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AHHOomayusi. Kopposusi, BbI3BaHHas yriekucribiM rasom (CO,), NpeacTaBngeT 3HaqunTenbHble Npobrembl A5is MOPCKO
WHMPaCTPYKTYpbl, 0COBEHHO BNWAst Ha HedpTerasoByro oTpacnb. [laHHoe nccrneaoBaHe NOCBSLLEHO M3YYEHNUIO CKOPO-
cTen kopposun CO, B obpasuax BoAbl, COOpaHHbIX U3 YETLIPEX KIoYEBbIX MECT B 3anadHon YacTi Kacnmiickoro mopsi:
CywmraunT, Hedptyana, bunerax n MNupannaxu. C ncnonb3oBaHnem rpaBuMeTpUYeCcKoro aHanmsa Mol U3mepsnm CKopocTu
KOPPO31K CTasnbHbIX MIACTUH, MOTPY>KEHHbIX B 3TW BOAbI HA MATb YacoB NpW KOMHATHOM TemnepaType. Pe3dynbTaTtbl no-
Kasanu pasnunyHyto CTeneHb arpecCcrBHOCTM KOPPO3nKW, MpPUYEeM CaMble BbICOKME nokadaTtenu Habnoganuce B Cymraute
1 Hedptuane. 3Tv AaHHbIE NOAYEPKMBAIOT reorpadmyeckyo M3MEHYMBOCTb XMW BOAbI U €€ BINSIHWUE Ha Koppo3auio. No-
HUMaHUe 3TMX 3aKOHOMEPHOCTEN BaXXHO AN pa3paboTku LieneHanpaBneHHbIX CTpaTernin KOHTPOrs KOpPpPo3uu, 0COBEH-
HO B OTpacnsx HedTe- 1 ra3ofo0bblyu, rae AONrOBEYHOCTb MHPPACTPYKTYPbl SBASETCA KPUTUYECKU BaXKHOM, TakmX Kak
HedTb, ra3 u TpaHcnopT. [aHHOe nccneqoBaHMe 3aknagbiBaeT OCHOBY Ans ByayLumMxX UccnegoBaHni MHIMOUTOPOB KOp-
po3nn 1 NpefoCTaBnNseT LeHHbIe AaHHble AN YNyYLWEeHNS 3alUMTHLIX Mep B NPOMbILLNEHHOCTY Kacnuickoro pernoxa.
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Abstract. Corrosion caused by carbon dioxide (CO,) poses considerable problems to infrastructure in maritime
settings, significantly impacting the oil and gas industries. This study examines the CO, corrosion rates in water
samples obtained from four significant sites in the western Caspian Sea: Sumgqayit, Neftchala, Bilgah, and Pirallahi.
We utilised gravimetric analysis to quantify the corrosion rates of steel plates submerged in these fluids for five hours at
ambient temperature. The findings indicated differing degrees of corrosion aggressiveness throughout the locales, with
Sumagayit and Neftchala demonstrating the most outstanding rates. This underscores the geographical variability in
water chemistry and its influence on corrosion. Comprehending these patterns is vital for formulating tailored corrosion
control strategies, especially in industries such as oil, gas, and transportation, where the durability of infrastructure is
paramount. The work establishes a foundation for future investigations into corrosion inhibitors, providing insights for
improving protective strategies in the industrial settings of the Caspian area.

Keywords: Caspian Sea, Carbon Dioxide Corrosion, Steel Corrosion, Marine Environment

For citation: Abbasov, V. M., Agamalieva, D. B., Aydinsoy, E. A. & Agamaliev, Z. Z. (2024). CO, Corrosion Analysis
of Water Samples from the Western Caspian Sea: Insights from Sumqayit, Neftchala, Bilgah, and Pirallahi. Theory and
Practice of Corrosion Protection, 29(4), 53-59. https://doi.org/10.31615/j.corros.prot.2024.114.4-6

Received September 20, 2024. Accepted for publication November 06, 2024. Published December 12, 2024.

53



fi XKypHan lNpakmuka lNpomugokoppo3uoHHoU Sawumel. 2024. T. 29, Ne 4
(2024) Theory and Practice of Corrosion Protection, 29(4)

Introduction

Carbon dioxide (CO,) corrosion is critical
for infrastructure exposed to marine environ-
ments, particularly in regions rich in oil and gas
resources like the Caspian Sea. The Caspian
Sea's western shores, where industrial activities
are concentrated, are subject to environmental
conditions that accelerate corrosion processes.
Understanding the specific corrosion dynamics
in this region is crucial for developing effective
mitigation strategies to protect pipelines, stor-
age tanks, and other critical infrastructure [1, 2].

CO, corrosion, often referred to as "sweet
corrosion," occurs when CO, dissolves in water
to form carbonic acid (/,CO,), which then disso-
ciates into hydrogen ions (H*) and bicarbonate
ions (HCO*). The hydrogen ions contribute to the
cathodic reactions that result in metal corrosion,
such as steel. Several studies have highlighted
the impact of CO, corrosion on metals in differ-
ent environments. For instance, research on the
corrosion aggressiveness of oilfield waters has
shown that local water chemistry, temperature,
and pressure significantly influence corrosion
rates [2, 3]. However, there is limited data on
CO, corrosion specific to the Caspian Sea, par-
ticularly in the western regions. This study aims
to fill this gap by comparing corrosion rates in
four key locations: Sumqayit, Neftchala, Bilgah,
and Pirallahi.

