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ABSTRACT

Localized corrosion in sour fields is a challenge persisting in
the oil and gas industry, as it has frequently been seen as a
cause for catastrophic failures of upstream pipelines. Hence,
prediction and mitigation of H,S localized corrosion of mild steel
is of key importance for integrity management. However, the
current understanding of H,S localized corrosion mechanism(s)
from numerous studies in both the laboratory and the field is
far from being conclusive. In particular, the environmental
conditions that may cause localized H,S corrosion are
unclear. Therefore, defining an experimental condition in the
laboratory that can replicate localized corrosion in a sour
environment is critical to the understanding of mechanisms of
localized corrosion. The focus of the present research was to
explore environmental conditions leading to localized HS cor-
rosion. Severe localized corrosion was repeatedly observed in
experiments when there was a simultaneous formation of
greigite and/or pyrite. Based on those experimental results,

a hypothesis for a mechanism of H,S localized corrosion was
proposed.

KEY WORDS: hydrogen sulfide, iron sulfide, localized corrosion,
polymorphism

INTRODUCTION

Corrosion caused by the presence of HoS and CO, in
produced fluids is frequently encountered in pipelines
during the production of oil and gas. Compared to
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general CO, and H,S corrosion,'™ localized HyS cor-
rosion is much less understood and less studied. This
poses a key challenge for integrity management in the oil
and gas industry.

In open literature, HsS localized corrosion usu-
ally has been associated with multiple risk factors, such
as the presence of elemental sulfur,® the presence of
polysulfides, %' high salinity,'®'® flow velocity,'® a
change in local water chemistry at steel surface,'”
and metallurgy. In addition, corrosion and scaling
mitigation strategies, such as corrosion inhibitors,
alcohol and glycols, and pH stabilization, used in sour
systems in the oil and gas industry, can greatly de-
crease the uniform corrosion, while increasing the
probability for localized corrosion. Kvarekval'® have
showed very strong evidence of this with examples of
severe localized corrosion.

Moreover, numerous studies' %'?? have
revealed that formation of an iron sulfide layer on the
steel surface usually can suppress uniform corrosion,
which is related to this layer acting as a diffusion barrier
and by surface blockage effect. In those studies,
mackinawite was observed as the dominant iron sulfide
phase. In fact, polymorphous iron sulfides have been
reported as corrosion products in sour oil and gas
fields®*>?° and in laboratory experiments.' 228 A few
studies®?3! have been conducted to explore the impact
of different iron sulfide phases on the corrosion
process in sour environments. In these studies, severe
localized corrosion has been reported in the presence
of a mackinawite deposit layer,?°>! but not in the
presence of pyrrhotite and troilite.° Therefore, in the
present study, the focus was on further investigation of
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localized corrosion seen in a sour environment and
the possible link with iron sulfide polymorphism.

EXPERIMENTAL PROCEDURES

Experimental Methodology

A thermodynamic model®?>2 (in the form of
Pourbaix diagrams) was used to design experimental
conditions leading to formation of different iron sul-
fides as corrosion products in a sour environment. The
subsequent influence of a corrosion product layer
containing polymorphous iron sulfides on the corrosion
process of steel with focus on localized corrosion was
studied. Three sets of experiments were designed and
executed as described next:

Experiment #1: Experiments with spontaneous
formation of polymorphous iron sulfides (mackinawite,
pyrrhotite, greigite, and pyrite) were designed and
conducted at 80°C, where formation of polymorphous
iron sulfides would be facilitated by a relatively high
temperature.

Experiment #2: Experiments with formation of
greigite and pyrite triggered by changing the solution pH
were designed and performed at 25°C. At these ex-
perimental conditions, only mackinawite and pyrrhotite
were allowed to form for 1 week before the solution pH
was changed to cause formation of greigite and/or pyrite
on the basis of predictions made by Pourbaix
diagrams.

Experiment #3: Experiments similar to those in
set #2, except that the changes of solution pH were done
after 2 d before a significant mackinawite/pyrrhotite
layer formed, which is considered to be precursors to
transformation into more thermodynamically stable
iron sulfides such as greigite and pyrite.

