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INTRODUCTION

The failure of pipelines by external corrosion has caused
both financial and environmental consequences and is also
a safety hazard. Meanwhile, Corrosion protection of
pipeline accomplished by a combination of cathodic
protection and protective coatings. The coating provides a
harrier to the environment and the cathodic protection
protects the damage sites in the coating (Alblas et al; 1997;
Bonora et al; 1995; Delucchi et al; 1999). The main site of
external corrosion on pipelines is the joint area which is
coaled in the field. The steel at the junction between
different pipe sections is more susceptible to corrosion
because of the heat affected zone near the weld or
because of the complexity of the joint system.
Nevertheless, the joint area has logistically received the
least amount of attention when ii comes to coating
application, Roche and Samaran, 1997; Paul, 1996; Malik
et al, 1994 &1992; Kellner, 1986; Alexander,1998;
Bautista, 1996; Blome & Freberg, 1991). Corrosion can
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occur at the joint area despite the cathodic protection
because the pipe may be shielded from flow of current
between the coating failure and the anode. Cathodic
shielding, as it is called, is most commonly attributed to the
electrical insulating properties of desponded coating. A
problem often associated with external corrosion is Stress
Corrosion Cracking (SC'C). A December 1996 report by
the National Energy Board (NEB) of Canada has reviewed
the Stress Corrosion Cracking (SCC) on Canada’s
pipelines. The National Energy Board (NEB) report
recommended a comprehensive approach to the SCC
problem including the implementation by each pipeline
company of an SCC management program (Amiruddin
&Thierry, 1995; Leidheiser,1982;Kellner, et al;1998;
Hammond et al; 1979; John et al;1996;Neal &Whitehurst
1995; Ray, 1999). The report notes that most of the SCC
related pipeline failures occurred on pipelines that were
coated with polyethylene tape, a common joint coating.
Recently, more advance anti- corrosion, high performance
pipeline corrosion protection coat, rigs have been
developed to meet the demanding requirements of current
pipeline  engineers. A variety of pipeline—coating



technologies are available, and selection has evolved
along geographical lines. In North America, Fusion Bonded
Epoxy (FBE), and 2-Layer Polyethylene (2LPL) have been
the dominant coatings, although accelerating acceptance
of multi—layer coatings is being noted. In Europe, Asia,
Middle East and South America, multi—layer polyolcfin
coatings such as 3-layer polyethylene (3LPE) and 3-layer
polypropylene (3LPP) tend to he favoured. Also, newer
technologies such as high Performance Composite
Coatings (HPCC) and multi-layer, insulated systems arc
gaining attention in Africa and America. Coating decisions
are generally based on the owner or engineering company
preferences, but pipeline construction and operating
conditions need consideration. Pipe is often sourced and
coated a long distance from its ultimate destination
(Rehacck &Bradoc, 1996; Saricimen et al; 1998; Mills,
2007; Novokshchenov, 1995; Mansfield et al; 1987;
Leidheiser et al; 1982; Malik, 1991; & Ritter & kruger,
1981). Today the investment necessary for a water or gas
conveying system is particularly high and the return on the
generated by their use requires an average life of 20 years.
Thus the environmental conditions in which the pipelines
operate arc of major importance and the choice of anti-
corrosive protection to he adopted, depending whether the
piping is laid above or below ground, immersed in fresh or
salt water, becomes fundamental. All pipeline, not just
steel, is in fact subject to corrosion, i.e. the natural
progressive deterioration caused by mechanical and
electrochemical act ions which can go as far as destroy the
metals in contact with a certain environment (Richard
&Peter, 2008;Strobel, 1994; Van-Westing, 2007; Walter,
2009; Titz, 1990; Weldon et al; 1987). The laying grounds
and stray currents that originate From direct-current
installations are the major causes of pipe corrosion from
external sources. In both cases, because of the direct
current how from the pipe to the external environment
(cathode zone), the result is electrolytic metal dissolution
and formation of corrosion craters. The corrosivity of a soil
depends on its chemical characteristics (acidity and
alkalinity, etc.), physical characteristics (air permeability,
porosity, water absorption capacity, electrical resistivity,
etc.) and biological characteristics (presence of sulfate
reducing bacteria, etc.). Electrical resistivity, whether
directly or indirectly linked to the physic and chemical
characteristics of the terrain, can be assumed as an index
of its corrosivity. Clay soils and those containing chlorine
and sulphate ions, such as salty soils, are highly corrosive.
Evaluation: is a systematic determination of a subject’s
merit, worth and significance, using criteria governed by a
set of standards. ft can assist an organization to ascertain
the degree of achievement or value in regards to the aim
and objectives of an undertaken project. The primary
purpose of evaluation, in addition to gaining insight into
prior or existing initiatives, is to enable reflection and assist
in the identification of future change.
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Anti-corrosion refers to the protection of metal surfaces
from corroding in aggressive (corroding) environments.
Corrosion is degradation of materials’ properties due to
interactions with their environments, and corrosion of most
metals (and many materials for that matter) is inevitable.
While primarily associated with metallic materials, all
material types arc susceptible to degradation. Degradation
of polymeric insulating coatings on wiring has been a
concern in aging aircraft. Even ceramics can undergo
degradation by selective dissolution. Like death and taxes,
corrosion is something we hope to avoid; but ultimately it is
something we must learn to deal with (Vander et al; 1979).

