Long-term
performance

Dr. Shiwei William Guan, Bredero Shaw,
Canada and Dr. Dennis Wong, ShawCor,
Canada, discuss critical parameters
in materials evaluation and process
controls of FBE and 3LPO pipeline coatings.
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C

orrosion is the primary factor affecting the
longevity and reliability of buried oil and
gas pipelines. Fusion Bonded Epoxy (FBE)
and 3-layer polyolefin (3LPO) (polyethylene PE or
polypropylene PP) are the most widely used external
coating systems for corrosion protection of newly
constructed pipelines. Over the past decade, several
incidents of coating failures have been reported with
massive disbondment of 3-layer polyolefin coatings
(both 3LPE and 3LPP). 1-5 These coating failures have
raised concerns in the industry worldwide about the
long-term performance of 3LPO coatings, resulting in
several initiatives to determine the failure mechanisms
and corrective measures. 6
Current national, international and company
standards and specifications often have a specific
value of tested properties as an acceptance criterion
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for material qualification. However, tests identified
in these documents are relatively short-term and
predictive models for long-term performance are not
available. Adding to the problem is that the data on
long-term behaviour of pipe coating materials, even if
available, are often scarce.
As with any other pipeline coating systems,
materials evaluation and process controls can make
a significant impact on the long-term performance
of FBE and 3LPO pipeline coatings. This paper
discusses the results of our study on some related
critical parameters, which include the qualification and
applied thicknesses of FBE, surface cleanliness and
blasting profile, surface treatment, pipe temperature
during coating application, weld-seam coverage and
finished coating inspection.

Two examples reveal the need for
long-term evaluations
The draft ISO 21809-1 for 3LPO pipe coatings will
probably contain a short-term (24 hours at 65 ˚C)
cathodic disbondment (CD) test. China’s SY/T 04132002 standard also calls for a 48 hour CD test at
65 ˚C. These short-term tests are intended for in-plant
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Figure 1. Cathodic disbondment - time behaviour of two
different coatings.
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Figure 3. Cathodic disbondment of a multi-layer PE coating
at various FBE primer thicknesses.
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Figure 2. Tg of two FBE materials after exposure to wet
service environment.
Table 1. Correlation of hot water soak results with thickness of a
FBE coating at 75˚C
Thickness (µm
or mil)

7 days

14 days

28 days

60 days

100 µm (4 mil)

2

2

2

4-5

150 µm (6 mil)

2

2

2

4

200 µm (8 mil)

1

1

1

3-4

250 µm (10 mil)

1

1

1

3

300 µn (12 mil)

1

1

1

3
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Figure 4. Two different blasted surfaces show an identical
profile reading by Testex measurements.
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quality control, which should not have been relied
on for qualifying the tested coating material for its
long-term performance. The proper approach should
be generating the cathodic disbondment rate rather
than a single test for a specified period of time. Figure
1 shows two coatings where the 28 days result may
be better in series 2, however the coating in series 1
would be a better choice.
Figure 2 shows the Tg of two FBE materials after
exposure to wet service environment at 65 ˚C for

a duration of up to 120 days. Both standard FBE
materials show a considerable drop in Tg
(20 - 25 °C) after immersion in water due to FBE
plasticisation caused by moisture absorption. These
Tg values are measured per CSA Z245.20-2006 at a
heating rate of 20 °C/min. The Tg at slower heating
rates close to the pipeline operating conditions
(close to 0 °C) would be approximately 10 °C lower.
Learning from the results given in Figure 2, one
should be careful in using Tg as a limiting factor,
particularly when only dry Tg values are considered in
many standards and specifications for pipe coatings.
Different materials behave differently at temperatures
above Tg. Some have drastic increases in permeation
rates while others retain their properties much better.
It is of main interest for design engineers to determine
the long-term performance of the FBE material used
in wet environments, and to define the maximum
operating temperature limit of the coated pipeline
properly.

Figure 5. Weld ‘tenting’ of a conventional 3LPE coating.
Figure 6

Critical parameters
FBE primer

Table 1 shows the correlation of adhesion rating with
film thickness of an FBE coating after hot water soak
testing as per CSA Z245.20 (CSA’s criterion is a rating

Figure 6. New approach to a multi-layer PO coating for an
excellent great weld coverage.8

Table 2. Impact of surface preparation on adhesion property of two FBE coatings
Material

Surface preparation

Adhesion rating (hot water soak, 75 ˚C)

Grit type

Profile, Rz (µm)

Peak count/in.

