
14.8 Protective Coatings for

Underground Use

Introduction

The general conception of a paint is of a cold-applied material containing
thinners which evaporate to leave a higher molecular-weight base protec-
tive, of 25-50/mi thickness per coat. For buried or submerged structures,
where maintenance is difficult or even impossible and a degree of physical
protection is also necessary, such thin protective paint barriers between
metal and the corrosive electrolyte environments of soil or water are usually
quite inadequate. In relatively non-corrosive soil, thin bituminous coatings
on thick cast iron may be satisfactory, but this is the exception rather than
the rule. In dealing with underground structures, therefore, the thicker pro-
tectives needed are regarded as coatings rather than as paint finishes.

The most usual forms of buried metal structures are pipelines, piles, tanks
and power and telephone cables. Power cables must usually have some metal
protection, covered by expensive continuous factory-applied sheathings of
considerable thickness. Since water, gas and petroleum pipelines provide
the greatest area of metal surfaces to be protected below ground, a detailed
discussion of the protection given to them would appear to be the best means
of dealing with coatings for underground use.

Improvements are continually being made in the quality of coating
materials and their application, but it is still difficult to produce at economic
cost a permanent coating for a buried pipeline. The disruptive effects of
handling, construction, penetration by rocks, soil stress, material ageing,
etc. inevitably result in areas of bare metal being exposed to corrosive soil
electrolyte at isolated locations, with ultimate pitting or holing of the metal.
The aim is to supply the best possible coating at economic cost and to pro-
vide for any initial or later failures by application of cathodic protection.
The combination of coating with cathodic protection shows the greatest
economic advantage.

In pipelining, the trend is towards all-welded steel for long lines, and since
the wall thickness is less than that of cast iron, protection is the more impor-
tant. Many types of coating are used, from thick concrete to thin paint
films, and each has its own particular suitability, but the majority of pipe-
lines throughout the world today are coated with hot-applied coal tar or
petroleum asphalt-base-filled pipeline enamels, into which reinforcing
wraps, such as glass fibre are applied.



The use of coatings applied in the form of tape is also increasing. Poly-
ethylene and polyvinyl chloride films, either self adhesive or else supporting
films of butyl adhesive, petrolatum or butyl mastic are in use as materials
applied 4CoId' at ambient temperatures. Woven glass fibre or nylon bandage
is also used to support films of filled asphalt or coal tar and these are softened
by propane gas torches and applied to the steel surface hot, cooling to form
a thick conforming adherent layer.

Recently, sheets of high density polyethylene extruded on to the pipe sur-
face over an adhesive have become available and the use of polyethylene or
epoxy powders sintered on to the steel surface is becoming more frequent.

Some use has been made in the water industry of loose envelopes of
polyethylene sheeting and with the increasing lengths of submarine pipe-
line requiring heavy concrete coatings for reducing buoyancy, the use of a
heavily filled bituminous coating is projected.

In the special case of pipelines operating at relatively high temperatures
such as for the transmission of heavy fuel oil at up to 850C, heat insulation
and electrical insulation are provided by up to 50 mm of foam-expanded
polyurethane. As a further insurance against penetration of water, and to
prevent mechanical damage, outer coatings of polyethylene (5 mm), butyl
laminate tape (O-8 mm) or coal-tar enamel reinforced with glass fibre
(2-5 mm) have been used.

Properties Required of Buried Coatings

The aim in applying a coating to a buried metal such as a pipeline is to pre-
vent electrical contact with an electrolyte such as soil and/or water. The
characteristics required are as follows:

1. Ease of application. It must be possible to apply the coating in the
factory or in the field at a reasonable rate and to handle the pipe
reasonably quickly after the coating has been applied without damag-
ing the coating.

2. Good adhesion to the metal. The coating must have an excellent bond
to steel. Priming systems are frequently used to assist adhesion.

3. Resistance to impact. The coating must be able to resist impacts
without cracking.

4. Flexibility. The coating must be flexible enough to withstand such
deformation as occurs in bending, testing or laying, as well as any
expansion or contraction due to changes in temperature. It must not
develop cracks during cooling after application or curing.

5. Resistance to soil stress. The coatings are often subject to very high
stresses, due, for instance, to the contraction of clay soil in dry
weather, and they must be able to resist such stresses without damage.

6. Resistance to flow. The coating should show no tendency to flow from
the pipe under prevailing climatic conditions. It must not melt or sag
in the sun and it must have sufficient resistance not to be displaced
from the underside of large-diameter pipes.

7. Water resistance. Coatings must show a negligible absorption of
water and must be highly impermeable to water or water-vapour
transmission.



8. High electrical resistance. The coating must be an electrical insulator
and must not contain any conducting material.

9. Chemical and physical stability. The coating must not develop age-
ing effects, e.g. denaturing due to absorption of the lower-molecular-
weight constituents, or hardening with resultant cracking from any
cause including oxidation. It should be stable at operating tempera-
tures.

10. Resistance to bacteria. The coating must be resistant to the action of
soil bacteria.

11. Resistance to marine organisms. In the case of submarine lines, the
coating should not be easily penetrated by marine life, e.g. mussels,
borers, barnacles, etc.

These characteristics cover the general ideal for a pipeline coating, but
obviously modified conditions may impose requirements which are more, or
less stringent; this of course also applies to other types of buried structures.

Preparation of Metal Surface

Before applying a protective coating it is essential to ensure that the surface
is free from rust, millscale, moisture, loose dust, or any other incompatible
material which might prevent the electrically non-conducting coating from
bonding properly with the metal surface or which might produce defects in
the continuous film.

The following cleaning methods are available and each may have a par-
ticular advantage in given circumstances:

(a) Mechanical cleaning. Hand or mechanical wire brushing, impacting
or abrading are methods suitable for hot applied coatings, for repairs
to damaged areas or for relatively small or inaccessible areas. Visual
standards to assess the degree of cleanliness are available but are not
commonly used.

(b) Blast cleaning. Air-blast or centrifugally-impacted sand, shot or grit
are appropriate for thin-film multicoat systems or for continuous
factory production. Several visual standards are available. The cost
of attaining a very high standard of cleanliness is considerable, and
careful consideration should always be given to specifying the correct
level of blasting for the particular application.

(c) Pickling. Dipping in inhibited hydrochloric or sulphuric acid is com-
monly used in factory production, particularly in conjunction with
hot phosphoric acid dipping (Footner process). The considerable
facilities necessary for this method limit its use to the larger steel pro-
ducers. Published standards are available for the phosphate surface
conversion coating process.

(d) Flame cleaning. This is appropriate only for field repair work where
a dry or warm surface can be obtained only by flame application and
must be preceded usually by mechanical cleaning.

