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Two different standard test methods
for evaluating cathodic disbondment
produced different results on the same
high-temperature fusion-bonded epoxy pipeline coating. This highlights
the need for a stable, understood,
easy-to-run test method. Part 1 of this
article (in the February 2015 issue of
MP) discussed factors affecting hightemperature cathodic disbondment
and presented the results of a global
survey on laboratory test practices.
Part 2 describes the results of a parallel
test program for an actual offshore
pipeline project.

C

Cathodic disbondment testing has
historically been performed on protective
coatings to assess coating delamination
resistance when exposed to cathodic polarization. Unfortunately, a common standard
cathodic disbondment test method that is
well accepted by the industry presently
does not exist, particularly for higher operating temperatures.
Most of the existing standard cathodic
disbondment test methods were originally
designed for onshore pipeline applications
with service/testing temperatures ≤95 °C.
Attempts to expand existing test methods
to cover higher temperature systems have
generated practices that are no longer valid.
For service/testing temperatures higher
than 95 °C, limited cathodic disbondment
data are available in the public domain.
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There is a need to determine whether
existing standards or their modifications
might be suitable for subsea/deepw ater
pipeline coating systems that are new, unfamiliar, used at higher temperatures, and
often much thicker. Even if common standard cathodic disbondment test methods
are used, broadly disparate test settings
and practices are likely to result in inconsistent and non-reproducible cathodic disbondment data, as revealed by a recent
global survey on cathodic disbondment
testing.1
Test methods that may have worked
perfectly for small runs in a research laboratory setting are unsuitable for the large
quantity of quality control samples often
required by modern pipeline projects. This
creates the need to develop a definitive and
workable cathodic disbondment test
method/procedure that is stable, understood, easy to run (with the correct equipment and experience), and provides reproducible results.
An example is testing cathodic disbondment at temperatures >100 °C in a
high-temperature, high-pressure autoclave
presented by Al-Borno.2 Cathodic disbondment testing in autoclaves involves heating
the electrolyte to the same temperature as
the sample plates, which is unrealistic
when compared to the conditions encountered in the field given the complexity of
the apparatus and procedures. With limited cathodic disbondment data available
for higher operating temperature coatings,
new cathodic disbondment procedures and
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pass/fail criteria might be needed rather
than adopting those from existing specifications designed for lower operating temperatures.

Parallel Test Program
A parallel test program for an actual offshore pipeline project was set up in accordance with two different standard test
methods: CSA 2245.203 and NFA 49.71.4 The
client required the cathodic disbondment
tests to be conducted at 110 °C on identical
production qualification testing (PQT)
samples for 48 h (–3.5 V vs. a saturated calomel electrode [SCE]), seven days (–1.5 V
vs. SCE), and 28 days (–1.5 V vs. SCE). Testing results were compared to determine the
cathodic disbondment behavior of a hightemperature fusion-bonded epoxy (FBE)
primer coating and to establish the final
test method and criteria for production
quality control tests.

FIGURE 1 A cathodic disbondment test cell.

Group #1—CSA Z245.20
The electrolyte was uncooled and
topped up as required to maintain the minimum level. The holiday size was 3.2 mm.
The electrolyte bulk temperature was measured and recorded.

Group #2—NFA 49-711
The electrolyte temperature was maintained at 30 ± 5 °C, and the electrolyte was
topped up as required to maintain the minimum level. The holiday size was 6.0 mm.

