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A. INTRODUCTION

Coatings have been used for many years to provide corrosion protection for metal structures that are
buried or submersed. Unlike most above-ground coatings, these coating materials are normally used
for corrosion control, and therefore, do not have to meet appearance requirements. These coatings
are normally applied much thicker than on above-ground structures and must be able to withstand an
entirely different environment. The amount of corrosion protection provided by a particular coating
system depends on many variables.

Various types of pipelines, underground storage tanks, and subsea structures made from a variety
of metals make up the large percentage of structures that are normally coated for corrosion control.
Many tanks, pipelines, and other structures are also internally coated for corrosion protection, but
these coatings will not be discussed in this section (even though many of the same principles are used
for these coatings). When selecting a corrosion coating for the external surfaces of structures, there
are many criteria to be considered. The following is a brief discussion some of these criteria.

B. CRITERIA FOR SELECTION OF COATINGS FOR UNDERGROUND OR
SUBMERSED STRUCTURES

1. Safety

Safety should always be the first consideration when selecting any material. The application of many
coating systems involves potentially hazardous or dangerous processes. Some coatings emit
hazardous fumes or particles. Others involve high temperatures, hot liquids, open flames, or
dangerous moving equipment. The type of surface preparation needed for a particular coating can be
a safety problem. Safe removal and disposal of an existing coating system or disposal of waste
materials after application must also be considered. Designing a coated structure that will operate
safely for the life of the structure without leaks or failures protects the surrounding community and
the environment.
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FIGURE 1. Yucca Mountain, Nevada. One hundred miles north of Las Vegas, result of volcanic activity. Photo
courtesy of the U.S. Department of Energy.

temporarily for cooling and for shielding from radiation. After ~ 10 years in the pools, the
assemblies can be stored in large, multiassembly dry casks. Because the power plants have limited
storage space, there is now an urgent need for a facility where the spent fuel can be stored until a
permanent repository has been identified, investigated, approved, and constructed. Fifteen years ago,
it was expected that such a facility would be available at this time, but this project has been delayed
by a number of technical and nontechnical obstacles.

B. LONG-TERM STORAGE

The only proposed site currently under consideration for the construction of a permanent repository
is a deep underground mine above the water table at Yucca Mountain, Nevada, 100-miles north of
Las Vegas [I]. It is near the site where > 900 atomic devices have been detonated during the past 50
years. The Yucca Mountain site, shown in Figure 1, has been studied for many years. In 1995, the
total quantity of waste was estimated to be 10,000 packages for spent fuel and 4000 packages for
vitrified waste from tanks [2].

Yucca Mountain was formed from a series of eruptions from a volcano several miles away. It is
made up of tuff (i.e., alternate layers of fused and nonfused ash and airborne rocks). The following
are some of the problems involved in its use as a safe and permanent repository for 10,000 to 100,000
years:

The presence of geological fault lines.
The nearby presence of seven small cinder cone volcanoes, two of which may have been active

during the past 10,000 years.



FIGURE 2. Splash zone coating damage and corrosion on offshore platform. Photo furnished by Lone Star
Corrosion Services, Lancaster, TX.

Sandy soils in hot environments can cause some types of coatings to sag or move. Wet-dry
environments, such as "subka sand," can affect some types of coatings. Sea mud and brine soils can
cause other coatings to fail. Moving water, such as in rivers, or tidal waters carry debris and other
substances that can erode and damage many types of coatings. This has been a serious problem in the
"splash zone" of offshore structures, as shown in Figure 2. Areas such as bogs, tundra, and swamps
have bacteria that may use some coating materials for a food source, thereby causing coating failure.
Cold or arctic conditions cause some coatings to perform poorly. Contaminated soils and other
environments must be considered when selecting a coating because some types of contamination
have an adverse affect on certain types of coatings.

4. Operating Temperature

The operating temperature of the system is critical in selecting a coating system. Maximum and
minimum operating temperatures of the system must be considered. The data and test results of each
coating to be considered for a particular application must be assessed and compared at these
temperatures. Coatings that perform well at higher temperatures usually perform well at lower
temperatures, but may not perform well in very cold temperatures. The same reasoning applies to
coatings that may perform well in very cold temperatures, but may not perform well at high
temperatures.

Operating temperatures > 650C (15O0F) can cause adhesives, which some coatings use as the
main bonding mechanism, to flow and move toward the lower parts of the structure. When this
happens on pipe, a loose shell of the outer material is left on the top half of the pipe with no bond to
the pipe. Many tapes, shrink sleeves, and extruded polyolefins are susceptible to this problem. This
process may take only a few months to several years to occur, according to the temperature and
the type of coating. If water penetrates this space, corrosion becomes a problem. When high temp-
eratures are encountered, polypropylenes instead of polyethylene are normally used. Coal tar and
asphalt based coatings can slowly flow with gravity, leaving the top part of the structure exposed.



FIGURE 3. Blistering of FBE coating on hot pipeline (180° F). Photo furnished by Lone Star Corrosion
Services, Lancaster, TX.

Fusion bonded epoxy (FBE) coatings can absorb more water than normal at higher temperatures,
but do not flow or move on the structure. If under-film contaminants are present, FBE coatings can
blister or disbond, as shown in Figure 3.

5. Surface Preparation

It is widely recognized that surface preparation is the most important single factor in coating
performance [2]. Many in the coating industry agree that two-thirds the cost of any coatings job
should be spent on surface preparation of the structure to be coated. One should always prepare the
best surface possible for a given coating situation. Blasting using the correct material and method not
only cleans the metal surface, but also provides a surface profile (anchor pattern) for coating
adhesion. Other methods of surface preparation include the use of hand tools, power tools, water
blasting, and wire brushes. The Steel Structures Painting Council and NACE International are both
excellent resources for information on surface preparation in the coating industry.