2 days

7 days

14 days

28 days

60 days

120 days

FBE#1

GL25

62

74

1

1

1

1

2.3

2.3

FBE#1

GL80

35

92

1

1

1

1

1.2

4

FBE#1

Substrate prepared by power grinding

1

1

1

1

5

5

FBE#2

GL25

60

72

1

5

5

5

5

5

FBE#2

GL80

40

98

1

1

5

5

5

5

FBE#2

Substrate prepared by power grinding

1

3

3

5

5

5

Table 3. Impact of surface preparation on cathodic disbondment property of FBE#1 coating
Material

Surface preparation

Cathodic disbondment (-1.5 V, 65 ˚C)

Grit type

Profile, Rz
(µm)

Peak count/
in.

14 days

28 days

FBE#1

GL25

62

74

5 mm

16 mm

FBE#1

GL80

40

77

5 mm

23 mm

FBE#1

Substrate prepared by power grinding

25 mm

Total disbondment

Table 4. Impact of improved surface cleanliness by phosphoric acid treatment on properties of FBE#1 coating
Surface preparation (GL25 grit)

Avg. CD

Adhesion rating (hot water soak, 75 ˚C)

Acid treatment

Profile Rz (µm)

Peak count/in.

28 days, -1.5V,
65 ˚C

2 days

28 days

60 days

90 days

120 days

150 days

Yes

59 - 66

74 - 76

16 mm

1

1

1.2

2

2

3

No

54 - 62

73 - 75

16.5 mm

1

1

2.3

3

2.3

4
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of 1 - 3 for 28 days). It is interesting to note that the
hot water soak exposure did not reveal any difference
among the applied coating systems until 60 days.
Figure 3 shows the cathodic disbondment
(65 ˚C, -1.5 V, 14 and 28 days) behaviour of a multilayer polyethylene coating system at different FBE
primer thicknesses. It was found that the cathodic
disbondment performance of the multi-layer PE
coating system using a 200 µm (8 mil) FBE primer
exhibited comparable results to a stand-alone 350
µm
(14 mil) FBE coating, under the similar application
process conditions. Together with the results given
in Table 1, it demonstrates that with current FBE
technology, there is a threshold minimum thickness
of FBE primer for multi-layer polyolefin coatings to
provide a good balance of anti-corrosion properties. A
minimum of 150 µm (6 mil) is needed and 200
µm
(8 mil) should be the specified value.

Table 3 shows the 65 ˚C cathodic disbondment
results of FBE#1 coating samples after applied onto
steel substrates with two distinctly different profiles.
Neither short-term cathodic disbondment nor water
soak testing can reveal the impact of different
surface preparation on the performance of the same
commercially qualified coating.
Phosphoric acid treatment is one of the popular
methods of preparing a blasted steel pipe surface
before receiving a coating. Table 4 compares the
results of hot water soak testing and cathodic
disbodment testing of the FBE#1 coating applied
onto a steel surface with and without phosphoric acid
treatment. Short-term cathodic disbondment testing
did not give out significantly different results, but longterm hot water soak testing suggested much improved
adhesion property of the coating system with the acid
treatment.

Surface preparation

Coating application temperature

Many reported pipeline coating failures have occurred
directly as a result of poor surface preparation of the
pipe substrate before coating application. Figure 4
illustrates two blasted pipe surfaces, which had an
identical profile reading by Testex measurements
but were quite different in their microstructures, with
a distinct profile-peak count difference by surface
profilometer. Unfortunately, long-term tests will have
to be used to differentiate the performance of pipe
coatings applied onto correctly or incorrectly prepared
pipe substrate surfaces. Table 2 shows the adhesion
properties of two commercial FBE coatings after 75 ˚C
hot water soak testing as per CSA Z245.20, applied
to three different steel substrates using two different
grades of steel grits and power grinding. It suggests
that short-term hot water soak testing would not be
able to differentiate the adhesion performance of the
two coatings and the impact of surface preparation.

