Strength through
fire
P

Ian Laing, ROSEN Group, UK, presents the selection and qualification of
flame-sprayed field joint coatings.

hase 2 of the 2017 GNI (UK) Scotland to Ireland –
‘The Second Gas Interconnector’ gas pipeline project
involved the construction of a 50 km pipeline
between Cluden and Brighouse Bay in Dumfries and
Galloway, Scotland; the pipeline route is shown in Figure 1.1
This pipeline section is part of the total onshore pipeline
route from Beattock compressor station to Brighouse Bay.
This article discusses aspects of Phase 2 of the project
in relation to the two-layer polyethylene (2LPE) and
polypropylene (2LPP) flame-sprayed field joint coating (FJC)
specification, in conjunction with the BS EN ISO 21809-3
standard. The specification process follows the FJC selection,
specification compilation and qualification – all of which are
critical to the long-term FJC integrity and the prevention of
premature failure.
The design and construction of the pipeline was in
accordance with the recommendations of the Institute
of Gas Engineers and Managers (IGEM).2 The pipe was
constructed from L450MB grade material with wall
thicknesses of 14.3 mm and 19.1 mm, with the latter,
heavier walled pipe being utilised at crossings. In order to
preserve the integrity of the pipeline from internal and
external corrosion the typical practice of using coatings
in combination with cathodic protection (externally) was
adopted. Although the pipeline will convey non-corrosive
dry natural gas, an internal epoxy coating was mill-applied,
which serves to improve flow efficiency by reducing
wall friction and has the added advantage of mitigating
internal corrosion. Externally, a 3-layer polyethylene and
polypropylene (3LPE/LPP) coating will provide primary
corrosion protection, combined with an impressed current

cathodic protection (ICCP) system. The 3LPP coating, with
increased thickness of 10 mm compared to the 3 mm
3LPE, was applied to the heavier walled pipe section for
additional protection. Both systems are commonly used
globally and have a proven track record at providing
long-term protection.3 Additionally, the major pipe
manufacturing mills are set up to apply these coatings as
standard. The greater physical properties and increased
thickness of the 3LPP ensure the more onerous conditions
at crossings are catered for. In particular, with regards to
the trenchless crossing techniques used and the increased
likelihood of coating damage. The increased coating
thickness of 3LPP provides added protection to contact
damage during the pull through operation and allows for
sacrificial coating damage.
It is established that coating systems are not always a
fail-safe to external corrosion. There is significant integrity
management experience within the onshore pipeline industry
that shows coatings do fail due to various degradation
mechanisms or resulting from inherent application defects.
Although the cathodic protection system is there to provide
secondary corrosion protection when the coating fails, it is
not always able to suitably polarise the exposed pipe due
to the shielding effect of certain coatings. The pipeline thus
freely corrodes under a disbonded coating. Typically, under
disbonded coatings, localised corrosion ensues under the
influence of differential concentration cells or microbial
activity. Furthermore, conditions conducive to near neutral
or high pH are established, which significantly increases the
potential for stress corrosion cracking and thus the failure of
the pipeline.

ROSEN has significant experience in observing such cases
of the above-mentioned external corrosion phenomena,
some of which have been illustrated in the ROSEN Pipeline
Defect Atlas. All are associated with coating degradation in
spite of the application of cathodic protection (CP), even
with pipe-to-soil potentials within the protection range.
With respect to mill-applied mainline coatings, the majority
of external coating degradation and subsequent corrosion
is typically age-related, often associated with tape systems
and, to some degree, older coal tar based systems. With the
quality control allowed within the mill environment, the
failures observed are generally around or after the expected
life of the coating. However, once they have surpassed their
life expectancy and begin to fail at multiple locations, the
implications with respect to pipeline rehabilitation can be
significant, as many pipelines are now expected to continue
beyond their original design life.
Coatings of a type similar to the mill-applied ones that
have been applied in the field are generally found to be in
the greatest state of degradation. It is not uncommon to
see new field rehabilitation coatings fail significantly within
a few years. Once again, this is typically not the fault of
the product, but often due to the lack of respect for the
application that field pipeline coatings require. The ‘it is only
a coating, just buy it and stick it on’ attitude will, and does,
leave an embarrassing and costly trail of misfortune.

External field joint coating selection
The diversity of available FJC systems promoted on the
market to date makes selection of a suitable coating for
field joints particularly difficult. There are many FJC systems