(e) Pipeline travelling machine. For long runs on continuously-welded
pipelines, a machine with rotary wire brushes and/or impact tools and
cutting knives may be used to prepare the surface. These machines,



which are self-propelled along the pipe itself, are commonly com-
bined with drip or spray apparatus to apply the primer which is spread
over the surface by rugs or brushes so that the prepared surface is
immediately primed.

No matter which method of cleaning is adopted, it is desirable to apply the
primer or coating immediately after the cleaning operation.

The preparation of the metal surface to receive the protective coating is
of prime importance since a coating which is not bonded to the metal surface
can allow electrolytes to contact the metal, with resultant corrosion. If water
films develop between the metal and the electrically non-conductive coating,
cathodic protection becomes ineffective.

Coating Techniques (Section 14.1)

Dipping, Spraying and Brushing

These methods are generally appropriate for either thin-film solvent-based
paints or for coatings up to about 150 /mi thickness. The techniques are more
usually used for the priming layer of the coating systems.

Factory or Yard Application

Protective coatings applied at a factory have the advantage that the work
can be carried out under strictly controlled conditions but suffer from the
disadvantage that they may be damaged during transport to the site.

Pipes are frequently shot-blasted or descaled by acid pickling, then
phosphated, either sprayed with primer or dipped into a bath of hot asphalt
to provide a thin prime coat. The dry primed pipes are then slowly rotated
by a lathe head, while hot enamel, mastic or asphalt/micro-asbestos paste
is applied from a hopper travelling alongside the pipe. A pipe coating
approximately 5 mm thick is produced by use of a heated pallet attached to
the hopper feed. Reinforced-glass wrapping materials may also be spirally
wound on to the coating according to requirements.

'Rolling Rig, 'Fixed-head' and 'Rotating-headf Coating Machines

The coating equipment under this heading may be used in permanent fac-
tories, but is often set up at temporary coating yards close to the location
where the pipes are to be laid. The coating produced is usually 2-3 mm per
pass.

Rolling rig machines The rolling rig machine rotates the cleaned and
primed pipe on mechanically driven 'dollies', while a tank travelling along-
side the pipe floods it with hot asphalt or coal-tar-base enamel.

At the same time internal and external reinforcing wraps may be spirally
wound into or on to the hot enamel.



Fixed-head machines Fixed-head machines are fed with the cleaned and
primed pipe, which mechanically rotates as it passes through the fixed
coating head which floods the hot enamel on to the pipe. At the same time
reinforcing wraps are pulled on to the rotating pipe.

Rotating-head machines In rotating-head machines the coating head and
wrapping spindles rotate as the pipe is fed through the machine.

Pipeline Travelling Machines

In the case of long continuously-welded steel pipelines the above pipe-
coating methods present the disadvantage that the joints have to be coated
in the field after welding. To overcome this difficulty equipment which
travels along the welded pipeline has been developed.

A mechanically propelled cleaning machine travels along welded lengths
of the pipeline. The machine has counter-rotating cutting knives or brushes,
and also applies by rotating swabs, a thin coating (cold application) of
primer to the clean metal surface. When the primer is dry, a coating and
wrapping machine travels along the pipeline.

The wrapping materials usually consist of staple glass tissue, pulled half-
way into the hot enamel, and an outer wrap of glass impregnated with coal-
tar or asphalt enamel to produce a coating of approximately 2-5 mm as
shown in Fig. 14.5.

These machines can coat and wrap up to 5 km of pipeline per day. After
the coating has been checked for pin holes by a high-voltage rolling-spring
electrode, the pipe may be lowered directly into the trench, so that undue
handling is avoided. The line travelling machine is usually used with coal tar
or asphalt-base pipeline enamels. Similar line travelling machines are in use
for the cold application of tape coatings.

Types of Coating Materials (Section 14.2)

Plasticised Coal Tar and Petroleum Asphalt Enamels

The majority of pipelines today are coated with hot-applied plasticised coal
tar or petroleum asphalt enamels. Both coal-tar pitch and petroleum asphalt
have been used as protectives with and without filling materials. When filled

Fig. 14.5 Type of coating produced by
mechanical flood coat and wrap machine
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they are termed enamels or mastics. The term bitumen or bituminous has
always been loosely applied and it is preferable to specify petroleum asphalt
base or coal-tar pitch base.

Straight and filled enamels Fillers are normally added up to a maximum of
about 30% weight (calculated on the mixture) which is equivalent to about
15 to 20% by volume. A filled coal-tar pitch has a higher softening temper-
ature (as shown by the 'ring and ball' test) than the unfilled material, which
results in a reduced tendency to flow. This fact is important in tropical coun-
tries or if a pipe is to operate at a somewhat elevated'temperature. Resistance
to impact and abrasion of a coating is improved by the filler. The viscosity
of the pipe coating is also increased; this entails a higher application temper-
ature (193-2490C).

A satisfactory filler must have the following characteristics:

1. Low water absorption. In this respect certain fine clays are unsuitable.
2. Ability to be readily wetted by the enamel.
3. Finely-ground composition, particles preferably of laminar shape to

prevent settling when the enamel is molten.
4. Relatively low specific gravity, so that there is the minimum tendency

for the filler to settle-out in the melting kettle.

In present-day practice the materials which are commonly used and which
satisfy most closely these requirements are talc, pumice powder, micro-
asbestos and slate powders.

It must be appreciated that there is an optimum percentage of filler which
imparts to a coating the required melting point and toughness; beyond
this point application becomes more difficult and watertightness may be
impaired.

Petroleum asphalt or coal-tar pitch as coatings The question of whether
coal-tar pitch or petroleum asphalt is the more suitable for the coating of
underground pipelines has raised a good deal of controversy. Asphalt and
pitch are both waterproof materials, and they resemble one another in
physical type. In the right circumstances both can be very effective in pre-
venting the access of water to buried or submerged steel surfaces.

Petroleum asphalts are manufactured in two general types: (a) a straight
residue from distillation, which can be of the hard, high-melting type, and
(b) so-called 'blown' grades which are prepared by partially oxidising the
asphalt base by blowing in air. The general difference between the two grades
is that 'blown' asphalt has a higher softening point than straight asphalt of
the same penetration (i.e. hardness). In assessing a pipeline coating the soft-
ening point is of considerable importance, since it determines the tendency
to flow, and a certain minimum softening point is therefore necessary. A
'blown' asphalt has the advantage over straight material of the same soft-
ening point in that it has a better resistance to impact, since it is of a more
rubbery nature. For this reason most petroleum asphalt coatings are based
on the 'blown' variety.

So far as coal tar is concerned, it was formerly the custom to use the
straight residual pitch, but nowadays shock resistance is improved by a so-
called plasticising process.