Field repairs or coating replacements do not always allow for the best surface preparation. When
the proper surface preparation is not possible, replacement coatings are selected that are more
tolerant to poor surface preparation.

Coating tests performed on a variety of prepared surfaces, as well as past experiences with
coatings that performed well in a particular condition, should be used to help select the best coating
for the situation. For field repairs, leaving the structure uncoated (if adequate CP is available) may be
a better choice than to apply a coating that may not bond to the structure because of poor surface
conditions. This is especially true during cold or damp weather, or if the structure is sweating or cold.
Hot applied coatings should never be applied on a cold structure. Petrolatum-based coatings are
sometimes used on cold or wet structures. If a structure is left uncoated or if a poor coating condition
exists, this part of the structure should be monitored and properly coated when the conditions are
more suitable.



FIGURE 4. Inspection for and grinding of surface defects after blasting in FBE plant. Photo furnished by EB
Pipe Coating, Inc., Panama City, FL.

Most plant-applied coatings require more stringent surface preparations. Surface preparations are
much easier to control and perform in plant settings as shown in Figure 4. Some of the common
surface preparation mistakes made in plants are

Using the wrong type of blast material.
Using contaminated blast material.
Improperly using surface treatments.
Using rinse water that contaminates the steel surface.
Allowing foreign materials, such as dust and debris, to accumulate on the structure surface.
Using air that may be contaminated with oil or water; debris, tape, and other contamination on

conveyors, wheels, and supports.

Some coating processes require that a chromate and water mixture be applied to the structure before
the corrosion coating is applied. Chromate is a conversion coating that reacts with steel to change the
surface chemistry. Too much chromate can cause a buildup that may affect the coating bond.

Weather conditions should always be considered whether in the field or a plant. Rash rusting after
surface preparation, but before coating application, can occur if the humidity is too high. Flash
rusting can cause some coatings to fail. Oil or grease contamination must be removed with proper
solvents. Blasting will only spread the oil or grease on the structure surface. The original surface
condition of the structure must be considered. New pipe or structural steel may have mill lacquers,
mill scale or other surface contaminants. Stored or in-service structures may have considerable
corrosion, scale or other contamination. Leaking product can contaminate surfaces of in-service
pipes or tanks in leak locations.

6. Application Methods

Field and plant application techniques vary considerably for each coating system. Plant applications
are usually much faster, and each step can be controlled more easily. The coating itself is usually



FIGURE 5. Proper handling of FBE coated pipe with padded forks. Photo furnished by EB Pipe Coating, Inc.,
Panama City, FL.

applied with automatic equipment on a production line. Inspections and more sophisticated testing
can easily be performed. Storage, handling and transportation can present a problem for plant-coated
structures as shown in Figure 5.

Field applications are by hand or machine, but are usually labor intensive. Applying coatings in
the field requires training and practice with the particular coating and application method chosen.

Tape coatings for pipelines appear to be easily applied. Too many times, tape coatings are applied
over the wrong or uncured primer, with improper tension or not enough overlap. Shrink sleeves can
be over- or under-heated, unevenly heated, can leave air pockets or can allow debris to be blown
between the sleeve and the pipe.

Brushable or sprayed coatings must be allowed to properly cure before applying the second coat
or before the structure is back-filled or submersed. Frequently, these coatings are applied too thin or
thick. Liquid coatings must be mixed properly, especially two-part coatings, such as epoxies.
Urethanes and polyurethanes are very susceptible to moisture and humidity and require specialized
equipment and training for application.

Any coating applied in the field must be compatible with any existing coating. The transition
from one coating to another is a very critical area. Many coating failures have occurred at the
transition area.

7. Weld Area, Joint, and Additional Component Coatings

Whether the main coating is plant or field applied, there are areas around girth welds (called field
joints on pipelines), flanges, bolts, and other joined areas where the structure is connected together
that must be considered when choosing the primary coating. In some cases, a very good coating is
used on the main structure, but then an inferior or poorly applied coating is used in the areas where
connections are made in the field. Field connections are the most critical area on many systems.
Heat-affected zones and other stressed areas around welds can corrode quickly when exposed to an
electrolyte. Bolted or riveted connections can have crevices and other areas that can easily corrode or
cause stress points where cracking can occur.



The best field connection coating for a particular system is usually the same as or better than the
coating used on the main structure. Any field connection coating must be compatible with the
previously applied coating. The field connecting process should cause very little or no damage to the
existing coating. Prequalification testing of the applicator will help to ensure the crew is capable of
applying the coating as specified.

8. Repairs

Any coating selected must be easily repaired with a material that is compatible with, or the same as,
the parent coating [3]. Many times repair coatings are improperly applied, not allowed to cure, or
incorrectly mixed. Many of the problems mentioned above for field connections and field-applied
coatings are the same for repair coatings as well. Once again, testing and experience are important
when choosing a repair coating.

9. Cathodic Protection

Since corrosion always requires the presence of an electrolyte (moisture) in contact with the metal, if
a metal could be coated with a material, which was absolutely waterproof and absolutely free from
holes, all attack would be stopped [4]. Always assume "there is no perfect coating"! Even if it were
possible to apply and install a "perfect" coating, deterioration, soil stress, environmental factors, and
damage from outside forces would soon cause portions of the coating to fail. For this reason,
cathodic protection must be applied and properly maintained. This synergistic relationship is well
proven and documented.

Cathodic protection can affect all coatings. The hydrogen, hydroxyl ions, and other electro-
chemical reactions caused by cathodic protection currents at the cathode may cause blistering or
cathodic disbondment of the coating. Hydroxyl ions are one of the most aggressive chemical species
and nearly all organic binders are capable of reacting with them [5]. Cathodic protection can
cause loss of adhesion between the coating and the metal, leaving a void between the coating and the
structure. The surrounding environment and the level of cathodic protection at a particular site
determine the extent of cathodic disbondment. The amount of cathodic protection needed to
cause cathodic disbondment is very difficult to determine. There are several rules of thumb, but
little data to actually use for determining the level that affects a particular coating in a certain
environment.

