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Abstract

In recent years, the quest for environmentally friendly corrosion inhibitors has led to the
exploration of pharmaceutical compounds as promising alternatives. This mini-review explores
the potential of harnessing pharmaceuticals for corrosion inhibition purposes within the
framework of green chemistry principles. Highlighting the sustainable aspects of utilizing
pharmaceuticals, this article discusses their inhibitive mechanisms, effectiveness, and
compatibility with various corrosion protection strategies. Additionally, the environmental impact
and biodegradability of pharmaceutical-based inhibitors are scrutinized. By integrating
pharmaceutical compounds into corrosion inhibition strategies, this research aims to contribute to
the development of eco-friendly solutions for metal protection in diverse industrial applications.
Corrosion, a widespread electrochemical process, poses significant challenges across various
industries, including infrastructure, manufacturing, and healthcare. Conventional corrosion
inhibitors often contain toxic or environmentally harmful compounds, necessitating the search for
safer and more sustainable alternatives. Pharmaceutical compounds, with their diverse chemical
structures and inherent biocompatibility, present a promising avenue for corrosion inhibition. This
review explores the mechanisms by which pharmaceutical compounds interact with metal
surfaces to inhibit corrosion, including adsorption-based mechanisms and film-forming processes.
Furthermore, the inhibitive performance of pharmaceutical inhibitors is evaluated through
experimental and theoretical studies, comparing their effectiveness with conventional inhibitors.
In addition to their corrosion inhibition properties, pharmaceutical compounds offer advantages
in terms of biodegradability and low environmental impact. By examining the environmental
footprint of pharmaceutical-based inhibitors and their compatibility with green chemistry
principles, this review assesses their potential for promoting sustainability in corrosion protection
practices. Moreover, the integration of pharmaceutical inhibitors into coatings, inhibitors, and
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other corrosion protection strategies is discussed, highlighting their versatility and effectiveness
in diverse applications. Through interdisciplinary collaboration and innovative research efforts,
the utilization of pharmaceutical compounds as corrosion inhibitors holds promise for addressing
corrosion challenges while minimizing environmental impact. This review aims to provide
researchers and industry professionals with valuable insights into the role of pharmaceuticals in
sustainable corrosion protection and to guide future research directions in this evolving field.
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Introduction

Corrosion, the gradual degradation of materials due to chemical or electrochemical reactions
with their environment, poses significant challenges across various industries worldwide.
From infrastructure to manufacturing and beyond, the economic and safety implications of
corrosion are profound [1-5]. Therefore, the development of effective corrosion inhibitors is
of paramount importance in mitigating these adverse effects. However, traditional corrosion
inhibitors often come with their own set of environmental concerns, ranging from toxicity to
persistence in the environment [6—10]. In response to these challenges, the principles of green
chemistry have emerged as a guiding framework for designing sustainable solutions to address
corrosion issues [11-13]. Corrosion is a ubiquitous phenomenon that affects a wide range of
materials, including metals, alloys, and even polymers. It occurs when these materials undergo
chemical or electrochemical reactions with their surroundings, leading to their deterioration
over time. The consequences of corrosion can be severe, ranging from structural integrity loss
to operational failures and safety hazards [14—16]. In industrial settings, corrosion poses
significant economic burdens due to maintenance costs, repair expenses, and downtime
associated with corroded equipment and infrastructure [17—20]. For example, the oil and gas
industry annually incurs billions of dollars in losses due to corrosion-related issues such as
pipeline leaks and equipment failures [21]. Similarly, the transportation sector faces
challenges from corrosion-related deterioration of bridges, railways, and vehicles, impacting
both safety and efficiency [22]. Moreover, corrosion has environmental implications, as it
often results in the release of toxic substances into the surrounding ecosystem. For instance,
corrosion of metal structures in marine environments can lead to the contamination of water
bodies with heavy metals, posing risks to aquatic life and human health. Additionally, the
production and use of traditional corrosion inhibitors may contribute to pollution and resource
depletion, further exacerbating environmental concerns [23—25]. Through a comprehensive
analysis of existing literature and research findings, this review seeks to identify key
pharmaceutical compounds that have demonstrated promising inhibitive performance and to
evaluate their compatibility with different metal substrates and environmental conditions.
Furthermore, the review will discuss potential applications of pharmaceutical inhibitors across
various industries, including biomedical devices, marine infrastructure, aerospace, and
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renewable energy systems. By synthesizing and critically evaluating the current state of
knowledge in this field, this review aims to provide researchers, engineers, and industry
professionals with valuable insights into the role of pharmaceutical compounds in corrosion
protection and to guide future research directions towards the development of effective and
sustainable corrosion inhibition strategies.

1.1. Importance of developing environmentally friendly corrosion inhibitors

Given the widespread impact of corrosion and the environmental challenges associated with
traditional corrosion inhibitors, there is a growing imperative to develop environmentally
friendly alternatives. Environmentally friendly corrosion inhibitors are those that not only
effectively protect materials against corrosion but also minimize adverse effects on human
health and the environment throughout their lifecycle [26, 27]. By adopting a proactive
approach to corrosion prevention with environmentally friendly inhibitors, industries can
reduce the need for costly repairs and replacements, leading to significant cost savings over
the long term. Furthermore, environmentally friendly inhibitors can help mitigate
environmental pollution and preserve natural resources, aligning with global sustainability
goals and regulatory requirements [28, 29]. In addition to economic and environmental
benefits, the development and adoption of environmentally friendly corrosion inhibitors can
enhance the safety and reliability of infrastructure and industrial processes. By preventing
corrosion-induced failures and accidents, these inhibitors contribute to safeguarding human
lives and property, promoting sustainable development and resilience in various sectors
[30, 31]. Figure 1 provides a comparative analysis of the environmental impact of
pharmaceutical inhibitors versus conventional inhibitors. It illustrates key factors such as
production processes, usage, and disposal, highlighting the advantages of pharmaceutical
inhibitors in terms of greener synthesis routes, lower dosages, and biodegradability.
Understanding these environmental aspects is crucial for promoting the adoption of
environmentally friendly corrosion protection strategies.
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Figure 1. Comparative analysis of environmental impact of pharmaceutical and conventional
inhibitors.
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1.2. Introduction to pharmaceutical compounds as potential inhibitors

In recent years, researchers have increasingly turned their attention to pharmaceutical
compounds as potential corrosion inhibitors due to their diverse chemical structures and
biological activities. Pharmaceuticals, which encompass a wide range of organic molecules
designed for therapeutic purposes, offer unique opportunities for corrosion inhibition due to
their inherent properties such as solubility, reactivity, and bioavailability. The utilization of
pharmaceutical compounds as corrosion inhibitors represents a convergence of two distinct
fields: pharmaceutical sciences and corrosion engineering. While traditionally viewed as
unrelated disciplines, these fields share common principles related to molecular design,
structure-activity relationships, and mechanism-based optimization. By leveraging insights
from pharmaceutical research and development, corrosion scientists can explore novel
avenues for designing innovative inhibitors with enhanced performance and sustainability
[32—-35]. Moreover, pharmaceutical compounds are often characterized by their
biocompatibility and biodegradability, making them attractive candidates for
environmentally friendly corrosion inhibition. Unlike some traditional inhibitors that may
persist in the environment and pose risks to ecosystems and human health, pharmaceutical -
based inhibitors have the potential to degrade into harmless byproducts, minimizing their
environmental footprint [36, 37]. Overall, the exploration of pharmaceutical compounds as
corrosion inhibitors represents a promising frontier in the quest for sustainable corrosion
protection solutions. By harnessing the rich chemical diversity and biological relevance of
pharmaceuticals, researchers aim to develop next-generation inhibitors that offer superior
performance, safety, and environmental compatibility [38, 39]. The aim of this review article
is to explore the potential of pharmaceutical compounds as environmentally friendly
corrosion inhibitors and to provide insights into their mechanisms of action, evaluation
methods, integration with corrosion protection strategies, and future prospects. The
objectives can be summarized as follows:

1. To provide an overview of corrosion and its significance in various industrial
sectors.

2. To highlight the importance of developing environmentally friendly corrosion
inhibitors as a sustainable alternative to conventional inhibitors.

3. To introduce pharmaceutical compounds as potential corrosion inhibitors and
discuss their unique properties and advantages.

4. To examine the principles of green chemistry and their application in corrosion
inhibition using pharmaceutical compounds.

5. To explore the mechanisms of corrosion inhibition exhibited by pharmaceutical
compounds and their effectiveness in mitigating corrosion processes.

6. To evaluate the inhibitive performance of pharmaceutical compounds through
experimental and theoretical studies, including comparisons with conventional
inhibitors.
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7. To assess the environmental impact and biodegradability of pharmaceutical-based
inhibitors and analyze their eco-toxicological aspects.