The differences between asphalt and coal tar in relation to their application
as pipeline coatings require comment.

1. It is often claimed that a coal-tar-base coating absorbs less water than
an asphalt coating and there is evidence in practice to support this
claim, but some asphalt enamels in practice have been as good as the
best coal-tar enamels.

2. Coal-tar enamels are claimed to have better adherence than the
asphaltic enamels to clean metal, probably because of the presence of
polar compounds, but little difference can be noted in practice under
proper pipelining conditions.

3. The asphaltic enamels are easier to apply since they do not produce
so much obnoxious fume and are usually applied at slightly lower
temperatures.

The field performance of the asphalt-base pipeline enamels was, at one
time, erratic, probably because the material had been drawn from varying
sources, without a close specification being used. The plasticised coal-tar-
base enamel to the American Water Works Association Specification C-203
thus gained some favour in major pipelining organisations.

The AWWA C-203 Standard remains a widely used specification suitable
not only for the materials, but also for their associated reinforcing wraps and
application procedures. The standard has been regularly updated. Hot-
applied asphaltic and coal-tar coatings with their priming systems are now
well classified, described and specified in BS 4164:1967 (coal tar) and BS
4147:1967 (asphalt), but no guidance is given in these specifications to
application procedures.

Reinforcing materials

Internal At one time open-weave hessian cloth was very largely used as an
internal reinforcement material, but experience showed that this is subject
to rotting in the soil. Even when the material appears to be covered with
enamel, some of the fibres must protrude, and thus moisture is absorbed so
that after a period of years the hessian is generally found to be in a water-
logged condition and forming food for bacteria.

The type of material to be used depends very largely on whether coating
is carried out mechanically or by hand. For hand application it is not possible
to use comparatively fragile staple tissues made of glass or asbestos and it
is necessary to use a strong open-mesh fabric, such as woven asbestos or
woven glass. The woven wraps are a great deal more expensive than the
staple tissues, which are mechanically applied.

It is not economical to use expensive woven material for long lines, which
can be, and normally are, coated by mechanical means. For such lines the
most commonly used material nowadays is a glass-fibre tissue of a nominal
0-5 mm thickness, consisting of glass fibres bonded together with a phenolic
resin or starch.

The improvement in coating quality achieved by using the internal glass
wrap is illustrated by the following results. The tensile strength of a 3 -2 mm
thickness of 1040C softening-point enamel, 300mm x 300mm is virtually
nil. A piece of 300 mm x 300 mm glass tissue O- 5 mm in thickness will break
at about 50 kg under steadily increasing tensile load, but if it is embedded



in 3-2 mm of the enamel a tensile strength of the order of 150 kg is obtain-
able. These wraps are now longitudinally reinforced to prevent tearing on
line-travelling or other coating machines.

Where the pipeline is expected to have to withstand unusual dimensional
variation due, perhaps, to temperature changes or near yield point pressure
testing, the use of a woven glass or nylon reinforcement in place of the glass
tissue is said to increase the flexibility of the coating system considerably.

External wrap The purpose of an external overlapping wrap is to provide
a shield against the penetration of the enamel by stones and to prevent the
pulling of the enamel away from the pipe by soil stress. It also reduces flow
of the enamel owing to the weight of the pipe, and damage to the coating
caused by handling can be more easily observed.

The properties required of an external wrap are as follows:

(a) Compatibility of impregnant to bond with the enamel used.
(b) Tensile strength to prevent breaking while wrapping.
(c) Hardness to resist penetration.
(d) Flexibility to allow wrapping without cracking.
(e) Free rolling from the reel while wrapping.
(/) Resistance to soil conditions and bacterial attack,
(g) Non-absorption or low absorption of water.

These properties apply to a reinforcing outer wrap such as coal tar or
asphalt-impregnated glass or asbestos bonded lightly to the outside of the
hot-applied enamel. For some conditions kraft paper is adequate to facil-
itate handling and reduce soil stress. Were it not for its screening effect on
cathodic protection with a consequent decrease in the effectiveness of the
latter, the external wrap could be loose around the coating. It has become
conventional to have the external wrapping lightly bonded to the coating to
prevent lamination and water entry.

Armour wrapping In rocky ground it has always been considered good
practice to pad the trench for a buried pipeline with clean sand. This pro-
cedure can be very expensive if the sand has to be hauled long distances,
and an armour wrap has been developed to supplement the normal outer
wrap to meet such conditions.

A typical wrap is supplied in sheets about 6 mm thick, consisting of a sand-
wich of mastic enamel between sheets of asbestos about 1 -5 mm thick. It
may be longitudinally indented to allow the material to be wrapped around
the pipe and secured by steel ribbon straps.

An objection to this form of wrap is that its mode of application renders
it extremely difficult to obtain a good uniform bond between the wrap and
the enamel. In view of this, water could become trapped under the armour
wrap, and because of the non-conducting nature of the wrap itself the effec-
tive application of cathodic protection would be difficult.

Cold-applied Tapes

Hot-applied coatings require special melting and handling equipment to be
available at the construction site. Clearly, considerable economies are pos-
sible if this equipment can be dispensed with, particularly in remote areas



with difficult access. Thus, the availability of cold-applied tapes for use
either at the joints between factory-coated pipes or continuously over the
pipeline has led to the increased usage of this type of wrapping.

The tapes are usually relatively thin (0-5 mm) and easily damaged. It is,
therefore, essential to take elaborate precautions to provide physical protec-
tion to the tape once it has been applied both during construction and after
burial. Good results have been obtained when the tape is applied by line
travelling machine and without further handling, immediately lowered into
a sand padded trench and covered over with fine sand before the trench is
back filled.

Initial effective electrical resistance of tapes, as evidenced by the cathodic
protection current demand, has been outstanding. There have been reports
of increasing current demand with time which indicate a need for investiga-
tion. The current demand increase has been found, on occasion, to be due
to poor construction practice, but not all tapes are affected in this way.

On large diameter pipes having a raised seam weld, difficulty is encoun-
tered in covering the weld 'shadow' effectively.

Petrolatum-type tapes Petrolatum has, like lanolin, long been recognised
as a means of preventing corrosion. It is easily cold-applied and has a definite
place in corrosion engineering, but it is not suitable for buried structures,
unless it is screened from soil and water by a woven glass or nylon cloth or
an impervious membrane such as p.v.c. The polythenes normally tend to
swell in contact with it. Earlier petrolatum coatings were frequently applied
with cellulosic backing material; there were several objections to this type
of protection, e.g. attack by sulphate-reducing bacteria on the cellulose,
absorption of the grease by dry bentonite-type clays, lack of physical
strength against stones, and water absorption.

