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DESCRIPTION
Corrosion is a natural electrochemical process that results in 
the degradation of metals due to their interaction with the 
surrounding environment. While it is often regarded as an 
undesirable phenomenon, the study of corrosion has become 
a major focus within electrochemistry because of its 
widespread economic, safety and environmental implications. 
Analytical electrochemistry provides a variety of tools to study 
corrosion mechanisms, evaluate protective measures and 
develop materials with improved resistance. Through careful 
monitoring of electrochemical parameters such as current, 
potential and impedance, researchers can not only 
understand how corrosion proceeds but also design strategies 
to control or prevent it.

At its core, corrosion is a redox process. Metal atoms at the 
surface lose electrons and become cations, entering the 
environment, while reduction reactions occur simultaneously 
at other sites on the metal surface. In the case of iron 
corrosion, the anodic reaction involves the oxidation of Fe to 
Fe²⁺, while the cathodic reaction often involves oxygen 
reduction in aqueous environments. These localized redox 
processes create electrochemical cells on the metal surface, 
with anodic and cathodic sites operating simultaneously, 
leading to material deterioration over time.

Several analytical electrochemical methods have been 
developed to investigate corrosion processes. One of the most 
widely applied is Electrochemical Impedance Spectroscopy 
(EIS). This non-destructive technique involves applying a small 
alternating potential across a wide frequency range and 
measuring the resulting current. The data obtained provides 
insights into charge transfer resistance, double-layer 
capacitance and diffusion processes occurring at the metal-

electrolyte interface. By modeling these parameters, 
researchers can evaluate the protective quality of coatings, 
inhibitors and other corrosion-control strategies.

Potentiodynamic polarization is another important method in 
corrosion studies. In this technique, the potential of a metal 
electrode is varied while monitoring the current response. 
Analysis of the resulting polarization curves provides 
information on corrosion potential, corrosion current density 
and Tafel slopes. These parameters help in estimating 
corrosion rates and understanding the kinetics of anodic and 
cathodic reactions. Polarization resistance methods, a 
simplified approach, also allow rapid estimation of corrosion 
rates by focusing on the linear region near the corrosion 
potential.

Coulometric methods can be employed to quantify the 
amount of material lost during corrosion processes. By 
measuring the total charge associated with anodic dissolution, 
researchers can estimate the extent of corrosion under 
specific conditions. Similarly, conductometric monitoring of 
electrolytes can detect the accumulation of ionic species 
released during metal dissolution, providing indirect but 
valuable information.

Corrosion is not uniform across a surface; localized corrosion 
phenomena such as pitting, crevice corrosion and stress 
corrosion cracking are often more damaging than general 
corrosion. Electrochemical techniques are particularly well 
suited to detecting these localized events. Scanning 
Electrochemical Microscopy (SECM), for example, allows 
spatially resolved investigation of electrochemical activity at a 
metal surface. This approach helps visualize areas of intense 
anodic or cathodic activity, providing insights into localized 
corrosion initiation and propagation.
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The application of inhibitors is a common strategy for 
corrosion prevention and electrochemical methods are 
central to evaluating their effectiveness. Inhibitors function by 
adsorbing onto the metal surface, altering the kinetics of 
anodic or cathodic processes. EIS and polarization studies 
reveal changes in electrochemical behavior in the presence of 
inhibitors, indicating their efficiency and mechanism of action. 
Coatings and surface modifications are similarly assessed 
using electrochemical methods, with parameters such as 
impedance providing a measure of barrier properties and 
durability.

In industrial contexts, corrosion monitoring is critical for 
ensuring the safety and longevity of infrastructure such as 
pipelines, storage tanks, bridges and marine vessels. 
Electrochemical sensors designed for in situ monitoring are 
increasingly deployed in these settings. These sensors provide 
real-time information about corrosion rates and 
environmental conditions, enabling predictive maintenance 
strategies that reduce costs and prevent catastrophic failures.

Environmental factors strongly influence corrosion behavior 
and analytical electrochemistry has contributed significantly 
to understanding these effects. Parameters such as pH, 
temperature, dissolved oxygen and ion concentration all play 
roles in determining corrosion rates. For example, chloride 
ions are known to accelerate pitting corrosion in stainless 
steel, a fact extensively studied through electrochemical 
techniques. Understanding these interactions informs 
material selection and protective strategies in diverse 
environments ranging from seawater exposure to industrial 
chemical plants.

Recent advances in corrosion research focus on sustainable 
and environmentally friendly solutions. Green inhibitors 
derived from plant extracts are being investigated as

alternatives to synthetic chemicals. Electrochemical 
evaluation of these natural compounds provides data on their 
adsorption characteristics and inhibition efficiencies. At the 
same time, nanostructured coatings and self-healing materials 
are being developed, with their performance thoroughly 
tested using impedance spectroscopy and polarization 
techniques.

The integration of computational modeling with experimental 
electrochemistry has also enhanced the study of corrosion. By 
simulating electrochemical reactions at metal surfaces, 
computational tools complement experimental data, offering 
predictions of corrosion behavior under varying conditions. 
This approach has become valuable in accelerating the 
development of new materials and protective systems.

CONCLUSION
Corrosion represents one of the most significant challenges 
associated with the use of metals, but analytical 
electrochemistry provides the means to understand, monitor 
and control this process. Techniques such as impedance 
spectroscopy, polarization studies and scanning 
electrochemical methods reveal both general and localized 
corrosion behavior. By combining experimental 
measurements with advanced materials and sustainable 
inhibitors, electrochemistry continues to play a central role in 
protecting infrastructure, reducing costs and promoting safer 
and more durable technologies.
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