Figure 1. The Cluden to Brighouse Bay new pipeline route.
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available with lots of laboratory performance test data and
varied field experience. With the range of varied functional
performances enforced on a pipeline FJC by changing service
life environments, there is a need to carefully examine
specific functional performance criteria and how the coating
options fair against them in the selection process. With field
joints being an inherent weak point in a pipeline’s external
corrosion defence, it is imperative to ‘get it right first time’
when selecting an appropriate high-integrity coating, which
is intended to last the design and, more commonly now,
the extended service life of a pipeline.3, 4, 5 The majority, if
not all, of FJC systems have excellent performance in their
ideal environmental conditions and should provide adequate
protection over the design life of a pipeline, or at least up
to their own expected field life. However, due to classic
reasoning of incorrectly specified and poor-quality control,
field joints are left vulnerable and often suffer premature
failure.
Both ROSEN and GNI have experience with many
instances of FJC degradation leading to corrosion. ROSEN,
being one of the globally significant in-line inspection (ILI)
service providers, produces a significant amount of ILI data.
Many such inline survey data patterns are characteristic
of external corrosion at field joints; an extreme case in
question is shown in Figure 2. In all cases which have been
subject to direct examination, corrosion had occurred as a
result of earlier than expected FJC failure. The failure of the
coating was synonymous with loss of adhesion, leaving the
coating in place, which subsequently shielded the pipeline
surface sufficiently from CP. In ROSEN’s experience, it is
more common to see field joint corrosion associated with
heat shrink and tape-applied field joint systems. This is
not necessarily to say that these products are inferior. It is
known that these products suffer early failure due to issues
associated with poor field application. Also, the dielectric
properties of these two particular coating materials makes
them very good at completely shielding the pipe surface
from the CP current, allowing a micro-environment to
be set-up under the coating in which corrosion thrives.6, 7
It must also be noted that these systems are themselves
very common materials of choice, particularly on ‘older’
pipelines. It is therefore expected and no surprise that the
industry has seen failure reports of these types of field joint
materials. However, there are also many cases where these
materials can claim success in providing long-term corrosion
protection to field joints. The materials do not necessarily
deserve bad press; the difference between success and failure
of these materials again comes down to correct selection
(or good fortune) and a high level of quality control during
the field application process. Despite the advances in FJC
materials and application technologies, the problematic
situation around application in the field remains the same –
this can be said for all FJC.
Based on both ROSEN’s and GNI’s knowledge and
experience, the selection of the FJC for the Cluden to
Brighouse pipeline veered away from heat shrink and tape
products. The primary FJC that was finally selected from
all possibilities within BS EN ISO 21809-3 was manual

flame‑sprayed 2LPE and 2LPP. The flame-sprayed 2LPE/PP
provides a seamless field joint, removing the seam and
interface associated with other coating types, which is a highly
vulnerable location to the ingress of moisture. Following FJC
selection, an appropriate FJC project-specific specification was
compiled for the 2LPE/PP field joint systems.8
The performance of flame-sprayed 2LPE/PP is discussed
in literature to have a performance close to the mill-applied
mainline 3LPE/LPP – although there is no ILI and very
limited field experience data associated with flame-sprayed
2LPE/PP, that ROSEN is aware of, to cross reference to the
vast amounts of ILI and field data for other FJC systems.
The flame-sprayed coating was selected after a review of
the coating performance literature and mode of application
in the field compared to other good performing systems
appropriate to the compatibility with the mainline coating,
particularly adhesion to the polypropylene.
By using the flame-sprayed coating system (whose
performance is equivalent to the mainline system), certain
requirements of an FJC, that must be considered in the
selection process, are automatically accepted, such as:
compatibility with the mainline coating and CP system;
suitability for the pipeline operating conditions and
external environment; and pipeline in-field construction and
installation processes. With the field joint being equivalent
and seamless with the mill-applied mainline coating, the
possible modes of failure and resulting consequences are
the same along the length of the pipeline.9 Although not
Figure 2. A classic example of an inline inspection field joint
external corrosion pattern.
necessarily considered at such an early stage, this makes
for a straightforward pipeline
external corrosion and integrity risk
Table 1. A selection of ISO 21809-3 qualification testing data for 2LPE field joint PQT
assessment in the pipeline’s integrity
Coating property
Test
Unit
Field joint
PQT result
management system (PIMS).
temperature

requirement

Total coating thickness

–

mm

2.5

≥2.66 (ave. 6.23)

Epoxy later thickness

–

mm

Min. 0.200

Ave. 0.412

Pell strength

23˚C

N/mm

≥15

Tmax (50˚C)

N/mm

≥4

≥12.8 (ave. 20)

Adhesion to pipe surface and
plant coating after 28-day hot
water immersion test at Tmax

50˚C

P28/P0

≥0.75

Rating 1

Cathodic disbondment at 28
days

23˚C

mm

≤7

1

Cathodic disbondment at 28
days

Tmax (50˚C)
limited to
95˚C

mm

≤15

4.5

Cathodic disbondment at 48 hrs

95˚C

mm

≤3

1

Impact resistance

23˚C

J/mm

No holidays

No holidays

Indentation resistance at a
pressure of 10 N/mm2

90˚C

mm

≤0.9

0.3

–

min

≥15

≥161 (ave. 190)

Oxidation induction time at
220˚C (intercept in the tangent
method)

Eliminating early failure
through specification and
quality control
The project-specific FJC specification
contained limited information
and made greater reference to
the respective BS EN ISO 21809-3
standard. The standard provides
a consistent approach to the
qualification, application and testing
of FJC types that are common to
the market and in use to date. The
standard sets out the industryaccepted criteria for the qualification
testing of FJC materials and the
subsequent performance of the
applied product. The performance
tests conducted in accordance
to the ISO document are in this
instance: to ensure the processes
undertaken as part of the application
of the flame-spray coating provides
a finished product that meets the
pre-defined baseline performance
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Figure 3. Sequence showing some of the key steps in the flame- spray process of 2LPE during PQT.

