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Introduction 
Corrosion, an intrinsic process fuelled by 
chemical or electrochemical reactions with the 
environment, triggers material degradation. Its 
far-reaching implications are evident across 
industries, posing simultaneous challenges 
of substantial economic losses and potential 
safety hazards. Mild steel, extensively 
utilised in construction, manufacturing, and 
infrastructure,  is particularly vulnerable to 
corrosion, imperilling both performance and 
lifespan. This susceptibility carries profound 
economic implications, necessitating frequent 
replacements, maintenance, and repairs, thereby 
escalating operational costs and downtime 
across various industries.

In this context, the strategic use of 
inhibitors, advocated by El-Rehim et al. (2001) 
and Peter and Sharma (2017), emerges as a 
pragmatic approach to curtail economic losses 
stemming from corrosion-induced material 
degradation. Notably, organic inhibitors – 
gaining attention for their eco-friendliness, low 
toxicity, and high efficiency – offer multifaceted 
economic benefits (Al-Amiery et al., 2023). 
These advantages include an extended service 
life, reduced maintenance costs, avoidance 
of repairs, sustained operational continuity, 
environmental impact mitigation, and safety-
related cost reductions.
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Research endeavours exploring the 
effectiveness of organic inhibitors in diverse 
corrosive environments have revealed their 
substantial corrosion rate reduction capabilities 
in acidic, neutral, and alkaline solutions (Hanoon 
et al., 2021; Al-Baghdadi et al., 2021). Specific 
classes of organic inhibitors, such as imidazoline 
derivatives, have demonstrated remarkable 
efficacy, particularly in acidic solutions. Their 
inhibitory action involves the formation of a 
protective layer upon adsorption, presenting 
an efficient and targeted solution to corrosion 
risks in acidic settings (Abdulsahib et al., 2021; 
Izionworu et al., 2021; Khudhair et al., 2021). 
The efficiency of imidazoline derivatives is 
intricately linked to solution concentration and 
temperature (Zinad et al., 2021; Salim et al., 
2021).

Plant extracts have also emerged as 
significant organic inhibitors, leveraging 
their diverse organic compounds, including 
polyphenols and tannins. The inhibitory action 
involves adsorption, chelation of metal ions, pH 
sensitivity, synergistic effects, and antioxidant 
properties, offering a comprehensive defence 
against corrosion. For instance, Punica 
granatum extract has demonstrated effectiveness 
in inhibiting mild steel corrosion in acidic 
solutions (Zhang et al., 2023).

Biopolymers like chitosan are effective 
organic inhibitors in alkaline solutions. 
The concentration and pH of the solution 
significantly influence chitosan’s inhibition 
efficiency, impacting adsorption capacity and 
electrostatic interactions (Izionworu et al., 
2020; Al-Amiery et al., 2021; Resen et al., 
2021; Zhang et al., 2023; Hu et al., 2023).

The economic benefits of organic inhibitors 
are substantial, encompassing extended service 
life, reduced maintenance costs, avoidance 
of repairs, sustained operational continuity, 
environmental sustainability, and safety-related 
cost reductions. Delving deeper into their 
performance across diverse environmental 
conditions is imperative, emphasising research 
to develop novel, environmentally friendly, 
and efficient inhibitors. This proactive research 

approach is critical for advancing corrosion 
control strategies in industrial applications 
(Hashim et al., 2020; Salman et al., 2020). This 
review aims to provide a concise yet critical 
analysis of various solutions for corrosion 
control, offering insights into strengths, 
weaknesses, and recommendations for future 
research or practical applications in diverse 
contexts and subject areas.

Types of Organic Inhibitors
Corrosion poses a formidable challenge for 
metallic materials, and mild steel is particularly 
susceptible. Preserving mild steel from 
corrosion is imperative to ensure its extended 
lifespan and durability. Among the various 
methods employed for corrosion protection, 
organic inhibitors stand out as one of the most 
prevalent. Their efficacy lies in the formation 
of a protective film on the metal surface, acting 
as a barrier against corrosive agents, thereby 
safeguarding the metal from degradation (Ismail 
et al., 2022; Verma et al., 2023; Al-Amiery 
et al., 2023). The need to combat corrosion 
is underscored by several significant issues. 
Firstly, corrosion diminishes the structural 
integrity of mild steel, compromising its 
mechanical properties and overall performance. 
This deterioration not only jeopardises the 
safety of structures and components but also 
necessitates frequent replacements, repairs, and 
maintenance, incurring substantial economic 
costs. Additionally, in applications where mild 
steel plays a critical role, such as in infrastructure, 
construction, and transportation, corrosion-
induced failures can have severe consequences, 
ranging from service disruptions to potential 
safety hazards. Hence, the imperative to avoid 
corrosion is deeply rooted in the preservation 
of structural integrity, economic considerations, 
and the prevention of potential accidents. 

Organic inhibitors function through a 
nuanced mechanism. They form a protective 
film on the metal surface that impedes the direct 
contact between the metal and corrosive agents, 
thus reducing the corrosion rate. Adsorption 
inhibitors and film-forming inhibitors are two 
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fundamental types in this realm. Adsorption 
inhibitors work by adhering to the metal surface 
to create  a protective layer through chemical 
interactions. On the other hand, film-forming 
inhibitors generate a physical barrier on the 
metal surface, hindering access to corrosive 
elements. Mixed inhibitors amalgamate the 
benefits of adsorption and film formation, 
presenting an enhanced, dual-layered defence  
against corrosion. In complex corrosive 
environments, synergistic inhibitors come 
into play, working collaboratively with other 
compounds to provide more robust protection. 
Finally, green inhibitors, derived from renewable 
sources, offer an environmentally friendly 
avenue for corrosion inhibition. They not only 
contribute to the longevity of mild steel but 
also align with sustainable practices, addressing 
the increasing importance of eco-friendly 
alternatives in corrosion protection strategies. 
In essence, the exploration of these organic 
inhibitors stems from a crucial intersection of 
structural preservation, economic prudence, 
and environmental sustainability. The intricate 
mechanisms they employ underscore their 
significance in mitigating the adverse effects of 
corrosion, making them indispensable in diverse 
industrial applications.

Adsorption Inhibitors
Adsorption inhibitors are pivotal organic 
corrosion inhibitors. They work by forming 
protective films on metal surfaces to impede 
corrosive processes. This section critically 
analyses the nuanced mechanisms and 
comparative attributes of various adsorption 
inhibitors by considering their advantages, 
disadvantages, and distinctions. Examples of 
adsorption inhibitors include imidazolines, 
amines, and surfactants. Table 1, compares 
the adsorption properties of different types of 
organic inhibitors.

