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ABSTRACT

The presence of solvent impurities can significantly impact the corrosion performance of
stainless steel when exposed to CO,-saturated NaCl (Sodium Chloride) solutions. Solvent impurities,
originating from various sources, may introduce chemical changes that interact with the metal surface
and alter its corrosion resistance. Under simulated flow circumstances, the corrosion performance of
stainless steels in the presence of contaminants such Monoethyleneglycol (MEG) and oxygen in a
CO, environment was investigated. Utilizing a rotating cage, the corrosion performance of stainless
steel was assessed, and mass loss measurements were used to calculate the corrosion rates.
According to the experimental findings, the oxygenated MEG exhibits a very low rate of corrosion.
SEM and EDX surface analysis techniques were utilized to examine the corrosion product that had

developed on the metal surface.

Keywords: Carbon capture and Sequestration network, CO, sequestration,
88 corrosion CO, Corrosion, Rotating Cage (RC), MEG.

INTRODUCTION

The Industrial Revolution marked a significant
turning point in human history, characterized by the
widespread adoption of mechanized production
processes, which relied heavily on fossil fuels
such as coal and later oil. These fuels release
carbon dioxide (CO,) and other greenhouse gases
(GHGs) when burned, leading to an increase in
atmospheric CO, levels. This has contributed to the
phenomenon of global warming and climate change.
The heightened levels of CO, and other GHGs in
the atmosphere have led to a warming of the planet,
resulting in various environmental and climatic

changes. Human activities, primarily the burning
of fossil fuels for energy, deforestation, and certain
industrial processes, are responsible for the majority
of the CO, emissions driving climate change. These
anthropogenic activities have disrupted the natural
balance of carbon cycling, leading to an accumulation
of CO, in the atmosphere. While renewable energy
sources such as solar, wind, hydroelectric, and
geothermal are being increasingly adopted to mitigate
carbon emissions, the transition away from fossil
fuels is a complex and gradual process. Fossil fuels
still dominate the global energy landscape due to
their convenience and high energy density. CCS is
often considered a bridging technology because it
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allows us to continue using fossil fuels for energy
while simultaneously reducing emissions. This can
help us to meet immediate energy demands while
transitioning towards a low-carbon or carbon-neutral
energy future'. The fundamental concept behind CCS
is to carefully transport and store CO, from large
industrial sources in developed oil and gas reservoirs
or other deep geological formations like saline
aquifers where it would stay for thousands of years or
longer. CO, Corrosion is one of the main issues with
CO, collecting and transportation. The most flexible
approach for removing CO, from industrial exhaust gas
is the gas absorption technique, which uses aqueous
alkanolamine solutions; this process is also referred to
as the amine treatment procedure. All amine treatment
facilities have, nevertheless, experienced corrosion
problems?. Studies have shown that the temperature
and purity of the flue gas, along with the materials
used to construct the installation, have a significant
impact on the rate of corrosion, which has long been
considered one of the most serious operating issues
in alkanolamine power plants®.Industrial materials that
are often utilized are inert to dry CO,. However, the
acid gas CO, will combine with water to generate the
corrosive carbonic acid, which is corrosive. Carbonic
acid corrosion, also known as “sweet gas corrosion”,
is a well-known and significant issue in the oil and
gas industry, particularly in pipelines that transport
hydrocarbon gases containing carbon dioxide (CO,)
and hydrogen sulfide (H,S).*

The feasible and best immediate solution
for CO, capture from power plants is the chemical
absorption of CO,. By running the flue gas through
a scrubbing system made up of an absorber and a
desorber, CO, is removed from the flue gas. CO, and an
aqueous alkaline solvent undergo a reversible chemical
reaction as part of the absorption process. The desorber
separates the absorbed CO, from the solution and sends
a pure stream of compressed CO, while returning the
regenerated solvent to the absorber®®.

Physical solvent scrubbing of CO, with
glycol is a well-established method. When there is a
highly concentrated stream of CO, at high pressures,
physical solvents are used. Since many years
ago, monoethylene glycol (MEG), a glycol-based
solvent, has been used to process natural gas. It is
effective for capturing both CO, and H,S at greater
concentrations as well as removing CO, in bulk.”

Depending on the method and capture
technology, the CO, taken from various sources may
contain a wide range of contaminants. The behavior
of the gas in the pipeline may significantly change
as a result of CO, contamination, which could have
severe repercussions. In addition to this, impurities
like NO,, SO, and O,, CO, stream may also contain
small amounts of chemical solvents (amine based
solvents) used in the post-combustion capture
process®®. MEG (solvent), which might act as an
impurity, could enter the pipeline used to transport
CO, during the scrubbing processes.

Despite the fact that CO, is transported
under supercritical conditions, aqueous water
phase develops during the shutdown period, either
accidentally or as a result of operational needs.
Additionally, highly turbulent flows are generated
when CO, is injected into saline subterranean water,
which favors flow-induced localized corrosion (FILC).™©

By comprehensively examining the impact
of solvent impurities on stainless steel corrosion in
CO,- saturated NaCl solutions, this study contributes
to a deeper understanding of corrosion mechanisms
and aids in the development of effective corrosion
prevention and mitigation strategies for industrial
applications.