Recent research has shown that elevated
levels of CO, can speed up the pace of corrosion
in pipeline systems. This emphasises the signif-
icance of comprehending the chemical interac-
tions in various water compositions and pres-
sures. This observation is especially pertinent to
our investigation of CO, corrosion in the Caspian
Sea, as varied environmental variables may in-
fluence the corrosion rates at various places.

Materials and Methods

Sample Collection and Preparation: \Wa-
ter samples were collected from four key loca-
tions on the western shores of the Caspian Sea:
Sumgqayit, Neftchala, Bilgah, and Pirallahi. Each
location represents a unique environmental and
industrial condition that could influence corro-
sion rates. The samples were stored in clean,
airtight containers to prevent contamination and
transported to the laboratory for analysis.

Sumgayit, the second-largest city in Azerbai-
jan, is a significant industrial hub with a multitude
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of factories that may release industrial pollutants
into its coastal waterways. On the other hand,
Bilgah is a well-liked beach destination close to
Baku, where the water composition is influenced
by tourism and the discharge of urban waste. Pi-
rallahi, situated at the extremity of the Absheron
Peninsula, is distinguished by substantial petro-
leum drilling operations, which have a notable
effect on the adjacent waterways by releasing
hydrocarbons and industrial waste products.
Neftchala, a little city situated at the point where
the Kura River and the Caspian Sea meet, has a
distinctive salty environment. This environment
is impacted by the inflow of freshwater and the
fishing activities carried out by the locals. As a
result, it provides unique circumstances for con-
ducting corrosion studies. Experiment locations
can be seen on the figure.

Corrosion Testing Procedure: Steel plates
were used as the test material to simulate the
typical construction materials exposed to these
environments. The plates were cleaned and
weighed (initial mass: m,m,), and then sub-
merged in the collected water samples for five
hours at room temperature. The gravimetric
analysis technique was employed to meas-
ure the percentage of metal loss due to corro-
sion. After the exposure period, the plates were
cleaned to remove any corrosion products,
dried, and reweighed (final mass: m 'm,’) [3].

The corrosion rate (p) It was calculated using
the formula:

Where
e Am Is the average mass loss,
e S |s the surface area of the steel bar,
e ¢ Is the time of exposure in hours?
The corrosion aggressiveness is expressed
in grams per square meter per hour (g/m?-h).
This work uses weight loss measurements to
ascertain the corrosion rates of Iron in various
water samples, following a methodology similar
to the ones described in [5]. These methods are
generally acknowledged for their dependability
and efficiency in measuring the deterioration of
metals in settings saturated with CO,.

Results
The corrosion rate data for the four locations
is summarised in Table 1.
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Fig. Study Locations in the Caspian Sea

As Table 1 shows, the corrosion aggres-
siveness was calculated to be 0.8345 g/m? h.
The water sample turned yellowish after the
experiment, indicating the potential formation
of iron oxide or other corrosion products, which
aligns with observations made in other studies
[1,7]. Neftchala, Bilgah, and Pirallahi exhibited
higher corrosion rates of 1.3586, 1.3448, and
1.3724 g/m? h, respectively, suggesting a more

aggressive corrosive environment.

This study utilised the ASTM G31-21 stand-
ard, officially known as the ‘Standard Guide
for Laboratory Immersion Corrosion Testing
of Metals,” to evaluate the corrosive nature of
water samples. ASTM G31-21 is a well-regard-
ed standard that offers extensive instructions
for laboratory immersion tests to assess the
corrosion characteristics of metals and alloys

Tabnuua 1. PesynbTaThl KOppo3un CO, ans uccrnefoBaHHbIX MecT

Table 1. CO, Corrosion results for experimented locations

Location | Initial Mass (g) Final Mass (g) Mass Loss (g) Aggressci;\?er:loessi:rlg /m2-h)
Sumagayit | 13.0730, 12.8788 | 13.0660, 12.8737 | 0.0070, 0.0051 0.8345
Neftchala | 12.5799, 13.7486 | 12.5703, 13.7385 | 0.0096, 0.0101 1.3586

Bilgah | 13.9850, 13.6386 | 13.9754, 13.6287 | 0.0096, 0.0099 1.3448

Pirallahi |12.8613, 13.4228 | 12.8511, 13.4131 | 0.0102, 0.0097 1.3724
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in controlled environments. The standard rep-
licates different environmental conditions in a
controlled laboratory environment to measure
the rate of corrosion and gain insight into the un-
derlying causes.