Coating is a covering that is applied to the surface of an
object, usually referred to as the substrate. In many cases
coatings arc applied to improve surface properties of tile
substrate, such as appearance, adhesion, wettahility,
corrosion resistance, wear resistance, and scratch
resistance. In other cases, in particular in printing
processes and semiconductor device fabrication (where
the substrate is a wafer), the coating forms an essential
part of the finished product.

Oil industry includes the global processes of exploration,
extraction, refining, transporting (often by oil tankers and
pipelines), and marketing petroleum products. The largest
volume products of the industry arc fuel oil and gasoline
(petrol). Petroleum (oil) is also the raw material for many
chemical products, including pharmaceuticals, solvents,
fortifiers, pesticides, and plastics. The industry is usually
divided into three major components: upstream, midstream
and downstream. Midstream operations are usually
included in the downstream category (Vincent, 1999).

The aim of' this research work is to investigate the
performance evaluation of ant-corrosion coating in oil
industry, by considering the following objectives: to Select
and source for a representative range of field applied
external pipeline coatings, to identify problems commonly
encountered in pipeline mint and rehabilitation coating and
to evaluate the applications and characteristics of the
selected coating systems. Record the different temperature
requirements for application of the coatings. Comparison of
performance of coatings applied to different surface
preparations of steel pipeline in the industries pipeline in
the oil industries. Determine performance of the coatings at
different temperatures and environment for the coatings. In
recent years remarkable progress has been made in anti-
corrosive coatings in order to satisfy the high qualitative
and safety standards required by the market.

The main focus of this research work which will be taken
into consideration includes:

The resistance and durability of coating in the oil
industry, stability at working temperatures, ease of repair in
case of damage and working costs relative to interventions
on the coating. The purpose of this research work is to
understand the making specification decisions of anti-
corrosion  coating for construct ion of pipeline in
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geographical regions, especially for high Operating
temperature pipeline. Study has shown that a pipeline
engineer requires a sound knowledge of a number of
alternative technologies available for anti-corrosion
coating. Proper specifications need to account for more
than just pipeline operating conditions. Well-informed
engineers specify based on many levels of compatibility.
The field joint technology must be compatible to the
mainline system. The field installation technique must be
compatible for the construction environment and the
contractor's expertise and equipment. With proper
equipment and training, the prime pipeline contractor can
effectively apply the products in the field and the client can
expect performance in line with their specification
requirements. Hence the Following will also be considered
in this project work: Physical and chemical stability of
coating, resistance to soil stress, adhesion and resistance
to impact, resistance to cathodic dishondrncnt.