8. To discuss the integration of pharmaceutical inhibitors into corrosion protection
strategies, including coatings, inhibitors, and other approaches.

9. To identify potential applications and future directions in utilizing
pharmaceuticals as corrosion inhibitors across various industries.

10. To identify challenges and research needs for further development in the field of

pharmaceutical-based corrosion inhibition and propose strategies for overcoming
them.

These objectives aim to provide a comprehensive understanding of the role and
potential of pharmaceutical compounds in corrosion protection and to guide future research
and development efforts in this promising field.

2. Green Chemistry Principles in Corrosion Inhibition

2.1. Brief explanation of green chemistry principles

Green chemistry, also known as sustainable chemistry, is a discipline that aims to design
chemical products and processes that minimize the use and generation of hazardous
substances. It emphasizes the use of renewable feedstocks, the reduction of energy
consumption, and the prevention of pollution to promote environmental and human health.
The principles of green chemistry, as outlined by Paul Anastas and John Warner in their
seminal work, provide a framework for guiding the development of environmentally benign
chemical technologies. These principles include [40—-45]:

1. Prevention: It is better to prevent waste than to treat or clean up waste after it has
been generated.

2. Atom economy: Synthetic methods should be designed to maximize the
incorporation of all materials used in the process into the final product.

3. Less hazardous chemical syntheses: Wherever practicable, synthetic methods
should be designed to use and generate substances that possess little or no toxicity
to human health and the environment.

4. Designing safer chemicals: Chemical products should be designed to be effective
yet have minimal toxicity and minimal potential for accidents or harmful releases.

5. Safer solvents and auxiliaries: The use of auxiliary substances (e.g., solvents,
separation agents, etc.) should be made unnecessary wherever possible and, when
used, innocuous.

6. Design for energy efficiency: Energy requirements should be minimized to
reduce consumption and waste.

7. Use of renewable feedstocks: Whenever possible, raw materials should be
renewable rather than depleting.
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8. Reduce derivatives: Unnecessary derivatization (i.e., unnecessary use of
blocking groups, protection/deprotection, temporary modification of physical/
chemical processes) should be minimized or avoided if possible.

9. Catalysis: Catalytic reagents are superior to stoichiometric reagents.

10. Design for degradation: Chemical products should be designed so that at the end
of their function, they break down into innocuous degradation products and do not
persist in the environment.

These principles provide a roadmap for chemists and engineers to develop sustainable
solutions across various industries, including corrosion inhibition.

2.2. Rationalization of utilizing pharmaceuticals within green chemistry framework

The rationalization of utilizing pharmaceuticals as corrosion inhibitors within the green
chemistry framework stems from their inherent properties and the alignment of their design
principles with those of green chemistry [46]. Firstly, pharmaceutical compounds are often
designed to exhibit specific biological activities while minimizing adverse effects on human
health and the environment. This principle aligns with the green chemistry tenet of designing
safer chemicals. By leveraging the molecular diversity and structure-activity relationships
inherent in pharmaceutical design, researchers can identify compounds with inherent
corrosion inhibition properties and low toxicity profiles. This approach not only enhances
the safety and sustainability of corrosion inhibition strategies but also minimizes the risks
associated with exposure to harmful chemicals in industrial and environmental settings
[47, 48]. Secondly, pharmaceutical compounds offer opportunities for atom economy and
efficient resource utilization in corrosion inhibition. Unlike traditional inhibitors that may
require complex synthesis routes and generate significant waste byproducts, pharmaceuticals
can be synthesized wusing efficient, atom-efficient methodologies. Furthermore,
pharmaceutical synthesis often employs catalytic processes and renewable feedstocks,
aligning with the green chemistry principles of catalysis and the use of renewable resources.
By adopting synthetic strategies that prioritize atom economy and energy efficiency,
researchers can minimize the environmental footprint of corrosion inhibitor production
while maximizing the incorporation of all materials into the final product [49, 50]. Moreover,
the biodegradability and biocompatibility of pharmaceutical compounds make them ideal
candidates for environmentally friendly corrosion inhibition. Unlike some traditional
inhibitors that persist in the environment and pose risks to ecosystems and human health,
pharmaceutical-based inhibitors have the potential to degrade into harmless byproducts
through natural processes. This property not only reduces the long-term environmental
impact of corrosion inhibition but also facilitates the development of sustainable materials
and processes for metal protection [51]. Overall, the rationalization of utilizing
pharmaceuticals as corrosion inhibitors within the green chemistry framework offers a
holistic approach to sustainable materials design and engineering. By leveraging the
principles of green chemistry, researchers can harness the unique properties of
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pharmaceutical compounds to develop innovative corrosion inhibition strategies that are
effective, safe, and environmentally friendly [52,53]. Through interdisciplinary
collaboration and innovation, the integration of pharmaceuticals into corrosion protection
technologies holds promise for advancing towards a more sustainable and resilient future.
Figure 2 illustrates the integration of pharmaceutical inhibitors into corrosion protection
strategies, including coatings, inhibitors, surface modifications, and corrosion sensors. It
demonstrates how pharmaceutical inhibitors can enhance metal protection effectiveness and
sustainability when incorporated into various corrosion protection approaches. This
integrated approach offers versatile solutions for addressing corrosion challenges across
different industries and applications.

Figure 2. Integration of pharmaceutical inhibitors into corrosion protection strategies.

2.3. Specific examples of pharmaceutical compounds as steel corrosion inhibitors in acidic
solutions

The exciting field of utilizing expired or repurposed pharmaceuticals as corrosion inhibitors
has yielded several promising results, particularly for steel in acidic environments. Here are
some specific examples:
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e Antibiotics: Studies have shown that Ampicillin, Cloxacillin, Flucloxacillin, and
Amoxicillin exhibit impressive inhibition efficiencies of up to 90% in acidic media
[54]. These antibiotics likely function by forming a protective film on the steel surface,
hindering the corrosive species from reaching the metal.

e Antihypertensives: Enalapril maleate, Atenolol, and Etilefrine, commonly used for
blood pressure control, have also demonstrated significant corrosion inhibition
potential for steel in acidic solutions [55].

Their effectiveness is attributed to the presence of specific functional groups within
their molecular structure, allowing them to interact with the metal surface and create a
protective barrier.

e Cephapirin: This antibiotic not only displays promising experimental results but also
benefits from theoretical support through Density Functional Theory (DFT)
simulations. These simulations suggest that cephapirin effectively inhibits the
corrosion process at the atomic level [56].

It’s crucial to distinguish between pharmaceutical compounds and other chemical
compounds. Pharmaceutical compounds, also known as drugs, are rigorously tested and
approved for use in treating specific medical conditions. They often possess complex
molecular structures and specific biological activities. In contrast, other chemical
compounds encompass a vast array of substances with diverse functionalities, not
necessarily intended for medical applications. Therefore, the exploration of pharmaceutical
compounds as corrosion inhibitors presents a unique opportunity. By repurposing readily
available, often expired, drugs, researchers can contribute to:

3. Mechanisms of Corrosion Inhibition by Pharmaceuticals

3.1. Exploration of various inhibitive mechanisms exhibited by pharmaceutical compounds

Pharmaceutical compounds exhibit a wide range of inhibitive mechanisms that make them
promising candidates for corrosion inhibition. These mechanisms can be broadly categorized
into adsorption-based and film-forming mechanisms, each of which involves interactions
between the inhibitor molecules and the metal surface.

Adsorption-based mechanisms

One of the primary mechanisms by which pharmaceutical compounds inhibit corrosion is
through adsorption onto the metal surface. This process involves the formation of a
protective layer of inhibitor molecules that physically block the corrosive species from
accessing the metal surface. The adsorption of pharmaceutical inhibitors is often driven by
electrostatic interactions, hydrogen bonding, and VVan der Waals forces between the inhibitor
molecules and the metal surface [57, 58]. For example, aromatic compounds such as
benzimidazoles and pyridines are known to adsorb onto metal surfaces via n—m interactions
between their aromatic rings and the metal atoms. Similarly, heterocyclic compounds
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containing nitrogen, oxygen, or sulfur atoms can form coordination complexes with metal
ions on the surface, leading to strong adsorption and inhibition [59, 60]. Furthermore,
pharmaceutical compounds may undergo chemisorption onto the metal surface, where they
form covalent bonds with the metal atoms. This type of adsorption typically involves the
donation of electron pairs from the inhibitor molecules to vacant d-orbitals on the metal
surface, leading to the formation of stable coordination complexes. For instance, nitrogen-
containing compounds such as imidazoles and pyrazoles can coordinate with metal ions
through their nitrogen lone pairs, forming stable metal-inhibitor complexes that inhibit
corrosion effectively [61, 62]. Figure 3 depicts the adsorption-based mechanism of
pharmaceutical inhibitors on a metal surface. Pharmaceutical compounds adsorb onto the
metal surface through interactions such as electrostatic forces, hydrogen bonding, and Van
der Waals interactions. This adsorption forms a protective layer that blocks corrosive species
from accessing the metal surface, thereby inhibiting corrosion. Understanding this
mechanism is essential for designing effective pharmaceutical inhibitors and optimizing
their corrosion protection properties.
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Figure 3. Schematic illustration of adsorption-based mechanism of pharmaceutical inhibitors.