Petrolatum-type tape coatings now incorporate inhibitors against bacteria
and with their backing film have high electrical and water resistance and
therefore find extensive applications in the UK. A great advantage of the
petrolatum-type coatings is ease of application and conformability to irregu-
lar surfaces.

Pressure-sensitive tapes Unlike the more recently developed petrolatum
tapes which rely on both the petroleum and backing films, the pressure-
sensitive tapes offer protection which depends almost entirely upon the
prevention of ingress of moisture to the metal surface by the tape itself.

The tapes are cold-applied, either by hand or by mechanically-operated
equipment moving along the cleaned pipeline.

The tapes are usually produced from polythene or polyvinylchloride films
of 25 /mi to 0-5 mm in thickness and the inner surface is coated with an
adhesive, frequently rubber-based. The adhesive is usually between 25 and
100 ptm thick.

Earlier tapes frequently suffered from the migration of plasticiser from the
tape to the adhesive with the result that the tape became detached from the
metal, to which the adhesive remained attached. This has now been over-
come by using a barrier between the tape and adhesive which itself may con-
tain inhibitors against soil bacteria.

Spiral corrosion due to inadequate overlap has been detected with self-
adhesive tapes, and a 25 mm (or preferably half-tape-width) overlap is to be
advocated. Within normal limits, the thicker the adhesive the better.



The self-adhesive tape coatings are thin and the adhesive itself does not
necessarily come into contact with the valleys in the cleaned metal surface.
Under these circumstances, the transmission of water vapour through the
film to the metal may be possible. Moisture-transmission characteristics and
other properties of p.v.c. and polyethylene tapes, as given by major manu-
facturers, are provided in Table 14.6.

Table 14.6 P.V.C. and polyethylene tapes

Physical property

Material

P.V.C.
Polyethylene

Thickness of
film plus
adhesive

(mm)

0-229 -I- 0-025
0-203 -I- 0-100

Tensile
strength
(kg/cm
width)

10
10

Elonga-
tion at
break
(%)

175
70

Moisture
absorp-

tion
(%)

0-19
0-02

Moisture-
vapour

transmission
rate

(g/m2per 24 h

24-0
3-1

Dielectric
strength

(V)

10000
14000

Table 14.6 is only indicative of general properties, and the latest develop-
ments of specific manufacturers of self-adhesive tapes may show advances
on these.

P.V.C. tends to be more conformable to irregularities than polyethylene.
Both types have their right and proper application for buried structures.

Laminated tapes In more general use now than pressure sensitive tapes
are tapes consisting of polyvinyl chloride or polyethylene films in conjunc-
tion with butyl rubber. These tapes are applied with an adhesive butyl rubber
primer. Thicknesses of up to 0-75 mm are in use and loose protective outer
wraps of p.v.c. or polyethylene sheet are commonly applied. Tape quality
control is exercised with reference to ASTM standard test methods and may
include water vapour transmission rate and elongation.

Conventional holiday-detection is of little value in the field but great atten-
tion should be given to preventing damage to the applied tapes.

Coal-tar Epoxy Coatings

The epoxy resins when mixed with the correct amine produce tough films
which adhere closely to metal. The chemistry of these resins is considered in
Sections 14.5 and 14.9.

The thickness and water resistance of the normal air-cured film can now
be much improved by the incorporation of suitable coal-tar pitch material.
A typical coal tar/epoxy coating material would be constituted as follows:

Epoxy resin 30
Coal-tar pitch 25
Filler 25
Solvent 20

and to the above would be added the amine curing mix.



The coating is of the two-pack type, consisting of resin plus curing
hardener. In practice the resin and amine may be mixed together and used
for application by brush or spray, or by mechanical means at ambient
temperature. Sometimes the clean metal is heated, as are the coating compo-
nents which are then sprayed separately on to the metal to reduce curing
time. Little reaction occurs below 40C. For pipeline coating the pipes can
usually only be handled after a few hours, depending on the mix and
temperature, but it takes anything from two to seven days before the best
characteristics of the coating develop.

Information to date indicates that the total thickness of the coating should
not be less than O • 3 mm and this requires several applications. These coatings
are very tough and closely adherent (one pipeline company states that they
handle coal tar/epoxy-coated pipe like bare pipe, including bending in the
field). The first coal tar/epoxy coatings came into use only in 1953, and
although they seemed most promising they have been little used to date com-
pared to other materials. This is undoubtedly due to their relatively slow set-
ting and curing time.

Polyethylene Sheet

The practice has been developed amongst some water undertakings to
envelop uncoated spun iron pipes in O-5 mm thick polyethylene sheet, the
ends of which are tied down to the pipe with a substantial overlap by means
of adhesive tape. This method has great advantages in cost and simplicity.
No long term performance figures have been published but many have grave
doubts about the effectiveness of this method since the possibility of aggres-
sive soil water entering at perforations or through overlaps, appears to be
very high.

Foam Polyurethane

These materials have been finding extensive use on transmission pipelines
supplying heated heavy fuel oils to power stations. To prevent damage to the
50 mm thick coating, a mechanically stronger outer wrap which can also pre-
vent water ingress is usually necessary. In one method of production, the
foam is manufactured inside a polythene tube over the steel tube. In other
methods where the foam is produced by spraying on to the steel surface, con-
ventional tape or enamel coatings have been used.

Weight Coatings

For pipelines to be placed under water, it is necessary to provide negative
buoyancy. This is commonly achieved by placing lightly reinforced concrete
up to 150 mm thick over the 3-5 mm hot enamal coating on the steel. Joints
at the welded tube ends have to be coated with a minimum of delay due to
the high production rate required on the laying barge, and tapes have there-
fore found application at this point. Where submarine pipelines are 'pulled'



into position off the land, joint repair is more commonly carried out by
means of the same hot enamel used as the pipeline coating. For the final
joint between towed 'strings' of up to 300 m, fast setting epoxies have been
used.

A composite asphaltic mastic filled with high-density aggregate is now
available as a combined insulation and weight coating, and this could be the
development area in this field.

Internal Pipeline Coatings

In some instances it is necessary to coat pipelines internally, and materials
widely used are red lead, hot-applied enamels, concrete and epoxy resins.

Internal coatings are usually applied at the factory and no difficulty exists
in field construction if flanges, screwed, or spigot and socket joints are used,
nor is there any difficulty with welded pipes above, say, 750 mm diameter,
where patching can be carried out on the joints from the inside. Repair of
internal coating on smaller-bore welded pipes presents many problems,
which have not yet been satisfactorily overcome for all conditions.

Pipelines in the ground can be mortar lined in situ by the use of travelling
devices. Epoxy resin paints for long welded pipelines already laid have been
applied in situ by placing two plugs in the pipeline with the paint between
them, and then forcing them to travel through the pipeline by the use of com-
pressed air.