The choice between strong chemisorption 
(amino acids, imidazolines) and physisorption 
(polyphenols, surfactants) depends on the desired
level of protection and the environmental 
conditions. Amino acids and imidazolines 

exhibit specificity for active metal sites, 
providing targeted protection. Chemisorption-
based inhibitors often offer more stable 
protective layers compared with physisorption-
based ones.

Considering the critical analysis, the choice 
of an inhibitor depends on the specific context. 
For environments with dynamic conditions, 
polyphenols or surfactants might be suitable due 
to their flexibility in forming protective layers. 
In scenarios where targeted protection is crucial, 
amino acids or imidazolines could be preferred 
for their strong chemisorption. 

Film-forming Inhibitors
Film-forming inhibitors work by forming a 
protective film on the metal surface. They 
typically form a multilayer film consisting of  
the inhibitor molecule and corrosion products. 
Examples of film-forming inhibitors include 
epoxy resins and polyurethanes. Table 2 
compares the adsorption properties of different 
types of film-forming inhibitors.

Polymeric inhibitors stand out with 
excellent film-forming ability, offering superior 
protection. Plant extracts and carboxylic acids 
also exhibit good film-forming capabilities. 
Polymeric inhibitors provide the most durable 
films, ensuring extended protection. Plant 
extracts and carboxylic acids offer good 
durability, while amino acids may provide 
less lasting protection. Considering the critical 
analysis, the choice of a film-forming inhibitor 
should align with the specific corrosion challenges 
faced. For environments demanding robust, 
long-term protection, polymeric inhibitors are 
recommended despite potential complexities. 
For more straightforward applications with 
a focus on environmental friendliness, plant 
extracts and carboxylic acids provide a good 
balance of efficacy and sustainability. Amino 
acids, given their poorer film-forming ability, 
might be suitable for less aggressive corrosion 
environments. The inhibitor selection should be 
tailored to the unique demands of the corrosion-
prone environment, considering both efficacy 
and practical considerations.
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Table 1: Comparison of different types of organic inhibitors in terms of their adsorption properties

Inhibitor Advantages, Disadvantages, and Distinguishing 
Features

Adsorption 
Site References

Amino acids Advantages: Robust chemisorption enhances the 
formation of a protective monolayer, offering effective 
corrosion inhibition.
Disadvantages: Sensitivity to environmental 
conditions might impact adsorption efficiency.
Distinguishing Feature: High specificity for active 
sites, providing targeted corrosion protection.

Active sites 
on metal 
surface

Pour-Ali et al., 
2023

Alkanolamines Advantages: Chemically stable adsorption layer 
contributes to long-term corrosion resistance.
Disadvantages: Potential susceptibility to saturation 
effects at higher concentrations.
Distinguishing Feature: Known for efficient 
inhibition due to strong chemisorption properties.

Active sites 
on metal 
surface

Liu, Zhicheng 
et al., 2023; 
Tebbji et al., 

2007

Carboxylic 
acids

Advantages: Effective inhibition due to stable 
chemisorption.
Disadvantages: May exhibit sensitivity to variations 
in environmental conditions.
Distinguishing Feature: Offers durable protection 
through robust chemisorption.

Active sites 
on metal 
surface

Guo et al., 
2023

Polyphenols Advantages: Versatile in forming protective layers, 
potentially minimising the impact of environmental 
variations.
Disadvantages: Weaker bonding might result in a less 
stable protective film.
Distinguishing Feature: Relies on physisorption, 
providing flexibility in different environmental 
contexts.

Physisorption 
on the metal 

surface

Gabsi et al., 
2023

Heterocyclic 
compounds

Advantages: Effective inhibition through robust 
chemisorption.
Disadvantages: Similar to other chemisorbers, 
potential sensitivity to environmental changes.
Distinguishing Feature: Known for their broad 
application spectrum and efficient protection.

Active sites 
on metal 
surface

El-Haitout et 
al., 2023

Imidazolines Advantages: Offers targeted and efficient protection 
through chemisorption.
Disadvantages: May require careful optimisation of 
concentration for optimal efficiency.
Distinguishing Feature: Well-studied and 
proven efficacy in inhibiting corrosion in various 
environments.

Active sites 
on metal 
surface

Yuyang et al., 
2023

Surfactants Advantages: Versatility in forming adsorption layers 
with relatively less dependence on specific active sites.
Disadvantages: Susceptibility to desorption in 
dynamic environments.
Distinguishing Feature: Offers flexibility in providing 
inhibition through physisorption.

Physisorption 
on the metal 

surface

Talat et al., 
2023
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Table 2: Comparison of different types of film-forming inhibitors in terms of their adsorption properties

Organic 
Inhibitor

Advantages, Disadvantages, and Distinguishing 
Features

Film-forming 
Ability Reference

Amino acids Mechanism: Amino acids, while acting as adsorption 
inhibitors, may not form a robust multilayer film. 
The film formed might lack the durability needed for 
long-term protection.
Advantages: Amino acids are generally 
environmentally friendly but may not offer the 
sustained protection needed in aggressive corrosion 
environments.
Disadvantages: The thin film formed may not 
provide sufficient barrier properties.
Distinguishing Feature: Limited film-forming 
ability compared to other inhibitors.

Poor Li et al., 2023

Plant extracts Mechanism: Plant extracts are proficient film-
formers, creating multilayer films consisting of 
inhibitor molecules and corrosion products. The 
richness of organic compounds in plant extracts 
contributes to film stability.
Advantages: Environmentally friendly, good film-
forming ability and diverse composition can enhance 
the protective film’s resilience.
Disadvantages: The effectiveness may vary based on 
the specific composition of the plant extract.
Distinguishing Feature: The ability to form a robust 
film and the additional benefit of the diverse organic 
compounds present.

Good Kaya et al., 
2023

Carboxylic 
acids

Mechanism: Carboxylic acids can form a protective 
multilayer film, offering improved durability 
compared to amino acids.
Advantages: Effective inhibition due to a stable film, 
relatively environmentally friendly.
Disadvantages: The film may not be as durable as 
those formed by polymeric inhibitors.
Distinguishing Feature: Solid film-forming ability, 
offering better protection compared to amino acids.

Good Zhang et al., 
2023

Polymeric 
inhibitors

Mechanism: Polymeric inhibitors excel in forming 
thick, durable films on metal surfaces. The film 
consists not only of the inhibitor molecules but also 
of corrosion products, providing enhanced protection.
Advantages: Exceptional durability, capable of 
providing long-term protection in harsh environments.
Disadvantages: Synthesis and application may be 
more complex, potentially leading to higher costs.
Distinguishing Feature: Superior film-forming ability, 
offering extended and robust corrosion protection.

