying a concrete weight coating are:

(i) The method of application and the aggregate causes damage and
penetration of the corrosion protection coating.

(ii) In the laying operation there can be slippage between the concrete
weight coating and the corrosion protection coating due to poor
bonding between the two.

These problems particularly apply to relatively thin, hard coatings such as
the fusion-bonded epoxy. In some cases a polymer cement barrier coating
is used, which, it is claimed, both reduces damage from the concrete
weight coat and prevents slippage. However, such a coating requires a
special machine for application and special curing conditions. Another
solution is to increase the coating thickness of materials such as fusion-
bonded epoxies to a minimum of 625µm, although apart from the extra
cost there is no assurance that this is sufficient to eliminate damage.
Another method to reduce slippage is to use a 1-m band of two-pack
epoxy heavily filled with aggregate and installed near the trailing end of
each pipe, before the weight coat is applied.

Furthermore, cathodic protection is generally used, which may involve
the removal of part of the coating to allow for the welding of small steel
plates to hold the anode. The method chosen for the laying of the pipeline
may also influence the coating selection. The four methods commonly
employed are:

(i) pulling method, in which the pipeline is constructed in lengths and
pulled into position by winches fixed on ships anchored at sea;

(ii) lay barge method, where the pipes are assembled and jointed on a
special barge and then lowered to the sea bed from the barge;

(iii) float and sink method, in which the pipeline is prepared on the
shore, then floated using buoyancy tanks. It is then lowered into
place from pontoons;

(iv) reel barge, in which the pipeline is reeled in long lengths from
special craft.

Specialist coatings and applications 159

© 2002 D. A. Bayliss and D. H. Deacon



The ability of the coatings to resist bending and the effectiveness of field
joints will be typical of the factors to be taken into account when selecting
coatings. Others include:

(i) durability in seawater;
(ii) adhesion to the pipe;

(iii) resistance to marine organisms and bacteria present in seawater;
(iv) abrasion resistance; and
(v) resistance to cathodic disbondment.

The coatings typically used for submarine pipelines are considered below,
although, as noted above, there are continuing developments in this field.

6.6.1.1 Coat and wrap

‘Coat and wrap’ was at one time extensively used but other types of
coating tend to be preferred nowadays. This method covers various types
of application both hot and cold but, generally, for hot application the
steel is blast-cleaned and pre-heated to about 90°C. A coal-tar primer is
then applied to the hot pipe followed by a flood coating of a suitable
enamel. An inner wrap such as glass fibre is pulled into the hot enamel and
the coating is finally covered with a coal-tar impregnated wrapping.
Because of the possible carcinogenic properties of coal tar, some authori-
ties insist on replacement by bitumen. This, however, can raise problems
of reduced durability and increased susceptibility to bacterial attack.

Welded joints on-site are often coated by the use of shrink wraps or
sleeves. These are composed of an irradiated polyolefin backing which,
upon brief exposure to a temperature in excess of 128°C, for example from
a propane torch, will shrink from the expanded diameter as supplied, to a
predetermined recovered diameter. The sleeves are precoated internally
with a controlled thickness of thermally activated adhesive which bonds to
either metal or existing coatings. Some problems have arisen due to the
fact that the heat application, since it depends upon the operator, can be
non-uniform and cause disbonding at the overlap. A further problem
arises with overlapping onto bitumen or coal tar in that careless operation
of the flame can cause damage.

In the USA and the UK there has been a move away from both coal-tar
and bitumen enamel coatings, because of limitations in their performance.
In particular they are:

(i) easily damaged during construction;
(ii) prone to cracking on bending or hydrostatic testing;

(iii) cracked and torn by stresses;
(iv) liable to soften at the higher operating temperatures;
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(v) affected by loss of adhesion between the coating and the steel sub-
strate which, combined with the flexibility of the material, allows
appreciable corrosion to proceed without detection; and

(vi) subject to disbonding between the enamel and the concrete weight
coating.