Buried pipe is coated to offer protection from the
surrounding environment. A breakdown in the coating will
result in pipeline metal being exposed. The material used
for coating pipes varied over the years as technology
evolved. For example; in the 1940’s and 50’s coal tar, wax,
and vinyl tape were used; in the 1960’s asphalts were
used; and in the 1 970’s to present day fusion bond epoxy
was and is being used. Polyethylene tape and extruded
polyethylene jacket material was also used from the early 1
950's to the present day. Anti-corrosion systems for
pipelines have been evolving since the early to mid 1900'’s.
A system has not been developed to date that completely
satisfies the end-user. Traditional coating systems arc
selected from a pool of products that arc accepted and
specified by most multi-national oil and gas companies
worldwide. This pool of products is comprised almost
entirely of products that have been in situ for decades.
Most coating, still in use today, dates back to the 1960'’s.

MATERIALS AND METHODS

Anti—corrosion protection is the various ways and
techniques used to combat the effect of corrosion on
metallic surfaces. Corrosion is the disintegration of an
engineered material into its constituent atoms due to
chemical reactions with its surroundings. In most common
use of the word, this means electrochemical oxidation of
metals in reaction with an oxidant such as oxygen.
Formation of an oxide of iron due to oxidation of the iron
atoms in solid solution is a well known example of
electrochemical corrosion commonly known as rusting.
This type of damage typically produces oxide(s) and
/salt(s) of the original metal. Corrosion can also refer to
other material than metals, such as ceramics or polymer,
although in this context, the term degradation is more
common in other words, corrosion is the wearing away of
metals due to a chemical reaction. In this chapter a simple

pipeline coating procedures will be followed to study
pipeline coating.

Apparatus
Drill hit, Steel (steel pipe), Coated plate, Heater,
Potentiometer, Salt spray cabinet, Holiday Detector,

Coating Thickness Meter, Adhesion Meter, Cathodic
Disbondment ‘Testing Assembly, A.C Impedance Unit,
Close circuit corrosion test 1001)., Sodium Chloride (NaCl)

Procedures

The following are the outlines of this project work, which
will completed for achieving the objectives of the research
work.

Task | - Literature Survey

Literature survey covers The important research work
carried oil iii filed of protective behavior of organic coatings
particularly ‘131, PL and PU during the last 1 years in a
pipe line in Rivers State.

Task 2 - Establishment of Facilities.

Experimental facilities were attained to carry out the tests
under different tasks. This includes fabrication of corrosion
test loop and cathodic disbondment test assembly,
acquisition of adhesion tester, holiday detector and coating
thickness gauge. The coating material specimens were
acquired from different coating facilities inside Pipe
Coaters Nigeria Limited. Task 3 - ‘Mechanical Testing

It comprised of the following tests: Adhesion (c) Cathodic
Dishondment Task 4 - Wet Tests

It consist of salt spray or salt fog test, close circuit loop
and autoclave tests.

Coating

Four types of organic coatings namely, Fusion Bonded
Epoxy (FBE) Scotchkote-206N, Polyurethane (PU)
Aqualinc-600A, Polyurethane-l 55 and 3- Layer
Polyethylene (PE) were employed for the evaluation of
pipeline coating.

Fusion Bonded Lox’ (EBE,)

FI3E coated panels specimens of Scotchkole—206 N

Color : Green
Thickness : 20-21 Mils
Polyethylene (PE,)

3-layer P.E. coated panels

Colour black top coated
Thickness: Top Coat PE 4.5 mm

Polyurethane (PU)
Aqualine 600A



Color: Gray
Thickness 4.5mm
Irathaiie-155

Irathane 155 with Primer

Color: Yellow

Thickness : 68 mm

Experiment

In the following sections the salient information regarding
the experimental work carried out under different tasks.

Mechanical Testing

Adhesion Test Adhesion tests on coated steel samples
were carried out under the following conditions:

Sample : Coated with FEW, Irathane— 155 and
Aqualine—600A

Tern pera Lu re orn tern pera lure (40°C).