The amount of cathodic protection needed to achieve adequate protection varies greatly for each
type of coating. The effective electrical strength of a coating is often expressed as the resistance per
average square foot of coating [6]. Determining the actual amperes per square foot needed to protect
the coated pipe after installation can provide valuable information for future projects. There are
charts, tables, and computer programs used for determining the amperes of current per square foot
needed for a particular coating system. Current requirements or current density measurements are
related to coating conductance [7]. One must also consider the coating breakdown factor. How long
will it take the coating to deteriorate before cathodic protection has to be increased? At 10, 20, or 30
years after installation, what percent of the structure will be exposed because of deteriorated or
damaged coating?

Coatings that incorporate an electrically insulating outer layer, such as polyolefin tape coatings,
can preclude effective CP from reaching the pipe surface in disbonded areas [8]. Some research and
considerable debate has not fully answered the question of whether cathodic protection can be
provided under disbonded coating. There is some information available that indicates some
protection can be achieved when the electrolyte present under the disbonded coating has very
low resistance (e.g., salt water environments). The use of pulsed cathodic protection has also
been studied to determine its benefits (if any) for providing cathodic protection under disbonded
coatings.



10. Handling, Storage, and Transportation of Coated Pipe

Coating materials selected must be able to withstand the rigors of handling, storage, and
transportation for a particular project. Coated pipes and other structures should be handled with
padded forks, hooks, or other equipment that will not damage the coating. Stacking and storage
should be according to structure weights, with the proper separation materials between each piece.
The separation material should not damage the coating in any way. When coated structures are stored
outside, separation helps to protect the coating by not letting debris settle in openings and crevices.

During transportation, the coated structures must be properly strapped down with soft straps, not
chains or bands that may damage the coating. Coated structures should also be loaded and fastened in
a manner that does not allow the coated structures to shift or slide during transportation. Once again,
proper separation and support should be used between the structures. Rocks and other road debris
can damage coatings during transportation. Mud flaps and protective shields help eliminate most of
these problems during truck or rail transportation.

Outside storage can cause problems with all coatings. Ultraviolet (UV) rays damage most mate-
rials with time. Polyolefin coatings become brittle and crack. The FBE coatings can chalk. This
chalking is usually only 1 or 2 mils in depth, but rain can wash off the "chalked" layer and expose
new FBE to the sun. Coal tar coatings tend to crack with exposure. Heat and cold can cause some
coatings to contract, expand or cause the adhesive to flow.

11. Specialty Coating and Overcoats

Coatings may be specific for a particular situation. One may involve weight coatings. Concrete is
applied over coated pipe to provide enough weight to sink the pipe or provide it with mechanical
protection. Other "overcoats" are applied to provide mechanical protection when pipe or other
structures are pulled through road or river bores, put inside casings, installed in rocky terrain, or other
unusual circumstances. Other special "overcoat" material may be used in splash zone areas of
subsea structures. These overcoats can shield the cathodic protection if they disbond from the metal
surface. If the reinforcement in concrete coated pipe or structures contacts the pipe, the cathodic
protection will protect the reinforcement but not the pipe.

C. COATING TYPES FOR UNDERGROUND OR SUBMERGED STRUCTURES

This discussion covers the variety of coatings available to industry at this time. The information
provided about each system comes from numerous tests, specification writing and reviews, coating
inspections, field applications and evaluations, literature reviews, and plant applications. Each
coating being considered for use on an underground or submerged system should be evaluated using
the above criteria and any other criterion that may affect the performance of the coating.

1. Coal Tar Based Coatings

LL Application Coal tar based coatings were one of the first types to be successfully used as a
corrosion coating. These coatings are made of coal tar mixed with various blends or formulations of
fillers and extenders. As with most types of coatings, there are several grades of coal tar coatings
available. One must study the different types available to ensure the best choice.

Coal tar mixtures have been widely used on steel underground storage tanks. Most are applied at
the tank manufacturing facility by spraying or brushing the coal tar epoxy or mastic onto clean,
primed surface. Surface preparation normally involves brushing or blasting. A reinforcing wrap may
be used to add mechanical strength. These tanks are not always carefully handled during trans-
portation and construction. Coating damage is easily repaired by cleaning the area and applying a
coal tar based epoxy or mastic.



Coal tar coatings have also been successfully used on subsea structures, such as offshore
platforms and pipelines, submersed bridge structures, docks, and other submersed metal structures.

Plant applied coal tar enamels have been used for many years on underground pipelines. Coal tar
is applied to a blasted and primed pipe surface. The surface is usually grit blasted in accordance
with SSPC-SP6 after any dirt, oil, grease, and so on are removed. The pipe is preheated to
remove any moisture and keep the steel temperature above the dew point. A heated [5O0C (12O0F)
or less] type "A" or type "B" primer is applied by spraying as the pipe rotates down the conveyor
line. The type A primer is made from coal tar. Type B is a fast drying synthetic and is normally
specified.

The coal tar normally used for plant application contains fully plasticized enamels. Hot coal tar
enamel flows onto a prepared pipe as it rotates down a conveyor. After the coal tar flows onto the
pipe, a felt wrap is applied to reinforce the coating. This is normally topped with whitewash or kraft
paper to provide ultraviolet protection. The thickness of the coal tar and felt wrap is normally
~ 2.4 mm (^ in.) (H- / — 0.8 mm [̂  in.]). Early felt wraps contained asbestos, but in the 1980s most
of the industry changed to felt that is fiberglass reinforced. There are other methods for plant
application of coal tar, but this method is the most common. Coal tar coatings are not as popular as
they once were, but are still a major part of the coating industry.