Apparatus

Experiments were performed in a 2 L glass cell
filled with 1 wt% sodium chloride (NaCl) electrolyte.
Each experiment contained 6 to 10 square-shaped
steel specimens with dimensions of 1.2 cmx 1.2 cm X
0.2 cm, hung in the glass cell using nylon string, and
one cylindrical working electrode (WE) specimen with
dimensions of 1.2 cm diameter x 1.5 cm length,
mounted on a stationary rod, with the total volume/area
ratio being 0.075 cm. The square specimens were
used for surface analysis and weight loss measure-
ments, while the stationary WE was used for elec-
trochemical measurements. A magnetic stir bar was
used to keep the solution fully mixed during the
experiments. A typical three-electrode setup was used to
conduct electrochemical measurements. A platinum
wire was used as the counter electrode. A saturated
silver-silver chloride (Ag/AgC]) electrode connected to
the cell externally through a Luggin capillary was used
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as the reference electrode. A mesh capped pH probe®*
was used to measure surface pH at a corroding surface
and a glass pH probe was used to monitor bulk
solution pH. A 10% volume fraction of HsS in H>S/N,
mixed gas was used in this study. The concentration
of HyS was adjusted by a gas rotameter and measured
by a gas sample pump using H,S detector tubes.
NaOH solution and a carbon scrubber were used to treat
the gas coming out of glass cell, removing the HsS.

Material

The test specimens were all made from API 5L
X65'" carbon steel. The chemical composition of this
carbon steel is shown in Table 1.

Procedure

The test conditions for this series of experiments
are shown in Table 2. In the beginning of each test, N,
gas was sparged through the electrolyte to deoxy-
genate the solution (typically more than 4 h). An HyS
and N, pre-mixed gas was then sparged into the
solution continuously throughout the experiment. The
solution pH decreased as a result of the addition of
HsS to the solution, and was adjusted to 6.0 by using a
deoxygenated 1.0 M NaOH solution. The specimens
were polished to a 600 grit sandpaper finish, rinsed
thoroughly with deionized water and isopropanol,
ultrasonically cleaned in isopropanol, and dried by an
air blower before immersion in electrolyte. Experi-
ments were conducted following the experimental
designs shown in Figures 1 through 3, which indicate
the specimen removal times with specific analysis
designations for each. Solution pH was adjusted to
11.5 after 7 d of exposure in Experiment #2, as indicated
in Figure 2, and after 2 d of exposure in Experiment
#3, as indicated in Figure 4. In both cases, the pH
spontaneously decreased to pH 7.0 very quickly.
While taking special care that oxygen ingress was pre-
vented, corroded square specimens were taken out for
analysis on the days indicated in the timeline, rinsed
with deoxygenated DI water and deoxygenated iso-
propanol, blown dry using N,, and stored in a desic-
cator. Scanning electron microscope (SEM) imaging
was used to detect the surface morphology of the spe-
cimens; energy dispersive x-ray spectrometry (EDX)
and x-ray diffraction (XRD) were applied to determine
the nature of iron sulfide formed on the specimens.
Alicona InfiniteFocus' profilometer microscope was
used to analyze profilometry of specimens after the
removal of corrosion product layers. The vertical

TABLE 1
Chemical Composition of 5L X65 Carbon Steel Used in
Experiment (wt%)

Cr Mo S V' Si C Fe Ni Mn P

0.14 0.16 0.009 0.047 0.26 0.13 Bal. 0.36 1.16 0.009
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TABLE 2

Test Matrix
Description Exp. #1 Exp. #2 Exp. #3
Temperature 80°C 25°C 25°C
Electrolyte 1 wt% NaCl brine
Gas Composition 10% H,S (volume fraction)/balance N,
H,S Partial 0.053 bar 0.097 bar 0.097 bar

Pressure (5.3 kPa) (9.7 kPa) (9.7 kPa)

Stirring Speed 400 rpm
Material API 5L X65
Initial pH 6.0

resolution of profilometry measurements is 100 nm.
Solution was drawn from the glass cell immediately
before taking each steel specimen, filtered by using a
0.22 um syringe filter to remove any iron sulfide pre-
cipitate from solution, and then measured for ferrous
ion concentration using a spectrophotometric method.
Bulk pH, surface pH, and open-circuit potential (OCP)
were monitored throughout the experiment. Both linear
polarization resistance (LPR) and weight loss (WL)
methods were used to obtain corrosion rate measure-
ments. LPR measurements were performed by po-
larizing the WE +5 mV from the OCP and scanning at
0.125 mV/s. LPR measurements were conducted
every 20 min in the initial 4 h of experiments

considering instable corrosion rates initially, and

then were conducted every 2 h in the rest of the
experiments. The measured R;, was corrected by
subtracting solution resistance, which was measured
independently using electrochemical impedance
spectroscopy (EIS). EIS measurements were conducted
by applying an oscillating potential +5 mV around
OCP of the WE and using the frequency range 3 mHz to
5 kHz. The theoretical B value used in calculation of
LPR measurements was adjusted using weight loss
results, and was found to be 13 mV/decade on av-
erage in this study.