Recent Developments

Recent trends in protective coatings used on buried pipelines have been
away from reinforced hot applied coal tar and asphalt enamels and butyl
rubber laminate tapes, particularly where applied 'over-the-ditch'. The more
recently developed coatings based on fusion bonded epoxies, extruded poly-
ethylenes, liquid-applied epoxies and polyurethanes, require factory applica-
tion where superior levels of pipe preparation and quality control of the
application process can be achieved.

The longest most successful track record is still claimed by reinforced hot
enamels, with their performance beneath concrete weight-coating making
them first choice for the majority of North Sea offshore pipelines installed.
However, reduced use of coal-tar enamel coating particularly in continental
Europe, has been brought about mainly by an increasing awareness of the
health hazards involved in the application of the material. The application
procedures, properties and uses of buried pipeline coating materials are com-
pared in Table 14.7.

Fusion Bonded Epoxy Powders

After their initial development in the USA, fusion bonded epoxy coatings
(FBE) are now factory-applied worldwide. Their specification as the first
choice alternative to enamel coatings is still contested, although important



Table 14.7 Comparison of buried pipeline coating materials

Characteristics and uses

Typical
system

thickness
(mm)

Application
procedures

Applicable
standards

Coating
type

Asphalts prone to water absorption and root damage. Coal tar resistant
to oil products and root damage. Long successful service record,
particularly coal tars. Proven under concrete weight coatings.

Various tapes, allowing suitable choice for individual projects.
Particularly useful for coating weld joints, bends, specials in the field.
Compatible with all factory coatings.

Very economical and lightweight. Most commonly utilised over zinc
sprayed ductile iron pipes. Will not allow application of effective
cathodic protection. May not arrest all corrosion.

Higher temperature limitations and superior soil stress resistance
compared with enamels. Requires careful handling in the field. Quality
of pipe steel important.

Rugged, heavy coating. Limited track record.

Superior chemical and abrasion resistance compared with enamels.
Comparatively expensive. Simultaneous coating internally/externally
possible. Various resins available to suit particular requirements.

Utilised for coating of field weld joints and repairs on extruded
polyethylene coated pipes. Careful application required to achieve
consistent bond.

2-5-6

^2
(single wrap)

0-2-0-25

0-3-0-65

1-8-3-5

^5

1-25-2-25

Hot applied in
factory and in
field by line
travel

By hand or
machine, in
factory or field

By hand in the
field

Electrostatic
spray in
factory and for
joints in field

By extrusion
or sintering in
factory

Powder/liquid
system in
factory. Airless
spray/trowel in
field

Flame or heat
gun in field

BS 4147
BS 4164
BS 514
AWW A/ANSI C203

AWWA C209
ASTM D-IOOO

AWW A/ ANSI C105
BS 6076

AW W A/ ANSI C213
BS 3900

DIN 30670
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improvements have been made in present powder systems over those first
developed.

The thermosetting powders are applied to a white metal blast-cleaned sur-
face by electrostatic spray. Pipe is preheated to approximately 23O0C, the
quantity of residual heat being directly correlated to the maximum thickness
of coating which may be achieved. On application, the powder melts, flows
and cures to produce thicknesses in the range 250-650 ̂ m and is then forced
cooled by water quenching. Specifications normally place restrictions on
pipe bending with thicknesses greater than 450 /an, but nearer maximum
thicknesses are required where concrete weight coating is to be applied by
impact methods.

Strict control of the fusion process is imperative. In addition to thickness,
hardness, continuity and adhesion checks, correct cure may be assessed by
differential scanning calorimetry techniques, which are designed to measure
any difference in the glass transition temperature of a laboratory-cured
powder and the cured coating taken from the factory-coated pipe.

Although in the UK, FBE powders have been chosen in preference to coal-
tar enamel coatings where stability at higher temperatures or resistance to
soil stress situations has been required, doubts still exist over the powders
long-term water absorption characteristics and resistance to cathodic dis-
bondment under high negative cathodic protection potentials. Many of these
doubts are being overcome by the inclusion of a precoating chromate con-
version treatment provided to the pipe immediately after normal surface
preparation. This process has brought about significant improvement to
FBE-coated pipe under test for cathodic disbondment and hot water immer-
sion resistance.

When applying epoxy powders special consideration must be given to
the quality of the pipe steel. This factor has not posed problems to the
heavier enamel coatings. However, due to the comparative thinness of the
FBE coating, it is necessary to inspect the metal surface after blast cleaning
and vigorously remove all slivers, scabs, gouges and similar defects by grind-
ing to avoid consequential defects in the finished coating.

FBE-coated pipe requires careful handling from factory to the pipe trench
to avoid mechanical damage. Repairs are undertaken with either trowel or
brush-applied, liquid two-pack epoxy resin-based paints or by melt sticks of
compressed powder.

Weld joints may be coated in the field with FBE powder, utilising a
portable blast cleaning/induction heating and powder application system.
Alternatively joints may be provided with self-adhesive laminate tapes or
heat-shrink crosslinked polyethylene sleeves.

Polyethylene Resins

Polyethylene coating on ferrous pipes may be applied by means of one of
the following processes: circular or ring-type head extrusion, side extrusion
and wrapping or powder sintering. The commercially available coating
systems also differ further in that the extruded polyethylene may be applied
in conjunction with various primer/adhesive systems.



Generally, systems developed in the USA favour a combination of poly-
ethylene with either butyl-rubber or hot-applied mastic adhesives, the latter
consisting of a blend of rubber, asphalt and high molecular weight resins.
In European and Far East coating plants, epoxy type primers and 'hard'
ethylene copolymer adhesives have been successfully employed.

The specification of these later coatings is covered by the German DIN
30670 standard for steel tubes and DIN 30674 for ductile iron pipes. These
standards note that some 1 mm thickness of polyethylene is required for
corrosion protection alone, but to improve the mechanical load-bearing
capacity of the coating, total thicknesses of 1.8-3.0 mm, depending on pipe
diameter, are to be specified.

Repairs to the coating are made with either hot-melt polyethylene sticks
or polyethylene sheet patches with mastic profiling compounds for small
damaged areas. Large repair areas are best treated as for field weld joint
coating, where either heat-shrink crosslinked polyethylene sleeves or cold-
applied self-adhesive laminate tapes are employed.

Cold Applied Tapes

In addition to the petrolatum tapes and those based on a laminate of p.e.
or p.v.c. with an elastomeric sealant or pressure-sensitive adhesive layer,
recent developments have centred around self-adhesive bituminous lami-
nates. These tapes are commonly constructed with a p.v.c. backing, whose
thickness ranges from O • 08 to O • 75 mm and a bituminous adhesive compound
layer to provide a total tape thickness of up to 2 mm. In order to maintain
conformability without compromising impact values, tapes may also be
manufactured with a fabric reinforcement within the bituminous layer.

