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 A B S T R A C T 

Corrosion, a ubiquitous and economically burdensome phenomenon, poses 
a persistent challenge across various industries. As the search for effective 
corrosion inhibitors intensifies, Schiff bases have emerged as promising 
candidates due to their versatile chemical structures and unique reactivity. 
This mini-review provides a comprehensive overview of the role of Schiff 
bases in corrosion inhibition. Beginning with an introduction to corrosion 
and the imperative for corrosion inhibitors, the paper delves into the 
structural features and synthesis methods of Schiff bases. The mechanism of 
corrosion inhibition by Schiff bases is elucidated, emphasizing their 
interactions with metal surfaces. Recent advances in the field are 
highlighted, shedding light on novel Schiff base modifications that exhibit 
enhanced corrosion inhibition efficiency. The review also addresses 
characterization techniques employed to study the interaction between 
Schiff bases and metal surfaces. Furthermore, the practical applications of 
Schiff bases as corrosion inhibitors in diverse industries are explored, taking 
into account their compatibility with various metals and environments. 
Despite the promising prospects, challenges and limitations associated with 
Schiff bases as corrosion inhibitors are discussed, providing insights into 
future research directions. In conclusion, this mini-review consolidates 
current knowledge, offering a succinct yet comprehensive overview of Schiff 
bases as effective corrosion inhibitors and outlining avenues for further 
exploration in this dynamic field. 
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1. INTRODUCTION  
 
Corrosion, the gradual deterioration of metals 
due to environmental factors, is a pervasive 
issue affecting numerous industries worldwide. 
The economic and environmental 
repercussions of corrosion necessitate 

effective strategies to mitigate its impact, and 
one promising avenue of exploration is the use 
of corrosion inhibitors. This section will 
provide a comprehensive introduction to the 
broader context of corrosion, setting the stage 
for the exploration of Schiff bases as corrosion 
inhibitors [1-5]. Corrosion is a natural 
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electrochemical process that leads to the 
gradual deterioration of metals, alloys, and 
other materials due to interactions with their 
environment (Figure 1). It involves the 
oxidation of metals, often facilitated by exposure 
to moisture, oxygen, acids, or other corrosive 
substances. This process can result in the 
formation of rust, tarnish, or other undesirable 
compounds on the surface of metals, 
compromising their structural integrity and 
functionality. The economic and environmental 
consequences of corrosion are profound and 
impact a multitude of industries. In economic 
terms, the cost of corrosion-related damages 
and maintenance is staggering. According to 
studies, corrosion is estimated to cost trillions of 
dollars globally each year, accounting for a 
significant percentage of a country's Gross 
Domestic Product (GDP). These costs 
encompass not only direct expenses for repairs 
and replacements but also indirect costs 
associated with downtime, loss of productivity, 
and compromised safety. In the infrastructure 
sector, corrosion poses a significant threat to the 
stability and longevity of bridges, pipelines, and 
buildings. For instance, steel-reinforced 
concrete structures are vulnerable to corrosion, 
especially in coastal regions where exposure to 
saltwater accelerates the degradation process 
[6-11]. In manufacturing industries, the 
corrosion of machinery and equipment can lead 
to disruptions in production schedules and 
increased maintenance expenditures. 
 
The energy sector also grapples with corrosion-
related challenges, particularly in oil and gas 
exploration, production, and transportation. 
Pipelines, platforms, and vessels are susceptible 
to corrosion in harsh environments, impacting 
both the operational efficiency and safety of 
these critical components. These statistics and 
examples underscore the pervasive nature of 
corrosion-related challenges across diverse 
sectors, emphasizing the urgent need for 
effective corrosion prevention strategies. The 
exploration of corrosion inhibitors, such as 
Schiff bases, becomes imperative in this context, 
as it holds the potential to mitigate the 
economic and environmental impacts 
associated with this widespread and persistent 
phenomenon [12-15]. Corrosion inhibitors 
play a pivotal role in the ongoing battle against 
the detrimental effects of corrosion. As a 
natural process, corrosion poses  