Excellent Zheng et al., 
2023
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Mixed Inhibitors
Mixed inhibitors combine the advantages of both 
adsorption and film-forming inhibitors. Unlike 
film-forming inhibitors that primarily create 
a protective film on the metal surface, mixed 
inhibitors integrate the benefits of adsorption, 
ensuring a dual mechanism that enhances 
corrosion resistance. Mixed inhibitors go a 
step further by forming a multilayer film that  
not only incorporates the inhibitor molecules 

but also   corrosion products.  A   protective 
layer that involves both the inhibitor and the 
by-products of the corrosion process  provides 
enhanced corrosion resistance compared to 
traditional film-forming inhibitors. Examples 
of mixed inhibitors include benzotriazole and 
mercaptoimidazole. Table 3 compares the 
physiochemical properties of different types of 
mixed inhibitors.

Heterocyclic 
compounds

Mechanism: Heterocyclic compounds can form a 
protective film, contributing to corrosion inhibition.
Advantages: Effective inhibition with a relatively 
stable film.
Disadvantages: The film may not be as robust as 
those formed by polymeric inhibitors.
Distinguishing Feature: Good film-forming ability, 
providing a balance between effectiveness and 
simplicity.

Good El-Haitout et 
al., 2023

Table 3: Comparison of different types of mixed inhibitors in terms of their physiochemical properties

Organic 
Inhibitor

Type of 
Inhibition

Mode of 
Inhibition Mechanism Discussion References

Amino acids Mixed Adsorption Donor-
acceptor 

interaction

Amino acids function as mixed 
inhibitors through the adsorption 
process, utilising donor-acceptor 

interactions. This interaction 
involves electron exchange, 

forming a protective layer on the 
metal surface. Amino acids exhibit 
versatility in inhibiting corrosion 

but may have varying effectiveness 
depending on environmental 

conditions.

Pour-Ali et 
al., 2023

Azoles Mixed Adsorption π-electron 
interaction

Thiourea derivatives, in a 
mixed inhibition role, engage 
in adsorption with the metal 

surface through donor-acceptor 
interactions. This mechanism 

involves electron transfer, creating 
a protective layer. Thiourea 

derivatives are versatile but may 
have varying efficiency based on 

the specific conditions.

Haque et 
al., 2023
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Thiourea 
derivatives

Mixed Adsorption Donor-
acceptor 

interaction

Thiourea derivatives, in a 
mixed inhibition role, engage 
in adsorption with the metal 

surface through donor-acceptor 
interactions. This mechanism 

involves electron transfer, creating 
a protective layer. Thiourea 

derivatives are versatile but may 
have varying efficiency based on 

the specific conditions.

Wen et al., 
2023

Imidazolines Mixed Adsorption Charge 
transfer

Imidazolines act as mixed 
inhibitors by adsorption through 
charge transfer. This involves the 
movement of electrons between 

the inhibitor and the metal surface, 
forming a protective layer. 

Imidazolines are particularly 
effective in environments where 

charge transfer mechanisms play a 
significant role.

Qi et al., 
2023

Carboxylic 
acids

Mixed Adsorption Electrostatic 
interaction

Carboxylic acids, functioning 
as mixed inhibitors, adsorb 

onto the metal surface through 
electrostatic interactions. This 

involves attractive forces between 
charged particles, creating a 

protective layer. Carboxylic acids 
are effective in environments 

where electrostatic interactions are 
influential.

Guo et al., 
2023

Polyphenols Mixed Adsorption π-electron 
interaction

Polyphenols serve as mixed 
inhibitors by adsorption, 

employing π-electron interactions. 
This mechanism contributes to 

the formation of a protective layer 
on the metal surface. Polyphenols 

are known for their versatility 
and effectiveness, particularly in 
environments where π-electron 

interactions are prevalent.

Salhi et al., 
2023

Schiff bases Mixed Adsorption Charge 
transfer

Schiff bases act as mixed 
inhibitors through adsorption by 
charge transfer. This involves the 
movement of electrons between 

the inhibitor and the metal surface, 
creating a protective layer. Schiff 

bases exhibit effectiveness, 
especially in environments where 
charge transfer mechanisms are 

significant.

Satpati et 
al., 2023
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Mixed inhibitors offer a multifaceted 
approach to corrosion protection, combining 
the benefits of adsorption inhibitors and film-
forming inhibitors. The choice of a mixed 
inhibitor depends on the specific environmental 
conditions, with each type having its advantages 
and disadvantages. Amino acids, azoles, 
thiourea derivatives, imidazolines, carboxylic 
acids, polyphenols, Schiff bases, coumarins, 
and triazoles exhibit diverse mechanisms 
of inhibition, providing options for tailored 
corrosion protection strategies.

Synergistic Inhibitors
Synergistic inhibitors work by combining with 
other inhibitors to enhance their effectiveness. 
Synergistic inhibitors typically work by 
enhancing the adsorption of other inhibitors 
onto the metal surface. Examples of synergistic 
inhibitors include halides and thiocyanates. 
Table 4 compares the adsorption properties of 
different types of synergistic inhibitors.

Synergistic inhibitors offer a collaborative 
approach to corrosion protection, leveraging 

Coumarins Mixed Adsorption π-electron 
interaction

Coumarins, as mixed inhibitors, 
function through adsorption 
using π-electron interactions. 

This mechanism contributes to 
the formation of a protective 

layer. Coumarins are known for 
their effectiveness, particularly in 
environments where π-electron 
interactions play a crucial role.

Kaseem et 
al., 2023

Triazoles Mixed Adsorption Donor-
acceptor 

interaction

Triazoles act as mixed inhibitors 
through adsorption with the 

metal surface via donor-acceptor 
interactions. This involves electron 
transfer, creating a protective layer. 

Triazoles are versatile but may 
exhibit varying efficiency based on 

specific conditions.

Punitha et 
al., 2023; 
Belghiti et 
al., 2016

Table 4: Comparison of different types of synergistic inhibitors in terms of their physiochemical properties

Inhibitor 
Type

Synergistic 
Inhibitors Mechanism of Synergy Discussion References

Polymeric 
inhibitors

Phosphonates, 
nitro-

compounds, 
amines

The synergistic effect 
is attributed to the 

interaction of the functional 
groups in the polymeric 
inhibitors with those of 

the synergistic inhibitors, 
which enhances the 

adsorption of the inhibitors 
on the metal surface.

Polymeric inhibitors, in 
synergy with phosphonates, 

nitro compounds, and 
amines, demonstrate 
enhanced inhibitive 

properties. The functional 
groups in polymeric 

inhibitors interact with those 
of the synergistic inhibitors, 

leading to improved 
adsorption. This synergistic 
approach is advantageous in 
environments where multiple 

interactions are needed for 
effective corrosion inhibition.

Verma et al., 
2023

Chraka et al., 
2023
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Natural 
inhibitors

Plant extracts, 
essential oils, 

phenolic 
compounds

Synergistic inhibition is 
achieved by the presence 

of multiple functional 
groups, which enhances the 
adsorption of the inhibitors 
on the metal surface. The 
synergistic effect is also 

attributed to the formation 
of a protective film by 

the natural inhibitors and 
their interaction with the 

synergistic inhibitors.