Film-forming mechanisms:

In addition to adsorption-based mechanisms, some pharmaceutical compounds can act as
film-forming inhibitors by forming protective films on the metal surface. These films act as
physical barriers that separate the metal from the corrosive environment, preventing direct
contact and inhibiting corrosion [63]. Film-forming inhibitors may either be passivating,
where they promote the formation of stable oxide or hydroxide layers on the metal surface,
or barrier-type, where they form dense, impermeable films that block the diffusion of
corrosive species [64]. For example, organic acids such as citric acid and tartaric acid can
form protective oxide films on metal surfaces through complexation with metal ions and
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subsequent precipitation of metal oxides/hydroxides [65]. Similarly, polymeric inhibitors
such as polyaniline and polypyrrole can undergo electropolymerization on metal surfaces,
forming conductive polymer films that inhibit corrosion by acting as barriers to ion transport.
Moreover, some pharmaceutical compounds may exhibit mixed-mode inhibition
mechanisms, where they combine both adsorption-based and film-forming mechanisms to
achieve synergistic corrosion protection [66]. For instance, organic molecules containing
functional groups such as amino, hydroxyl, and carboxyl groups can adsorb onto metal
surfaces and subsequently undergo self-assembly or polymerization to form protective films,
enhancing the overall inhibition efficiency. Overall, the diverse inhibitive mechanisms
exhibited by pharmaceutical compounds highlight their versatility and potential for
corrosion inhibition in various environments and applications [67, 68]. By understanding
and optimizing these mechanisms, researchers can develop tailored corrosion inhibition
strategies that offer effective and long-lasting protection against corrosion. Figure 4
illustrates the film-forming mechanism of pharmaceutical inhibitors on a metal surface.
Pharmaceutical compounds form a protective barrier film that covers the metal surface,
preventing direct contact with corrosive environments. This film acts as a physical barrier,
hindering the diffusion of corrosive species and inhibiting corrosion processes. Film-forming
inhibitors offer durable and long-lasting corrosion protection, particularly in aggressive
environments such as marine or industrial settings.

Corroded metallic surface
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Figure 4. Cross-sectional view of film-forming mechanism of pharmaceutical inhibitors.

Table outlines the various mechanisms of action exhibited by pharmaceutical
inhibitors. Understanding these mechanisms is crucial for designing effective corrosion
protection strategies. Adsorption-based mechanisms involve the formation of a protective
layer through molecular interactions, while film-forming mechanisms create physical
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barriers on the metal surface. Mixed-mode inhibition combines both mechanisms, offering
enhanced corrosion protection.

Table 1. Comparison of mechanisms of action of pharmaceutical inhibitors.

Mechar_usm Description Advantages Disadvantages Examples
of action
Adsorption- Pharmaceutical — Highly — Limited film  — Mercaptobenzothiazole
based molecules physically  specific to the  thickness (MBT)
adhere to the metal metal surface  — Maynotbe  — Benzotriazole (BTA)
surface, forming a — Often effective against — Quaternary ammonium
protective layer. This  effective at low all types of salts
layer hinders the concentrations  corrosion
diffusion of corrosive  _ can be self-
ions and reduces the healing if
rate of electron damaged
transfer involved in
corrosion.
Film- Pharmaceutical — Strong barrier — Can be thick - Polyaniline films
forming molecules create a against and affect other — Epoxy coatings
physical barrier on the  aggressive surface — Cerium oxide films
metal surface, environments  properties
preventing corrosive — Can be — May be less
species from reaching  durable and effective against
it. This film can be long-lasting localized
organic or inorganic corrosion
and can be formed
through various
mechanisms like
precipitation or
polymerization.
Mixed-  Combines adsorption ~ — Broad- — Requires — Silane-based coatings
mode and film-forming spectrum careful design to  containing inhibitors
inhibition ~ mechanisms, offering  protection achieve optimal — Organic-inorganic hybrid
synergistic protection.  against various adsorptionand ~ films
This type of inhibition  corrosion types film formation
can be more effective ~ — Can be self- — Can be more
than either approach healing and complex and
alone. offer long- expensive to
lasting implement
protection
Chelation  Pharmaceutical — Highly — May require  — EDTA (ethylenediamine
molecules form effective in high tetraacetic acid)
complexes with metal ~ removing concentrations  — Citric acid

ions responsible for
corrosion, effectively

specific metal
ions

— Not effective — Phosphoric acid
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Mechamsm Description Advantages Disadvantages Examples
of action
removing them from — Can be against all types
the solution and targeted to of corrosion
preventing their specific
participation in the corrosion
COrrosion process. mechanisms
Passivation Pharmaceutical — Highly — Requires — Chromates
molecules promote the  effective and specific — Nitrates
formation of a passive  long-lasting conditions for  — Molybdates
oxide layer on the protection oxide formation
metal surface, which — Can be self- — May not be
significantly reduces healing compatible with
its reactivity and all metals
susceptibility to
corrosion.

3.2. Discussion on their effectiveness in mitigating corrosion processes

Pharmaceutical compounds have shown remarkable effectiveness in mitigating corrosion
processes across a wide range of metal substrates and corrosive environments. Their ability
to inhibit corrosion stems from their unique chemical structures, which enable interactions
with metal surfaces and corrosive species, leading to the formation of protective barriers or
films [69, 70]. One key factor contributing to the effectiveness of pharmaceutical inhibitors
iIs their ability to adsorb strongly onto metal surfaces. The adsorption of inhibitors reduces
the availability of active sites for corrosive species to react, thereby slowing down the
corrosion rate. Furthermore, pharmaceutical compounds can form stable coordination
complexes with metal ions on the surface, enhancing their adsorption affinity and inhibition
efficiency. This strong adsorption ensures the formation of a dense and uniform inhibitor
layer, which provides effective corrosion protection over extended periods [71-73].
Moreover, pharmaceutical inhibitors often exhibit excellent film-forming properties,
allowing them to create protective barriers on metal surfaces. These barriers effectively
block the diffusion of corrosive species, such as oxygen, water, and ions, thereby inhibiting
the corrosion process. The formation of protective films is particularly beneficial in
aggressive environments where corrosion rates are high, such as acidic or saline conditions.
By forming dense and adherent films, pharmaceutical inhibitors can significantly reduce
metal dissolution and corrosion product formation, leading to prolonged service life and
enhanced durability of metal components [74—76].

Another advantage of pharmaceutical inhibitors is their versatility and compatibility
with different corrosion protection strategies. They can be incorporated into coatings, paints,
and surface treatments to provide multifunctional corrosion protection. For example,
pharmaceutical-based coatings can offer combined barrier and active corrosion inhibition
properties, providing comprehensive protection against both mechanical and
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electrochemical corrosion mechanisms. Furthermore, pharmaceutical inhibitors can be used
in combination with other corrosion inhibitors or synergistic additives to enhance their
performance and tailor their properties to specific application requirements [77-79].
Additionally, the effectiveness of pharmaceutical inhibitors is often attributed to their
environmentally friendly nature and biocompatibility. Unlike some traditional inhibitors that
may contain toxic or hazardous components, pharmaceutical compounds are generally safe
for human health and the environment. Their biodegradability ensures minimal
environmental impact and allows for eco-friendly disposal at the end of their service life.
This inherent sustainability makes pharmaceutical inhibitors attractive options for corrosion
protection in environmentally sensitive applications, such as marine, aerospace, and
biomedical industries [80—-82]. In conclusion, pharmaceutical compounds have
demonstrated remarkable effectiveness in mitigating corrosion processes through their
strong adsorption and film-forming mechanisms. Their ability to form protective barriers on
metal surfaces, combined with their compatibility and sustainability, makes them promising
candidates for corrosion inhibition in various industrial sectors. By harnessing the unique
properties of pharmaceutical inhibitors and optimizing their performance, researchers can
develop innovative corrosion protection solutions that enhance the reliability, safety, and
sustainability of metal components and structures.