a significant threat to the integrity and 
functionality of metal structures and components 
across various industries. Corrosion inhibitors 
are chemical compounds designed to mitigate or 
prevent the corrosion of metals by forming a 
protective layer on the metal surface. This layer 
acts as a barrier, impeding the corrosive agents' 
access and reducing the oxidation reactions that 
lead to corrosion. The significance of corrosion 
inhibitors lies in their ability to prolong the 
lifespan of metal structures and components [16-
19]. By inhibiting corrosion, these compounds 
contribute to the preservation of infrastructure, 
machinery, and equipment, leading to extended 
service life and reduced maintenance costs. In 
addition to their protective role, corrosion 
inhibitors enhance the safety and reliability of 
critical systems, ensuring they can operate 
efficiently over an extended period. The 
economic implications of corrosion prevention 
are substantial. The costs associated with 
repairing or replacing corroded components, 
conducting maintenance, and addressing 
downtime due to corrosion-related failures are 
significant contributors to financial losses for 
industries. Corrosion inhibitors offer a cost-
effective solution by providing a proactive means 
of protecting assets and reducing the frequency 
and severity of corrosion-related issues. In the 
long run, the investment in corrosion inhibitors 
translates into substantial savings, making them 
a crucial component of corrosion management 
strategies [20-24]. 
 

 
Fig. 1. Steel corrosion corrosives solution. 
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Schiff bases represent a versatile class of 
organic compounds characterized by their 
diverse chemical structures and reactivity. 
Derived from the condensation reaction 
between a primary amine and a carbonyl 
compound, Schiff bases exhibit a wide range of 
properties that make them intriguing 
candidates for various applications. In the 
context of corrosion inhibition, Schiff bases 
have garnered attention for their potential to 
form protective films on metal surfaces. 
 
The historical context of Schiff bases traces back 
to the pioneering work of Hugo Schiff in the late 
19th century. Initially explored for their 
coordination chemistry, Schiff bases have 
evolved to find applications not only in corrosion 
inhibition but also in medicinal chemistry, 
catalysis, and other areas. Their adaptability and 
ability to undergo structural modifications make 
them particularly appealing for addressing 
corrosion challenges in different industrial 
settings [25-34]. The selection of Schiff bases as 
the focal point for this mini-review stems from 
their unique and promising attributes that 
position them as compelling candidates in the 
realm of corrosion inhibition. Schiff bases exhibit 
a remarkable versatility in terms of their 
chemical structure, allowing for tailored 
modifications to enhance their efficacy as 
corrosion inhibitors. Their ability to form stable 
complexes with metal ions and surfaces presents 
a distinct advantage in impeding the corrosive 
processes that compromise the integrity of 
metals. The dynamic nature of Schiff bases, 
characterized by the presence of azomethine (-
C=N-) groups, contributes to their reactivity and 
responsiveness to various environmental 
conditions. These distinctive features make Schiff 
bases an intriguing subject of study for their 
potential to provide effective and customizable 
solutions to the complex challenges posed by 
corrosion [1,11,35-38]. 
 
Table 1 compares Schiff bases with traditional 
corrosion inhibitors, highlighting their 
mechanisms of action, advantages, and 
disadvantages. While Schiff bases offer versatility 
and potential dual functionality, challenges such 
as stability and selectivity should be addressed. 
Inorganic inhibitors may excel in stability but 
lack structural diversity, while organic inhibitors 
provide broad applicability with potential 
toxicity concerns. 

Table 1: Comparative analysis of schiff bases and 
traditional corrosion inhibitors. 

Corrosion 
Inhibitor 

Type 

Mechanism 
of Action 

Pros Cons 

Schiff 
Bases 

Adsorption on 
metal surface, 
formation of 
protective film 

Versatile 
structural 
modifications, 
potential for 
dual 
functionality 

Stability 
concerns, 
selectivity 
challenges 

Inorganic 
Inhibitors 

Formation of 
insoluble 
precipitates 
on metal 
surface 

High stability, 
effective in 
specific 
environments 

Limited 
structural 
diversity, 
environment
al impact 

Organic 
Inhibitors 

Adsorption on 
metal surface, 
film formation 

Widely 
applicable, 
stability in 
various 
environments 

Limited 
structural 
diversity, 
potential 
toxicity 

 
Moreover, Schiff bases have demonstrated the 
capacity to offer dual functionalities in corrosion 
inhibition. Beyond the formation of protective 
films on metal surfaces, they often possess 
inherent antioxidant properties, further 
bolstering their ability to counteract oxidative 
reactions that contribute to corrosion. This dual 
mechanism sets Schiff bases apart from 
conventional corrosion inhibitors, making them 
an innovative and holistic approach to corrosion 
prevention [23,28,39-42]. 
 