Experimental Procedures
Two groups of 24 specimens were taken
from two adjacent pipes from the same
PQT run for testing (eight specimens for
each test duration). The test specimens
were cut from pipes clad with a corrosionresistant alloy and coated with a hightemperature FBE coating with a thickness
of 320 to 350 µm. The FBE was to be used
as a primer for three-layer and multi-layer
polypropylene (3LPP and MLPP) coating
systems, so the coating thickness was less
than normally specified for stand-alone
FBE. Artificial holidays of either 3.2 or 6.0
mm as specified in the test method used,
were drilled at the center of each coupon,
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FIGURE 2 Cathodic disbondment test results after 48 h (–3.5 V vs. SCE), seven days (–1.5 V vs.
SCE), and 28 days (–1.5 V vs. SCE) of exposure per CSA Z245.20 (electrolyte temperature of
94 to 96 °C).

no more than 0.5 mm deep into the steel. A
reference holiday for temperature monitoring was drilled on the same axis several
centimeters away. Each test coupon was
placed in a metal box on a hot plate. The
plate was covered with sand/abrasive and
the box filled to ~1.5 cm above the coating
surface. The 75-mm diameter test cell was

then attached, centered over the cathodic
disbondment holiday. The cell was marked
to show the level for 300 mL of electrolyte
(Figure 1).
Heat was applied gradually, starting
20 °C below the desired test temperature.
The temperature control was set to achieve
a stabilized temperature between the
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FIGURE 3 Unintentional disbondment of FBE
coating in areas where there was a coating
thickness reduction of ~20%.

FIGURE 4 Very little or no unintentional
disbondment occurred on samples with an
insignificant amount of coating thickness
reduction.

holiday, the underside of the panel, and the
reference holiday. The reference holiday
was insulated during the test to prevent
heat loss or faulty readings. Upon achieving
a stabilized test temperature of 110 °C ±
2 °C at all three reference points, the temperature probe was removed and the test
cell was filled with at least 300 mL of a 3%
sodium chloride (NaCl) electrolyte solution. For Group #2 (NFA 49-711), a cooling
flux was installed inside the test cell to
maintain the electrolyte temperature.
The electric cell was then produced by
connecting the test coupon to the negative
terminal of a direct current (DC) source
and connecting a platinum wire anode to
the positive terminal. The inserted anode
was 10 mm from the bottom of the cell. The
SCE was inserted 20 mm from the anode.
The current flow in the cell was measured
and monitored. The cathodic disbondment
testing potential of the coated steel coupon
was polarized to the specified voltage ±10
mV vs. the reference electrode. This potential was measured and adjusted every 4 h.
The electrolyte level was also monitored
every 4 h and topped up with distilled water
(preheated to the test temperature) to
maintain a level above the 300 mL mark.
Upon test completion, the test cell was dismantled and the test plate was allowed to
cool to room temperature. The cathodic
disbonding of the tested coupon was evalu-