Being self-adhesive these tapes are produced on the roll with a protective
paper interleaf designed to be removed as the tape is applied. Application
may be by hand or by specially designed hand operated pipe wrapping
machines which will accommodate the interleaf. Application is normally
undertaken at either 25 mm or 55% overlap depending on the total coating
thickness required. Most importantly, bonding at the overlaps will be
achieved, as compared with tapes employing elastomeric sealant layers,
where contact with fresh primer is required to activate adhesion.

These bituminous tapes are compatible with all factory-applied coatings
and thus are particularly employed for weld joint wrapping in the field.

Tapes are produced in both temperate and tropical grades and heavy duty
versions can be supplied for application under hot mastic asphalts at field
joints of concrete weight-coated pipelines. Wrapping of complex shapes may
be achieved by first profiling with a bituminous filler compound.

Other Systems

Thermosetting epoxy and polyurethane chemically-cured liquid resins can
provide, among other characteristics, superior abrasion resistance coatings.
Solvent-free formulation applied by 'hot' spray techniques can achieve film
thicknesses of up to 5 mm.



A typical application of these coatings is the use on carrier pipes installed
by thrust boring techniques at major road, rail and river crossings. Sprayed
polyurethane coatings of 900 fun thickness, are also commercially available
on ductile iron pipes.

Thermoplastic resins, such as vinyl chlorides, vinyl acetates and poly-
amides are employed, particularly in the water industry, on buried pipes and
fittings. To provide both internal and external coating, application may be
by one of these principle techniques: dipping in a plastisol, fluidised beds or
electrostatic spray.

M. D. ALLEN
D. A. LEWIS
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14.9 Synthetic Resins

The term 'synthetic resin' was coined originally to distinguish these resins
from natural resins such as rosin, shellac and the copals. Nowadays nearly
all resins used in paint are synthetic, so the first term is often dropped.

There is not enough space here to give a detailed classification, but only
to delineate the major families from which resins for industrial coatings may
be selected. Resins may be divided into two groups according to their modes
of film formation which may or may not involve a chemical reaction. In
the first, the components must react together to form a crosslinked struc-
ture which may require heat, radiation or catalysis to effect the reaction. The
bulk of resins used in industrial finishes are of this type. They are commonly
referred to as chemically convertible or, simply, convertible.

In the second, the components are already of a large size and will form a
film by a felting process. Here film formation depends on some physical
change such as the loss of solvent by evaporation or heating, or the fusion
of a dispersion. Cellulose nitrate is the classic example of a non-convertible
resin and still is used extensively because of its unparalleled speed of drying.
However, it has a number of disadvantages, being very highly flammable and
prone to yellowing. Where better film properties are required, the thermo-
plastic acrylic resins will give excellent heat and light resistance.

Section of a thermoplastic acrylic resin.
Ft represents an alkyl group.

Note that the backbone is a chain of carbon atoms
which is very resistant to all forms of attack.
The side groups determine properties such as solubNity,
transparency and chemical resistance.



Halogenated resins such as PVC and especially fluorinated resins such as
polyvinylidene fluoride show a greater chemical resistance than any other
type of resin.

Section of polyvinylchloride resin.

Common to all non-convertible, resins is their very low solid content in
solution, typically 10-20%, necessitating the application of a number of
coats to give an acceptable film thickness unless one is able to use a dispersion
rather than a solution of the resin.

The rest of this section will be devoted to the chemically convertible resins.
The variety of chemical types exploited in these resins are legion, so only the
most widely used will be mentioned here. In some cases a single resin may
be employed to produce a coating, but generally blends are used so enabling
the film properties to be controlled by ratios of components as well as by
choice of the components themselves.

Alkyd Resins and Polyesters

These comprise a large group because almost any acid can be reacted with
almost any alcohol to produce an ester which might be suitable as a coating
resin. The distinction between an alkyd and a polyester is that the former
contains monobasic acids usually derived from vegetable oils such as linseed,
soyabean or coconut while the latter do not.

Section of an alkyd resin

The typical alkyd resin (see above) is comprised of three basic components:
an aromatic diacid such as phthalic anhydride which together with a polyol
such as glycerol, forms the backbone of the resin molecule and along which
are distributed the fatty acids derived from vegetable oils. The solubility,
film hardness and colour of alkyd resins depend on the nature of the
modifying fatty acid which in most cases contributes some colour to the film.

Today the user industries demand absolute colour stability which has been
obtained by developing the so-called oil-free alkyds, also called polyesters



which have excellent colour stability. These are based on mixtures of diacids
such as phthalic anhydride and aliphatic diacids such as adipic acid (which
promotes extensibility) and a heat-stable polyhydric alcohol such as tri-
methylolpropane. Structures of these components are shown below.

There are basically two types of polyesters depending on the ratio of acids
to polyols used in their preparation, as they may have a predominance of
hydroxyl groups or of acid groups. These groups are the sites for crosslinking
reactions, for example with formaldehyde resins or reactive isocyanates in
the case of the hydroxyl groups or with solid epoxy resins in the case of the
acid groups. The latter reaction is exploited in one type of powder coating.

Phthalic
anhydride

Trimethylolpropane Adipic acid

Hydroxyl type polyester resin

Acid type polyester resin



The resin structures so far depicted represent the basic features of the
alkyd and polyester molecules, but other components can be incorporated
to enhance one or more film properties as required. One of the most widely
used modification is that of vinylation. This is the free radical copolymerisa-
tion of unsaturated monomers during the manufacturing stage of the alkyd
which must contain a proportion at least of unsaturated fatty acids prefer-
ably conjugated as in dehydrated castor oil. The two monomers most used
are styrene and methyl methacrylate and the final product may contain up
to 35% of combined monomer. This gives alkyds that are faster drying and
paler having greater chemical resistance, but having less solvent resistance
and outdoor durability than the unmodified alkyds.

Saturated polyesters and saturated alkyds cannot undergo such modi-
fication with vinyl monomers but can be modified with other polymers
such as silicone resins by alcoholysis. Here outdoor durability is considerably
improved.

A further type of ester resin is the unsaturated polyester where the
unsaturation is built into the backbone by the use of maleic anhydride:

Unsaturated polyester resin

This is a linear polyester containing phthalic anhydride to ensure hydro-
carbon solubility and maleic anhydride to enable copolymerisation to take
place, esterified with 2-propanediol. The ester is dissolved in styrene which
initially acts as the solvent and subsequently as film former when it is co-
polymerised with the double bond in the ester by free radical induced
polymerisation.