 
Fig. 2. General structure of Schiff bases. 

 
In Figure 2, we present the fundamental structure 
of Schiff bases, showcasing the typical formation 
through the condensation reaction between a 
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primary amine and a carbonyl compound. This 
visual representation serves as a foundation for 
understanding the diverse chemical structures of 
Schiff bases, a key aspect that influences their 
corrosion inhibition properties. 
 
The primary objective of this mini-review is to 
comprehensively explore the role of Schiff bases 
as corrosion inhibitors, shedding light on their 
mechanisms, recent advancements, and potential 
applications. The specific goals include: 

 Synthesis and Structure: Investigate the 
synthesis methods and structural 
characteristics of Schiff bases that influence 
their corrosion inhibition properties. 

 Mechanism of Corrosion Inhibition: Delve 
into the underlying mechanisms through 
which Schiff bases act as corrosion inhibitors, 
emphasizing their interactions with metal 
surfaces. 

 Recent Advances: Highlight recent research 
findings and innovations in the field, 
showcasing novel Schiff base modifications 
that exhibit enhanced corrosion inhibition 
efficiency. 

 Applications: Explore practical applications 
of Schiff bases as corrosion inhibitors, 
examining their compatibility with different 
metals and environmental conditions. 

 Challenges and Future Directions: Discuss 
challenges and limitations associated with 
Schiff bases as corrosion inhibitors and 
provide insights into potential future research 
directions. 

 
 
2. STRUCTURE AND SYNTHESIS OF SCHIFF 

BASES 
 

2.1 General structure of Schiff bases 
 

Schiff bases, a class of organic compounds, are 
characterized by a distinctive structure formed 
through the condensation reaction between a 
primary amine (-NH₂) and a carbonyl compound 
(aldehyde or ketone). The key feature of Schiff 
bases is the azomethine (-C=N-) linkage, resulting 
from the nucleophilic addition of the amine group 
to the carbonyl group. This structure imparts 
unique properties to Schiff bases, making them 
versatile compounds with significant 
applications, including corrosion  

inhibition. The general structure of Schiff bases, 
as depicted in Figure 2, illustrates the double 
bond (-C=N-) formed during the condensation 
reaction. This structure not only serves as the 
basis for their corrosion inhibition properties but 
also influences their reactivity and coordination 
abilities, contributing to their diverse 
applications in chemistry and biology 
[1,11,12,23,28]. 
 
2.2 Methods of synthesis of Schiff bases 
 

The synthesis of Schiff bases is typically achieved 
through the condensation reaction between a 
primary amine and a carbonyl compound. 
Commonly employed methods include 
[1,11,12,23,28, 43,44].: 

 Classic Schiff Base Formation: Involves 
mixing an aldehyde or ketone with a primary 
amine under mild conditions. This reaction 
can be catalyzed by acid or base, promoting 
the formation of the azomethine linkage. 

 Microwave-Assisted Synthesis: Utilizes 
microwave irradiation to accelerate the 
condensation reaction, reducing reaction 
times and improving yields. 

 Green Synthesis: Involves using 
environmentally friendly solvents and catalysts, 
aligning with sustainable chemistry principles. 

 
The choice of synthesis method depends on 
factors such as reaction conditions, efficiency, 
and environmental considerations. Microwave-
assisted and green synthesis methods have 
gained prominence for their efficiency and eco-
friendly characteristics. 
 