EXPERIMENTAL RESULTS

Experiment #1: Occurrence of Localized
Corrosion with Spontaneous Formation of
Greigite and Pyrite

Corrosion Behavior — Figure 4 shows OCP, corro-
sion rate, solution pH, and ferrous ion concentration
evolution monitored during the experiments. Corrosion
rates obtained from LPR measurements on the WE
were verified by weight loss results from the square
specimens. The corrosion rate was 1.1+0.3 mm/y
initially and then decreased to around 0.07+0.02 mm/y
in the first 4 d because of the formation of a protective
iron sulfide layer at steel sample surface. However, an

1d : 4d — 7d = 9d s 11d
@ [ semeox | | sEmEDX | | SEM/EDX | | SEM/EDX |
XRD XRD XRD XFD
IFM IFM IFM M
Cylinder
sample

FIGURE 1. Experimental design for Experiment #1.

Adjust pH higher

1d | 2d || 7d ||:>| 8d |v 10d .-_-_-;1 11d |
[sEm/EDX | [sEmEDX] [sEmEDX] [sEwmenx] [ sEm/EDX| [sEmEDX]
XRD XRD XRD XRD XRD
IFM IFM IFM IFM
Cylinder

FIGURE 2. Experimental design for Experiment #2.

LPR/EIS
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Adjust pH higher
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FIGURE 3. Experimental design for Experiment #3.

increase in both OCP and corrosion rate (with the
exception of the high initial values) was observed after 4
d of exposure, which could be explained by an in-
crease in cathodic reaction rate, but the cause of this
was yet unknown. It was hypothesized that this in-
crease in cathodic reaction rate was a result of either the
collapse of the protective corrosion product layer
increasing transport of corrosive species required for
cathodic reactions or the formation of conductive
corrosion products increasing the overall cathodic re-
action area.

Corrosion Products — Figure 5 presents surface
morphologies of the square specimens as removed in
chronological order. A uniform surface morphology was
observed after 1 d and 4 d of exposure, while blis-
tering, cracking, and spalling morphologies were seen
after 7 d, 9 d, and 11 d of the experiment.

Table 3 summarizes the XRD quantitative analysis
of corrosion products determined by the reference
intensity ratio (RIR) methodology in order to better
understand formation and transformation of poly-
morphous iron sulfide phases throughout the experi-
ment. This table clearly shows a transformation of the
initial thermodynamically metastable mackinawite to
the more stable pyrrhotite and pyrite phases. Mack-
inawite accounts for 90% of corrosion products formed
after 1 d of exposure, while decreasing significantly
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over exposure duration. In contrast, both pyrrhotite and
pyrite phases have a dramatic increase throughout
the experiment. In addition, the formation of greigite
was indicated as a corrosion product after 1 d through

9 d of exposure, but was not observed on the last sample
from the experiment. That is because greigite is also a
metastable phase, developed from the initial mackina-
wite and then transformed completely to the final
thermodynamically stable pyrite after 11 d.

To have a closer look at the corrosion product layer,
surface morphology and cross-section SEM images of
samples after 4 d and after 7 d, at a higher magnifica-
tion, are shown in Figure 6. A lot of small cubic
crystals were observed on the mackinawite layer in the
surface SEM images of samples shown in Figures 6(a)
and (b), which are believed to be pyrite crystals on the
basis of XRD findings. Further, cross-section images
presented in Figures 6(c) and (d) are backscattered
electron composition (BEC) images, which show
atomic differences by changes of contrast in the image.
In general, darker areas that appear in BEC images
are atomically lighter, while brighter areas are atom-
ically heavier. Accordingly, the crystals with lighter
color on top of the gray mackinawite layer are consid-
ered to be pyrite, as seen on the surface SEM images
in Figures 6(a) and (b). Note that there are many crystals
with the lighter color embedded in the darker
mackinawite layers of the cross-section sample, sug-
gesting that pyrite crystals are also embedded in the
mackinawite layer. Furthermore, a steady increase in
the thickness of the iron sulfide layer formed on steel
surface throughout experiment was observed. Hence,
the first hypothesis that was proposed for the in-
crease in both OCP and corrosion rate when there was
initiation of localized corrosion, stating that a loss of
diffusion barrier layer would increase the transport of
corrosive species, is proven to be wrong. Therefore,
the second hypothesis, the formation of a conductive
corrosion product layer (an iron sulfide layer con-
taining pyrite in this study) increasing overall cathodic
reaction area, was taken into consideration.