Unsaturated polyester finishes of this type do not need to be stoved to
effect crosslinking, but will cure at room temperature once a suitable per-
oxide initiator cobalt salt activator are added. The system then has a finite
pot life and needs to be applied soon after mixing. Such a system is an exam-
ple of a two-pack system. That is the finish is supplied in two packages to
be mixed shortly before use, with obvious limitations. However, polymerisa-
tion can also be induced by ultra violet radiation or electron beam exposure
when polymerisation occurs almost instantaneously. These techniques are
used widely in packaging, particularly cans, for which many other unsatu-
rated polymers, such as unsaturated acrylic resins have been devised.

Formaldehyde Resins

These resins are prepared by an addition reaction of formaldehyde with
either phenols, urea or melamine to prepare an intermediate such as the
following:



Phenol formaldehyde intermediate

These intermediates are too small to be used alone, but need to be enlarged
and modified to obtain compatibility with other resins. In the case of the
phenol formaldehyde resins this is achieved by either using para-substituted
phenols where the substituent contains at least four carbon atoms or by reac-
ting the intermediate with the natural resin, rosin, and then esterifying with
glycerol or pentaerythritol. These resins have a limited use in stoved epoxy
finishes where colour is not an important factor.

In industrial finishes colour is very important and so a formaldehyde
resin based on urea or melamine is usually chosen as both are virtually
colourless. Here the intermediates are polymerised in the presence of an
alcohol such as 1-butanol which butylates some of the methylol groups. Few
of these resins are capable of being used as such in surface coatings and are
best considered as crosslinking agents for other resins such as stoving alkyds
or thermosetting acrylics. Crosslinking occurs on stoving at about 12O0C as
follows:

Idealised crosslinking reaction of UF resin with alkyd resin

The melamine resins have many more reactable groups and so less are
needed for crosslinking (25% of total compared with 50% of total with UF
resins), and have greater heat resistance than the urea resins because of the
pseudo-aromatic nature of the six membered ring.

(rest of molecule)

Possible structure of part of an MF resin



In recent years the realisation of the danger to health from the presence
of unreacted formaldehyde monomer in the working environment has led to
the development of resins having very low free formaldehyde content, less
than 0.5% instead of the usual 2-3%. This produces resins that are safer and
less unpleasant to work with, though the solvent blend itself, xylene and
butanol, has a very pronounced odour.

Epoxy Resins

The bulk of epoxy resins are still those based on epichlorhydrin and
dihydroxy-diphenylpropane and may be represented by the following
structure:

Generalised structure of an epoxy resin

When n has a value of O or 1, the resins are viscous liquids and have a
high epoxy group content, while when n is 2 or greater, the resins are pale
solids. These provide a range of highly chemically resistant coatings accord-
ing to whether they are stoved, as when crosslinked with a formaldehyde
resin in solution coatings or with an acid-terminated polyester in one type
of powder coating, or cured at room temperature, as with the two-pack
amine types using poly functional amines, such as diaminoethane or reactive
polyaminopolyamides.

Curing an epoxy resin by esterification

Curing reactions of epoxy resins with formaldehyde resins



The esterification reaction is also used to prepare epoxy esters from epoxy
resins having an n value of 4 and vegetable oil fatty acids. They may be used
in the same way as alkyds where better chemical resistance and adhesion are
required. Unlike the alkyds, the epoxy esters contain virtually no acid groups.

Curing an epoxy resin by reaction with an isocyanate

This reaction is an example of a two-pack epoxy finish where the n value of
the epoxy resin is 8 to 12. Although giving a high degree of chemical
resistance the reaction is sluggish so the common two-pack finishes are
usually based on polyamines with epoxy resins having n values of O to 2.

Room
temperature

Room
temperature

Curing an epoxy resin with a polyfunctional amine



The simplest polyamines are the aliphatic types such as diaminoethane,
but these readily carbonate when exposed to the atmosphere as a thin film,
so adducts (pre-reacted epoxy polyamines) are preferred. An alternative
system is the polyaminoamides which are made by reacting dimerised fatty
acids with an excess of polyamine. These themselves act as corrosion inhibi-
tors and are noted for excellent adhesion.

The curing mechanism shown below demonstrates the behaviour of one
small polyamine molecule with four epoxy resin molecules. Similar reactions
will occur at the other end of the epoxy resin molecules.

lsocyanate Resins

A variety of types are available, each having different mechanisms of cross-
linking but all dependent on the presence of the isocyanate (—NCO) group,
either combined or free.

Unlike the epoxy resins where the members differ only in their size, the iso-
cyanate resins differ markedly according to the choice of components, but
all have the common feature of a diisocyanate as one of the components.
Two of the most widely used diisocyanates are tolylene diisocyanate and
hexamethylene diisocyanate which have the following structures:

OCN (CH2)6 NCO

Tolylene diisocyanate Hexamethylene diisocyanate

From these, prepolymers are prepared where the diisocyanates may be
completely reacted as in the case of the urethane oils which resemble the oil-
modified alkyds but have urethane (—NHCOO-) links in place of the ester
(—COO—) links of the alkyds, or where one only of the isocyanate groups
is combined, leaving the other to participate in crosslinking reactions. Such
a reactive prepolymer is the biuret that may be prepared from hexamethylene
diisocyanate, has the following structure:

Biuret derived from hexamethylene diisocyanate

Such reactive isocyanates always contain about 1 % by weight of free diiso-
cyanate monomer which is highly toxic, therefore when in use ventilation



Formation of a crosslink by reaction of water and isocyanate group

P. J. BARNES
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temperature

must be excellent to maintain the occupational exposure limit below 0.02
ppm.

The isocyanate group is more reactive than the epoxy group in that it will
react at room temperature with water and hydroxyl groups as well as with
amine groups. However, the latter reaction is too fast to be practicable so
the standard two-pack coatings are based on isocyanate and polyhydroxyl
prepolymers such as hydroxyl terminated polyesters or polyethers as in the
last example given in the section on epoxy resins.

The moisture curing types are one-pack coatings, which, like the two-pack
types have excellent chemical resistance and gloss but have a thickness limita-
tion owing to the evolution of carbon dioxide during curing.



14.10 Glossary of Paint Terms*

Adhesion: the degree of attachment between a paint or varnish film and
the underlying material with which it is in contact. The latter may be
another film of paint (adhesion between one coat and another) or any
other material such as wood, metal, plaster, etc. (adhesion between a coat
of paint and its substrate). Adhesion should not be confused with 'cohe-
sion' (q. v.).

Airless Spraying: the process of atomisation of paint by forcing it through
an orifice at high pressure. This effect is often aided by the vaporisation
of the solvents especially if the paint has been previously heated. The term
is not generally applied to those electrostatic spraying processes which do
not use air for atomisation.