2.3 Versatility of Schiff bases in structural 

modification 
 
Schiff bases exhibit remarkable versatility in 
terms of structural modification, allowing for 
tailoring their properties to suit specific 
applications. Structural modification can be 
achieved through [45-48]: 

 Substitution of Aromatic Rings: Altering the 
aromatic rings in the Schiff base structure to 
influence its electronic and steric properties. 

 Functional Group Introductions: Introducing 
various functional groups to enhance specific 
chemical interactions or improve solubility. 



Ahmed A. Alamiery, Journal of Materials and Engineering Vol. 02, Iss. 3 (2024) 170-185 

 174 

 Metal Complexation: Forming metal 
complexes by coordinating Schiff bases with 
metal ions, leading to enhanced properties 
such as increased stability and reactivity. 

 
The ability to modify the structure of Schiff bases 
provides researchers with a toolbox for designing 
compounds with optimized corrosion inhibition 
properties. Structural tailoring allows for fine-
tuning the electronic and steric features, 
impacting the interactions with metal surfaces 
and, consequently, the efficacy as corrosion 
inhibitors. This versatility positions Schiff bases 
as promising candidates for addressing the 
multifaceted challenges associated with 
corrosion in diverse environments. 
 
 
3. MECHANISM OF CORROSION INHIBITION  
 
Corrosion inhibition by Schiff bases involves a 
multifaceted mechanism that capitalizes on their 
unique chemical properties. Understanding this 
mechanism is crucial for appreciating the efficacy 
of Schiff bases in preventing metal degradation. 
Figure 3 elucidates the mechanism through 
which Schiff bases act as corrosion inhibitors. It 
illustrates the interaction between Schiff bases 
and metal surfaces, emphasizing the formation of 
a protective film that impedes corrosive 
processes. This visual depiction aids in conveying 
the intricacies of the corrosion inhibition process 
facilitated by Schiff bases. 
 

 
Fig. 2. Mechanism of corrosion inhibition by Schiff bases. 

 
3.1 Elaboration on the mechanism  
 
Schiff bases act as corrosion inhibitors primarily by 
forming a protective layer on the metal surface. 
This layer inhibits the access of corrosive agents to 
the metal, thereby slowing down or preventing the 
oxidation reactions that lead to corrosion. The 
reactive centers, such as the azomethine (-C=N-) 
group in Schiff bases, play a pivotal role in 
adsorbing onto the metal surface, forming a stable 

and insoluble protective film. This adsorption 
process is dynamic and reversible, allowing Schiff 
bases to continuously interact with the metal 
surface, ensuring long-lasting corrosion protection 
[1,11,12,23,28]. 
 
3.2 Interaction with metal surfaces 
 
The interaction of Schiff bases with metal surfaces 
is characterized by adsorption phenomena. The 
functional groups present in Schiff bases, such as 
the nitrogen atoms from the azomethine group, 
readily coordinate with metal ions on the surface, 
leading to the formation of a coordinated 
protective layer. This interaction not only impedes 
the penetration of corrosive species but also 
stabilizes the metal surface, reducing the 
likelihood of further oxidation [49-51]. 
 
3.3 Unique features in comparison to other 

corrosion inhibitors  
 
Schiff bases exhibit several unique features that 
set them apart from conventional corrosion 
inhibitors. One notable aspect is their versatility 
in structural modification. The ability to tailor the 
chemical structure of Schiff bases allows for fine-
tuning their corrosion inhibition properties, 
optimizing their effectiveness for specific metal 
types and environmental conditions. 
Additionally, the presence of multiple functional 
groups in Schiff bases often imparts them with 
antioxidant properties, providing a dual 
mechanism of protection against both chemical 
and electrochemical corrosion. Furthermore, the 
reversible nature of the adsorption process 
allows Schiff bases to form a dynamic equilibrium 
with the metal surface, responding to changes in 
the corrosion environment. This adaptability is a 
distinct advantage, especially in fluctuating 
conditions where other inhibitors might exhibit 
limited efficacy [52-59]. 
 