Natural inhibitors, such as 
plant extracts, essential oils, 
and phenolic compounds, 

exhibit synergistic inhibition 
when combined. The 

multiple functional groups 
present in natural inhibitors 

enhance adsorption on 
the metal surface. The 

formation of a protective 
film, coupled with interaction 

with synergistic inhibitors, 
contributes to a more robust 
corrosion protection strategy.

Nik et al., 
2020; Ismail 
et al., 2021

Heterocyclic 
inhibitors

Nitro-
compounds, 

azoles, 
imidazole’s, 

amines

The synergistic effect is 
attributed to the ability of 
the heterocyclic inhibitors 
to form complexes with 
the metal surface and the 

synergistic inhibitors, 
which enhances their 

adsorption and inhibitive 
properties.

Heterocyclic inhibitors, 
including nitro-compounds, 

azoles, imidazoles, and 
amines, exhibit synergy 

when combined. The ability 
of heterocyclic inhibitors 

to form complexes with the 
metal surface and synergistic 

inhibitors enhances their 
overall adsorption and 

inhibitive properties. This 
synergy is particularly 

effective in environments 
where complex interactions 

are required.

Youssif et al., 
2023

Surfactant 
inhibitors

Anionic 
surfactants, 

cationic 
surfactants, 

nonionic 
surfactants

The synergistic effect is 
attributed to the ability of 
the surfactant inhibitors 
to enhance the solubility 

and adsorption of the 
synergistic inhibitors on 
the metal surface. The 

synergistic effect is also 
attributed to the formation 
of a protective film by the 
surfactant inhibitors and 
their interaction with the 

synergistic inhibitors.

Surfactant inhibitors, 
including anionic, cationic, 
and nonionic surfactants, 
demonstrate synergy by 

enhancing the solubility and 
adsorption of synergistic 
inhibitors. The ability to 

form a protective film and 
interact with synergistic 

inhibitors adds another layer 
of corrosion protection. 

This synergy is beneficial in 
conditions where solubility 

and film formation are 
crucial.

Yaagoob et 
al., 2023
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the strengths of different inhibitors to enhance 
overall inhibitive properties. Polymeric 
inhibitors, natural inhibitors, heterocyclic 
inhibitors, surfactant inhibitors, and ionic 
liquid inhibitors exhibit unique mechanisms of 
synergy, providing diverse options for tailored 
corrosion protection strategies.

Green Inhibitors
Synergistic Green inhibitors are environmentally 
friendly inhibitors that are derived from natural 
sources. Green inhibitors are typically less toxic 
than traditional inhibitors and are biodegradable. 

Examples of green inhibitors include plant 
extracts, amino acids, and chitosan (El Mouaden 
et al., 2018). Table 5, compares the advantages 
and disadvantages of different types of green 
inhibitors.

The factors influencing the choice of 
inhibitor are:

(1)	 Application-specific	 Needs:	 The nature 
of the industry and the specific application 
will dictate the choice of inhibitor. For 
instance, inhibitors effective in an industrial 
setting might not be suitable for marine 
applications.

Ionic liquid 
inhibitors

Imidazolium 
salts, 

pyridinium 
salts, 

phosphonium 
salts

The synergistic effect is 
attributed to the ability of 
the ionic liquid inhibitors 
to enhance the solubility 

and adsorption of the 
synergistic inhibitors on 
the metal surface. The 

synergistic effect is also 
attributed to the formation 
of a protective film by the 
ionic liquid inhibitors and 
their interaction with the 

synergistic inhibitors.

Ionic liquid inhibitors, 
including imidazolium 

salts, pyridinium salts, and 
phosphonium salts, exhibit 
synergy by enhancing the 

solubility and adsorption of 
synergistic inhibitors. The 
formation of a protective 
film and interaction with 

synergistic inhibitors 
enhance their overall 

inhibitive properties. This 
synergy is advantageous 
in environments where 

solubility and film formation 
play a crucial role.

Shadi et al., 
2023

Yaagoob et 
al., 2023

Table 5: Comparison of different types of green inhibitors in terms of their advantages 
and disadvantages properties

Type of 
Organic 
Inhibitor

Advantages as 
Green Inhibitor

Disadvantages 
as a Green 
Inhibitor

Discussion References

Amino acids Biodegradable, 
non-toxic

Limited 
corrosion 
inhibition 
efficiency

Amino acids, such as arginine 
and lysine, exhibit eco-friendly 

characteristics by being 
biodegradable and non-toxic. 

However, their limited efficiency 
in corrosion inhibition might be 
a drawback in scenarios where 

high levels of protection are 
required. The trade-off between 
environmental friendliness and 
corrosion inhibition efficiency 

should be considered.

Ikeuba et al., 
2023
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Carboxylic 
acids

Non-toxic, easily 
biodegradable

Limited 
stability at high 

temperatures 
and 

concentrations

Carboxylic acids, including 
citric acid and acetic acid, 
are advantageous as green 
inhibitors due to their non-

toxic and biodegradable nature. 
However, their stability might 

be compromised at high 
temperatures and concentrations, 

limiting their applicability in 
certain industrial processes.

Li et al., 2023

Wang et al., 
2023

Polysaccharides Renewable, 
biodegradable, 

non-toxic

Limited 
efficiency, high 

cost

Polysaccharides like starch and 
chitosan offer green corrosion 

inhibition solutions with 
renewable, biodegradable, and 
non-toxic properties. However, 

their limited efficiency and 
relatively high cost might pose 
challenges, especially in large-
scale industrial applications.

More et al., 
2023

Essential oils Biodegradable, 
renewable, non-

toxic

Limited 
stability and 
efficiency

Essential oils (Eucalyptus 
oil, Lemongrass oil), derived 

from natural sources, are 
biodegradable and non-toxic. 

However, their limited stability 
and efficiency may restrict 

their use in environments with 
harsh corrosion conditions, 

necessitating frequent 
reapplication.

Nirmala et al., 
2023

Plant extracts Renewable, 
biodegradable, 

non-toxic

Limited 
stability, 

efficiency and 
reproducibility

Plant extracts (aloe vera, neem 
leaves,

Theobroma cacao pod) offer a 
green alternative with renewable 

and non-toxic properties. 
However, challenges lie in their 

limited stability, efficiency, 
and reproducibility, requiring 

careful consideration in practical 
applications.