Barrier Coat: a coating used to isolate a paint system from the surface to
which it is applied in order to prevent chemical or physical interaction
between them, e.g. to prevent the paint solvent attacking the underlying
paint or to prevent bleeding from underlying paint or material.

Binder: the non-volatile portion of the vehicle of a paint; it binds or cements
the pigment particles together, and the paint film as a whole to the material
to which it is applied.

Blast Cleaning: the cleaning and roughening of a surface by the use of
natural grit or artificial 'grit' or fine metal shot (usually steel), which is pro-
jected on to a surface by compressed air or mechanical means.

Blistering: the formation of dome-shaped projections or blisters in paints or
varnish films by local loss of adhesion and lifting of the film from
the underlying surface. Such blisters may contain liquid, vapour, gas or
crystals.

Bubbling: a film defect, temporary or permanent, in which bubbles of air or
solvent vapour, or both, are present in the applied film.

Chalking: the formation of a friable, powdery coating on the surface of a
paint film caused by disintegration of the binding medium due to disrup-
tive factors during weathering. The chalking of a paint film can be con-
siderably affected by the choice and concentration of the pigment.

Cissing: a defect in which a wet paint or varnish film recedes from small areas
of the surface leaving either no coating or an attenuated one.

Cohesion: the forces which bind the particles of a paint or varnish film

*For a full range of definitions see BS 2015:1992.



together into a coherent whole. It is distinct from 'adhesion' (<?.v.), the
forces binding the film to its substrate.

Cracking: generally, the splitting of a dry paint or varnish film, usually as
a result of ageing. The following terms are used to denote the nature and
extent of this defect:
Hair-cracking. Fine cracks which do not penetrate the top coat; they occur
erratically and at random.
Checking. Fine cracks which do not penetrate the top coat and are
distributed over the surface giving the semblance of a small pattern.
Cracking. Specifically, a breakdown in which the cracks penetrate at least
one coat and which may be expected to result ultimately in complete
failure.
Crazing. Resembles checking but the cracks are deeper and broader.
Crocodiling or alligatoring. A drastic type of crazing producing a pattern
resembling the hide of a crocodile.

Cratering: the formation of small bowl-shaped depressions in a paint or
varnish film.

Extender: an inorganic material in powder form which has a low refractive
index and consequently little obliterating power, but is used as a consti-
tuent of paints to adjust the properties of the paint, notably its working
and film-forming properties and to avoid settlement on storage.

Filiform Corrosion: a form of corrosion under paint coatings on metals
characterised by a thread-like form advancing by means of a growing head
or point.

Flaking: lifting of the paint from the underlying surface in the form of flakes
or scales.

Grinning Through: the showing through of the underlying surface due to the
inadequate opacity of a paint film which has been applied to it.

Holidays: skipped or missed areas, left uncoated with paint.
Inhibitive Pigment: a pigment which retards or prevents the corrosion of

metals by chemical and/or electrochemical means, as opposed to a purely
barrier action. Red lead and zinc chromate are examples of inhibitive pig-
ments as opposed to red iron oxide which has little or no inhibitive action.

Medium: in paints or enamels. The continuous phase in which the pig-
ment is dispersed; thus in the liquid paint in the can it is synonymous with
'vehicle' and in the dry film it is synonymous with 'binder' (q.v.).

Opacity (Hiding Power):
(a) Qualitatively. The ability of a coat of paint (or a paint system) to

obliterate the colour of a surface to which it is applied.
(b) Quantitatively. The extent to which a paint obliterates the colour of

an underlying surface of a different colour when a film of it is applied
by some standard method.

Orange Peel: the pock-marked appearance, in particular of a sprayed film,
resembling the skin of an orange due to the failure of the film to flow out
to a level surface. (See also spray mottle.)

Pigment/Binder Ratio: the ratio of total pigment (white and/or coloured
pigment plus extender) to binder (q.v.) in a paint; preferably expressed as
a ratio by volume.

Pinholing: the formation of minute holes in a film during application and
drying. Sometimes due to air or gas bubbles in the wet film which burst,



forming small craters that fail to flow out before the film has set.
Pitting: the formation of holes or pits in a metal surface, by corrosion.
Plasticiser: a non-volatile substance, incorporated with film-forming mate-

rials in a paint, varnish or lacquer, to improve the flexibility of the dried
film.

Pot Life: the period after mixing the two packs of a two-pack (q.v.) paint
during which the paint remains usable.

Prefabrication Primer: a quick-drying material applied as a thin film to a
metal surface after cleaning, e.g. by a blast cleaning process to give pro-
tection during the period before and during fabrication. Prefabrication
primers should not interfere seriously with conventional welding opera-
tions or give off toxic fumes during such operations.

Sagging: a downward movement of a paint film between the times of applica-
tion and setting, resulting in an uneven coating having a thick lower edge.
The resulting sag is usually restricted to a local area of a vertical surface
and may have the characteristic appearance of a draped curtain, hence
the synonymous term curtaining.

Solids (Total Solids): the non-volatile matter in a coating composition, i.e.
the ingredients of a coating composition which, after drying, are left
behind and constitute the dry film.

Solvent: a liquid, usually volatile, which is used in the manufacture of paint
to dissolve or disperse the film-forming constituents, and which evapo-
rates during drying and therefore does not become a part of the dried film.
Solvents are used to control the consistency and character of the finish and
to regulate application properties.

Spray Mottle: the irregular surface of a sprayed film resembling the skin of
an orange. The defect is due to the failure of the film to flow out to a level
surface. (See also orange peel.)

Tack: slight stickiness of the surface of a film of paint, varnish or lacquer,
apparent when the film is pressed with the finger.

Thinning Ratio: the recommended proportion of thinners to be added
to a paint or varnish to render it suitable for a particular method of
application.

Thixotropic Paint: a paint which while free-flowing and easy to manipulate
under a brush, sets to a gel within a short time when it is allowed to remain
at rest. Because of these qualities a thixotropic paint is less likely to drip
from a brush than other types and can be applied in rather thicker films
without running or sagging.

Two-Pack: a paint or lacquer the materials for which are supplied in two
parts which must be mixed in the correct proportions before use. The mix-
ture will then remain in a usable condition for a limited time only. The two
parts of a two-pack paint are often (though not necessarily) supplied in the
correct relative proportion either in entirely separate containers of appro-
priate sizes or in a single container divided into two compartments; the
term 'dual-pack9 is often used to describe the latter type of container.

Zinc-Rich Primer: an anticorrosive primer for iron and steel incorporating
zinc dust in a concentration sufficient to give electrical conductivity in the
dried films, thus enabling the zinc metal to corrode preferentially to the
substrate, i.e. to give cathodic protection.

E. F. REDKNAP
N. R. WHITEHOUSE
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