In summary, the corrosion inhibition mechanism 
of Schiff bases involves the formation of a 
protective layer through dynamic adsorption 
onto metal surfaces. Their unique chemical 
structure and interaction dynamics distinguish 
them as effective corrosion inhibitors, offering 
advantages over traditional methods. The 
reversible nature of their adsorption, coupled 
with the potential for structural modification, 
contributes to the versatility and efficacy of Schiff 
bases in corrosion prevention. 
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4. RECENT ADVANCES IN SCHIFF BASES AS 
CORROSION INHIBITORS 

 
Recent research in the field of corrosion 
inhibition has witnessed significant 
advancements pertaining to Schiff bases. These 
developments not only deepen our 
understanding of the corrosion inhibition 
mechanism but also pave the way for novel 
applications and improved efficiency [60-65]. 
 
4.1 Summary of recent research findings 
 
Recent studies have focused on elucidating the 
specific mechanisms underlying Schiff bases' 
corrosion inhibition properties. Advanced 
spectroscopic and computational techniques 
have been employed to unravel the intricacies of 
the adsorption process on metal surfaces. 
Additionally, there has been a concerted effort to 
explore the applicability of Schiff bases across 
diverse metal substrates and in various corrosive 
environments [66,67]. 
 
4.2 Novel Schiff bases and modifications 
 
Excitingly, several novel Schiff bases and modified 
derivatives have demonstrated enhanced 

corrosion inhibiting properties. Researchers have 
designed Schiff bases with tailored chemical 
structures, optimizing functionalities that 
contribute to stronger adsorption onto metal 
surfaces. These modifications often involve 
introducing electron-donating or electron-
withdrawing groups to fine-tune the electronic 
and steric properties of the Schiff base, influencing 
its adsorption affinity and overall corrosion 
inhibition efficiency. One noteworthy 
advancement involves the incorporation of 
nanomaterials into Schiff bases, creating hybrid 
compounds that exhibit synergistic effects. 
Nanocomposites of Schiff bases have shown 
superior corrosion inhibition compared to their 
individual components, opening new avenues for 
multifunctional and highly efficient corrosion 
inhibitors [68-72]. 
 
Table 2 summarizes recent studies on Schiff bases 
as corrosion inhibitors, emphasizing novel 
compounds and modifications. The hybrid 
nanocomposite demonstrates improved stability, 
while nitrogen-rich Schiff bases and self-healing 
functionality showcase enhanced corrosion 
inhibition efficiency and prolonged protection, 
respectively. Synthesis methods play a crucial role 
in tailoring properties for specific applications.

 
Table 2. Recent advances in Schiff bases as corrosion inhibitors. 

Novel Schiff Base/Modification Synthesis Method Enhanced Properties Key Findings 

Hybrid Schiff base-nanocomposite Sol-gel method 
Improved stability, 
enhanced adsorption 

Effective in harsh 
environments 

Nitrogen-rich Schiff base with 
electron-donating group 

Microwave-assisted 
synthesis 

Increased corrosion 
inhibition efficiency 

Structural modification 
influences performance 

Schiff base with self-healing 
functionality 

Electrochemical 
deposition 

Self-healing film 
formation 

Prolonged protection, 
potential for 
autonomous repair 

 
4.3 Corrosion inhibition efficiency 
 
Studies exploring the relationship between the 
structural features of Schiff bases and their 
corrosion inhibition efficiency have garnered 
substantial attention. Researchers have 
systematically varied the substituents, 
backbone structure, and functional groups in 
Schiff bases to discern the impact on 
adsorption strength, film formation, and 
overall protective performance. Quantitative 
structure-activity relationship (QSAR) studies 
have emerged, aiming to establish predictive 
models that correlate specific structural 
attributes of Schiff bases with their corrosion 

inhibition efficacy. These investigations 
provide valuable insights for the rational 
design of new Schiff base derivatives with 
tailored properties for enhanced corrosion 
protection. In conclusion, recent advances in 
Schiff bases as corrosion inhibitors encompass 
a thorough exploration of their mechanisms, 
the introduction of novel compounds with 
improved properties, and a deeper 
understanding of the structure-activity 
relationship. These findings propel Schiff bases 
to the forefront of corrosion inhibition 
research, holding promise for the development 
of highly effective and tailored inhibitors with 
broad industrial applications [73-77]. 
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5. CHARACTERIZATION TECHNIQUES 
 
Characterizing the interaction between Schiff 
bases and metal surfaces is essential for 
understanding their effectiveness as corrosion 
inhibitors. Various analytical techniques are 
employed to explore the adsorption process, 
film formation, and the overall impact of Schiff 
bases on the corrosion behavior of metals [78-
92].  
 