However, there is an equally strong school of thought that still considers
that they have an important role for buried and sub-sea pipelines, because
the coatings are:

(i) generally more foolproof in application;
(ii) sufficiently thick to accommodate flaws in the steel surface;

(iii) generally cheaper than other types; and
(iv) the only ones with genuinely long-term experience.

6.6.1.2 Fusion-bonded epoxy coatings

Fusion-bonded epoxy coatings (as compared with coat and wrap coatings)
are thin films, about 0.3mm thick, so their effectiveness depends very
much upon the quality of the coating procedures. The coating processes
can vary but generally follow a pattern, such as:

(i) Degrease, then pre-heat to remove moisture.
(ii) Initial blast-clean to reveal steel surface defects.

(iii) Remedy defects by grinding.
(iv) Final blast-clean to required standard.
(v) Heat pipe.

(vi) Apply epoxy powder by electrostatic methods while pipe rotates.
(vii) Quench in water.

The steel surface must be of a high standard and the blast-cleaning is
carried out to International Standard Sa2�� or Sa3.

Inspection of a high standard is essential with such a comparatively thin
coating and full ‘pinhole’ surveys are generally carried out (see Figure
6.2). The pinholes are repaired before the pipeline is immersed in the sea.
Large areas of damage are repaired by the application of a two-pack
epoxy, and small pinholes by means of nylon ‘melt sticks’ (see Figure 6.3).
Lengths of coated pipe have to be welded together as there is a limit to the
length that can be reeled at one time. Such areas are often coated in the
field with the same material using portable blast-cleaning, induction
heating and application equipment. Problems that have arisen include:

(i) Non-uniform heat sink at the weld causing non-uniform heating and
therefore inadequate curing of the epoxy.
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(ii) Water absorption by existing coating at the overlap causing blister-
ing on heating.

(iii) Damage by burning of previous repairs, using melt sticks which are
too close to the weld area.

Fusion-bonded epoxy coating cannot be applied in all field situations, e.g.
tie-in welds. Alternative coating materials must be used. Multi-component
urethane coatings applied by hot airless spray have been used successfully
for this purpose.

6.6.1.3 Polyethylene coatings

In general, early experience with these materials, mainly applied by the
sintered process, was very unsatisfactory. There were pinholes or ‘holi-
days’ in the coatings and large-scale failure from disbonding of the coating
from the steel. Considerable improvements have now been made:

(i) The application method is by flat extrusion.
(ii) High-strength polyethylene with suitable elongation properties is

used.
(iii) The materials are checked to ensure that they have high resistance

to environmental stress cracking (tested to ASTM D 1693–70).

162 Steelwork corrosion control

Figure 6.2 Pinhole testing of coated pipeline.

© 2002 D. A. Bayliss and D. H. Deacon



Figure 6.3 Repair with nylon ‘melt stick’.
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(iv) By attainment of correct profile on the blast-cleaned surface.
(v) Use of hot thermal bonded primer.

German Standard DIN 30670 ‘Polyethylene coating for steel pipes for gas
and water supply’ and British Gas Draft Eng. Std. PS/CW4 ‘Standard for
specification for polythene cladding on steel pipe’ are useful references.
Some of the problems remaining are:

(i) Although the thicker and more flexible nature of the polyethylene
coating is considered to be more resistant to damage from the concrete
weight coat application, there remains the problem of bonding between
the two materials. The surface of the polyethylene needs to be roughened;
either mechanically or by addition of a surface dressing of small aggregate
during the coating process while the coating is still soft.

(ii) Polyethylene coatings must be protected from damage by weld
spatter. The joints have to be coated by cold wrapping tapes or heat shrink
wrap-arounds.

6.6.1.4 Other coating materials

Neoprene and solventless epoxies may also be considered for the protec-
tion of submarine pipelines.