Pull-Off adhesion test and/or crosscut methods were
employed to determine the adhesive strength of the
Coatitig, Adhesion tester consists of diodes material of
aluminum, which were glued perpendicular onto the coated
surface of the samples. After the curing of adhesive (glue)
testing apparatus was attached to the loading fixture and
aligned to apply the tension normal to the test surface. The
force applied to the loading fixture is then gradually
increased and monitored until either plug of coating
material is detached or a specified value is reached.

(b) Flexibility Test

Flexibility or bending test provides information on the
ability of coatings applied to pipe to resist cracking,
disbonding, or other mechanical damage as a result of
handing. This test has also been application as a quality
control method when variations in coating application or
material formulation would affect bending performance.

Cathodic Disbondment Test

This test provides accelerated adhesion assessment and
determines resistance of the coating to cathodic potential
and current flow. Coated steel samples were used for the
tests. In the middle of the coated specimen a hole of 3.2
mm diameter on the coupons (P1/) (1131/ and PU) was
drilled through the coating to expose the subxrate. A 200
mm long plastic pipe 01 to 100m was glued on to the
specimen with the holiday at the center of the tubing. A
cathodic disbondment test coli was assembled with a IX
power supply, platinum wire as anode, high resistance
volt/amp meter and a calomel reference electrode. The DC
power supply was designed and fabricated at the research
and development center by the instrumentation section.
The advantage in using this power supply was that it keeps
the applied potential constant irrespective of current
flowing through the cell.

All the four test specimens glued with the plastic pipe
were kept on a hot plate and 90°C in Solution of 3% NaCl
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was poured in each plastic pipe The temperature of the hot
plate was raised to maintain the temperature of the NacCl
solution at 40°C. The negative lead of the power supply
was connected to the coated plate and positive lead to
platinum anode. After 3days, the electrolyte was drained
out and the test cell was immediately dismantled. Coated
plate was cooled down to room temperature.

Wet Test

Salt Spray Test: Salt spray tests were carried out in a salt
spray fog chamber; the coupons were exposed for time
periods varying From 25 to 60 days. During salt spray
tests, the development, of corrosion on some abraded area
was studied. In one set of samples, scratch lines (scribes)
were made through one corner of the samples to the
diagonally opposite corner of the sample, i.e. “X” shaped.
One side of the coupons was scribed while the other side
was left unscrihed. The specimens, without the scribe
mark, were weighed before starting the salt spray test. In
the salt spray chamber the specimens were placed
meeting the following conditions:

All the specimens were supported parallel to the principal
direction of horizontal flow of fog. Specimen holder was
made of plastic and, therefore, specimens were not in
contact with each other or worth any metallic material. A
5% solution of sodium chloride was atomized by
compressed air in the chamber.

4. The temperature of the chamber was kept at 38°C
(100°F), specimens were exposed under above-mentioned
conditions for 25, 50, 75 and 1 00 days, respectively.

Autoclave Test: The autoclave test like other tests was
carried out at Pipe Coaters Nigeria Limited, Pipe Coating
Terminal. The test was carried out on an autoclave at 1500
psi, 40°C in distilled water For 48 hours. The specimens
were hail immersed in the test solution during the test. The
thickness of coating was measured before and after each
test using an electromagnetic thickness gauge. Posi-Tector
2000 at 6 different places (2 in aqueous and 3 in vapor
phase) on the specimen. After completion of the test the
samples were assessed visually for swelling and blistering.
The pull off adhesion test was also carried out on each
phase i.e. vapor and aqueous.