Ikhmal et 
al., 2019; 
Izionworu 
et al, 2020; 

Kamaruzzaman 
et al., 2022

Natural 
surfactants

Biodegradable, 
non-toxic, low 

cost

Limited 
efficiency, 

limited stability

Natural surfactants, like saponin 
and Tween 80, present green 
characteristics but may have 

limitations in terms of efficiency 
and stability, potentially 

impacting their suitability 
in prolonged or demanding 

corrosion scenarios

Jadhao et al., 
2023
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(2) Corrosive Environment: Different 
inhibitors may excel in specific corrosive 
environments. The acidity or alkalinity of 
the surroundings, along with the presence 
of specific chemicals, will influence the 
inhibitor selection.

(3) Desired Level of Protection: The extent 
of protection required will vary. Some 
inhibitors might provide long-term 
protection with a trade-off in efficiency, 
while others may be highly effective but 
require frequent reapplication.

Researchers continue to explore new 
types of organic inhibitors. This pursuit is 
driven by the quest for more effective and 
environmentally friendly corrosion protection 
methods. The choice of an inhibitor is a 
nuanced decision, involving a careful balance 
between environmental concerns, efficiency, 
and practicality. While green inhibitors align 
with sustainability goals, their limitations in 
stability and efficiency necessitate a thorough 
understanding of the specific conditions they will 
encounter. The synergy of mixed and synergistic 
inhibitors shows promise but demands 
meticulous optimisation. This complexity 
implies a need for ongoing research to refine 
formulations for real-world applications. 
Film-forming inhibitors, despite providing a 
multilayer protective film, may face challenges 
in maintaining stability over extended periods, 
especially in harsh industrial settings. The need 
for ongoing research underscores the dynamic 
nature of corrosion protection. New inhibitors 
must not only be effective but also align with 
contemporary environmental standards.

The realm of organic inhibitors is diverse, 
offering a spectrum of choices with varying 
characteristics. The challenge lies in making 
informed decisions based on specific application 
needs, environmental considerations, and the 
evolving landscape of corrosion protection 
research. The journey toward more effective 
and sustainable inhibitors is a continuous 
one, emphasising the importance of ongoing 
exploration and development in this field.

Table   6   highlights   the   mechanisms   of 
action employed by organic inhibitors 
for corrosion protection. Adsorption is a 
fundamental mechanism where the inhibitor 
molecules adsorb onto the metal surface, creating 
a protective layer. The surface coverage of the 
inhibitor affects the inhibition efficiency, with 
higher coverage providing better protection. 
Barrier formation involves the creation of 
a physical or chemical barrier on the metal 
surface to hinder corrosive species. Passivation 
involves the modification of the metal surface to 
form a stable passive layer, offering long-term 
protection against corrosion.

Mechanism of Action
Organic inhibitors function by adhering to the 
metal surface and establishing a protective 
layer, thereby impeding the corrosion process. 
The degree of inhibitor attachment to the 
metal surface is intricately influenced by 
several factors, including the concentration 
of the inhibitor, temperature, and pH levels 
(Resen et al., 2020; Hanoon et al., 2021). This 
phenomenon of adsorption is pivotal in the 
corrosion inhibition mechanism.

Green inhibitors 
mixtures

Synergistic 
effects, 

biodegradable, 
renewable

Difficult to 
optimize the 
composition

Green inhibitor mixtures 
(mixture of carboxylic acids 

and amino acids), while 
leveraging synergistic effects, 
pose challenges in optimising 
compositions. The difficulty 
in achieving an ideal balance 

may impact their effectiveness, 
emphasising the need for careful 

formulation.

Farhadian et 
al., 2023
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Corrosion, characterised by the gradual 
deterioration of a metal surface due to 
chemical or electrochemical reactions with the 
environment, presents a significant challenge 
across various industries. Its consequences 
extend beyond material loss, encompassing 
structural damage and a decline in operational 
efficiency. The efficacy of organic inhibitors 
in mitigating corrosion hinges on their ability 
to form a protective shield through adsorption, 
with the extent of this process influenced by 
inhibitor concentration, temperature, and pH. 

Understanding and optimising these factors 
are crucial for tailoring corrosion protection 
strategies to diverse environments and 
applications. Figure 1 presents the corrosion 
inhibition mechanisms of organic inhibitors. 
It depicts the different stages involved in the 
inhibition process, including adsorption, surface 
coverage, barrier formation, and passivation. 
The figure provides a visual representation of 
how organic inhibitors interact with the metal 
surface and prevent corrosion. The diagram 
demonstrates that adsorption is the initial step 

Table 6: Comparison of different types of green inhibitors in terms of their advantages 
and disadvantages properties

Mechanism Description
Adsorption Inhibitors adsorb onto the metal surface, forming a protective layer that hinders corrosive 

species from reaching the metal. Adsorption can occur through various interactions, such 
as electrostatic forces or chemical bonding. The adsorbed inhibitor molecules provide a 
physical barrier against corrosion.

Surface 
coverage

Surface coverage refers to the extent of the inhibitor’s adsorption on the metal surface. It 
influences the efficiency of corrosion protection. High surface coverage ensures a more 
complete barrier against corrosive species and leads to improved inhibition efficiency.

Barrier 
formation

Inhibitors can form a barrier on the metal surface, preventing corrosive species from 
coming into contact with the metal. The barrier can be a physical layer or a chemical 
film formed through interactions between the inhibitor and the metal surface. Barrier 
formation is crucial for long-term corrosion protection.

Passivation Passivation occurs when the inhibitor modifies the metal surface to form a passive layer, 
which is stable and protects the metal against corrosion. The passive layer can be an 
oxide or a complex film formed due to chemical reactions between the inhibitor and the 
metal. Passivation contributes to the inhibition efficiency.

Figure 1: Corrosion inhibition mechanisms of organic inhibitors
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where the inhibitor molecules attach to the metal 
surface. Subsequently, the surface coverage 
increases as more inhibitor molecules are 
adsorbed, leading to a higher level of corrosion 
protection. The inhibitors  then form a barrier 
on the metal surface, impeding the access of 
corrosive species and preventing their interaction 
with the metal. Passivation is shown as the final 
stage, where the inhibitor modifies the metal 
surface to form a passive layer, offering long-
term corrosion resistance. Figure 1 enhances 
the understanding of the mechanisms involved 
in organic corrosion inhibition. It emphasises 
the importance of inhibitor adsorption and the 
formation of protective layers or barriers on the 
metal surface. This visual representation aids 
researchers and practitioners in comprehending 
the complex processes and designing effective 
inhibitors targeting specific stages of corrosion.

Corrosion can be prevented or minimised 
by the use of inhibitors, which are chemical 
substances that are added to the corrosive 
environment to reduce or inhibit the corrosion 
rate. Organic inhibitors are one type of inhibitor 
commonly used in the industry (Al-Amiery et 
al., 2023). In general, the mechanism of action 
for organic inhibitors can be explained by the 
following steps:

Adsorption
The organic inhibitor molecules adsorb onto 
the metal surface through various types of 
interactions, such as Van der Waals forces, 
hydrogen bonding, and electrostatic interactions. 
The adsorption is influenced by the chemical 
structure and functional groups of the inhibitor 
molecules, as well as the surface properties of 
the metal (Lamghafri et al., 2023; Mandal et al., 
2023). 