5.1 Spectroscopic techniques 
 
Spectroscopic methods play a crucial role in 
characterizing the interaction between Schiff 
bases and metal surfaces. 

 Infrared Spectroscopy (FT-IR): FT-IR is 
commonly used to identify functional groups 
and ascertain molecular vibrations. In the 
context of corrosion inhibition, it helps in 
detecting changes in the Schiff base's 
chemical structure upon adsorption onto 
metal surfaces. 

 UV-Visible Spectroscopy: UV-Visible 
spectroscopy aids in monitoring changes in 
the electronic structure of Schiff bases 
during the corrosion inhibition process. 
Shifts in absorption peaks provide insights 
into the formation and stability of the 
protective film. 

 
5.2 Electrochemical techniques 
 
Electrochemical methods are instrumental in 
evaluating the electrochemical behavior of 
metal surfaces in the presence of Schiff bases 
[93-102]. 

 Potentiodynamic Polarization: This 
technique involves measuring the current-
voltage relationship to assess the corrosion 
rate of metals. Schiff bases can alter the 
polarization curves, indicating their impact 
on the kinetics of corrosion reactions. 

 Electrochemical Impedance Spectroscopy 
(EIS): EIS measures the response of a metal 
interface to a small alternating current. 
Changes in impedance parameters help in 
understanding the corrosion inhibition 
mechanism and the protective efficiency of 
Schiff bases. 

 
 

5.3 Surface Analysis Techniques 
 
Surface analysis techniques provide direct insights 
into the morphology and composition of the 
protective film formed by Schiff bases [103-113]. 

 Scanning Electron Microscopy (SEM): SEM 
enables the visualization of the metal surface 
morphology before and after exposure to the 
Schiff base. It helps in assessing the film's 
coverage, uniformity, and any alterations 
induced by the corrosion inhibition process. 

 X-ray Photoelectron Spectroscopy (XPS): 
XPS is used to determine the elemental 
composition and chemical states of the metal 
surface and the adsorbed species. It provides 
detailed information on the composition of the 
protective layer formed by Schiff bases. 

 Atomic Force Microscopy (AFM): AFM offers 
high-resolution imaging of the metal surface, 
allowing for the visualization of nanoscale 
features and changes induced by the 
adsorption of Schiff bases. 

 
In summary, the combination of spectroscopic, 
electrochemical, and surface analysis techniques 
provides a comprehensive understanding of the 
interaction between Schiff bases and metal 
surfaces. These methods contribute to the 
elucidation of the corrosion inhibition 
mechanism and the assessment of the protective 
performance of Schiff bases in diverse corrosive 
environments. 
 
6. APPLICATIONS OF SCHIFF BASES AS 

CORROSION INHIBITORS 
 
Schiff bases have demonstrated immense 
potential as corrosion inhibitors, offering a 
versatile and effective solution across various 
industries. Their unique chemical properties 
and reactivity make them applicable to diverse 
metal substrates and corrosive environments 
[114-117]. Table 3 assesses the compatibility of 
Schiff bases with various metal substrates and 
environmental conditions. Schiff bases exhibit 
high inhibition efficiency on iron, but 
performance varies on aluminum and copper. 
The effectiveness is influenced by structural 
modifications and the specific corrosive 
environment, providing insights for tailored 
applications. 
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Table 3. Compatibility of Schiff bases with different metals and environments. 

Metal Substrate 
Corrosion Inhibition 

Efficiency of Schiff Bases 
Environmental Conditions Key Observations 

Iron High 
Neutral pH, atmospheric 

exposure 
Effective protective film 

formation 

Aluminum Moderate 
Alkaline conditions, marine 

environment 
Structural modifications 
influence performance 

Copper Low 
Acidic conditions, high 

humidity 
Challenges in achieving 

consistent inhibition 

 

6.1. Manufacturing industry 
 
In the manufacturing sector, Schiff bases find 
applications as corrosion inhibitors for metal 
components and machinery. The inhibitory 
action of Schiff bases helps mitigate the 
corrosive effects of industrial processes and 
environmental conditions, thereby extending 
the lifespan of equipment, reducing 
maintenance costs, and enhancing overall 
operational efficiency. 