4. Evaluation of Pharmaceutical Compounds as Corrosion Inhibitors

4.1. Assessment of the inhibitive performance of pharmaceuticals through experimental and
theoretical studies

The evaluation of pharmaceutical compounds as corrosion inhibitors involves a
comprehensive assessment of their inhibitive performance through a combination of
experimental and theoretical studies. These studies aim to elucidate the mechanisms of
corrosion inhibition, quantify the effectiveness of inhibitors, and optimize their properties
for specific applications [83—86]. Experimental studies play a crucial role in assessing the
inhibitive performance of pharmaceutical compounds under relevant corrosion conditions.
These studies typically involve conducting corrosion tests using various electrochemical and
surface analysis techniques to evaluate the corrosion rate, inhibitor efficiency, and surface
morphology of metal samples in the presence of inhibitors [87—90]. Electrochemical
techniques, such as potentiodynamic polarization, electrochemical impedance spectroscopy
(EIS), and cyclic voltammetry, are commonly employed to assess the corrosion kinetics and
inhibition efficiency of pharmaceutical inhibitors. These techniques provide valuable
insights into the electrochemical behavior of metal-inhibitor systems, including corrosion
potential, corrosion current density, polarization resistance, and charge transfer resistance
[91-93].

Surface analysis technigues, such as scanning electron microscopy (SEM), atomic force
microscopy (AFM), and X-ray photoelectron spectroscopy (XPS), are used to investigate the
surface morphology, composition, and structure of inhibitor films formed on metal surfaces.
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These techniques help elucidate the mechanisms of corrosion inhibition and provide visual
evidence of inhibitor adsorption, film formation, and surface protection [93—96]. In addition
to experimental studies, theoretical modeling and computational simulations are employed
to complement experimental data and provide molecular-level insights into the mechanisms
of corrosion inhibition. Quantum chemical calculations, molecular dynamics simulations,
and density functional theory (DFT) calculations are used to predict inhibitor adsorption
energies, binding geometries, and electronic properties, aiding in the rational design and
optimization of pharmaceutical inhibitors [97—105]. By combining experimental and
theoretical approaches, researchers can gain a comprehensive understanding of the inhibitive
performance of pharmaceutical compounds and identify key factors influencing their
effectiveness, such as inhibitor concentration, chemical structure, molecular interactions,
and environmental conditions.

4.2. Comparison with conventional corrosion inhibitors

A critical aspect of evaluating pharmaceutical compounds as corrosion inhibitors is
comparing their performance with that of conventional inhibitors commonly used in
industrial applications. Conventional corrosion inhibitors, such as chromates, phosphates,
nitrites, and organic inhibitors like benzotriazoles and mercaptobenzothiazoles, have been
extensively studied and employed for corrosion protection in various sectors [106, 107].
Pharmaceutical inhibitors are compared with conventional inhibitors based on several key
criteria, including inhibition efficiency, cost-effectiveness, environmental impact,
compatibility with coatings and additives, and regulatory compliance. The comparison aims
to assess the relative advantages and limitations of pharmaceutical inhibitors and identify
areas where they may offer superior performance or address specific challenges associated
with conventional inhibitors [108]. In terms of inhibition efficiency, pharmaceutical
compounds have demonstrated comparable or superior performance to conventional
inhibitors in many cases. Their ability to form strong adsorption layers and protective films
on metal surfaces, combined with their inherent biocompatibility and environmental
sustainability, makes them attractive alternatives to traditional inhibitors [109]. Furthermore,
pharmaceutical inhibitors offer advantages in terms of biodegradability and eco-
toxicological properties, minimizing their environmental footprint and reducing risks to
human health and ecosystems. Unlike some conventional inhibitors that contain toxic or
hazardous components, pharmaceutical compounds are generally safer for use and disposal,
making them preferable options for environmentally sensitive applications [110]. Cost-
effectiveness is another important consideration when comparing pharmaceutical inhibitors
with conventional inhibitors. While pharmaceutical compounds may initially have higher
production costs or require specialized synthesis routes, their long-term benefits in terms of
corrosion protection, maintenance savings, and environmental compliance may outweigh the
initial investment. Moreover, advances in synthetic chemistry and production technologies
may further reduce the cost of pharmaceutical inhibitors and enhance their competitiveness
in the market [111, 112]. Compatibility with coatings and additives is also crucial for
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evaluating the suitability of pharmaceutical inhibitors for practical applications.
Pharmaceutical compounds can be incorporated into various coating formulations, paints,
and surface treatments to provide multifunctional corrosion protection. Their compatibility
with other corrosion inhibitors, pigments, and performance-enhancing additives allows for
customized formulations tailored to specific application requirements and substrate materials
[113, 114]. Regulatory compliance is an essential consideration for corrosion inhibitors used
in industries subject to stringent environmental regulations, such as the aerospace,
automotive, and marine sectors. Pharmaceutical compounds, with their favorable
environmental profiles and biocompatibility, are more likely to meet regulatory requirements
and standards for safety, sustainability, and environmental stewardship. This compliance
provides reassurance to end-users and facilitates the adoption of pharmaceutical inhibitors
in regulated industries [115, 116]. In summary, the comparison of pharmaceutical
compounds with conventional corrosion inhibitors highlights their potential as viable
alternatives for corrosion protection in various industrial applications. By leveraging their
unique properties, such as strong adsorption, film-forming ability, biodegradability, and
environmental compatibility, pharmaceutical inhibitors offer effective and sustainable
solutions for mitigating corrosion and preserving the integrity of metal components and
structures. Continued research and development efforts are needed to further optimize the
performance, cost-effectiveness, and applicability of pharmaceutical inhibitors and
accelerate their adoption in practical corrosion protection strategies. Table 2 compares the
environmental impact of pharmaceutical inhibitors with conventional inhibitors at various
stages, including production, usage, and disposal. Pharmaceutical inhibitors exhibit
advantages such as greener synthesis routes and biodegradability, minimizing their
environmental footprint compared to conventional inhibitors.

Table 2. Comparison of the environmental impact of pharmaceutical inhibitors and conventional inhibitors.

Advantages of  Disadvantages of

Environmental  Pharmaceutical Conventional . i
: S S pharmaceutical pharmaceutical
impact stage inhibitors inhibitors s A
inhibitors inhibitors
Production — Greener — Energy-intensive — Lower — Limited
processes synthesis routes processes (high environmental information on
(enzymes, temperatures, footprint scalability and
biocatalysis) pressure) during cost
— Reduced — Significant solvent production competitiveness
energy and reagent use
consumption — Emission of
— Minimal greenhouse gases and
hazardous air pollutants
byproducts — Hazardous waste

generation
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Environmental

Pharmaceutical

Conventional

Advantages of
pharmaceutical

Disadvantages of
pharmaceutical

Impact stage inhibitors inhibitors inhibitors inhibitors
Usage — Lower dosages  — Higher dosages — Reduced — May require
due to higher required for similar environmental more complex
potency protection exposure and application
— Potential for — Can be readily potential methods
controlled released into the toxicity
release environment from
formulations treated surfaces
— Minimal — May impact non-
leaching from target organisms
coated surfaces
Disposal — Biodegradable  — Persistent in the — Reduced risk - Limited data on
(natural environment (heavy of long-term long-term
products, metals, organic environmental breakdown
polymers) compounds) contamination products and
— Rapid — Potential for potential impacts
breakdown inthe  accumulation and
environment long-term effects
— Minimized — Costly and energy-
persistence intensive treatment
processes
Other — May exhibit — May have — Promising — Lack of

Considerations lower overall unintended ecological  area for further  established
toxicity effects due to novel research and standards and
— Potential for mechanisms development regulations

biocompatibility

and reduced
health risks

5. Environmental Impact and Biodegradability

5.1. Examination of the environmental footprint of pharmaceutical-based inhibitors

The environmental footprint of corrosion inhibitors, including pharmaceutical-based
inhibitors, encompasses various aspects, such as production processes, usage, and disposal.
Understanding and minimizing this footprint are crucial for ensuring the sustainability of
corrosion protection strategies and mitigating potential adverse effects on ecosystems and

human health.

Production processes:

The production of pharmaceutical-based inhibitors involves chemical synthesis, which may
require energy-intensive processes, raw materials, and solvents. However, advancements in
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green chemistry and sustainable manufacturing practices have enabled the development of
more environmentally friendly synthesis routes for pharmaceutical compounds. These
include the use of renewable feedstocks, catalytic reactions, and solvent-free processes to
minimize waste generation and energy consumption. By adopting greener production
methods, the environmental impact of pharmaceutical inhibitor synthesis can be reduced,
leading to more sustainable corrosion protection solutions [117, 118].