Although we currently know little about
how impurities affect material properties, we must
choose the right materials for the CO, sequestration
network, the corrosion performance of stainless
steel in atmospheric pressure under flow conditions
and the influence of impurities like ethylene glycol
were investigated. Research studies of the impact of
dissolved oxygen on the corrosion of stainless steel in
4M MEG were also conducted through experiments.

Therefore, the primary objective of this
investigation is to analyze the specific influence of
such solvent impurities on stainless steel in a CO,
rich and saline environment.

EXPERIMENTAL
MATERIALS AND METHODS

Preparation of samples

The samples used in this study consist of
two distinct types of stainless steels, specifically
304SS and 316SS. These samples were provided
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by CANMET Materials and Technology, Canada and
were of dimensions 7.5x1.9x0.3cm.

To prepare the samples for the experimental
study, the received metal specimens were polished
using high-quality silicon carbide (SiC) emery sheets
with a grit size of 400. Once the polishing procedure
was completed, the specimens were subjected to
a thorough washing using distilled water. Following
the washing step, the samples were carefully dried
and subsequently stored in the desiccators. These
desiccators were employed to maintain a controlled
and dry environment, ensuring the samples readiness
for use in the subsequent phases of the study.

Preparation of Reagents

The test media used for the present
investigation were prepared in deionised water
and a constant volume of four litres were used.
The composition of the test media encompassed
various solutions of 4 M MEG (Monoethylene Glycol)
combined with different concentrations of NaCl
(Sodium chloride) of 1,5,15 and 30% concentrations.

For the specific investigation involving
the 4M MEG solution, an additional factor was
introduced to replicate real-world conditions. This
involved the inclusion of an impurity in the form
of oxygen. To achieve this, the test solution was
subjected to an oxygenation process lasting four
hours. Subsequently, the solution was further treated
by being pre-saturated with CO, for duration of four
hours. This pre-saturation process was executed
at a controlled rate of four bubbles per second. It's
important to note that the procedures adhered to
the guidelines outlined in ASTM G 202, ensuring a
standardized and consistent approach throughout
the reagent preparation stage.

Characterization methods

All the experiments were carried out with
the above test media using the atmospheric Rotating
Cage which is a simple, compact methodology to
stimulate pipeline flow conditions in the laboratory
to evaluate the corrosion of all the metals''. ASTM
G170, G184-06 and G202 provide the standard
practice for using rotating cage The rotating cage's
setup and schematic illustration are shown in
Figures 1(a), (b) and (c).

Fig. 1(a). Schematic illustration of the rotating cage

Fig. 1(b). Samples mounted between PTFE disks

Fig. 1(c). Rotating cage at 500 rpm

Corrosion rate

The mass loss was calculated, and three
specimens’ average results were given. The following
formula was used to determine the corrosion rate in
accordance with ASTM G1 standard.
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RESULTS AND DISCUSSION

Effect of MEG on CO, Corrosion

Monoethylene glycol (MEG) is primarily
utilized in gas treatment systems, as well as in wet
pipelines for natural gas running at low temperatures
to prevent the formation of solid gas hydrates. On
CQO, corrosion, glycols have a marginally inhibitory
effect. Since the glycol would be exposed to
air during handling and transportation, injecting
oxygen-containing glycol there could result in
corrosion issues.'®'3

To investigate this phenomenon, a series
of mass loss experiments were conducted. These
studies were created to investigate the effects of
dissolved oxygen (O,) on the corrosion of stainless

steel in MEG solutions that are CO,-saturated.
To facilitate these investigations, an atmospheric
rotating cage setup was employed, operating at a
consistent speed of 500 rotations per minute (rpm).
The experiments aimed to assess the influence
of NaCl solution at various concentrations in
conjunction with 4M MEG, which served as a solvent
impurity. The assessments were conducted over
different time intervals of rotation.

By employing this experimental setup
and methodology, we can gain a deeper
understanding of the potential corrosion effects
arising from the interaction of oxygen-containing
glycol with CO, within MEG solutions. The results
of these experiments could provide valuable
insights into corrosion prevention strategies
for stainless steel components within pipeline
systems. The mean corrosion rates are offered
in the Tables 1 and 2.

Table 1: Mean 304 SS rate of corrosion in NaCl with 4M MEG as an Impurity Flow condition: 500rpm

Mean corrosion rate (mpy)
S. No Period of Rotation 1% (w/v) NaCl+4M MEG 5% (w/v) NaCl+4M MEG 15% (w/v) NaCl+4M MEG 30% (w/v) NaCl+4M MEG

1 24 h 2.81796 4.59052 3.07931 1.09536
2 48 h 0.93695 0.60181 0.36358 0.47203
3 72 h 0.55944 0.14105 0.51321 0.31646
4 96 h 0.30224 0.09867 0.53159 0.27735

Table 2: Mean 316 SS rate of corrosion in NaCl with 4M MEG as an impurity Flow condition: 500rpm