Variations of coal tar enamels, epoxies, mastics, and urethanes are used for field applications and
repairs. Coal tar enamels are hot applied materials that are usually applied with wraps containing
coal tar coated fiberglass felt. Coal tar epoxies are solvent cured coatings that are usually brushed or
hand applied in multiple layers. Coal tar urethanes are multicomponent applied mixtures that are
normally used for large-scale rehabilitation projects. Coal tar mastics are hand applied and are used
for a variety of irregular shaped structures.

1.2. Pluses Coal tar enamel coatings have a long history of corrosion protection. Many coal tar
coated pipelines have been in service for over 50 years and are still in very good condition. Coal tar
coatings are easily repaired with field applied coal tar enamel, coal tar epoxy, or tape coatings. Coal
tars are thick coatings that have excellent electrical insulating properties, low water permeation
properties, resists bacterial attack, and solvent action of petroleum oils.

1.3. Minuses Even though there are many pipelines that were well coated and still performing as
intended, there are many other pipelines that have major coal tar coating failures. Much of the failed
coal tar was applied over the ditch, on pipe surfaces that were not well prepared, or were applied in
undesirable weather conditions. In many cases, plant applied coal tar was not applied using an
acceptable method. Handling during transportation, storage and construction also contributed to
these failures.

If the temperature is not properly maintained, both the application and the future performance of
coal tar enamel coating is compromised. Coal tar epoxy is a multicoat application that requires time
for solvents to evaporate before burying or submersing. Coal tar urethanes require sophisticated
equipment and well-trained individuals for application. Application of urethanes is not recom-
mended in high moisture situations.

Coal tar enamel coatings are subject to soil stress that may cause the coating to wrinkle, crack,
disbond, and expose steel surfaces. If water penetrates under the disbonded coating, cathodic
protection shielding can become a problem. Cathodic protection requirements normally increase as
the coal tar coatings age. Operating temperatures of pipelines coated with coal tar are normally
limited to 65 0C (15O0F) or less. Coal tar enamels can "cold flow" leaving the top of the pipe without
adequate coating, especially on high-temperature pipelines.

There are safety concerns with hot applied coal tar enamels. Not only are there the problems
associated with the dangers of hot application, but, in addition, the fumes may be toxic. The early use
of asbestos felt has been a problem for those removing and disposing of these coatings. Each of these
problems can be studied and handled with proper education and precautions.



1.4. Improvements During the 1990s, there have been improvements in coal tar enamel coatings,
including an effort to make these coatings more tolerant to higher temperature operations.

2. Fusion Bonded Epoxy

2.1. Application Fusion bonded epoxy (FBE) pipeline coatings have been used successfully since
the late 1960s. A typical FBE formulation consists of epoxy resins, curing agents (hardeners),
catalysts and accelerators, prime and reinforcing pigments, control agents (for flow and stability),
and specialty ingredients [9]. The first FBEs were applied over a primer, but later developments
allowed them to be used without a primer. Originally, FBEs were applied much thinner than the
12-16 mils normally specified in 1999. The FBE has been used to coat rebar used in bridge, road,
and building construction to help prevent corrosion of the rebar in concrete.

The application process for FBEs is one of the most stringent and complicated in the industry.
Because of the thin film and potential for water absorption, the surface cleanliness must be very
good. The pipe is moved through the plant on a series of inspection racks and conveyors. Oil, grease,
or other contaminants are removed from the pipe. The pipe is then preheated to keep it above the dew
point during the surface preparation phase. After blasting to an SSPC-SPlO (Near White), most
companies now require a phosphoric acid wash and rinse to further clean, etch and provide surface
energy to the pipe that helps to attract, and bond the FBE to the steel surface. Many companies
(especially in Europe) require the application of a chromate solution for an additional surface
treatment.

After the surface preparation, the pipe is heated to a range of 232 0C (45O0F) to 260 0C (50O0F) by
either heat induction coils or gas fired heaters. The FBE powder is applied to the hot pipe by a dry air
spray system. Electrostatic guns are used to attract the optimum amount of powder to the pipe
surface. The FBE powder melts, gels, and cures as the pipe rotates down the conveyor line. Gel times
are usually in a range of 10 to 30 s at these application temperatures. Once the powder has gelled, the
FBE on the pipe is hard enough to support the weight of the pipe on the conveyor tires. After the FBE
is cured (usually 30-100 s) a water quenching system cools the coated pipe. The coated pipe is then
inspected for acceptance, rejected or placed on hold for necessary repairs.

2.2. Pluses The FBE coating has the best bond (adhesion) to steel of any pipe coating. The bond
is mechanical as well as chemical. The FBE is very flexible and allows for field bending of
pipelines or rebar. The FBE mostly cures by the time it is in the quench, so it can be handled
immediately after the process. Repairs are made easily with two part epoxies or patch sticks. The
water absorption of FBEs is a plus when disbondment occurs. Unlike thick coatings that have high
electrical resistance, FBE (because of the water absorption) will allow enough cathodic protection
current through the film to protect the pipe under the coating. Therefore, corrosion and pitting are
rarely encountered under disbonded FBEs if adequate cathodic protection is provided. Unless
severe failure occurs on an FBE coated structure, the cathodic protection requirements normally do
not increase significantly as the FBE ages. Stress corrosion cracking has been studied extensively
and has never been observed on FBE-coated pipelines [1O].

The FBE coatings handle well during transportation and construction activities. Comments have
been made by some in the industry that they do not use FBE because it is easily damaged during
construction, compared to thick coatings. When FBE coatings are damaged, the damage is easily
found and repaired. The thicker coatings may "hide" damage that has occurred and disbondment
may not be seen in some cases until the pipe fails.

Multilayer coatings, with FBE as the base or primer coat have been very successful when
properly specified and applied. These coatings have been used successfully on pipelines with internal
operating temperatures up to 15O0C (30O0F) or pipelines in critical areas. These systems are
discussed further in Section 3.