Surface Coverage
The adsorbed inhibitor molecules form 
a monolayer on the metal surface, which 
reduces the availability of the metal surface for 
electrochemical reactions (Haque et al., 2023). 

Barrier Formation
The adsorbed inhibitor molecules form a barrier 
between the metal surface and the corrosive 
environment, which prevents the diffusion of 
corrosive species, such as oxygen, chloride ions, 
or acid molecules, to the metal surface (Mubarak 
et al., 2023; Lipei et al., 2023).

Passivation
The adsorbed inhibitor molecules can promote 
the formation of a passive film on the metal 
surface, which is a protective layer that further 
inhibits the corrosion process (Anujay et al., 
2023; Haque et al., 2023; Ghadeer et al., 2023).   

The inhibitory efficiency can be evaluated 
by various electrochemical techniques, such as 
polarisation curves, electrochemical impedance 
spectroscopy, or electrochemical noise analysis. 
The mechanism of action involves adsorption, 
surface coverage, barrier formation, and 
passivation. The effectiveness of organic 
inhibitors depends on various factors, which can 
be evaluated by electrochemical techniques. 

Application in Various Corrosive Environments
Corrosion poses a pervasive threat across diverse 
industries, leading to substantial damage to 
equipment and infrastructure. A highly effective 
strategy for corrosion prevention involves the 
deployment of organic inhibitors that creates 
a protective barrier that mitigates corrosion. 
Organic inhibitors have demonstrated success 
in countering corrosion in varied environments, 
including acidic and alkaline solutions, seawater, 
and industrial wastewater. Their effectiveness 
hinges on both their chemical properties and 
the corrosive characteristics of the environment 
(Khan et al., 2022). In acidic solutions, where 
corrosion affects metals like steel, aluminium, 
and copper, organic inhibitors play a crucial role. 
These acidic environments are encountered in 
industrial processes such as pickling, cleaning, 
and etching, as well as in natural settings like 
soil and water. Noteworthy organic inhibitors 
for acidic solutions encompass carboxylic 
acids, amines, and quinoline derivatives (Reza 
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et al., 2021). Similarly, alkaline solutions, 
prevalent in electroplating, cleaning, and 
natural environments, pose a corrosion risk to 
metals like aluminium and magnesium. Organic 
inhibitors in alkaline solutions function by 
forming a protective film on the metal surface, 
impeding contact with the alkaline solution. 
Common examples include fatty acids, amines, 
and imidazolines (Kuznetsov & Redkina, 
2022). Seawater, with its high salt content and 
corrosive ions, poses a formidable challenge 
to offshore structures, ships, and pipelines. 
Organic inhibitors, such as imidazolines, 
quinoline derivatives, and amino acids, prove 
instrumental in preventing corrosion by forming 
protective films on metal surfaces (Hossen et 
al., 2023). Industrial wastewater, characterised 
by varying chemical compositions and 
contaminants, is another corrosive environment 
affecting metals like steel, aluminium, and 
copper. Organic inhibitors in industrial 
wastewater, including amines, amino acids, 
and carboxylic acids, prevent corrosion by 
adsorbing onto metal surfaces and forming 
protective layers (Foorginezhad et al., 2021). In 
conclusion, the application of organic inhibitors 

in diverse corrosive environments emerges as a 
robust strategy for preventing metal corrosion. 
Their effectiveness is contingent on both their 
intrinsic chemical properties and the corrosive 
nature of the specific environment. Successful 
applications span acidic and alkaline solutions, 
seawater, and industrial wastewater, showcasing 
the versatility of organic inhibitors in corrosion 
prevention (Nik et al., 2011). However, 
continuous research is essential for developing 
novel and more potent organic inhibitors tailored 
to specific environmental challenges.

Corrosion Mitigation through Adsorption 
Inhibitors
Corrosion is a natural process that occurs when 
a metal reacts with its environment, leading to 
a degradation of the material’s properties. To 
prevent this degradation, corrosion inhibitors 
are used to protect metal surfaces. Organic 
inhibitors are effective in various acidic solutions 
(Ahmed & Ganesh, 2022). Table 7 highlights 
recent inhibitors investigated for corrosion 
protection. Quinoline derivatives exhibit 
promising inhibitive properties and have shown 

Table 7: Recent Published Inhibitors

Inhibitor Description References
Quinoline 
derivatives

Quinoline derivatives have been investigated as corrosion inhibitors 
due to their favourable inhibitive properties. They possess heterocyclic 
structures that facilitate adsorption onto the metal surface, forming 
protective layers. Quinoline derivatives exhibit promising corrosion 
inhibition in various corrosive solutions.

Fouda et al., 
2022

Schiff bases Schiff bases are organic compounds formed by the condensation of 
primary amines with carbonyl compounds. They have been explored 
as corrosion inhibitors due to their ability to form protective films on 
metal surfaces. Schiff bases exhibit inhibitory properties and can be 
easily synthesised.

Hassan et 
al., 2022; Al-
Amiery et al., 

2023

Amino acids Amino acids have shown potential as corrosion inhibitors due to 
their natural origin, low toxicity, and inhibitive properties. They can 
adsorb onto metal surfaces and form protective layers. Amino acids 
offer sustainable and environmentally friendly corrosion protection 
solutions.

Singh et al., 
2022

Polymers Polymers have gained attention as corrosion inhibitors due to their 
film-forming properties. They can create protective films on metal 
surfaces, acting as barriers against corrosive species. Polymers offer 
versatility in terms of structure and functionality, allowing for tailored 
corrosion protection solutions.

Karthikaiselvi 
& Subhashini, 

2014
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effectiveness in various corrosive environments. 
Schiff bases offer a straightforward synthesis 
route and the ability to form protective films, 
making them attractive candidates as corrosion 
inhibitors. Amino acids provide a sustainable 
and eco-friendly option for corrosion inhibition, 
combining their natural origin with inhibitive 
properties. Polymers, with their film-forming 
properties, offer versatility and can be designed to 
meet specific corrosion protection requirements. 
These recent inhibitors contribute to the ongoing 
research and development of organic inhibitors 
for corrosion control.

Quinoline Derivatives
Quinoline derivatives are effective corrosion 
inhibitors for mild steel in acidic solutions. 
Studies have shown that the presence of 
nitrogen and oxygen in the quinoline ring 
contributes to its inhibitive properties. A recent 
study investigated the inhibitive properties 
of 2-(2-quinolyl) benzimidazole (QBI) and 
2-(2-quinolyl) thiazole (QBT) on the corrosion 
of mild steel in hydrochloric acid solution. 
The study found that both QBI and QBT were 
effective inhibitors, with QBI being slightly 
more effective than QBT (Fouda et al., 2022).