 
6.2. Infrastructure and construction 
 
Schiff bases are utilized in the protection of 
critical infrastructure, including bridges, 
pipelines, and buildings. The compatibility of 
Schiff bases with different construction 
materials, such as steel and reinforced 
concrete, makes them valuable in preventing 
corrosion-induced structural deterioration. 
This application is particularly significant in 
environments with high humidity, salt 
exposure, or chemical pollutants. 
 
6.3. Oil and gas industry 
 
In the oil and gas sector, where corrosion poses 
a significant challenge, Schiff bases serve as 
effective inhibitors for pipelines, storage tanks, 
and offshore platforms. Their ability to 
withstand harsh conditions, including exposure 
to corrosive fluids and atmospheric elements, 
makes them a valuable asset in protecting vital 
components within the industry [118-120]. 
 
6.4. Automotive and transportation 

 
Schiff bases contribute to the corrosion 
protection of automotive components and 
transportation infrastructure. They can be 
incorporated into coatings for vehicles, 
railway systems, and maritime vessels, 

safeguarding against environmental factors, 
road salts, and corrosive agents encountered 
during transportation. 
 
6.5. Aerospace applications 
 
Schiff bases play a role in safeguarding metal 
components in the aerospace industry. Their 
compatibility with materials commonly used in 
aircraft construction makes them suitable for 
protecting critical parts against corrosion in 
aerospace environments characterized by 
extreme temperatures, humidity fluctuations, 
and exposure to atmospheric contaminants. 
 
6.6. Compatibility with various metals and 

environments 
 
One of the key advantages of Schiff bases is 
their compatibility with a wide range of metals, 
including iron, steel, aluminum, and copper. 
Their effectiveness extends to both ferrous and 
non-ferrous alloys, enhancing their versatility 
in diverse industrial applications. 
 
Schiff bases exhibit favorable performance in 
various environmental conditions, from marine 
and coastal areas to industrial settings with 
aggressive chemical exposures. Their corrosion 
inhibition efficiency remains notable in acidic, 
alkaline, and neutral pH environments, 
showcasing their adaptability to different 
contexts. 
 
In conclusion, the applications of Schiff bases as 
corrosion inhibitors are broad and diverse, 
spanning multiple industries. Their 
compatibility with various metals and 
environments positions them as valuable 
assets in the ongoing efforts to combat 
corrosion, contributing to the longevity and 
reliability of critical infrastructure and 
industrial components. 
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7. CHALLENGES AND FUTURE PERSPECTIVES: 
 
The use of Schiff bases as corrosion inhibitors, 
while promising, is not without its challenges. 
Understanding and addressing these 
challenges are essential for advancing their 
practical applications and further optimizing 
their performance. 
 
7.1. Challenges and limitations 

 Stability and Reactivity: Schiff bases may 
undergo hydrolysis under certain conditions, 
limiting their stability. The reactivity of Schiff 
bases can also vary depending on the nature of 
the metal substrate and the corrosive 
environment, posing challenges in achieving 
consistent and reliable corrosion inhibition. 

 Selectivity: Schiff bases may exhibit selectivity 
in their inhibitory action, being more effective 
for certain metals or environments than 
others. Achieving broad-spectrum corrosion 
protection across different alloys and 
exposure conditions remains a challenge. 

 Long-Term Performance: The long-term 
performance and durability of Schiff bases 
as corrosion inhibitors require further 
investigation. Understanding the sustained 
effectiveness of Schiff bases over extended 
periods and under cyclic environmental 
conditions is crucial for real-world 
applications. 

 
7.2. Future research directions 
 
Structural Optimization: Future research 
efforts can focus on refining the chemical 
structure of Schiff bases to enhance their 
corrosion inhibition efficiency. This may 
involve exploring new synthetic routes, 
introducing specific functional groups, or 
incorporating nanomaterials to create hybrid 
compounds with improved properties. 
 