ated within 1 h of removal from the heat.
The disbonding radius from the edge of the
original holiday was measured along the
radial cut lines, and the average of the measured values was derived from eight readings taken from each coupon.
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Results and Discussion
The results of Group #1 are displayed in
Figure 2. Without electrolyte cooling, the
electrolyte temperatures during the tests
were found to be stable at 94 to 96 °C. As
shown in Figure 2, cathodic disbondment
results of the 48-h test were very stable and
consistent from one sample to another.
Some variations of the cathodic disbondment results were observed from the
seven-day testing, but significantly scattered results were obtained from the
28-day testing. During the 28-day test,
the electrolyte was topped up with distilled water very frequently (three to four
times a day) to maintain the 300 mL minimum electrolyte level; consequently, it was
decided to change the electrolyte re
placement from every seven days to every
four days.
Some blisters and non-cathodic disbondment-type disbondment were found
on a few 28-day cathodic disbondment
samples. A dark color and an uneven steel
surface were observed on these unintentional disbonded areas. Observations dur-
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ing the 28-day cathodic disbondment test
suggested that those unintentional holidays and associated disbondments started
from the formation of blisters of the coating film away from the original artificial
holiday. The radius of these unintentional
disbondment areas varied from 5 to 13.02
mm (Figure 3).
FBE coating thicknesses before and
after the 28-day cathodic disbondment test
were measured. It was evident that the formation of the unintentional blisters/disbondment was directly related to the reduction of the coating thickness on the
tested samples. More unintentional disbondment occurred with those samples in
the areas with significant dry film thickness (DFT) reduction (up to 20%). This
thickness reduction, as well as the dark
color and uneven surface associated with
the blistered areas, suggested there was a
chemical attack on the FBE in these samples. The DFT values measured before the
28-day testing were 320-350 µm. In many
cases, the reduced coating thickness after
the 28-day test fell well below 300 µm. Very
little or no unintentional disbondment occurred on samples with minimal coating
thickness reduction (Figure 4).
It is reasonable to conclude that the inconsistent cathodic disbondment test results between samples, the large amount of
disbondment, and the formation of unintentional holidays were a result of the synergistic effect of those influences described
by J. Holub, et al. 5 —delamination and
chemical attack, coating thickness influence due to the significantly reduced coating thickness as a result of chemical attack,
and temperature influence from the hot
electrolyte. Rising water vapor pressure increases vapor permeation through the
coating, and the porosity of the coating increases as a result of chemical attack and
thermal expansion.
During this 28-day cathodic disbondment test, pH readings were obtained each
time the electrolyte was replaced. Increases
of pH show that the testing environment became more alkaline. It is difficult to relate
the pH readings with a build-up of hypochlorite. In addition to the chemical attack,
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the near-boiling electrolyte (94 to 96 °C) in
the Group #1 method creates unstable testing conditions that could create bubbles at
the holiday, which would impede distribution of the impressed current. As the electrolyte constantly evaporated in these test
cells, topping up with distilled water was
frequently needed. Variation in the intervals between distilled water additions may
have added to the test variability.
Results of the cathodic disbondment
test for Group #2 are displayed in Figure 5.
These results show low scatter between
samples and between pipes for all test durations. For the 28-day test, there was a
smaller standard deviation; 1.44 compared
to 2.23 for Group #1. No unintentional blisters disbondment were found on the 28-day
test samples for Group #2; and for all test
durations, no significant coating thickness
reduction was observed on the samples before and after testing. The consistency of
48-h, seven-day, and 28-day test results,
compared with previous historical data
from this procedure, suggests that the coating was applied within the established
parameters.
As the industry still searches for and
tries to develop a definitive, well-accepted
standard cathodic disbondment test procedure for evaluating high-temperature pipeline coatings, it is critical to consider the
purpose of the test. If the test would be
used as a research tool to understand test
parameters, as a selection device during
the development of new materials, or as a
method for comparing existing tools, then
many proposed test methods, apparatus,
and procedures (such as those described in
the literature) may be of value. In that case,
new or unproven tests can be useful to extract performance characteristics hitherto
not seen or understood. It also may be useful to test several new or established products to rate how they perform.
For production testing, however, the
particular materials and application process are known and understood. There is a
track record for both, and the goal is to ensure that all steps have been followed as
required. In that case, the industry needs a
test procedure that is stable, understood,
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FIGURE 5 Cathodic disbondment test results after 48 h (–3.5 V vs. SCE), seven days (–1.5 V vs.
SCE), and 28 days (–1.5 V vs. SCE) of exposure per NFA 49-711 with the electrolyte temperature
maintained at 30 °C ± 5 °C.

easy to run (with the correct equipment
and experience), and provides reproducible
results. It should have a performance record that allows comparison with earlier
runs in any plant. For those purposes, the
procedure must provide direction for controlling critical factors, which can cause
variability in cathodic disbondment test
results.

Critical Test Factors
For the CSA Z245.20 and NFA 49-711
tests in this study, five affecting factors appear to be applicable: test duration, film
thickness, test temperature, hypochlorite
formation/coating attack, and the reference electrode.

Test Duration
The three test durations used in this
study were specific to the project requirements. The normal industry practice would
test for 24 h at –3.5 V or 48 h at –1.5 V.