Schiff Bases
Schiff bases are organic compounds that contain 
an azomethine group (-C = N-) and have been 
shown to have inhibitive properties. A recent 
study investigated the inhibitive properties 
of two Schiff bases, N, N’-bis(2-hydroxy-
5-methylphenyl)-1,4-phenylenediamine 
(BHMPD) and N, N’-bis(2-hydroxy-5-
methoxyphenyl)-1,4-phenylenediamine 
(BHMPD-OCH3), on the corrosion of mild steel 
in hydrochloric acid solution. The study found 
that both BHMPD and BHMPD-OCH3 were 
effective inhibitors, with BHMPD-OCH3 being 
slightly more effective than BHMPD (Hassan et 
al., 2022; Al-Amiery et al., 2023).

Amino Acids
Amino acids are organic compounds that contain 
both an amino group (-NH2) and a carboxyl 

group (-COOH) and have been shown to have 
inhibitive properties. A recent study investigated 
the inhibitive properties of three amino acids, 
alanine, glycine, and histidine, on the corrosion 
of mild steel in a hydrochloric acid solution. 
The study found that all three amino acids were 
effective inhibitors, with histidine being the 
most effective (Singh et al., 2022).

Polymers
Polymers are large molecules made up of 
repeating units and have been shown to have 
inhibitive properties. A recent study investigated 
the inhibitive properties of a water-soluble 
polymer, poly (vinyl alcohol) (PVA), on the 
corrosion of mild steel in hydrochloric acid 
solution. The study found that PVA was an 
effective inhibitor, with a higher concentration 
of PVA leading to a higher inhibition efficiency 
(Karthikaiselvi & Subhashini, 2014). Table 
8, compares the concentration and inhibition 
efficiency of different types of recently published 
inhibitors.

The efficiencies of various organic corrosion 
inhibitors, as presented in Table 8, differ due to 
inhibitor type, concentration, and the specific 
metal surface under consideration.

1. Inhibitor Type:
 • DMAE (N, N-dimethylaminoethanol): 

Being an amine, DMAE likely forms a 
protective layer through chemisorption, 
leading to high corrosion inhibition 
efficiency (CIE).

 • AMMT (4-amino-3-mercapto-5-methyl- 
1,2,4-triazole): As a triazole, AMMT 
might offer effective adsorption and 
inhibition due to the presence of nitrogen 
atoms, contributing to good CIE for 
carbon steel.

 • AEAPTMS (N-(2-aminoethyl)-3-amino 
propyltrimethoxysilane): As a silane, 
AEAPTMS could provide excellent 
surface coverage on mild steel, resulting 
in substantial corrosion inhibition.



RECENT INNOVATIONS IN ORGANIC INHIBITORS  161

Journal of Sustainability Science and Management Volume 19 Number 5, May 2024: 145-172

 • MPBI (2-(2-methoxyphenyl)-1H-benzi 
midazole): The benzimidazole structure in 
MPBI likely contributes to its adsorption 
properties, influencing the inhibition 
efficiency of copper.

 • MBT (2-mercaptobenzothiazole): MBT,  
a thiazole derivative, might interact 
effectively with the stainless-steel surface, 
forming a protective layer.

 • TTCA (1,2,4-thiadiazole-5-carboxylic 
acid): The thiadiazole structure in TTCA 
may contribute to its inhibition efficiency 
on mild steel.

2. Concentration:
 • Higher Concentration (e.g., DMAE 

and AEAPTMS): Inhibitors with 
higher concentrations, like DMAE 
and AEAPTMS, may achieve greater 
adsorption and coverage on the metal 
surface, leading to higher CIE.

 • Lower Concentration (e.g., TTCA and 
AMMT): Even at lower concentrations, 
inhibitors like TTCA and AMMT 
demonstrate notable CIE, suggesting high 
effectiveness even at reduced dosages.

3. Metal Surface:
 • Variability in Metal Types (e.g., Mild 

steel, Copper, Stainless steel): The 
nature of the metal surface significantly 
influences the adsorption mechanism and 
the resultant CIE. Different inhibitors may 
exhibit varied effectiveness based on the 
specific metal they are intended to protect.

4. Chemical Structure:
 • Differences in Functional Groups: 

Variations in the chemical structures of the 
inhibitors lead to different mechanisms of 
adsorption and inhibition. For instance, 
the presence of amino groups, triazole 
rings, or triazole structures can influence 
the interaction with metal surfaces.

5. Research Conditions:
 • Methodological Differences: Variability 

in experimental conditions, such as 
temperature, solution pH, and exposure 
time, across different studies can impact 
the reported efficiencies.

In conclusion, the observed differences 
in inhibition efficiencies among the inhibitors 
are multifaceted and stem from the interplay 

Table 8: Comparison of different types of recently published inhibitors

Organic Corrosion Inhibitor Type Concentration Surface

Corrosion 
Inhibition 
Efficiency	

(CIE)

References

N, N-dimethylaminoethanol 
(DMAE) Amine 2 mM Mild steel 99.4% Subha et al., 

2015)
4-amino-3-mercapto-5-methyl-

1,2,4-triazole (AMMT) Triazole 0.1 mM Carbon 
steel 98% Alkadir et 

al., 2021
N-(2-aminoethyl)-3-

aminopropyltrimethoxysilane 
(AEAPTMS)

Silane 5 mM Mild steel 95% Zhang et al., 
2021

2-(2-methoxyphenyl)-1H-
benzimidazole (MPBI) Benzimidazole 1 mM Copper 93.2% Zhang & Li, 

2020
2-mercaptobenzothiazole 

(MBT) Thiazole 5 mM Stainless 
steel 90.5% Wu et al., 

2020
1,2,4-thiadiazole-5-carboxylic 

acid (TTCA) Thiadiazole 0.1 mM Mild steel 89% Abed et al., 
2019
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of inhibitor type, concentration, metal surface, 
and chemical structure. A comprehensive 
understanding of these factors is crucial for 
tailoring corrosion protection strategies to 
specific applications and metal types.