In-Depth Mechanistic Studies: A deeper 
understanding of the mechanistic aspects of 
Schiff bases in corrosion inhibition is essential. 
Advanced spectroscopic and computational 
techniques can be employed to unravel the 
intricacies of their interaction with metal 
surfaces, providing insights that inform the 
design of more effective inhibitors. 

Environmental Compatibility: Research can 
delve into tailoring Schiff bases for 
compatibility with a broader range of 
environmental conditions. This includes 
investigating their performance in extreme 
temperatures, high salinity, and other 
challenging settings to expand their 
applicability across diverse industries. 
 
Multifunctional Inhibitors: Exploring the 
development of Schiff bases with additional 
functionalities, such as self-healing properties 
or dual corrosion and fouling inhibition, can 
lead to the creation of multifunctional 
inhibitors that address multiple challenges 
simultaneously. 
 
Field Testing and Validation: Conducting 
extensive field testing and validation studies in 
real-world industrial settings is crucial to 
verifying the performance of Schiff bases 
under practical conditions. This step is 
essential for bridging the gap between 
laboratory research and practical applications. 
 
7.3. Collaboration and interdisciplinary 

approaches 
 
Promoting collaboration between corrosion 
scientists, materials scientists, chemists, and 
engineers is vital for advancing research on 
Schiff bases as corrosion inhibitors. 
Interdisciplinary approaches can facilitate a 
comprehensive understanding of their 
behavior and performance, leading to 
innovative solutions and breakthroughs in 
corrosion prevention. 
 
In conclusion, while Schiff bases show 
immense promise as corrosion inhibitors, 
overcoming challenges and exploring new 
research directions are imperative for their 
widespread and effective application in 
various industries. By addressing these 
challenges and embracing interdisciplinary 
collaborations, researchers can pave the way 
for the development of advanced Schiff base-
based corrosion inhibitors with enhanced 
stability, selectivity, and long-term 
performance. 
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6. CONCLUSION 
 
In conclusion, the exploration of Schiff bases as 
corrosion inhibitors presents a compelling avenue 
for mitigating the pervasive and economically 
burdensome effects of corrosion across diverse 
industries. This mini-review has provided a 
comprehensive overview, beginning with the 
urgent need for corrosion inhibitors in the face of 
escalating economic and environmental 
consequences. The general structure of Schiff bases, 
characterized by their dynamic chemical 
composition and the azomethine group, positions 
them as versatile candidates for corrosion 
inhibition. The synthesis methods employed in 
their preparation, ranging from traditional routes 
to innovative nanocomposite approaches, highlight 
the adaptability and potential for structural 
modification. Delving into the mechanism of 
corrosion inhibition, we uncovered the dynamic 
interaction between Schiff bases and metal 
surfaces, leading to the formation of protective 
layers. Unique features, such as the reversible 
adsorption process and dual functionalities, 
distinguish Schiff bases from conventional 
inhibitors. 
 
Recent advances in the field underscore the 
dynamism of research, with novel Schiff bases and 
modifications showcasing enhanced corrosion 
inhibition properties. Studies exploring the 
relationship between their structure and 
efficiency open avenues for tailored design and 
optimization. However, challenges remain, 
including issues of stability, selectivity, and the 
need for long-term performance studies. Future 
research directions should focus on structural 
optimization, in-depth mechanistic studies, and 
environmental compatibility to address these 
challenges and elevate the practical applicability 
of Schiff bases. In navigating the path forward, 
collaboration and interdisciplinary approaches 
are key. Field testing, validation studies, and the 
integration of findings from corrosion science, 
materials science, and chemistry will bridge the 
gap between theoretical promise and practical 
implementation. In essence, Schiff bases emerge 
as promising corrosion inhibitors, and their 
potential impact extends across manufacturing, 
infrastructure, energy, and beyond. As research 
advances, the journey toward innovative, 
effective, and sustainable corrosion prevention 
continues, fueled by the dynamic and versatile 
nature of Schiff bases. 
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