Usage:

During the usage phase, pharmaceutical-based inhibitors are applied to metal surfaces to
provide corrosion protection. The environmental impact of inhibitors during this phase
depends on factors such as dosage, application method, and exposure pathways. In general,
inhibitors with lower dosages and minimal leaching from coated surfaces have lower
environmental impacts. Additionally, inhibitors that are effective at lower concentrations or
require less frequent reapplication can help reduce overall usage and environmental exposure
[119, 120].

Disposal:

At the end of their service life, pharmaceutical-based inhibitors may undergo disposal, which
can impact the environment if not managed properly. Disposal methods such as recycling,
incineration, or landfilling can have different environmental implications depending on
factors such as the inhibitor’s chemical composition, toxicity, and biodegradability. Ideally,
inhibitors should be designed to degrade into harmless byproducts or undergo
biodegradation in natural environments, minimizing their persistence and potential for
environmental accumulation [121]. Assessing the environmental footprint of
pharmaceutical-based inhibitors requires considering their entire lifecycle, from raw
material extraction to disposal. Life cycle assessment (LCA) is a systematic approach used
to quantify the environmental impacts of products and processes across their lifecycle stages.
By conducting LCAs of pharmaceutical inhibitors, researchers can identify hotspots and
opportunities for improving their environmental performance, leading to more sustainable
corrosion protection strategies [122].

5.2. Analysis of their biodegradability and eco-toxicological aspects

Biodegradability and eco-toxicological aspects are important considerations when
evaluating the environmental sustainability of corrosion inhibitors, including
pharmaceutical-based inhibitors.

Biodegradability:
Biodegradability refers to the ability of a substance to be broken down into simpler, non-
toxic compounds by microbial action or other natural processes. Biodegradable inhibitors
are preferable as they minimize environmental persistence and reduce the risk of
accumulation in ecosystems. Pharmaceutical compounds, with their organic nature and
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structural similarity to naturally occurring molecules, often exhibit high biodegradability.
Their carbon-based backbone and functional groups allow them to be metabolized by
microorganisms in soil, water, and sediments, leading to degradation into innocuous
byproducts such as carbon dioxide, water, and biomass. However, the biodegradability of
pharmaceutical inhibitors can vary depending on factors such as chemical structure,
molecular weight, and environmental conditions. Therefore, it is essential to assess the
biodegradability of specific pharmaceutical compounds under relevant environmental
conditions to ensure their environmental compatibility and sustainability as corrosion
inhibitors [123, 124].

Eco-toxicological aspects:

Eco-toxicological aspects refer to the potential adverse effects of corrosion inhibitors on
ecological systems and organisms. Pharmaceuticals are designed to interact with biological
systems and may exhibit specific toxicological properties that could impact non-target
organisms in the environment. Therefore, it is important to evaluate the eco-toxicological
profile of pharmaceutical-based inhibitors to assess their environmental safety and potential
risks [125]. Eco-toxicological studies involve assessing the acute and chronic toxicity of
inhibitors to various organisms, including aquatic organisms, plants, and soil
microorganisms. These studies use standardized toxicity tests and endpoints to measure the
effects of inhibitors on organismal health, growth, reproduction, and survival. Additionally,
bioaccumulation and biomagnification studies are conducted to determine the potential for
inhibitors to accumulate in food chains and ecosystems [126]. Furthermore, structure-
activity relationship (SAR) studies can provide insights into the relationship between
inhibitor structure and eco-toxicological properties, guiding the design of safer and more
environmentally friendly inhibitors. By identifying structural features associated with
toxicity, researchers can optimize inhibitor design to minimize adverse effects on non-target
organisms while maintaining corrosion inhibition performance [127]. In conclusion, the
biodegradability and eco-toxicological aspects of pharmaceutical-based inhibitors are
critical considerations for assessing their environmental sustainability and safety as
corrosion inhibitors. By conducting thorough evaluations of these aspects and integrating
them into corrosion protection strategies, researchers can develop environmentally friendly
inhibitors that provide effective metal protection while minimizing adverse impacts on
ecosystems and human health.

6. Integration with Corrosion Protection Strategies
6.1. Integration of pharmaceutical inhibitors into coatings, inhibitors, and other corrosion

protection strategies

The integration of pharmaceutical inhibitors into coatings, inhibitors, and other corrosion
protection strategies offers a multifaceted approach to enhancing metal protection while
leveraging the unique properties of pharmaceutical compounds.



Int. J. Corros. Scale Inhib., 2024, 13, no. 2, 630-670 648

Coatings:

Coatings are commonly used as primary barriers to protect metal surfaces from corrosion.
By incorporating pharmaceutical inhibitors into coating formulations, it is possible to impart
additional corrosion inhibition properties to the coating system. Pharmaceutical inhibitors
can be dispersed in various coating matrices, such as epoxy, polyurethane, acrylic, and alkyd
resins, to form composite coatings with synergistic corrosion protection effects [128]. The
incorporation of pharmaceutical inhibitors into coatings can be achieved through physical
blending or chemical modification of the inhibitor molecules to improve compatibility with
the coating matrix. Additionally, nanotechnology-based approaches, such as the use of
nanoencapsulation or nanocomposites, can enhance the dispersion and controlled release of
pharmaceutical inhibitors within coatings, leading to improved long-term performance and
durability [129]. Furthermore, pharmaceutical-based coatings can offer combined
functionalities, such as corrosion inhibition, antimicrobial activity, self-healing, and stimuli
responsiveness, making them versatile solutions for diverse corrosion protection
applications [130].

Inhibitors:

Pharmaceutical inhibitors can also be used as standalone corrosion inhibitors in solution-
based treatments or as additives to corrosion inhibitor formulations. Inhibitor solutions
containing pharmaceutical compounds can be applied directly to metal surfaces through
immersion, spraying, or brushing methods to provide temporary or long-term corrosion
protection [131]. Moreover, pharmaceutical inhibitors can be combined with other corrosion
inhibitors, such as organic and inorganic inhibitors, to create synergistic effects and enhance
overall corrosion inhibition performance. The combination of inhibitors with
complementary mechanisms of action can improve corrosion resistance across a broader
range of environmental conditions and metal substrates [132].

Other corrosion protection strategies:

In addition to coatings and inhibitors, pharmaceutical inhibitors can be integrated into other
corrosion protection strategies, such as corrosion-resistant materials, surface modifications,
and corrosion monitoring systems [133]. For example, pharmaceutical compounds can be
incorporated into metal alloys, composites, and hybrid materials to impart inherent corrosion
resistance properties. Surface modification techniques, such as plasma treatment, chemical
conversion, and laser patterning, can be used to immobilize pharmaceutical inhibitors onto
metal surfaces, forming self-assembled monolayers or functionalized coatings that provide
long-lasting corrosion protection [134]. Furthermore, pharmaceutical inhibitors can be
incorporated into corrosion sensors and monitoring devices to detect and mitigate corrosion
in real-time, enabling proactive maintenance and corrosion control strategies [135]. Overall,
the integration of pharmaceutical inhibitors into coatings, inhibitors, and other corrosion
protection strategies offers a holistic approach to corrosion prevention and mitigation. By
leveraging the versatility and compatibility of pharmaceutical compounds with existing
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corrosion protection technologies, it is possible to develop innovative solutions that provide
effective, long-lasting, and environmentally friendly metal protection across various
industries and applications.

6.2. Compatibility with different metal substrates and environmental conditions

One of the key considerations when integrating pharmaceutical inhibitors into corrosion
protection strategies is their compatibility with different metal substrates and environmental
conditions. Compatibility encompasses factors such as inhibitor-metal interactions, coating
adhesion, film formation, and performance under diverse corrosion environments.

Inhibitor-metal interactions:

Pharmaceutical inhibitors must exhibit strong adsorption and interaction with metal surfaces
to provide effective corrosion protection. The compatibility of inhibitors with different metal
substrates depends on factors such as surface chemistry, morphology, and electrochemical
properties. For example, inhibitors with functional groups such as amino, hydroxyl, and
carboxyl groups can form coordination complexes with metal ions on the surface, enhancing
their adsorption affinity and inhibition efficiency. Furthermore, the electronic structure and
reactivity of metal surfaces influence the adsorption kinetics and stability of inhibitor films,
affecting overall corrosion inhibition performance [136, 137]. Table 3 summarizes the
compatibility of pharmaceutical inhibitors with different metal substrates. Pharmaceutical
inhibitors demonstrate versatility and effectiveness across various metals, with strong
adsorption-based inhibition on steel, film-forming inhibition on aluminum, and
compatibility with both mechanisms on copper.

Table 3. Compatibility of pharmaceutical inhibitors with different metal substrates.