RESULT AND DISCUSSION
RESULT

Coated panels of three difference type coatings were
obtained from pipe coaters Nigeria Limited. It is to be noted
that before carrying out any test, all the samples were
checked visually and by holiday detector including coating
thickness measurement at pipe coaters Nigeria Limited.
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Table 1. Failure rate of coatings according to test conducted

Coating type Mechanical Flecibility test Cathodic Wet Test % Autoclave test
testing % % disbondment %
test %
Fusion Bonded 1.125 - 2.0 0.48 Little
epoxy (FBE)
Polyethylene 0.326 - 14.9 151 Slightly
(PE)
Polyurethane 0.982 - 17.0 1.92 High
(PU)
Irathane — 155  0.990 - 3.16 2.12 High
Table 2. Performance of coating material
Coating type Mechanical Flecibility test Cathodic Wet Test % Autoclave test
testing % % disbondment %
test %
Fusion - 3.0 0.39 Little
Bonded 0.240
epoxy (FBE)
Polyethylene  0.421 - 16.8 1.63 Slightly
(PE)
Polyurethane  0.971 - 18.0 1.98 High
(PU)
Irathane - 1.024 - 4.24 3.24 High
155

From table 1, Mechanical test was performed on FBE,
PU Agqualinc-600A and PU-Irathane-155 as mentioned
above. In all the tests the dolly was detached at the
coating/dolly interface. This confirms that the bonding
between the metal substrate and coating was more than
the coating and dolly. The results were not consistent i.e. a
large difference among the data was observed. The
maximum adhesion strength between coating and dolly for
FBE, Aqualine600i\ arid Irathane was 1.125, 0.326, 0.982
and 0.990 respectively

The samples of FBE, PU Aqualine—600A and Irathane-
155 were tested. After bending the samples were
examined visually followed by holiday test at the bend site.
No deficit was found either visually or by holiday tester on
any of the samples tested.

Cathodic Disbandment Tests (‘Cl) T,): CDT test was
carried Out on all the four types of coatings i.e. FBE, PE,
PU Agualine-600A and Irathane- 1 55 at 40 °C. An
increase in p11 value from 4.5 at the start of the test to 8.5-
9.0 at the end of all tests was recorded. Radial

Disbhondment (RD) results obtained from the CDT at 40°C.
‘the fusion bonded epoxy coated samples showed the
lowest average RI) value of 2.0 mm. While the PU coated
600A and 1 55 have the high average RD values of 1 7.0
and 14.9 mm, respectively. The 3 layer PE coating has
slightly higher average R[) value than FBE 3.16. On the
basis of average RD results at 40°C, the four types of
coatings can he arranged in the following ascending order:
FBE> 3-Layer PE> Irathane 155 > Aqualine-600A.

At room temperature (25°C), FBI, 3-Layer PE and
Aqualine-600A showed almost negligible average RD.
however, the Irathane-155 has very high RD value of 30
mm. The performance of these coatings at 25U can be
arranged in the Following descending order: FBE <3-Layer
PE <Aqualine-600A > Irathane 1 55.

Salt Spray Tests: Specimens with and without scribe
exposed to the salt log were evaluated with respect to
mean creepage (from scribe) and blistering. The coatings
were kept for 20, 30, 40 and 60 clays exposures to salt
spray. FBE coating (green) shows little creepage (0.09



Figure 1. Photograph showing..Scotchkote-206N (FBE) panels after flexibility test

Figure 2. Photograph showingAqualine-600A panels after flexibility test

Figure 3. Photograph showing..Scotchkote-206N (ThE) panels after flexibility test
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Figure 4. Photograph showing theScotchkote-206N(FBE) panel tested Cathodic Disbondment test in 3% NaCl solution at 400C for 3 days

Cathodic Disbondment Test, Polyethylene
Sample £2, 7 Days, 3% NaCl. 40°C

Figure 5. Photograph showing the 3-Layer Polyethylene (PE panel tested Cathodic Dishoudment test in 3% NaCl solution at 40eC for 3 days

Figure 6. Photograph showing the Agualine — 600 A panel tested Cathodic Disboudment test in 3% NaCl solution at 400C for 3 days
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Figure 7. Photograph showing the Irathane455 panel tested Cathodic Disboadment test in 3% NacCl solution at 400C for 3 days

25 Days Exposure in Salt Spray

Figure 8. Photograph showing the Irathane-155 panel tested Cathodic Disbondment test in 3% NaCl solution at room temperature for 4 weeks

Figure 9. Photograph showing coupons taken out after 25 days of exposure in Salt Fog Chamber
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50 Days Exposure in Salt !