2.3. Minuses The FBEs require more stringent surface preparation and application techniques
than most plant applied coatings, thus requiring more attention during the coating process. Slivers
and other steel imperfections can cause "holidays" that may not be a problem on thicker coatings.
Field joints are expensive if FBE is used for the field joint coating (even though FBE is the
preferred coating). Higher temperatures can cause water to be absorbed more quickly and cause
disbondment if surface contaminants are present. For pipelines operating at temperatures between
65 0C (15O0F) and 85 0C (1850F), thicker, up to 800 urn (32 mils), FBE should be used. Flexibility
during bending can be a problem when using thicker FBE coatings. When stored outside, UV rays
can cause the FBE to "chalk" and become grainy in the first few mils of coating. Multilayer
coatings with FBE as a base coat are expensive, but offer an excellent coating.

2.4. Improvements Recent changes in FBE coatings include the development of FBE that will
perform better in high-temperature operations. Each manufacturer offers several formulations of
FBE. Each formulation has specific uses and they usually vary in gel, cure time, application
technique, and test results. The FBE-based multilayer systems have become an important part of the
FBE market.

3. Polyolefin Coatings

Plant applied polyolefin coatings have been used for pipeline coatings since the early 1960s. Because
of application techniques, plant applied polyolefins are not normally used on other structures. Since
polyolefins do not bond well to steel, it is normally applied over an adhesive or other product that
provides the bond to the steel. Polyethylene has been the polyolefin of choice for most extruded
coatings, but polypropylene is normally used for higher temperature [ > 65 0C (15O0F)] operations.
For many extruded polyolefins, an adhesive that is usually a rubber modified asphalt adhesive or a
butyl rubber compound provides the bond to the steel. Three-layer systems use an epoxy primer or a
coating quality FBE for a base coating to the steel, then an ethylene copolymer or terpolymer
adhesive is used for the "tie" layer. Some of these multilayer systems are now using chemically
modified polyolefins for the topcoat or the "tie" layer. These chemically modified polyolefins
chemically and mechanically bond to the FBE base coat.

3.1. Polyolefin over Adhesive Polyolefins essentially have no adhesion to steel [U]. When
adhesives are used as the bond to steel, the process usually involves heating the pipe to a
temperature above the dew point. The pipe is then blasted and the heated adhesive is applied by
flood coating onto the pipe. One method uses a crosshead extrusion die system that extrudes the
melted polyolefin over a rubber modified asphalt adhesive coated pipe as it travels down a
nonrotating conveyor system.

Another method uses a rotating conveyor system and side extruders to apply the adhesive and the
polyolefin. After preheating and blasting, the pipe rotates down a conveyor where the molten butyl
rubber adhesive is spirally applied by the side extruder. The molten polyolefin is then side extruded
over the adhesive. This process allows the layers of adhesive and polyolefin to fuse together and
produce a theoretically seamless pipe coating.

3.2. Polyolefin over Epoxy Primer Three-layer systems using a liquid epoxy primer or powder
epoxy primers also use a rotating conveyor system for the application process. These primers are
sprayed onto the hot pipe as it rotates down the conveyor. The co-terpolymer is then side extruded
over the primed pipe as the "tie" layer between the epoxy and polyolefin. The polyolefin is then
side extruded over the co-terpolymer. This system has been used in Europe and the Middle East for
over 20 years with excellent results. The three-layer coating evolved from the extruded two-layer
(co-terpolymer adhesive plus polyethylene) polyethylene coating first used in Europe in about 1960
[12]. The addition of the epoxy primer improved the cathodic disbondment characteristics of these
coatings. Many three-layer systems now use powdered epoxies or FBE for the primer coating.



3.3. Polyolefin over FBE Today, the trend for many multilayer coatings is to use a thicker 300 to
625 um (12-25 mils) FBE base coat. The FBE is then topped with a chemically modified polyolefin
(CMP) as either the topcoat or the middle layer of a three-layer system. This is an improvement
over the traditional three-layer systems because of the thicker FBE quality base coat and use of the
CMP. The bond of the CMP to the FBE is normally much stronger than the bond of the co-
terpolymer to the FBE. The bond of the CMP to FBE is both chemical and mechanical and will not
allow a separation between the two when properly applied.

When a three-layer system is used, the hot CMP will bond well to the top layer of polyolefin,
making a coating system that is excellent. Some of these coating systems now use a powdered CMP
for the middle layer of a three-layer system or top layer of a two-layer system. These have been very
successful coatings when applied properly.

3.4. Pluses Plant applied polyolefin coatings are overall excellent coatings. Polyolefins are
among the best materials to prevent water permeation. The "slick" surface of plant applied
polyolefins is not normally affected by soil stress. These systems handle easily during transportation
and construction activities. Polyolefins are resistant to many chemicals, environments and bacterial
attack. The polyolefin over FBE systems is an excellent pipeline coating system for high
temperature service. Test results show that coating systems consisting of polypropylene (PP) over
FBE can be used successfully when internal operating temperatures reach 15O0C (30O0F) [13].
Even though polyolefin over FBE coating systems can be more expensive than other coatings, they
provide an excellent overall coating system when specified and applied properly.

3.5. Minuses One of the problems with polyolefins over adhesive coatings is that the adhesive layer
provides the only bond to the steel. Adhesive can allow the polyolefin to shrink and expand on the pipe
surface as the temperature changes. If this movement occurs, steel can be exposed or it can cause
problems with field joint coatings. If the polyolefin is damaged while in service, it can disbond or
split and allow water penetration between the polyolefin and pipe Figure 6. Since the polyolefin has

FIGURE 6. Damage to extruded polyethylene coat with adhesive only. Also note the movement of the coating
from the field joint area. Photo furnished by Lone Star Corrosion Services, Lancaster, TX.



very high electrical resistance, cathodic protection is shielded. Under-film corrosion can then become a
significant problem, since the primer does not offer much corrosion protection. External damage can
allow water to permeate the polyolefin more easily even though the film is not broken enough for the
holiday detector voltage to penetrate. This external damage can also break the bond between the
adhesive and the polyolefin. This is especially true of the crosshead die extrusion process.

