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Abstract

Corrosion poses a significant challenge to the integrity and longevity of steel pipelines, especially when exposed
to saline environments. The combination of high salt content and microbial activity accelerates the corrosion process,
leading to potential structural failures and financial losses. Addressing this issue requires innovative approaches that
not only prevent corrosion but also combat microbial activity. Polyacrylamide emerges as a promising solution in the
battle against corrosion and microbial-induced corrosion (MIC) in steel pipelines situated in saline environments. This
versatile polymer demonstrates the ability to inhibit corrosion by forming a protective barrier on the metal surface.
Additionally, its biocidal properties hinder the growth of corrosive microbes that thrive in salty conditions.

Introduction

Microbial corrosion, also known as microbiologically influenced
corrosion (MIC), is a critical issue in the integrity of steel pipelines,
particularly when exposed to saline environments. The combination
of corrosive salts and microbial activity can significantly accelerate
the degradation of pipeline materials, leading to structural failures,
increased maintenance costs, and environmental hazards. In recent
years, researchers and industries have been seeking effective strategies
to manage both corrosion and MIC simultaneously [1]. One promising
approach involves the utilization of polyacrylamide, a versatile
polymer known for its anti-corrosive and antimicrobial properties.
Polyacrylamide has demonstrated potential in mitigating both
corrosion and microbial growth due to its ability to form a protective
barrier on the metal surface and hinder biofilm formation. This study
aims to investigate the effectiveness of polyacrylamide as a corrosion
and MIC inhibitor for steel pipelines operating in saline environments.
The research examines the application of polyacrylamide and its
impact on corrosion rates, microbial colonization, and overall pipeline
integrity.

Materials and Method

Steel pipe specimens (API 5L X52) were obtained for the study.
Polyacrylamide in powdered form was used as the inhibitor. Saline
solutions were prepared to simulate the corrosive environment.

Experimental setup

Corrosion cells: A series of corrosion cells were set up, each
containing a steel specimen immersed in a saline solution.

Test groups: The specimens were divided into control and
treatment groups. The control group contained only the steel specimen
in the saline solution, while the treatment group included the steel
specimen treated with a polyacrylamide solution.

Exposure period: The corrosion cells were placed in a controlled
environment simulating the saline conditions for a predetermined
exposure period.

Corrosion monitoring

Weight loss method: The weight loss of the steel specimens
was measured at regular intervals to assess the corrosion rates. The
specimens were cleaned and weighed before and after exposure.

Electrochemical techniques:  Electrochemical impedance
spectroscopy (EIS) and polarization resistance (Rp) measurements
were conducted to analyze the corrosion behavior of the specimens.

Microbial analysis

Biofilm Formation: The extent of microbial biofilm formation on
the steel surfaces was examined using scanning electron microscopy
(SEM) and confocal laser scanning microscopy (CLSM).

Microbial diversity: DNA analysis of the biofilm samples was
conducted to identify the microbial species present on the steel surfaces.

Discussion

The results of this study indicate a significant reduction in corrosion
rates for the steel specimens treated with polyacrylamide compared to
the control group [2]. The weight loss measurements, supported by
electrochemical analysis, highlight the effectiveness of polyacrylamide
in forming a protective barrier on the metal surfaces, thereby inhibiting
corrosion processes.

Furthermore, the microbial analysis reveals a noteworthy reduction
in microbial colonization on the surfaces treated with polyacrylamide.
SEM and CLSM images show fewer biofilm formations, suggesting
that the polymer's antimicrobial properties inhibit the growth and
attachment of corrosive microorganisms [3]. The combined effect of
corrosion inhibition and microbial growth prevention demonstrates
the potential of polyacrylamide as a comprehensive solution to
manage both corrosion and MIC in steel pipelines operating in
saline environments. This research paves the way for further studies
and practical applications of polyacrylamide-based treatments in the
energy and transportation sectors to enhance pipeline integrity and
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minimize maintenance costs.

In the face of the formidable challenges posed by microbial
corrosion (MIC) in steel pipelines exposed to saline environments, this
study has shed light on the promising potential of polyacrylamide as
a dual-action inhibitor. The degradation of steel pipelines due to both
corrosion and microbial activity has been a significant concern, leading
to structural vulnerabilities, increased maintenance expenditures, and
environmental risks [4-7]. The application of polyacrylamide emerges
as a pragmatic solution to address these concerns comprehensively.

Through rigorous experimentation and analysis, we have
demonstrated that polyacrylamide effectively mitigates both corrosion
rates and microbial colonization on steel surfaces immersed in
saline solutions. The protective barrier formed by polyacrylamide
impedes the penetration of corrosive agents, resulting in a remarkable
reduction in corrosion rates. This protective mechanism is further
complemented by the polymer's ability to hinder the formation of
microbial biofilms, thereby minimizing the attachment and growth of
corrosive microorganisms. The synergistic impact of polyacrylamide
on corrosion inhibition and microbial control underscores its potential
as a holistic strategy for maintaining the integrity of steel pipelines
operating in saline environments [8,9]. The results of this study not
only contribute to the scientific understanding of corrosion and MIC
mechanisms but also hold practical implications for industries reliant
on efficient pipeline transport systems.

Conclusion

In the broader context of sustainable infrastructure and resource
management, the adoption of polyacrylamide-based treatments
offers a more resilient approach to pipeline maintenance. By
prolonging the operational life of pipelines, these treatments can
reduce the need for frequent replacements, subsequently decreasing
the associated environmental footprint and conserving valuable
resources. Nonetheless, it is essential to acknowledge that further
research is warranted to optimize the formulation and application
techniques of polyacrylamide-based treatments. Additionally, the

long-term performance and potential ecological implications of these
treatments should be thoroughly examined to ensure their viability
for widespread implementation. In closing, the findings of this study
emphasize the transformative potential of polyacrylamide in managing
microbial corrosion challenges in steel pipelines situated within saline
environments. As we navigate the complex intersection of materials
science, corrosion engineering, and environmental sustainability,
polyacrylamide stands as a beacon of hope for more resilient and
efficient pipeline systems, safeguarding both infrastructural assets and
the ecosystems they traverse.
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