Figure 4. Completed 2LPP flame-sprayed field joint.

criteria as a measure of quality assurance of the procedure.
These performance tests are not necessarily going to ensure
the long-term performance of the FJC; however, they have
been established over many years’ experience, thus they
are considered indicative of long-term performance. As a
minimum, they provide critical information when comparing
types of field joint possible coatings in the selection process.
Qualification of the flame-sprayed 2LPE/PP procedure
was undertaken in accordance to the project specification8,
which specifically directs the user to the ISO 21809-3
normative reference procedure for qualification of the
selected field joint materials.
In brief, the procedure for the flame spray of 2LPE/LPP
requires a blast cleaned near-white metal finish. The field
joint is heated to the application temperature of the FBE
powder by means of an induction coil. The joint is manually
flock sprayed with FBE and immediately followed with a
tie-in spray of the PE/PP power while the FBE is still a ‘melt’.
This acts as a bonding layer between the FBE and the top
coat of the flame-sprayed PE/PP. The PE/PP is manually
flame-sprayed to the desired thickness. The PE/PP powder
coating is propelled to the surface in a shroud of inert
nitrogen gas, which isolates the powder from direct contact
with the oxygen/propane flame, thus reducing the oxidation
of the PE/PP as it melts and impacts the surface of the pipe.
Once the coating is built-up to the required thickness, it is
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cooled and compacted with compressed air. The coating
surface is smoothed off with the flame only and any loose
material is planed off. Key steps in the procedure are shown
in Figure 3.
Upon completion of the FJC procedure, samples taken
from the test field joints were then subjected to full scale
performance testing in accordance to BS EN ISO 21809-3.
Several of the testing requirements and results10 for 2LPE are
shown in Table 1. The results show that the flame-sprayed
2LPE performs extremely well with respect to the criteria.
Additional testing was also undertaken; the adhesion of the
FBE at various locations around the field joint was examined
to ensure that the induction temperature was uniform
around the field joint and that ‘time at temperature’ was
sufficient to ensure full melt of the FBE so as to ‘wet’ the
surface to enable good adhesion. Adhesion between the
flame-sprayed coating and mill-applied parent coating
was also given additional attention to ensure the required
amount of preheat and application heat was sufficient to
the area to ensure good bonding at this notorious weak
point. The parent coating was also checked to ensure
its adhesion to the pipe was not compromised and the
oxidation induction test was conducted to ensure the flame
did not cause any significant degradation. An example of a
manually-sprayed ≥10 mm thick finished 2LPP joint is shown
in Figure 4.

Key summary points from the project
)) FJC in the construction and installation of a new pipeline

is critical. The field joint is a natural weak point in the
overall corrosion protection of the pipeline and is a
critical aspect of the construction/installation phase,
however, the latter should not compromise the selection
of a high integrity FJC system.
)) Flame-sprayed 2LPE/PP is known to be one of the

costlier FJC options. Cost should not inhibit the selection
of the optimal FJC system, with respect to the mainline
coating. The selection process should consider a balance
between the upfront capital cost and long term integrity
direct and indirect costs.
)) The combination of 2LPE/LPP flame-sprayed FJC

with mill-applied 3LPE/LPP provide a complete fully

integrated seamless pipeline coating system with no
inherent weak points. This system must therefore be
considered as the optimal FJC system for 3LPE/PP
mainline mill-applied coatings.
)) FJC is a major element in the long-term protection of a

It is therefore essential to have a knowledgeable,
experienced and vigilant quality assurance team on site
at all times to identify and escalate any issues to the
required project/technical representative.
)) Avoid last-minute changes to the qualified process,

pipeline. During all stages of a new pipeline project it is
of great importance to have coatings expertise on the
design and construction teams to ensure specifications
are correctly compiled, understood and translated in a
timely manner to account for any problems that arise
during qualification testing.
)) Selection of FJC requires equal, if not more, attention

to the mainline coating selection due to the application
conditions and known issues with failure at field joints.
For this reason, coating specification should have an
additional field joint specification which identifies
the appropriate field joint requirements for expected
exposure and mainline coating selection.
)) When FJC (or any coatings) are selected during the design

stage, it is imperative that the moment the contractor
is assigned, they begin the qualification process of all
coating options presented in the specifications for all
components to be coated. The FJC stage (all field coating)
is a key stage to the installation schedule and long-term
integrity of a new pipeline, and as such, it should be duly
respected.
)) Despite following the ISO 21809-3 standard, issues can

still arise during construction and field joint application.

personnel, equipment and materials. If fortune favours
then the impact of any such changes may manifest early
during construction and be rectified. Conversely, the
impact may not be realised until sometime after burial
and operation and the associated cost at this stage to
rectify the situation will be significantly greater.
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