Generally, the pipelines are regularly monitored in situ and cathodic
protection is also normally employed to ensure overall protection of a high
quality. The satisfactory protection of submarine pipelines is a matter
requiring considerable expertise and advice should normally be sought
from specialists before selecting coatings.

6.6.2 Buried pipelines

Most buried pipelines are coated and, provided the soil is of a suitable
resistivity, are also cathodically protected. The requirements for the coat-
ings vary, depending upon the conditions of burial, but the following are
typical:

(i) Good adhesion to the steel pipe.
(ii) The coating is reasonably impervious to moisture.

(iii) Resistance to mechanical damage both in handling and during
burial.

(iv) Stability over the temperature range encountered in service.
(v) Where appropriate, suitability for use with cathodic protection and

resistance to cathodic disbondment.
(vi) Resistance to bacteria in the soil.
(vii) Suitable electrical resistivity.
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A range of coatings is employed and selection will be determined by
factors such as accessibility of the pipe for repairs, type of soil, operating
temperatures, availability of application methods and, of course, cost.

Sometimes a thermal insulation coating is applied to ensure that the
material flowing inside the pipe does not solidify. Such coatings are usually
applied over those applied for corrosion protection. Some of the coatings
used for pipelines immersed in the sea are also used for those buried in the
ground, but the requirements are not the same. Buried pipes may be of
much greater diameter and can be laid directly into trenches. The coatings
commonly used are discussed below.

(i) Galvanised coatings are rarely used without additional protection,
but provide some cathodic protection at scratches.

(ii) Bituminous materials produced from naturally occurring bitumens
or from petroleum and gas by-products have been the most widely used
coatings for buried pipelines, often with glass reinforcements and felt
wraps. A number of applications can be made to build up the overall
thickness of the coating. The application may be by cold or hot methods
and for some purposes flame-treated tapes of bitumen or coal tar are
applied in preference to hot-poured coatings.

There has been a good deal of satisfactory experience with these coat-
ings and they are comparatively cheap. Furthermore, they can be applied
in the field using special machines. Damaged areas can also be repaired
fairly easily. On the other hand, they have a limited temperature range,
somewhere in the region of 0–80°C.

Coal-tar coatings are used in a manner similar to the bituminous ones.
They also have a limited temperature range but somewhat better than for
bituminous coatings. Asphalt mastics containing sand, limestone and
reinforcing fibres may be extruded onto pipes to provide thick seamless
coatings.

(iii) Fusion-bonded coatings, similar to those used for submarine
pipelines, can also be used in underground situations (Section 6.6.1.2).

(iv) Extruded polyethylene coatings (see Section 6.6.1.3) are also used.
(v) Tapes are widely used for protecting joints on pipelines, and they

can also be utilised for the main protection. Special wrapping equipment is
used for cold application of the tapes either in works or in the field.
Generally, a number of tapes are applied to produce a coating of sufficient
thickness.

(vi) Epoxies, coal-tar epoxies and phenolics can also be used and are
applied by spray methods. The materials may be solventless and are
usually applied with specially designed equipment, where the steel pipe is
first blast-cleaned, then coated, and often treated with hot air to assist in
curing.

To avoid damage to pipe coatings which could affect their corrosion
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resistance, perhaps resulting subsequently in expensive repair or even
catastrophic failure, it is essential that coated pipes are handled and
transported in the correct manner so as to avoid or at least minimise
damage.16

Inevitably coatings on pipelines in service will need maintenance and
repair. Coatings used for repair obviously require similar properties to
those applied at works but have the extra problems of site application
where poor accessibility and the working environment play an important
part. Solvent-free epoxies or polyurethanes applied by plural component
hot air spray equipment (see Section 5.1.5) possess the advantage
that with suitable formulation they can be applied in extremes of
climate. Polyurethanes can be applied down to sub-zero temperatures,
providing the surface to be coated is ice-free. Epoxy resin blends can be
formulated to be applied by plural component or conventional hot airless
spray, to give greater tolerance to application and cure in cold damp
conditions.17
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