Surface Profilometry of Samples after Removing
Corrosion Product Layer — The corrosion product layer

Time (d)

FIGURE 4. Parameters monitored throughout Experiment #1: (a) OCP and corrosion rate, and (b) bulk pH and [Fe?*].

158

CORROSION—FEBRUARY 2017



CORROSION SCIENCE SECTION

15 kV x50 500 um
After 1 d

10 57 SEI

v 15 kV. ¥ © x45 - 500 um
After9d

x50 500 um
After 4 d

x45 500 um
After 11 d

15kV x50 500 um 10 58 SEI

After 7 d

10 57 SEI

10 56 SEI

FIGURE 5. Surface morphologies of samples: (a) after 1 d, (b) after 4 d, (c) after 7 d, (d) after 9 d, and (e) after 11 d.

TABLE 3
XRD Quantitative Analysis of Corrosion Products Formed in
Experiment #1

Chemical 1d 4d 7d 9d 11d

Phases Formula (%) (%) (%) (%) (%)
Mackinawite FeS 90.0 764 492 636 66.0
Pyrrhotite FeS 8.0 58 148 19 164
Greigite FesS, 2.0 2.2 3.3 3.3 0

Pyrite FeS, 0 48 278 185 106
Iron Carbide FesC 0 10.8 49 127 7.0

was removed by using Clarke’s solution®® and a
cleaning method as outlined in ASTM G1°° to observe
the corroded steel underneath. A flat surface owing
to uniform corrosion after 4 d of the test was seen
in Figure 7(a). Then, initiation of localized corrosion
was observed as 10 um deep pits after 7 d in

Figure 7(b). And finally, propagation of localized
corrosion can be observed in Figures 7(c) and (d). At
the end of this experiment, after 11 d of exposure, a
40 um depth of localized corrosion was measured. The
penetration rate based on this 40 pm depth was
calculated to be 2.1 mm/y. As compared to the general
corrosion rate in the initial 4 d of 0.07 mm/y,
significant localized corrosion occurred. It should be
noted that the localized corrosion occurred when
quantitative analysis shows higher concentrations of
greigite and/or pyrite in the corrosion product,
which indicates a possible correlation between local-
ized corrosion and the formation of greigite and/or

CORROSION—Vol. 73, No. 2

pyrite. This correlation between spontaneous forma-
tion of pyrite and the occurrence of localized cor-
rosion was later confirmed in other similar corrosion
experiments conducted at high temperature,®”
which are a subject of a separate publication being
currently prepared. This hypothesis was further
verified in the following experiments.

Experiment #2: Localized Corrosion Triggered by
Formation of Greigite/Pyrite

Experiment #1 indicated a possible correlation
between localized corrosion and the spontaneous for-
mation of greigite and/or pyrite at high temperature
(80°C). However, a correlation does not indicate cau-
sation, i.e., it was not certain whether the sponta-
neous formation of greigite and/or pyrite was a cause of
localized corrosion or if it happened approximately at
the same time for some yet unknown reason, or possibly
even as a consequence of localized corrosion. To
distinguish these possibilities, experiments were orga-
nized at conditions where greigite and/or pyrite do
not form readily (at 25°C) and where their formation can
be induced at will by (for example) changing the pH.
The assumption was that this would lead to localized
corrosion. Therefore, in Experiment #2 conditions
were set such that only mackinawite and pyrrhotite
formed initially, and then the solution pH was in-
creased after 7 d of exposure to trigger greigite and/or
pyrite formation, all this according to Pourbaix dia-
grams. To illustrate this approach, Figure 8 shows
Pourbaix diagrams generated at the experimental
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Cross section after 4

1156 BEC

15KV x5,000 5pm

Cross section after 7 d

FIGURE 6. SEM images with 5,000x magnification: (a) surface view after 4 d, (b) surface view after 7 d, (c) cross section

after 4 d, and (d) cross section after 7 d.

conditions after 7 d of exposure, and, accordingly,
greigite and/or pyrite are expected to form if the
solution pH is adjusted from a low original value
(around pH 5) to a high value (above pH 11).