The ASTM G31-21 standard provides guide-
lines for preparing test specimens, selecting
corrosive media, and conducting immersion
testing. It specifies the duration of the test and
the ambient parameters, such as temperature
and flow that need to be controlled. The guide-
line highlights the significance of maintaining
uniform test circumstances to guarantee the re-
producibility and comparability of outcomes. Ad-
ditionally, it offers techniques for determining the
corrosion rate by analysing the mass lost, meas-
ured in millimetres per year (mm/year). This in-
formation can be utilised to classify the level of
corrosiveness in the tested surroundings.

ASTM G31-21 categorises corrosion rates
into four distinct levels: low, moderate, high, and
extremely high. These levels are determined by
the amount of material lost over a given period.
These categories aid in assessing the neces-
sity for corrosion mitigation measures, such as
implementing coatings, utilising corrosion inhib-
itors, or selecting appropriate materials. For the
sake of our research, we translated the corro-
sion rate categories from millimetres per year
to grams per square meter per hour (g/m?-h),
which is the unit of measurement employed in
our experiments. This conversion allows for a di-
rect comparison between the two. The following
table summarises the corrosion rate categories
defined by ASTM G31-21 and their correspond-
ing equivalents in grams per square meter per
hour for Iron 3. This conversion enables a signif-
icant evaluation of the corrosiveness of the wa-
ter samples from the Caspian Sea by the rules
of the standard. The ASTM G31-21 standards

are displayed in Table 2.

The ASTM G31-21 standard is essential in
corrosion studies. It establishes a structure for
assessing the corrosive nature of various en-
vironments and their effects on materials. This
standard assists engineers and researchers in
choosing suitable corrosion control measures
and materials for specific applications.

Discussion

The results indicate significant variability in
CO, corrosion aggressiveness across the differ-
ent locations in the western Caspian Sea. The
yellowish discolouration of the water post-exper-
iment may be due to the formation of ferrous or
ferric hydroxides, which can occur under certain
pH and oxygen conditions [2, 9].

Conversely, the higher corrosion rates result
in more corrosive conditions, potentially due to
higher dissolved salts, oxygen, or other corro-
sive agents. The aggressive nature of these
environments aligns with findings from previous
studies that highlight the impact of water chem-
istry on CO, corrosion rates [8,10]. For example,
chloride ions accelerate corrosion by breaking
down passive oxide layers on steel surfaces, fa-
cilitating further metal dissolution [4,11].

Although primarily studied in the context of
biocorrosion caused by sulfate-reducing bac-
teria, recent research on inhibitors such as
alkylamine complexes and oligomethylene
aryl sulfonates demonstrates their potential for
broad-spectrum corrosion protection, which may
inform future strategies for mitigating CO,-in-
duced corrosion [12,13].

According to ASTM G31-21 standards, the
experimental results for the four coastline loca-
tions (Sumqayit, Bilgah, Pirallahi, and Neftcha-
la) indicate corrosion rates classified as ‘Very
High Corrosion Rate’. More precisely, the cor-

Ta6nuua 2. Kateropumn ckopoctein kopposum no ASTM G31-21
Table 2. ASTM G31-21 Corrosion Rate Categories

Corrosion Rate Category Range (mm/year) Equivalent (g/m?-h)
Low Corrosion Rate <0.1 < 0.000896

Moderate Corrosion Rate 0.1...0.5 0.000896...0.00448
High Corrosion Rate 0.5...1.0 0.00448...0.00896

Very High Corrosion Rate >1.0 > (0.00896
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rosion rates varied between 9.31 mm/year for
Sumgqayit and 15.32 mm/year for Pirallahi. All
of these values were considerably higher than
the threshold of 1.0 mm/year, which is used to
classify an environment as having a very high
level of corrosion. These findings indicate that
Iron 3 will likely undergo rapid deterioration un-
less appropriate corrosion prevention methods
are used. The significant levels of corrosion
witnessed at Bilgah, Pirallahi, and Neftchala,
specifically, highlight the immediate necessi-
ty for effective mitigation techniques, such as
employing improved coatings, corrosion inhibi-
tors, or alternative materials that possess more
resistance to CO, and maritime corrosion. The
results emphasise the significance of consist-
ent surveillance and upkeep to avert structural
collapse and guarantee prolonged resilience in
such hostile surroundings.

Understanding these differences is crucial
for infrastructure management and planning.
The high corrosion rates in Neftchala, Bilgah,
and Pirallahi highlight the need for enhanced
corrosion protection measures in these regions.
Future research should focus on the application
of corrosion inhibitors, as previous studies have
shown their effectiveness in reducing CO, corro-
sion in similar environments [3].

Conclusion

The analysis reveals significant differences
in CO, corrosion aggressiveness across the four
studied locations in the western Caspian Sea,
with  Sumgayit showing the lowest corrosion
rates and Pirallahi experiencing the highest.
The findings indicate that all examined areas
are subject to extreme corrosion conditions, un-
derscoring the urgent need for developing ad-
vanced corrosion inhibitors and other mitigation
technologies. These results highlight the critical
importance of tailored, location-specific corro-
sion management strategies to protect infra-
structure and promote sustainable development
in this region. Future research should focus on
innovating effective solutions to counteract the
severe corrosion aggressiveness identified in
these environments.
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