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Introduction

Stainless steel is widely used in marine environments due to its corrosion
resistance, mechanical strength and long service life. However, in aggressive
marine conditions characterized by high salinity, humidity and biological activity
even stainless steels can suffer from localized corrosion such as pitting and
crevice corrosion. To enhance their durability, various protective coatings are
applied to improve corrosion resistance and maintain structural integrity.
Electrochemical testing offers critical insights into the performance of these
coatings by quantifying their ability to resist degradation. Understanding the
electrochemical behavior of coated stainless steel is therefore crucial for
predicting service life, optimizing coating strategies and ensuring the safety of
marine structures and components [1]

Description

Coating systems for stainless steel used in marine applications range from
organic paints and polymer films to ceramic, metallic and hybrid nanocomposite
layers. These coatings serve as physical barriers that isolate the steel surface
from corrosive agents like chloride ions and oxygen. However, the effectiveness
of a coating depends not only on its barrier properties but also on its adhesion,
porosity, mechanical integrity and resistance to seawater-induced degradation.
Some coatings also incorporate corrosion inhibitors or self-healing additives
that release protective agents upon damage. The selection of an appropriate
coating must consider the specific environmental conditions, such as immersion
depth, tidal exposure and temperature fluctuations.

Electrochemical techniques, especially Potentio Dynamic Polarization (PDP)
and Electrochemical Impedance Spectroscopy (EIS), are commonly employed
to evaluate the corrosion resistance of coated stainless steel. PDP measures
the current response of the coated metal to an applied voltage and provides key
parameters like corrosion potential (Ecorr) and corrosion current density (Icorr),
which indicate the tendency and rate of corrosion, respectively. A lower Icorr
value usually reflects better protection. EIS, on the other hand, analyzes the
impedance of the system across a range of frequencies, revealing information
about coating resistance, capacitance and the presence of charge-transfer
processes at the metal/coating interface. These tests are often conducted in
artificial seawater or natural marine environments to simulate real-world
conditions.
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Several studies have shown that nanocomposite coatings, such as epoxy
resins reinforced with graphene oxide, TiO,, or SiO, nanoparticles, significantly
enhance the electrochemical performance of stainless steel in saline
environments. These nanoparticles fill the micro-pores in the coating matrix,
reduce water permeability and improve the mechanical robustness of the film.
In EIS measurements, such coatings exhibit high impedance modulus and
phase angle values, suggesting excellent barrier properties. Moreover, the
incorporation of nanoparticles can also improve resistance to UV degradation
and abrasion, which are critical in exposed marine applications such as ship
hulls, offshore platforms and port infrastructure [2].

Conclusion

The electrochemical behavior of coated stainless steel in marine
environments is a vital indicator of its long-term corrosion resistance and
structural integrity. Through techniques like potentiodynamic polarization and
electrochemical impedance spectroscopy, researchers and engineers can
evaluate and optimize coating performance under realistic conditions. While
modern coatings including nanocomposites and multifunctional films have
shown substantial promise in enhancing protection, ongoing research is needed
to address long-term durability, environmental impact and practical application
challenges. As marine industries expand and infrastructure ages, the
importance of developing robust, smart and sustainable coating solutions will
only continue to grow, ensuring safety and reliability in one of the harshest
operating environments on Earth.
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