The co-terpolymer tie layer for some polyolefin over epoxy primer coatings also allows the top
layer to shrink and expand as the temperature changes. Many times, the epoxy primer used is very
thin, 80-130 um (3-5 mils), and may not provide corrosion protection if the top layers are damaged.
If water were to penetrate between the polyolefin and the primer, the thick polyolefin would shield
the cathodic protection.

One of the major disadvantages of all polyolefin coatings is coating selection for use on repairs,
field joints, valves, and other components. Most tapes and shrink sleeves have problems with soil
stress, do not bond well to the polyolefin, or have application problems that may cause failures at the
repair or field joint. It is difficult to coat bends and other components with most tapes and shrink
sleeves. Liquid epoxies, mastics, and other such coatings do not bond well to the polyolefin, possibly
allowing water to penetrate at the junction of the two coatings. One system coats the bends and many
of the other components with an FBE covered with a powdered chemically modified polyolefin. This
system works well with the polyolefin over FBE two and three-layer systems. Since high temperature
is required for this application, the heat can affect the plant-applied coating if this process is used for
the field joints. These coatings are expensive when compared to most other plant-applied coatings.

3.6. Improvements Recent developments include providing better repair and field joint coating
systems for the three-layer systems. The use of thicker, high quality FBE for the first layer and
chemically modified polyolefins as the tie layer have improved the overall quality of these coatings.
Flame spraying of thermoplastics and other materials is being developed to provide another method
of applying these coatings to field joints, bends, and other components.

4. Tape Coatings

Several types of hand- and plant-applied tapes are used for corrosion protection on underground or
submersed metals. Though some systems were developed earlier, most were developed in the late
1950s and early 1960s. Most have been used on buried piping systems, but some have been used for
other applications. Tapes are normally applied over a primed surface, but some companies are
promoting a "primer-less" tape that does not require a primer. Polyethylene backed tape systems
have been the most widely used type of tapes in the pipeline industry. Other types of tapes are made
from coal tar with special fibers, petrolatum, PVC, or polyolefin fiber-mesh with compound. The
proper selection and use of tape product depends greatly on the environment (e.g., soil conditions),
size of pipe, and operating temperature.

Polyethylene systems were developed from electrical and general use industrial tape applications.
These tapes normally consist of one layer of polyethylene backing and an adhesive layer bonded to
the polyethylene backing. The polyethylene backing layer in most cases is a low-density or blend of
high- and low-density polyethylene. Adhesive compounds usually consist of elastomer butyl rubber,
natural rubber, rubberized bitumen, or coal tar derivatives. Processing oils, fillers, tackifiers, and
stabilizers are added to provide adhesion, shear resistance, and thermal and chemical resistance.
Pigments and stabilizers are added to the polyethylene to provide color, UV resistance, thermal
stability, and to improve aging. Polyethylene tapes come in several thicknesses of polyethylene and
adhesive compounds. These tapes are usually made by one of three different methods: extrusion,
coextrusion, or calendering. A polyethylene film is formed in a continuous sheet and the adhesive is
laminated to it as the system is produced in large rolls. These rolls are then cut into the required
widths and lengths.

Some tapes use a woven polyolefin geotextile fabric for the backing. This product has several
advantages over the solid polyethylene backed tapes that will be discussed later. These tapes use the



same type of compounds for adhesion to the metal. The woven fabric provides the mechanical
protection and the compound provides the corrosion protection in these coating types.

Another type of tape is composed of coal tar base coating material supported on a fabric of
organic or inorganic fibers. The fabric is covered on both sides by the coating materials. These tapes
must be pliable enough to unwind from the roll during application. They are applied to the structure
by heating the tape (usually with an open flame) on the structure side surface until the tape becomes
liquid. The tape is then wrapped or applied to the primed surface.

Many tape systems require that an outer wrap be placed over the tape product for buried service.
These outer wraps may help to alleviate soil stresses on the coating and provide additional
mechanical protection or insulation. In all these cases, outer wraps should be used that do not shield
cathodic protection from the metal if the coating is damaged.

4.1. Pluses Tape coatings are used in the field for repair, replacement, or base coatings. Most tape
products can be quickly back-filled or immersed after application. Ease of application is another
advantage of most tape products. Tapes can be applied by hand or with a tape machine. Even
though there are a variety of tape types and prices, tape products usually cost less per square foot to
apply than other coating products. Plant-applied systems are fast and handle easily. When properly
selected for the environment and properly applied, tape coatings can provide an economical, easily
applied coating system.

Tape systems can be applied in several layers to provide a thick coating when needed for certain
environments. Tape coatings are normally very flexible and can be formed to fit many irregular
shapes. Tape coatings normally have high electrical resistance (or low conductance), and therefore,
low cathodic protection requirements, especially for the polyethylene backed tapes.

4.2. Minuses Tape systems have been widely used for coating pipelines and other structures, but
there have been major failures. Soil stress, poor surface preparation, and poor application
techniques have been reasons for most tape coating failures. Other major reasons for tape failures
have been the use of an incorrect primer, not using primer when required or not allowing the primer
to cure properly before tape application. There have been cases of bacterial attack on some butyl
rubber compounds used for the adhesive. At this time, tapes have a very limited use on structures
that operate at temperatures > 650C (15O0F).