Corrosion Behavior— Figure 9(a) shows bulk pH and
surface pH monitored during this experiment. As
mentioned, solution pH was adjusted from pH 5.5 to
11.5 after 7 d of exposure using deoxygenated NaOH
solution, but quickly decreased spontaneously to ap-
proximately pH 7.0. Figure 9(b) shows the OCP and
corrosion rates throughout the experiment. Both cor-
rosion rates and OCP were very stable throughout the
initial 7 d of experiment, but did have a significant
increase immediately after adjusting the solution pH
and kept slowly increasing until the end of the experi-
ment. In addition, weight loss was also performed,
confirming LPR measurements. It is noteworthy that
weight loss results were corrected by subtracting from
previous accumulation in order to properly compare
them with LPR measurements. As shown in Figure 9,
this experiment was repeated twice with almost iden-
tical results.

Corrosion Products — Table 4 shows the quantitative
analysis of corrosion products formed on samples
during this experiment. The formation of greigite after
adjustment of solution pH is obvious, as the per-
centage of the greigite phase changes from zero before
pH adjustment to 9.0% after the pH adjustment and
to 17.9% after the 11th day of the experiment. Pyrite was
also observed on the last sample. In addition, a
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decrease in the mackinawite phase can be observed
from 90.8% after 7 d to 78.6% after 11 d.

Figure 10 presents the comparison of surface
morphologies of samples from Experiment #2.

A uniform corrosion product layer was observed on
samples in advance of the pH adjustment, as shown
in Figures 10(a) through (c). However, spalling and
exfoliation of a corrosion product layer can be seen on
samples after the adjustment of solution pH, shown in
Figures 10(d) through (f).

Surface Profilometry of Samples After Removing
Corrosion Product Layer — Figure 11 shows surface
profilometry of samples after removing the iron sul-
fide layer. The sample before pH adjustment shown in
Figure 11(a) presents a flat surface resulting from a
0.3 mm/y general corrosion rate; in contrast, the
sample after adjusting pH in Figure 11(b) shows a
locally corroded surface with a 14.6 mm/y pit pene-
tration rate (assuming this localized corrosion
occurred in 1 d). Again, significant localized corrosion
was clearly observed when there was a high content of
greigite and/or pyrite phases. In addition, an increase in
both OCP and corrosion rate was observed again
when localized corrosion occurred. This experiment was
repeated and the experimental results were repro-
ducible. After the pH adjustment, a dramatic increase in
both OCP and corrosion rate was observed, both
greigite and pyrite as new corrosion product phases
were detected, and severe localized corrosion
occurred with approximately the same penetration rate.
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FIGURE 7. Surface profilometry of samples after removing corrosion product layer: (a) after 4 d, (b) after 7 d, (c) after 9 d, and
(d) after 11 d.
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TABLE 4
XRD Quantitative Analysis of Corrosion Products Formed in
Experiment #2 (1st repeat)

Phases Chemical Formula 7d (%) 8d (%) 11d (%)
Mackinawite FeS 90.8 90.4 78.6
Pyrrhotite FeS 5.2 0.3 0
Greigite FesS, 0 9.0 17.9
Pyrite FeS, 0 0 3.2
Iron Carbide FesC 4.0 0.3 0.3

Experiment #3: Adjusting Solution pH Prior to
Formation of Greigite/Pyrite

Experiment #2 provided strong evidence that
there is a correlation between the localized corrosion
and the formation of greigite and/or pyrite triggered
by adjusting solution pH after 7 d of exposure. However,
it was also possible that the localized corrosion
occurred in Experiment #2 was not related to the for-
mation of greigite and/or pyrite but was a result of the
formation of elemental sulfur and/or polysulfides at
high pH condition.®'? Therefore, one more experi-
mental condition was designed and executed to better
understand the mechanism for this type of localized
corrosion in sour environments and confirm that it was
indeed a result of formation of greigite and/or pyrite.
In the present experiment, the solution pH was adjusted
after 2 d rather than 7 d as done in the previous
experiment. The idea was that this was insufficient time
for the development of a full mackinawite layer, which
is a precursor for the transformation into more

%50 500 um ., . 4058 SEI 10kV x50

1056 SEI

15kV x50 . 500-um

500 um AM39-7

10KV x50 - 500 um

thermodynamically stable greigite and pyrite. In this
experiment, the formation of greigite and/or pyrite after
the pH adjustment and the occurrence of localized
corrosion were not expected.

Corrosion Behavior — Figure 12 shows pH values
monitored during this experiment. The pH behavior of
the present experiment was reproduced exactly the
same as in Experiment #2, but with the exception
that solution pH was adjusted after 2 d of exposure.