Film Thickness
This study shows that the coating thickness of an originally thin film could be further reduced when exposed to hot electrolyte temperatures, resulting in an extraneous, non-cathodic disbondment type of
disbondment.

Test Temperature
A rule of thumb is that higher test temperatures result in larger cathodic disbondment areas. In practice, that rule is
confounded by the fact that higher oxygen
concentrations in the electrolyte also result in a higher rate of disbondment; and,
as the electrolyte temperature approaches
the boiling point of water, the oxygen concentration drops. Electrolyte temperature
also plays a significant role in the rate of
hypochlorite formation—where a higher
temperature results in a higher hypochlorite concentration and a greater film thickness loss.
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Hypochlorite

Reference Electrode

As there are little historical data from
production testing with an isolated anode,
non-anode isolation was used for the cathodic disbondment test of this offshore
project and the hypochlorite effect was expected. At the anode—which in the field is
remote from the pipeline—chloride ions
are formed. These chloride ions migrate to
and react with hydroxyls at the cathode of
the cathodic disbondment cell to form hypochlorite (ClO–), a strong oxidizing agent
that attacks the FBE coating.
Hypochlorite formation near the FBE is
strictly an artificial laboratory phenomenon, but significantly affects the long-term
cathodic disbondment test results, causing
a reduction in the coating thickness, an increase in the rate of disbondment, and the
likelihood of extraneous disbondments.
Using a high-temperature electrolyte does
not simulate the actual condition of offshore/subsea pipeline service; it creates an
artificial environment that aggressively attacks the coating, causing it to weaken and
become thin. In combination with an already thin FBE coating, this results in
greater disbondment, as well as an increased propensity to disbond in extraneous areas.
The 48-h and seven-day cathodic disbondment test results in this study suggest
that the impact of the hypochlorite effect
might not be significant for short-term production QC tests of high-temperature FBEbased products, as it takes time for hypochlorite to build up and chemically attack
to thin down the coating film thickness.
However, for long-term cathodic disbondment tests (28 days or longer), it is recommended to adopt a test protocol that maintains the electrolyte temperature in the
range of that expected at the pipeline installation. It should also require a minimum electrolyte level and specify electrolyte topping up and replacement frequencies. Defining these variables will improve
reproducibility of test results.

Both CSA Z245.20 and NFA 49-711 standards require the use of a SCE for cathodic
disbondment tests. As discussed in Part 1,
SCE has the disadvantages of mercurous
chloride (Hg2Cl2) instability and high linear
reference potential to temperature coefficient at temperatures >50 °C. Consequently,
the SCE required by CSA Z245.20 was not
suitable in this study for Group #1 tests at
electrolyte temperatures of 94 to 96 °C. This
might also be a contributing factor in the
less stable 28-day cathodic disbondment
test results for Group #1. In contrast, the
use of SCE should not be an issue for NFA
49-711 tests with electrolyte temperatures
maintained at 30 ± 5 °C.
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Summary
Different test results for cathodic disbondment performance of high-temperature FBE using different test procedures
highlight the need for industry to develop a
definitive high-temperature cathodic disbondment test procedure that is stable, understood, easy to run (with the correct
equipment and experience), and provides
reproducible results. For long-term cathodic
disbondment tests (e.g., 28 days or longer),
the industry needs a test protocol that maintains the electrolyte temperature, preferably
in the range of that expected at the pipeline
installation, and specifies a minimum electrolyte level and the electrolyte topping up
and replacement frequencies. Inclusion of
minimum coating thickness for FBE also
would be valuable. Clearly written specification of the important variables will result in
more consistent and reproducible cathodic
disbondment test results.
NACE International Task Group (TG)
470 is preparing a draft standard practice,
“Cathodic Disbondment Test for Coated
Steel Structures Under Cathodic Protection,” and the International Standards Organization (ISO) is in the process of developing a standard test method for cathodic
disbondment of coatings >95 °C. These
documents address many of the issues
raised here.
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