Soil stress effects on geotextile backed tape is much less than on most polyethylene backed tapes.
The geotextile fabric has approximately a 20% stretch compared to the polyethylene backings that
can have up to a 600% stretch. When soil compresses around the pipe and forces downward on each
side of a pipe, the force can cause the tape to wrinkle. Electrical resistance of polyethylene coatings
and their susceptibility for unbonded installation creates a serious problem on pipelines [14]. The
electrical shielding comes primarily from the polyethylene backing. Even with the compound
present, if water were to penetrate between the polyethylene backing and the metal, corrosion can
occur because cathodic protection currents are shielded from the metal. On the woven fabric backed
tape, soil can compress the compound and possibly move it to expose the metal surface, but the
woven fabric will not shield cathodic protection currents.

4.3. Improvements Recent improvements with tape coatings involve the use of materials that will
function effectively at higher temperatures. The success and technology of the fiber mesh backed
tapes provide a superior product because their stretch is minimal, and therefore, soil stress is not as
significant a problem. The woven mesh backing will not shield cathodic protection currents even if
the compound is compressed and the metal is exposed.

5. Shrink Sleeves

Shrink sleeve coatings are normally made from cross-linked heat-shrinkable thermoplastic backing
(usually polyethylene) that serves as a tough permanent outer layer. Because of radiation cross-



linking these materials have an elastic memory that allows the product to be supplied in an expanded
state. When heated, the material shrinks. Similar technology is used in the electrical connector
industry. Special adhesives, from soft sealants to highly crystalline hot melts, are applied (similar to
tapes) to the backing material. This technology was developed in the early 1960s and continues
today.

These products were introduced to compete with cold-applied tapes. Early shrink sleeve
applications had serious adhesion problems. Later versions have major improvements in adhesion
and application procedure. Even with recent improvements, application procedures for shrink
sleeves are very critical to their performance. During inspection, poor adhesion at the interface dual
epoxy/sleeve has been detected mainly because of the insignificant amount of heat applied to the
sleeve [15].

There are basically two types of shrink sleeve on the market. One is a sleeve that is installed over
a pipe end and slid into place. This type requires the sleeve to be installed before making
connections. The other type is a wrap-around sleeve with a closure strip that is normally preattached
to the sleeve for easy application. The closure has an adhesive to help hold the sleeve in place until it
is shrunk to the structure. These sleeves have the advantage that they can be applied on any structure
(normally pipes) even after construction.

5.1. Pluses Shrink sleeves are quick and relatively easy to use for field joint and repair coatings.
They provide a tough; durable coating when properly selected and applied. Shrink sleeves are
compatible with a variety of plant-applied coating systems. They work best when used on new
construction or systems where the metal surface can be heated to the desirable application
temperature before the shrink sleeve is applied.

5.2. Minuses As mentioned above, shrink sleeves must be properly applied. Even though the
process appears to be easy, instructions must be followed. The most frequent mistakes involve not
heating the metal surface properly before application or not using the proper heat to apply the
sleeve. Metal on in-service pipelines that are operating at low temperatures or structures in cold
weather regions may not allow for proper metal heating before applying the sleeve. If the structure
is too cold, the adhesive next to the metal may not melt enough to allow proper adhesion, even
though the sleeve will shrink and appear to be properly installed. Improper heating usually occurs
because the wrong type of torch is used, or certain areas are heated either too much or not enough.
Overheating can cause the sleeve to overshrink and possibly cause the sleeve to crack or split. If not
heated sufficiently, the sleeve may not properly bond to the metal. Shrink sleeves can have the same
problems with soil stress, cathodic shielding, and temperatures > 650C (15O0F) as polyolefin
backed tapes.

5.3. Improvements Shrink sleeves are being developed for use at high temperatures, that will be
easier to apply and will be less affected by soil stress.

6. Wax Based Coatings

Waxes have been successfully used for coating materials on a variety of structures. Petrolatum tape
systems are made from a combination of saturated petrolatum impregnated with a neutral compound
covering a synthetic fabric carrier for strength. Another tape uses pure wax in combination with
synthetic fibers. As with most tapes, the proper primer must be used. Wax-based tapes are easily
formed to fit irregular shapes. Hot applied wax are normally composed of microcrystalline wax,
fillers, and sometimes wetting agents and corrosion inhibitors. These coatings are applied by first
melting the wax at temperatures in a range of 94 to 26O0C (200 to 50O0F) and flood coating the
structure. An outer wrap is normally applied over the wax to provide mechanical protection to the
pliable wax material.



Another coating is a hand applied coal tar wax mastic that typically consists of microcrystalline
or petrolatum compounds. After hand application, the mastic is usually covered with a protective
wrap to help prevent mechanical damage.

6.1. Pluses Wax coatings are easy to apply and work well on irregular surfaces. When selected
and applied properly these coatings can provide excellent corrosion protection.

6.2. Minuses Wax based coatings are soft and sensitive to high temperatures. As with any hot
applied coating, there are safety concerns.

7. Asphalt

Asphalt coatings were derived from petroleum and have been used similarly to coal tar coatings on a
variety of structures. Asphalt coatings were cheaper than coal tar coatings, but they did not have the
same chemical resistance, bendability and were not effective at higher temperatures. Application
was similar to that of coal tar. Asphalt mastics are used on a variety of irregular structures. They are
normally hand applied, and, if allowed to cure properly, provide a good coating system for certain
environments.

Asphalt coatings are not widely used at this time for underground or submersed metal corrosion
protection.

8. Liquid Coatings

Liquid coatings for underground or submerged structures are very diverse, but must be selected with
caution. Because a coating has worked well above ground or in certain types of submersion service,
does not mean this same coating will perform well in conjunction with cathodic protection when
buried or submersed. Extensive testing should be performed to ensure that the coating will provide
the required protection in that environment.

These coatings can be applied in plants or at construction sites to a variety of structures, valves,
and other components that are not easily coated by other coating methods. Many of these coatings
are applied in the field for replacement or repair coatings. The application methods include, but are
not limited to, brushing, air spray, airless spray, and plural component spraying. Since the list is
extensive, only the most popular and most promising will be discussed.