Compatibility
Metal with Mechanism :
substrate pharmaceutical  of action Advantages = Disadvantages Examples
inhibitors
Steel Excellent Adsorption-  —Strong —Limited —Benzotriazole (BTA)
based, affinity for  long-term —Mercaptobenzo-
Mixed-  steel surface durability of thiazole (MBT)
mode _Effective adsorpt_lon- _Imidazoline
at low based films derivatives
dosages —Susceptible

_Can offer 1o wear and
synergistic  tear in high-

protection ~ flow
with mixed- €nvironments

mode
inhibitors
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Aluminum Good Film- —Forms —May affect —Silicates
forming,  stableand  surface —Phosphates
Mixed- adherent properties like _Silane-based
mode films conductivity or inhibitors
_Provides  reflectivity
long-term —Not as
protection effective as
—Can be mixed-mode
Se|f-hea|ing inhibitors in
harsh
environments
Copper Moderate Adsorption-  —Versatile, — —Quinoxaline
based, Film- compatible  Effectiveness derivatives
forming,  with various varies —Organic-inorganic
Mixed- mechanisms  dependingon  hybrid coatings
mode ~Canbe  copper alloy —Polymeric films
ta“ored for and |nh|b|t0r
specific type
copper —May not be
alloys as effective as
specialized
copper
inhibitors
Other Varies Dependson  —Potential ~ —Limited —Exploring inhibitors
metals individual  for research and for magnesium, zinc,
inhibitor ~ development data compared titanium, etc.
and metal ~ of new to common
properties  sustainable  metals
corrosion _
solutions Compatibility
—Can offer and
unique effectiveness
advantages  need further
tailored to investigation
specific
metals

Coating adhesion and film formation:

In coating systems, the adhesion of pharmaceutical-based coatings to metal substrates is
critical for ensuring long-term performance and durability. Poor adhesion can lead to coating
delamination, blistering, and reduced corrosion protection effectiveness. Therefore, it is
essential to optimize coating formulations and application methods to promote strong
interfacial bonding between the coating and metal substrate. Additionally, the formation of
dense, uniform inhibitor films on metal surfaces is essential for providing effective corrosion
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protection. Pharmaceutical inhibitors must exhibit film-forming properties and resistance to
degradation under corrosive conditions to maintain their protective efficacy over extended
periods [138, 139].

Performance under diverse corrosion environments:

Pharmaceutical inhibitors must demonstrate performance under diverse corrosion
environments, including atmospheric, marine, industrial, and acidic conditions. The
compatibility of inhibitors with different environmental factors such as temperature,
humidity, pH, and chemical aggressiveness influences their corrosion inhibition
effectiveness. For example, inhibitors designed for marine environments must withstand
exposure to seawater, chloride ions, and biofouling organisms, while inhibitors used in
industrial settings may encounter aggressive chemicals, high temperatures, and varying pH
levels. Therefore, it is crucial to evaluate the corrosion inhibition performance of
pharmaceutical inhibitors under relevant environmental conditions to ensure their
applicability and reliability in practical corrosion protection applications [140, 141].

Table 4 presents examples of pharmaceutical compounds used as corrosion inhibitors,
highlighting their mechanisms of action and corrosion protection effectiveness.
Benzimidazoles demonstrate strong adsorption-based inhibition, while pyridines offer
durable film-forming protection. Imidazoles exhibit mixed-mode inhibition, providing
synergistic corrosion protection in diverse environments.

Table 4. Examples of pharmaceutical compounds as corrosion inhibitors.

Pharmaceutical Mechanism

compound of action Advantages Disadvantages Examples  Applications
Benzimidazoles  Adsorption- —Strong affinity =~ —Limited long-  Albendazole, Steel
based for steel surfaces  term durability mebendazole protection in
—Effective in —Susceptible to pipelines, oil
acidic wear and tear and gas
environments —May not be industry
—Low dosage suitable for
requirements high-alkaline
environments
Pyridines Film- —Forms stable —May affect Clotrimazole, Aluminum
forming and adherent surface terconazole protection in
films properties like marine
—Durable conductivity or structures,
protection reflectivity boats,
against marine —Complex offshore
corrosion application platforms
—Can be self- methods
healing —Not as
effective in

highly
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Pharmaceutical Mechamsm Advantages Disadvantages Examples  Applications
compound of action
aggressive
environments
Imidazoles Mixed- —Synergistic —Requires Ketoconazole, Corrosion
mode protection for careful miconazole protection in
(adsorption  various metals selection for industrial
+ film- —Effective in specific settings,
forming) diverse applications pipelines,
environments —More boilers,
—Tailorable complex and cooling
properties expensive than systems
single-
mechanism
inhibitors
Quinoxalines Mixed- —Effective against —Limited Chloroquine, Copper
mode specific metal understanding  hydroxy- protection in
(adsorption  ions of specific chloroquine  electronics,
+ chelation) —Can offer long-  mechanisms heat
term protection —Compatibility exchangers,
- with different historical
Environmentally  metals varies artifacts
friendly options ~ —May require
available higher dosages
Salicylates Adsorption- —Readily —Limited Sodium Mild steel
based + available and effectiveness in  salicylate, protection in
passivation  cost-effective highly aspirin atmospheric
—Can inhibit aggressive corrosion,
multiple environments indoor
corrosion —May require applications
mechanisms pH adjustment
—Synergistic for optimal
effect with other ~ performance
inhibitors

In summary, ensuring compatibility with different metal substrates and environmental
conditions is essential for the successful integration of pharmaceutical inhibitors into
corrosion protection strategies. By optimizing inhibitor-metal interactions, coating adhesion,
and performance under diverse corrosion environments, it is possible to develop tailored
solutions that provide effective and long-lasting metal protection in various industrial sectors
and applications. Continued research and development efforts are needed to advance our
understanding of pharmaceutical-based corrosion inhibition and enhance the compatibility
and performance of these innovative materials in practical corrosion control strategies.
Table 5 illustrates the integration of pharmaceutical inhibitors into various corrosion
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protection strategies. By incorporating pharmaceutical inhibitors into coatings, inhibitors,
surface modifications, and corrosion sensors, it is possible to enhance metal protection
effectiveness and sustainability. These integrated approaches offer versatile solutions for

addressing corrosion challenges across different industries and applications.

Table 5. Integration of pharmaceutical inhibitors into corrosion protection strategies.

Corrosion Integration of
protection pharmaceutical Advantages Disadvantages Examples Applications
strategy inhibitors
Coatings —Encapsulated in ~ —Controlled —Complexand  —Benzotriazole-  Infrastructure
organic or release of expensive doped epoxy protection
inorganic polymer inhibitors formulation coatings for (pipelines,
matrices —Synergistic process steel bridges),
—Covalently protection with —Potential —Pyridine- marine
bonded to coating barrier degradation of modified silane  environments,
functional groups  —Tailored inhibitors within  coatings for electronics
on the surface properties for the coating aluminum
specific
environments
Inhibitors —Formulated as —High inhibitor —Potential —Imidazole- Industrial
standalone efficiency at low  leaching of based inhibitors  processes,
solutions or dosages inhibitors from  for industrial wastewater
additives to —Environmentally the solution cooling systems  treatment, oil
existing inhibitors  friendly —Limited long-  —Salicylate- and gas
alternatives to term protection  based additives  industry
conventional compared to for reinforced
inhibitors coatings concrete
Surface —Chemically —Durable —Requires —Silane-grafted  High-
modifications bonded to the protection with specialized benzimidazoles  performance
metal surface strong inhibitor- surface pre- for steel applications
—Self-assembled  metal interaction  treatment —Quinoxaline- (aerospace,
monolayers —Can be self- —Compatibility  based self- electronics),
formed on the healing with specific assembled historical
surface metal surfaces monolayers for  artifact
may vary copper preservation
Corrosion —Incorporated —Real-time —Sensor —Imidazole- Predictive
Sensors into sensor monitoring of development doped polymer  maintenance,
membranes or corrosion activity  stage, limited membranes for  infrastructure
embedded within ~ —Early detection ~ commercially electrochemical  health
coatings and prevention of  available impedance monitoring,
potential failures  options spectroscopy industrial
—Specificity and —Pyridine- process control

sensitivity of
inhibitor-based
sensors under
investigation

functionalized
coatings with
colorimetric
change upon
corrosion
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7. Future Perspectives and Challenges

7.1. Potential applications and future directions in utilizing pharmaceuticals as corrosion
inhibitors
The utilization of pharmaceutical compounds as corrosion inhibitors presents a promising

avenue for advancing sustainable corrosion protection strategies. Looking ahead, several
potential applications and future directions can be explored [140-142]:

1. Biomedical devices: Pharmaceutical inhibitors can be incorporated into biomedical
devices, implants, and prosthetics to enhance their corrosion resistance and
biocompatibility. This application can improve the longevity and reliability of medical
implants while minimizing the risk of adverse reactions in the human body.