Mean Corrosion rate (mpy)

S.No Period of Rotation 1% (w/v) NaCl+4M MEG 5% (w/v) NaCl+4M MEG 15%(w/v) NaCl+4M MEG 30% (w/v) NaCl+4M MEG

1 24 h 0.36618 1.35858 0.54662 1.04547
2 48 h 0.20874 0.10879 0.43428 0.83053
3 72h 0.08491 0.06781 0.63093 0.74297
4 96 h 0.05828 0.19547 1.05873 0.47541

The impact of NaCl and rotation period on
stainless steel with 4M MEG

The effect of NaCl content and rotation time
on stainless steel behavior in the presence of 4M
MEG (Monoethylene Glycol) is significant. Initially, the
corrosion rate is relatively high, but as the reaction
a progress, the rate of corrosion diminishes. The
production of corrosion products, which acts as a barrier
to avoid direct contact between the metal surface and
corrosive ions, is responsible for this decrease in rate
of corrosion'*'5'6, Consequently, the corrosion process
becomes hindered by this protective layer.

Stainless steel exhibits minimal weight
loss due to pitting or localized attack. There is a
localized disruption of the passive film that typically
covers the metal surface. The presence of halide
ions, particularly chloride ions, contributes to the

initiation and progression of localized corrosion. A
pit that has already formed may turn into a crevice.",
further exacerbating the corrosion process. 8192021

The most supporting factor for the decrease
in the corrosion of stainless steels in NaCl solution
with MEG is due to the to the testing medium's high pH
value. The test media's measured pH falls between 9.5
and 10.8, this is high enough to behave as an alkaline
solution. This alkaline environment likely contributes
to the observed reduction in corrosion rates.

Comparative analysis of the mean
corrosion rates of the selected stainless steel types
in NaCl solution with MEG, across different durations
of rotation, reveals a distinct corrosion behaviour
order. Specifically, the corrosion behaviour of these
metals found to follow the order: 304 SS > 316 SS.
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This order implies that 304 stainless steel
exhibits a higher susceptibility to corrosion compared to
316 stainless steel under the given experimental settings.

Fig. 2. Assessment of mean corrosion rate of stainless
steels under NaCl environment with MEG

Surface analysis

Stainless steels exposed to 30% NaCl
with 4M MEG for 96 h showed higher corrosion
rate. Upon inspection, the surface of the samples
exhibited complete coverage by corrosion products,
accompanied by minor instances of pitting. The
SEM image and the corresponding EDX graphs are
presented in Fig. 3 and 4 respectively.

From the analysis, it is understood that the
formation of layer may be due to the presence of high
molybdenum content present in the stainless steel,
which prevents crevice and pit corrosion, and high
nickel content prevents chloride-ion stress corrosion
cracking®. This molybdenum content plays a role in
mitigating pitting and crevice corrosion. Additionally,
the high nickel content in the steel contributes to its
resistance against stress corrosion cracking due to
Chloride ion content. The corrosion confrontation
of stainless steel may be due to the passive film
formation by chromium and molybdenum. The
chromium-stabilized film is thought to be continuous,
nonporous, insoluble, passive, and self-healing
for any stainless steel®24. This passive oxide film,
primarily Cr,Q,, is instrumental in minimizing the
corrosive actions on the metal surface.

However, it's important to note that while
the oxide layer imparts passivity to the material, the
presence of cracks within this protective layer can
render the metal surface active. This shift towards
an active state can lead to the progression of cracks
and subsequently continue the corrosion process.
In essence, while the oxide layer aims to provide
protection, the presence of cracks can compromise
its effectiveness and allow for corrosion.

Fig. 3. SEM image and EDX spectra of 304 SS in NaCl (30%) with MEG at 96 hours

Fig. 4. SEM image and EDX spectra of 316 SS in NaCl (30%) with MEG at 96 hours
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CONCLUSION

The corrosion of stainless steels experienced
a significant impact when exposed to NaCl combined
with 4M MEG and oxygen in the presence of a CO,
atmosphere. This initial increase in corrosion rate
was attributed to the undeviating attack of halide
ions on the surface of the metal. With the passage
of time (period of rotation), a decrease in corrosion
rate was observed. The relationship between the
period of rotation and corrosion rate followed a
non-linear trend. The formation of a protective layer
over the metal surface was held accountable for
the decrease in corrosion rate.When submerged in
corrosive medium, stainless steel exhibits active-
passive behaviour which is due to the formation
of either Cr,0, or Molybdenum oxide on the metal
surface and likely minimizes the corrosion action.
The corrosion confrontation of stainless steel may
be due to the passive film formation of chromium and
molybdenum. SEM and EDX analyses of the samples
revealed that the corrosion reaction predominantly

174

occurred on irregular surfaces of the metal. This
localized corrosion behavior further supported the
observations made during the study. The research
EDX light on the intricate interactions between
different factors, such as solution composition,
exposure time, and passive film formation that
collectively influence the corrosion behaviour of
stainless steels. Understanding these mechanisms is
crucial for developing effective strategies to mitigate
corrosion in practical applications.
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