8.1. Epoxies Coal tar epoxies, as mentioned above, have been used for pipeline, tank, and
structure coatings for many years. They have been fairly successful coatings, but are not flexible,
easily crack and are affected by temperatures over 650C (15O0F).

There are several types of 100% solids epoxy coatings formulated for burial or submersed use in
conjunction with cathodic protection. These are excellent coatings when properly applied and used
in the correct environment. These coatings are fast cure, high build materials with good adhesion.
Epoxies of 100% solids are environmentally safe and do not shield cathodic protection to the extent
that thicker coatings do. Some of these epoxies are formulated to perform well on systems operating
at temperatures up to 100 0C (2120F). Epoxies must be mixed in the correct ratio for the coating to
cure properly.

9. Urethanes and Urethane Blends

Urethane and urethane blends are becoming more popular as coatings for burial or submersed
structures. These coatings have been successfully used over FBE coatings to provide mechanical
protection during construction, in rocky areas and for road and river crossings. The bond to the metal
is not as strong as some other liquid coatings, but improvements are being made. These are very
fast curing, 100% solids that are normally applied with plural component spray equipment.



Urethanes used for underground or submersion service are normally advers affected by moisture or
high humidity.

10. Epoxy Phenolic

One coating that has been used in other industries for years is modified epoxy phenolic [16]. This
coating has recently been field applied on some high temperature oil lines in the western panhandle
of Florida. After lab and field testing, this coating appears to offer a much needed spray or brush
applied underground or submersed coating that is compatible with cathodic protection and can
withstand operating temperatures up to 1210C (25O0F). More study and field experience are required
at this time.

11. Polyurea

Polyurea coatings are new to the underground and submersion coating industry. At this time, most of
these are modified polyurea systems. They are very rapid cure even at temperatures less than — 29 0C
(- 2O0F), but have high thermal stability, even at temperatures greater than 15O0C (30O0F). Poly-
ureas are moisture insensitive and have high abrasion resistance. These systems are normally applied
using plural component, high-temperature/high-pressure impingement mix application equipment.
At this time, polyureas have not performed well in cathodic disbondment and moisture permeation
testing, but these coatings do hold promise if the adhesion to the metal surface can be improved.

12. Esters

Esters are normally used as polyester or vinyl esters. They are used in areas where high temperature
is a concern. Esters must be applied to a very well prepared surface with a very good anchor pattern
to have adequate adhesion and good cathodic disbondment and moisture permeation results. This
material is normally applied in two coats with relatively short recoat time intervals. Mixing must be
monitored closely since large component mixing ratios (up to 64:1) are normally used.

D. TESTS TO EVALUATE UNDERGROUND OR SUBMERSION COATINGS

There are many different standard tests for evaluating and comparing the various coatings mentioned
above. The tests most often used and some of the various organizations that provide the standards are
given in this section. Frequently, these standard tests are modified to provide test information for
particular environments or conditions. Short-term laboratory testing is limited in providing long-
term performance information, but is very valuable in providing information about differences
between various types of coatings. The longer the test, the more meaningful the information. Short-
term tests are performed at coating plants during production to determine if the application process is
providing the specified product.

Sample preparation for each type of test is very important. When possible, samples should be
taken from the actual production or field application. When this is not possible, the application
process should match the production or field application as much as possible. One should not rely
totally on one set of test results to select a coating system, because all the performance parameters of
a coating system cannot be obtained using only one type of test. One must consider all the various
conditions of application and service to select the test criteria for a particular coating system.

Tests normally performed for all underground or submersion coatings:

Cathodic disbondment test (CDT) as shown in Figure 7.
Moisture permeation (sometimes called hot water soak or adhesion testing).
Resistance to impact.



FIGURE 7. Cathodic Disbondment test of a tape coating system. This particular system failed the test. Photo
furnished by ITI Anti-Corrosion, Inc., Houston, TX.

Flexibility (sometimes called bend test).
Chemical resistance.
Adhesion (strength of bond of the coating to the metal).

Fusion bonded epoxies are additionally tested for

Porosity (through film and interface).
Surface contamination (amount of contamination on the back side of the coating surface).
Thermal characteristics by differential scanning calorimetry (DSC).

Tape coatings are additionally tested for

Adhesion or peel strength.
Shear, stretch, or soil stress characteristics.

One should be familiar with the various organizations that publish standard procedures for testing
coatings. Some of these are

NACE International.
ASTM (American Society for Testing and Materials).
CSA (Canadian Standards Association).
SSPC (Steel Structures Paint Council).
API (American Petroleum Institute).

E. CONCLUSIONS

There may be other selection criteria that are important for a particular situation, but the ones given
in this chapter are always important. Testing of materials and judgment of experienced individuals



will help to determine the correct coating for a particular structure and situation. Clear, precise
specifications are very important. Specifications should be continually updated to reflect changes in
the industry. It is essential to have well-trained and qualified inspectors who have a real passion for
ensuring the best coating possible under the circumstances.

If coatings are plant applied, preproduction meetings, coating and testing help to ensure that the
plant understands the specifications and can produce coated material as specified. For field-applied
coatings, well-trained applicators should be employed. Once again, preproduction meetings, coating
and testing are advised. Company employees who apply coatings should be trained for each
particular coating type to be used.

Many factors must be considered when selecting a coating for a particular system. Short-term
testing will help to determine which coatings will perform best in certain conditions. Past experience
with a particular coating system used in the same environment should always be considered. Good
coating performance in one environment does not mean the same coating will perform well in a
different environment. Once selected, the coating must be properly applied to a clean, well-prepared
surface. The coated product must then be handled, transported and stored properly during the
construction phase. After installation, the parameters of the coating, such as temperature and
cathodic protection limits, should not be exceeded.

Well written coating specifications and inspection in the field or plant by inspectors who are well
trained and passionate about what they are doing will help to ensure the best possible coating system
under the circumstances.
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