2. Marine infrastructure: Pharmaceuticals inhibitors can be used to protect marine
infrastructure such as offshore platforms, ships, and pipelines from corrosive seawater
environments. By providing durable and long-lasting corrosion protection,
pharmaceutical inhibitors can extend the service life of marine structures and reduce
maintenance costs.

3. Aerospace industry: Pharmaceutical inhibitors can be employed in the aerospace
industry to protect aircraft components and structures from corrosion during operation
and storage. Their compatibility with lightweight materials such as aluminum and
titanium makes them suitable for aerospace applications where weight reduction and
durability are critical.

4. Renewable energy systems: Pharmaceutical inhibitors can be utilized in renewable
energy systems such as solar panels, wind turbines, and geothermal plants to mitigate
corrosion and enhance system reliability. By protecting critical components from
corrosion-induced degradation, pharmaceutical inhibitors can contribute to the
sustainability and efficiency of renewable energy infrastructure.

5. Advanced materials: Pharmaceutical inhibitors can be integrated into advanced
materials and coatings to impart corrosion resistance properties. By combining
pharmaceutical compounds with nanomaterials, polymers, and functional additives, it is
possible to develop innovative materials with tailored corrosion protection capabilities
for specific applications.

7.2. ldentification of challenges and research needs for further development:

While the potential applications of pharmaceutical inhibitors in corrosion protection are
promising, several challenges and research needs must be addressed to further develop this
field [143, 144]:

1. Performance optimization: There is a need to optimize the performance of
pharmaceutical inhibitors in terms of corrosion inhibition efficiency, durability, and
compatibility with different environments and substrates. This requires a comprehensive
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understanding of the mechanisms of corrosion inhibition and the factors influencing
inhibitor effectiveness.

2. Scale-up and production: Scaling up the production of pharmaceutical inhibitors for
industrial applications presents challenges related to cost-effectiveness, scalability, and
reproducibility. Research is needed to develop scalable synthesis routes, purification
methods, and formulation strategies to meet the demand for corrosion protection in
various sectors.

3. Environmental impact: Despite their environmentally friendly nature, pharmaceutical
inhibitors may still pose challenges in terms of their environmental impact,
biodegradability, and toxicity. Further studies are needed to assess the long-term
environmental effects of pharmaceutical inhibitors and develop strategies for their
sustainable production, usage, and disposal.

4. Regulatory approval: Regulatory approval and certification are essential for the
widespread adoption of pharmaceutical inhibitors in corrosion protection applications.
Research is needed to address regulatory requirements, safety standards, and certification
processes to ensure the commercial viability and acceptance of pharmaceutical inhibitors
in industrial settings.

5. Interdisciplinary collaboration: Collaboration between researchers, industry
stakeholders, and regulatory agencies is essential for advancing the development and
adoption of pharmaceutical inhibitors in corrosion protection. Interdisciplinary
approaches that integrate expertise from chemistry, materials science, engineering, and
environmental science are needed to address the complex challenges and opportunities in
this field.

In conclusion, the utilization of pharmaceutical compounds as corrosion inhibitors
offers promising opportunities for enhancing sustainability, durability, and efficiency in
corrosion protection. However, addressing the identified challenges and research needs is
essential for realizing the full potential of pharmaceutical inhibitors and accelerating their
adoption in practical applications across various industries.

8. Conclusion

8.1. Summary of the key findings and implications

In conclusion, the utilization of pharmaceutical compounds as environmentally friendly
corrosion inhibitors holds significant promise for advancing sustainable corrosion protection
strategies. Throughout this mini-review, we have explored various aspects of
pharmaceutical-based corrosion inhibition, including mechanisms of action, evaluation
methods, and integration with existing corrosion protection strategies.
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Key findings from our exploration include:

e Pharmaceutical compounds exhibit diverse inhibitive mechanisms, including
adsorption-based and film-forming mechanisms, making them versatile options
for corrosion protection.

e Experimental and theoretical studies play a crucial role in assessing the inhibitive
performance of pharmaceutical inhibitors and optimizing their properties for
specific applications.

e Pharmaceutical inhibitors offer several advantages over conventional inhibitors,
including biodegradability, eco-toxicological safety, and compatibility with green
chemistry principles.

e Integration of pharmaceutical inhibitors into coatings, inhibitors, and other
corrosion protection strategies enhances metal protection effectiveness and
sustainability.

o Compatibility with different metal substrates and environmental conditions is
essential for the successful implementation of pharmaceutical-based corrosion
inhibition.

The implications of these findings are profound, as they underscore the potential of
pharmaceutical compounds to address longstanding challenges in corrosion protection while
minimizing environmental impact and promoting sustainability. By harnessing the unique
properties of pharmaceutical inhibitors and integrating them into corrosion protection
strategies, industries can achieve more effective, durable, and environmentally friendly
metal protection solutions.

8.2. Final remarks on the potential of pharmaceuticals as environmentally friendly corrosion
inhibitors

In conclusion, pharmaceutical compounds offer a promising pathway towards the

development of environmentally friendly corrosion inhibitors that meet the growing demand

for sustainable materials and technologies. Their inherent biodegradability, low eco-

toxicological impact, and compatibility with green chemistry principles make them attractive

candidates for corrosion protection in diverse industrial applications.

The potential of pharmaceuticals as environmentally friendly corrosion inhibitors lies
not only in their inhibitive performance but also in their ability to contribute to broader
sustainability goals. By reducing reliance on traditional inhibitors with environmental and
health concerns, pharmaceutical compounds pave the way for cleaner, safer, and more
sustainable corrosion protection strategies.

Furthermore, the versatility and compatibility of pharmaceutical inhibitors with
existing corrosion protection technologies open up new possibilities for innovation and
collaboration across disciplines. By leveraging interdisciplinary approaches and
partnerships, researchers and practitioners can accelerate the development and adoption of
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pharmaceutical-based corrosion inhibition solutions, driving positive environmental and
societal impacts.

In conclusion, the future of corrosion protection lies in harnessing the potential of
pharmaceutical compounds as environmentally friendly inhibitors. Through continued
research, development, and collaboration, we can realize this potential and pave the way
towards a more sustainable and resilient future for metal protection and corrosion control.

References

1. AY.l. Rubaye, M.T.Mohamed, M.A.l. Al Hamid, A.M. Mustafa, F.F. Sayyid,
M.M. Hanoon, A.H. Kadhum, A.A. Alamiery and W.K. Al-Azzawi, Evaluating the
corrosion inhibition efficiency of 5-(4-pyridyl)-3-mercapto-1,2,4-triazole for mild steel
in HCI: insights from weight loss measurements and DFT calculations, Int. J. Corros.
Scale Inhib., 2024, 13, no. 1, 185-222. doi: 10.17675/2305-6894-2024-13-1-10

2. A. Mohammed, H.S. Aljibori, M.A.l. Al-Hamid, W.K. Al-Azzawi, A.A.H. Kadhum and
A. Alamiery, N-Phenyl-N'-[5-phenyl-1,2,4-thiadiazol-3-yl]thiourea: corrosion inhibition
of mild steel in 1 M HCI, Int. J. Corros. Scale Inhib., 2024, 13, no. 1, 38—78. doi:
10.17675/2305-6894-2024-13-1-3

3. B.S. Mahdi, M.K. Abbass, M.K. Mohsin, W.K. Al-Azzawi, M.M. Hanoon, M.H.H. Al-
Kaabi, L.M. Shaker, A.A.Al-Amiery, W.N.R.W. Isahak, A.A.H. Kadhum and
M.S. Takriff, Corrosion inhibition of mild steel in hydrochloric acid environment using
terephthaldehyde based on Schiff base: Gravimetric, thermodynamic, and computational
studies, Molecules, 2022, 27, no. 15, 4857. doi: 10.3390/molecules27154857

4. Q.A.Jawad, D.S. Zinad, R.D. Salim, A.A. Al-Amiery, T.S. Gaaz, M.S. Takriff and
A.A. Kadhum, Synthesis, Characterization, and Corrosion Inhibition Potential of Novel
Thiosemicarbazone on Mild Steel in Sulfuric Acid Environment, Coatings, 2019, 9, 729.
doi: 10.3390/coatings9110729

5. S.B. Al-Baghdadi, F.T.M. Noori, W.K. Ahmed and A.A. Al-Amiery, Thiadiazole as a
potential corrosion inhibitor for mild steel in 1 M HCI, J. Adv. Electrochem., 2016, 2,
no. 1, 67—-69.