Figure 13 shows OCP and corrosion rates monitored
during the present experiment. A marked increase in
the OCP after adjusting pH was observed, which is
similar to Experiment #2. However, the corrosion rate
was stable throughout the experiment, which is differ-
ent from Experiment #2, where there was an in-
creased corrosion rate immediately after the pH
adjustment.

Corrosion Products — Figure 14 shows surface
morphologies of the specimen surface. Before the pH
adjustment (after 1 d and after 2 d of the test), a partially
covered surface with corrosion product layer was
observed on those samples. After the pH adjustment
was performed, a uniform and fully covered corrosion
product layer with lots of clusters on top of the layer was
seen on the samples after 3 d and after 5 d of test,
which is believed to be mackinawite precipitated at high
pH conditions.

Table 5 presents XRD findings of corrosion products
formed on those samples. For the samples before the
pH adjustment, only mackinawite was detected. After
the pH adjustment, a mixture of dominant macki-
nawite and pyrrhotite was observed. Neither greigite nor
pyrite was detected after the pH adjustment. This is

10kV x50 500 um

09 57 SEI

x50, 500 um

FIGURE 10. Surface morphologies of samples from Experiment #2 (1st repeat) in chronological order: (a) after 1 d, (b) after
4 d, (c) after 7 d, (d) after 8 d, (e) after 10 d, and (f) after 11 d.
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FIGURE 11. Surface profiometry of samples from Experiment #2 (1st repeat) after removing corrosion product layer: (a) after
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FIGURE 14. Surface morphologies of samples: (a) after 1 d, (b) after 2 d, (c) after 3 d, and (d) after 5 d.

TABLE 5
XRD Quantitative Analysis of Corrosion Products Formed in
Experiment #3

Phases Chemical Formula 2d (%) 3d (%) 5d (%)
Mackinawite FeS 100 93.8 89.1
Pyrrhotite FeS 0 21 7.3
Greigite FesS4 0 0 0
Pyrite FeS, 0 0 0
Iron Carbide FesC 0 41 3.6

probably attributed to an insufficient time for the de-
velopment of sufficient mackinawite, which is con-
sidered to be a precursor for transformation into greigite
and pyrite.

CORROSION—Vol. 73, No. 2

Surface Profilometry of Samples After Removing
Corrosion Product Layer — The corrosion product layer
was removed to check if localized corrosion occurred
in the present experiment, particularly after the pH
adjustment. A relatively flat surface indicating uni-
form corrosion before the pH adjustment was seen in
Figure 15(a). After the pH adjustment, a flat surface
was observed on the sample after 3 d of exposure in
Figure 15(b), and also on the sample after 5 d of test in
Figure 15(c). Based upon the profilometry of these
samples before and after pH adjustment, localized
corrosion did not occur in the present experiment. This
result confirms the fact that the localized corrosion
observed in Experiment #2 was not a result of elemental
sulfur and/or polysulfide formation in the solution at
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the high pH conditions. Although high pH conditions
were reproduced, it seems that the development of
mackinawite was insufficient for transformation into
greigite and/or pyrite. Given that neither greigite nor
pyrite was detected after the pH adjustment, this is
proof of a strong connection between localized cor-
rosion and the formation of greigite and/or pyrite.

SUMMARY

Based on these three sets of experiments,
localized corrosion was observed only in conditions
where there was formation of sufficient amount of
greigite and/or pyrite (including both spontaneous
formation at high temperature and formation at low
temperature, triggered by adjusting solution pH).
Localized corrosion was not found when greigite and
pyrite did not form. All of these experiments indicate
that there is a strong correlation between the lo-
calized corrosion and the formation of greigite and/or
pyrite. That is, formation of greigite and/or pyrite
probably plays an important role in the initiation of
localized corrosion. However, the mechanism of this
type of localized corrosion related to the formation of
greigite and/or pyrite is not yet clear. It may be a
result of a galvanic effect exaggerated by the difference
in electrical conductivity associated with polymor-
phous iron sulfides®*™*? or it may be a result of the
local acidification at the steel sample surface'”
during the transformation process to greigite and/or
pyrite. This is a topic of further study.

CONCLUSIONS

« In the current experimental conditions, severe
localized corrosion was observed in experiments when
there was formation of greigite and/or pyrite. Local-
ized corrosion was not found when neither greigite nor
pyrite formed.

+ The formation of greigite and/or pyrite plays an
important role in the initiation of the localized corrosion.
+ A further comprehensive study is required to in-
vestigate this correlation between localized corrosion
and greigite and/or pyrite formation.
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