Figure 11. Photograph showinAqualine-600A coupons exposed in salt spray
chamber for 30 days. Large numbers of blisters can be seen (left) on the seribed samples while absence of blisters on unscrihed samples (right)

Figure 12. Photograph showing the Cathodic disbondment Testing Equipment



Figure 13. Photograph showing the Salt Spray Testing Equipment

Figure 14. Photograph showinAqualine-600A (PU) coupons used for Pull Off Adhesion Test

Figure. Photographs showing Irathane-155 (PU) coupons used for Pull Off Adhesion Test
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mm) after 25 days of exposure hut it is increased
considerably (2.06 mm) after 60 days exposure although
no blistering in the coating was Found. Irathane-l 55 shows
high creepage of 0.48, 1 51, 1.92 and 2.12 mm after 20,
30, 40 and 60 days of exposure, respectively but no
blistering was observed even after 100 days of exposure.

Autoclave Test

The autoclave tests were carried out in order to know the
behavior of coatings under high pressure and temperature.
The test duration was 48 hours and the temperature was
fixed to 40°C. The pressure of the test vessel was kept at 1
500 psi. After the test samples were examined for color,
blistering, loss in adhesion strength and thickness. After
autoclave test, the thickness of (FBE) coating in vapor and
aqueous phases respectively with a slight increase in
thickness can be seen in both phases. Similarly Aqualine-
600A coating shows an average increase of 1-2mu in
coating thickness in aqueous phase. While a slight
decrease in thickness in Vapor phase was observed.
Contrary to Aqualinc-600A, the Irathane- 1 55 coating
which showed a reverse behavior. In contrast, the heat
contents of aqueous phase arc expected to be lower and
more favorable in energy content to an highly exothermic
disbonding reaction. This peculiar behavior of Irathane 155
is in conformity with the results of the cathodic
disbondrnent studies of the two-urethane coatings. The
results indicate that Irathane deteriorated more severely at
room temperature (25°C) than at higher temperature
(40°C).

CONCLUSION

The results of adhesion tests carried out on FT3F, PU 600
A and 155 show that the bonding between the metal
substrate and the coating was more than the coating and
dolly. The maximum adhesive strength was for Aqualine—
600 A and rathane-155. The flexibility test (bending test)
carried out on FBF and PU 600 A and 1 55 shows no
defect or presence of holidays at the bending site. Inithane-
155 coating can sustain up to 3.33% strain. On the basis of
radial disbondment measurements from cathodic
disbondment tests, the decreasing performance of the
coatings can be represented as:FBE> 3-Layer PE>
Aqualinc-600 > Irathanc-155. During cathodic disbondment
tests, Aqualine 600 and Irathane 155 were found swelled
and sticky. The results from salt log tests show following
behavior for different coatings. In the samples, the
creepage increases with increasing exposure time: 25 days
test : from 0.09 mm (FBE) to 0.48 mm (Irathane 155). 60
(lays tests : from 1 .53 mm (Aqualine 60() A) to 2.12 mm
(Irathane 155). Whilst I13[, Irathane- 155 show no blistering
alert 60 days, Aqualine-600 shows blistering on scribed
and unscribed surfaces. The pull oft’ adhesion tests carried

out on coated samples after autoclave tests show that the
adhesive strength of FI3E, 3-Layer PF. and PU 600-A and
1 55 coatings is greater than 500 psi. The results of the
autoclave tests indicate that FBE and Aqualin-600A
coatings show very small variations in thickness in vapor
phase and a definite increase in aqueous phase. however,
Irathane-155 shows a clear increase in thickness in vapor
phase and a decrease in thickness in aqueous phase
indicating the dissolution of coating in test solution.
Aqualinc-600A and FBF coatings do not show any loss of
color in autoclave tests.
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