Many reported failure case histories of 3LPO coatings
were related to inappropriate application temperatures
of the FBE primer. 7 Potential solutions have been
suggested, 7 for example, correct application of the
FBE primer to the full standard applied to FBE standalone coatings and the adopting of low application
temperature FBE (LAT-FBE) formulations developed
for use in 3LPO systems. An international brand name
regular FBE coating was applied at 190 - 200 ˚C onto
properly applied steel substrate surfaces. The results
of hot water soak testing and cathodic disbondment
testing are given in Table 5. We also investigated
two LAT-FBE coatings and two regular FBE coatings
applied at different application temperature ranges
between 160 and 240 ˚C. Results of cathodic
disbondment testing at 65 ºC for 28 days are given in
Table 6. The results suggest that unless a fully tested
low application temperature FBE powder and its

Table 5. Evaluation tests for a regular FBE coating applied at 190 - 200˚C
Test

CSA Z245.20 - 2006 criterion

Test duration and average results
24 hours

7 days

14 days

28 days

Adhesion rating (hot water soak, 75 ˚C)

24 hours and 28 days adhesion
rating of 1 - 3

1

1.2

2

2

Cathodic disbondment (28 days, 65 ˚C)

28 days. CD radius < 20 mm

N/A

6 mm

14 mm

24 mm

Table 6. Cathodic disbondment of four FBE coatings at different application temperatures (65 ˚C, 28 days)
Application temperature ˚C

LAT FBE 1

LAT FBE 2

Regular FBE 1

Regular FBE 2

160

19 mm

12.75 mm

N/A

N/A

170

20 mm

12.75 mm

N/A

N/A

180

15.5 mm

12.75 mm

17.5 mm

25.75 mm

190

15.25 mm

14.25 mm

N/A

N/A

200

16 mm

14.25 mm

N/A

N/A

240

11 mm

5.0 mm

9.5 mm

11 mm
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Figure 7. Peel strength results of a 3LPP coating.
process control has been established, maintaining a
pipe surface temperature of 230 - 240 ˚C is necessary
to ensure long-term performance of the coating
system.

Weld coverage

With the conventional 3LPO side-wrap extrusion
application, protruding pipe weld seams could cause
the formation of ‘tenting’ where voids, separation of
coating layers, or discontinuities develop around the
weld neck. Accompanying with the ‘tenting’ effect is
a significant reduction of the coating thickness across
the top of the weld compared with the coating on the
body of the pipe (as illustrated in Figure 5).8 In extreme
cases such a coating thickness, reduction could be
as high as 100%. To ensure adequate coating film
thicknesses for pipeline protection, most of today’s
international 3LPO coating specifications allow only
0 to 10% of the coating thickness reduction over
weld seams. This requirement creates a challenge to
conventional 3LPO applications. A new multi-layer
polyolefin coating approach taken in both material and
application process control can help in tackling these
problems,8 as illustrated in Figure 6.

Finished coating inspection

QC testing on finished 3LPO coatings is relatively
a weak area in pipe coatings. The testing regimes
currently advocated in industry specifications are often
designed to validate the application process and may
not be capable of giving a reliable indication of longterm coating performance.
Figure 7 shows the peel strength testing results of
a plant applied 3LPP coating after hot water soak at
75 ˚C and thermal cycling (16 hours exposure at
75 ˚C and 99% relative humidity and 8 hours at
5 ˚C and 95% relative humidity) for 150 days. The
peel strength had significantly decreased after hot
water soak but no obvious coating disbondment
or delamination was observed after 150 days. After
www.worldpipelines.com

120 days of thermal cycling testing, the coating
disbonded from the edges, but the peel strength
was high and the failure was found to be cohesive
failure at the polypropylene/adhesive interface. The
good adhesion of the plant applied 3LPP system was
a result of good surface preparation and the least
residual stress retained from the coating application
process achieved at the coating plant. Bredero
Shaw is currently implementing a “best practice
coating process” system in all Bredero Shaw plants
worldwide to optimise and standardise the application
parameters in coating processes to ensure the longterm performance of pipe coatings.

Conclusions

Simply designing and qualifying a pipeline coating to
just meet the short-term and minimum requirements
of current national, international and company
standards and specifications may not be sufficient
to assure that the pipeline protected by the coating
system has the ability to survive the operating
conditions and that acceptable performance can
be consistently achieved throughout the coating
application process.
An approach which relies more on generating
data to provide trends in long-term behaviour of the
pipe coating system should be taken during coating
selection and PQT testing. Long-term evaluation
as well as better surface preparation and coating
process control to optimise and standardise the
application parameters should be implemented, in
order to ensure the long-term performance of 3LPO
coating systems.
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