Comparison Studies
In this study, inhibitory efficiencies of several 
synthesised organic corrosion inhibitors that 
are available in the literature (Nik et al., 2010; 
Aziz et al., 2017; Nik et al., 2017; Abed et 
al., 2019; Al-Baghdadi et al., 2021; Alamiery, 
2021b, 2021a; Alamiery et al., 2021a; Alamiery 
et al., 2021b; Alamiery et al., 2021c; Alamiery, 
2021c; Alamiery et al., 2021d; Alkadir et al., 
2021; Dawood et al., 2021; Eltmimi et al., 
2021; Hanoon et al., 2021; Al-Amiery et al., 
2022; Alamiery, 2022a; Alamiery et al., 2022; 
Alamiery, 2022b; Mustafa et al., 2022; Khalid 
Al-Azzawi et al., 2023) were compared. By 
evaluating the inhibition efficiencies of these 
synthesised inhibitors, we aimed to gain insights 

into their performance and highlight potential 
candidates for effective corrosion inhibition. 
The summary presented in Figure 2 serves as 
a visual representation of the comparison of 
inhibition efficiencies among the synthesised 
organic corrosion inhibitors investigated in 
this study. The graph displays the inhibitors 
along the x-axis, likely labelled with their 
corresponding names or references, while 
the y-axis represents the inhibition efficiency 
percentage. The inhibition efficiencies are 
represented as percentages, where higher 
values indicate more effective inhibition against 
corrosion. The graph allows for a quick and 
easy comparison of the inhibitory performances 
of the synthesised inhibitors. By examining the 
plotted data points, it becomes evident which 
inhibitors exhibit higher inhibition efficiencies 
compared to others. 

This information can aid researchers, 
engineers, and industrial professionals in 
selecting suitable inhibitors for specific 
applications and corrosive environments. The 

Figure 2: Comparison between several synthesised organic corrosion inhibitors
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comparison of inhibition efficiencies presented 
in Figure 2 provides valuable insights into the 
relative effectiveness of the synthesised organic 
corrosion inhibitors. The graph enables a direct 
comparison of the inhibitors’ performance, 
enabling the identification of inhibitors that offer 
high levels of corrosion protection. Furthermore, 
it allows for the identification of potential 
trends or patterns in inhibitor performance, 
such as inhibitors with consistently high or low 
inhibition efficiencies.

The variations in corrosion inhibition 
efficiency among the postulated inhibitors 
(Figure 2) can be attributed to several factors:

Chemical Structure:
• Functional Groups: The presence of 

different functional groups in inhibitors 
influences their interaction with the metal 
surface. For instance, amino, thiazole, 
hydrazide, and pyridine groups may 
contribute differently to the adsorption 
process (Ghazoui et al., 2012).

• Conjugation: Molecules with extended 
conjugated systems, like 3-(5-Amino-1,3,4-
thiadiazol-2yl)-2H-chromen-2-one, may 
exhibit higher efficiency due to enhanced 
electron delocalisation.

Steric Effects:
• Substituent Groups: The nature and position 

of substituent groups on the aromatic rings 
can affect the steric hindrance, influencing 
the accessibility of the inhibitor to the metal 
surface.

Electronic Effects:
• Electron-withdrawing or Donating Group: 

Electron-withdrawing or donating groups can 
influence the electron density of the inhibitor 
molecule, affecting its interaction with the 
metal surface.

Hydrophobicity and Hydrophilicity:
• Balancing Hydrophobic and Hydrophilic 

Properties: The balance between hydrophobic 
and hydrophilic characteristics in the 

inhibitor molecule can impact its solubility in 
the corrosive environment and, consequently, 
its effectiveness.

Concentration Dependency:
• Optimal Concentration: The efficiency of 

an inhibitor may vary with its concentration. 
Too low a concentration might be ineffective, 
while too high a concentration could lead to 
precipitation or reduced efficiency.

Molecular Size:
• Size of the Inhibitor Molecule: Bulky 

molecules may struggle with effective 
adsorption due to steric hindrance, whereas 
smaller molecules might adsorb more easily.

Experimental Conditions:
• Solution Composition: Differences in the 

corrosive media’s composition (acidity, 
presence of other ions) during experimental 
setups can lead to variations in inhibition 
efficiency.

• Temperature: Corrosion rates can be 
temperature-dependent, and inhibitors 
may exhibit different efficiencies at varied 
temperatures.

Metal Specificity:
• Metal Surface: The nature of the metal 

being protected influences the adsorption 
mechanism. Different metals may have 
different affinities for specific inhibitors.

Adsorption Mechanism:
• Chemisorption vs. Physisorption: Inhibitors 

that chemisorb (form a chemical bond) might 
offer stronger and more stable protection 
compared to those relying on physisorption 
(physical interaction).

Hydrazide-Based Inhibitors:
• Hydrazide Structure: Inhibitors with 

hydrazide groups, like isophthalohydrazide 
and terephthalohydrazide, may form stable 
complexes with metal surfaces, enhancing 
their inhibition efficiency.



Ahmed A Al-Amiery et al.   164

Journal of Sustainability Science and Management Volume 19 Number 5, May 2024: 145-172

Several amine-based corrosion inhibitors 
are commonly used for multiple applications and 
can be used for industry. Among  the best organic 
inhibitors is ethanolamine. Ethanolamine is 
effective in neutralising acidic components, 
forming a protective layer on metal surfaces, 
and is widely used in the oil and gas industry to 
prevent corrosion in systems such as pipelines 
and refineries. In conclusion, the complexities in 
inhibitor efficiency stem from a combination of 
structural, electronic, and environmental factors. 
It’s crucial to consider the specific application 
conditions and metal surfaces when selecting or 
designing inhibitors for corrosion protection.

Conclusions
The use of organic inhibitors for mild steel 
protection in corrosive environments has been 
extensively studied and improved in recent 
years. The inhibitory efficiency of organic 
inhibitors is mainly dependent on the type 
of inhibitor, the corrosive medium, and the 
environmental conditions. The study of the 
mechanism of action of organic inhibitors has 
shown that these compounds mainly act by 
adsorption on the metal surface, which leads to 
a reduction in the corrosion rate. The types of 
organic inhibitors include adsorption inhibitors, 
film-forming inhibitors, mixed inhibitors, 
synergistic inhibitors, and green inhibitors. 
Each type of inhibitor has its advantages and 
limitations in various corrosive environments. 
Adsorption inhibitors have been shown to have 
good inhibitory performance in acidic media, 
while film-forming inhibitors are more effective 
in neutral to alkaline environments. Mixed 
inhibitors are efficient in a wide range of pH 
values and can provide better protection than 
single inhibitors. Synergistic inhibitors are an 
effective approach to improve the efficiency of 
inhibitors by combining two or more inhibitors 
that act through different mechanisms. 

Recently published inhibitors such as 
quinoline derivatives, Schiff bases, amino 
acids, and polymers have shown great potential 
as organic inhibitors for mild steel in various 
corrosive environments. Quinoline derivatives 

have been found to have good inhibitory 
efficiency in acidic and neutral media, while 
Schiff bases and amino acids have shown high 
inhibitory performance in alkaline solutions. 
Polymers have also been shown to provide good 
protection for mild steel in different corrosive 
media due to their film-forming properties. 
Overall, the use of organic inhibitors has provided 
an effective and environmentally friendly 
approach to protect mild steel against corrosion. 
With continued research and development, 
organic inhibitors have the potential to become 
a widely used approach to mitigate corrosion in 
various industrial applications.
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