6. A.M. Resen, M. Hanoon, R.D.Salim, A.A. Al-Amiery, L.M. Shaker and
A.A H. Kadhum, Gravimetrical, theoretical, and surface morphological investigations of
corrosion inhibition effect of 4-(benzoimidazole-2-yl)pyridine on mild steel in
hydrochloric acid, Koroze Ochr. Mater., 2020, 64, no. 4, 122—-130. doi: 10.2478/kom-
2020-0018

7.S.Junaedi, A.A. Al-Amiery, A.Kadihum, A.A.H.Kadhum and A.B. Mohamad,
Inhibition effects of a synthesized novel 4-aminoantipyrine derivative on the corrosion
of mild steel in hydrochloric acid solution together with quantum chemical studies, Int.
J. Mol. Sci., 2013, 14, no. 6, 11915-11928. doi: 10.3390/ijms140611915

8. M.M. Solomon, I.E. Uzoma, J.A.O. Olugbuyiro and O.T. Ademosun, A censorious
appraisal of the oil well acidizing corrosion inhibitors, J. Pet. Sci. Eng., 2022, 215,
110711. doi: 10.1016/j.petrol.2022.110711



http://dx.doi.org/10.17675/2305-6894-2024-13-1-10
http://dx.doi.org/10.17675/2305-6894-2024-13-1-3
https://doi.org/10.3390/molecules27154857
https://doi.org/10.3390/coatings9110729
https://doi.org/10.2478/kom-2020-0018
https://doi.org/10.2478/kom-2020-0018
https://doi.org/10.3390/ijms140611915
https://doi.org/10.1016/j.petrol.2022.110711

Int. J. Corros. Scale Inhib., 2024, 13, no. 2, 630-670 658

10.

11.

12,

13.

14,

15.

16.

17.

. ALA. Alamiery, W.N.R.W. Isahak, H.S.S. Aljibori, H.A. Al-Asadi and A.A.H. Kadhum,

Effect of the structure, immersion time and temperature on the corrosion inhibition of 4-
pyrrol-1-yl-n-(2,5-dimethyl-pyrrol-1-yl)benzoylamine in 1.0 M HCI solution, Int. J.
Corros. Scale Inhib., 2021, 10, no. 2, 700—713. doi: 10.17675/2305-6894-2021-10-2-14
S.B. Al-Baghdadi, F.G. Hashim, A.Q. Salam, T.K. Abed, T.S. Gaaz, A.A. Al-Amiery,
A.A H. Kadhum, K.S. Reda and W.K. Ahmed, Synthesis and corrosion inhibition
application of NATN on mild steel surface in acidic media complemented with DFT
studies, Results Phys., 2018, 8, 1178—-1184. doi: 10.1016/j.rinp.2018.02.007

W.K. Al-Azzawi, A.J. Al Adily, F.F. Sayyid, R.K.Al-Azzawi, M.H. Kzar,
H.N. Jawoosh, A.A. Al-Amiery, A.A.H. Kadhum and M.S. Takriff, Evaluation of
corrosion inhibition characteristics of an N-propionanilide derivative for mild steel in
1 M HCI: Gravimetrical and computational studies, Int. J. Corros. Scale Inhib., 2022,
11, no. 3, 1100-1114. doi: 10.17675/2305-6894-2022-11-3-12

A.M. Mustafa, F.F. Sayyid, N. Betti, M.M. Hanoon, A.A. Al-Amiery, A.A.H. Kadhum
and M.S. Takriff, Inhibition evaluation of 5-(4-(1H-pyrrol-1-yl)phenyl)-2-mercapto-
1,3,4-oxadiazole for the corrosion of mild steel in an acid environment: Thermodynamic
and DFT aspects, Tribologia, 2021, 38, no. 3—4, 39—47. doi: 10.30678/fjt.105330
Y.M. Abdulsahib, A.J.M. Eltmimi, S.A. Alhabeeb, M.M. Hanoon, A.A. Al-Amiery,
T. Allami and A.A.H. Kadhum, Experimental and theoretical investigations on the
inhibition efficiency of N-(2,4-dihydroxytolueneylidene)-4-methylpyridin-2-amine for
the corrosion of mild steel in hydrochloric acid, Int. J. Corros. Scale Inhib., 2021, 10,
no. 3, 885—-899. doi: 10.17675/2305-6894-2021-10-3-3

A.K. Khudhair, A.M. Mustafa, M.M. Hanoon, A. Al-Amiery, L.M. Shaker, T. Gazz,
A.B. Mohamad, A.H.Kadhum and M.S. Takriff, Experimental and Theoretical
Investigation on the Corrosion Inhibitor Potential of N-MEH for Mild Steel in HCI, Prog.
Color, Color. Coat., 2022, 15, no. 2, 111-122. doi: 10.30509/PCCC.2021.166815.1111
D.S. Zinad, R.D. Salim, N. Betti, L.M. Shaker and A.A. Al-Amiery, Comparative
Investigations of the Corrosion Inhibition Efficiency of a 1-phenyl-2-(1-
phenylethylidene)hydrazine and its Analog Against Mild Steel Corrosion in
Hydrochloric Acid Solution, Prog. Color, Color. Coat., 2022, 15, no. 1, 53-63. doi:
10.30509/pcce.2021.166786.1108

R.D. Salim, N. Betti, M. Hanoon and A.A. Al-Amiery, 2-(2,4-Dimethoxybenzylidene)-
N-Phenylhydrazinecarbothioamide as an Efficient Corrosion Inhibitor for Mild Steel in
Acidic Environment, Prog. Color, Color. Coat., 2021, 15, no.1, 45-52. doi:
10.30509/pccc.2021.166775.1105

A.A. Al-Amiery, L.M. Shaker, A.H. Kadhum and M.S. Takriff, Exploration of furan
derivative for application as corrosion inhibitor for mild steel in hydrochloric acid
solution: Effect of immersion time and temperature on efficiency, Mater. Today: Proc.,
2021, 42, 2968-2973. doi: 10.1016/j.matpr.2020.12.807



http://dx.doi.org/10.17675/2305-6894-2021-10-2-14
https://doi.org/10.1016/j.rinp.2018.02.007
http://dx.doi.org/10.17675/2305-6894-2022-11-3-12
http://dx.doi.org/10.30678/fjt.105330
http://dx.doi.org/10.17675/2305-6894-2021-10-3-3
https://doi.org/10.30509/pccc.2021.166815.1111
https://doi.org/10.30509/pccc.2021.166786.1108
https://doi.org/10.1016/j.matpr.2020.12.807

Int. J. Corros. Scale Inhib., 2024, 13, no. 2, 630-670 659

18.

19.

20.

21,

22,

23.

24,

25.

26.

A.M. Resen, M.M. Hanoon, W.K. Alani, A. Kadhim, A.A. Mohammed, T.S. Gaaz,
A.AH. Kadhum, A.A. Al-Amiery and M.S. Takriff, Exploration of 8-piperazine-1-
ylmethylumbelliferone for application as a corrosion inhibitor for mild steel in
hydrochloric acid solution, Int. J. Corros. Scale Inhib., 2021, 10, no. 1, 368—387. doi:
10.17675/2305-6894-2021-10-1-21

M.M. Hanoon, A.M. Resen, A.A. Al-Amiery, A.A.H. Kadhum and M.S. Takriff,
Theoretical and Experimental Studies on the Corrosion Inhibition Potentials of 2-((6-
Methyl-2-Ketoquinolin-3-yl)Methylene) Hydrazinecarbothioamide for Mild Steel in
1M HCIl, Prog. Color, Color. Coat., 2021, 15, no.l1, 11-23. doi:
10.30509/PCCC.2020.166739.1095

F.G. Hashim, T.A. Salman, S.B. Al-Baghdadi, T. Gaaz and A.A. Al-Amiery, Inhibition
effect of hydrazine-derived coumarin on a mild steel surface in hydrochloric acid,
Tribologia, 2020, 37, no. 3—4, 45-53. doi: 10.30678/fjt.95510

M.M.H. Imran, S. Jamaludin and A.F.M. Ayob, A critical review of machine learning
algorithms in maritime, offshore, and oil and gas corrosion research: A comprehensive
analysis of ANN and RF models, Ocean Eng., 2024, 295, 116796.
10.1016/j.0ceanenq.2024.116796.

R. Jalab, M.A. Saad, M.H. Sliem, A.M. Abdullah and I.A. Hussein, An eco-friendly
guaternary ammonium salt as a corrosion inhibitor for carbon steel in 5 M HCI solution:
Theoretical and experimental investigation, Molecules, 2022, 27, no. 19, 6414. doi:
10.3390/molecules27196414

A. Alamiery, L.M. Shaker, T. Allami, A.H. Kadhum and M.S. Takriff, A study of acidic
corrosion behavior of Furan-Derived Schiff base for mild steel in hydrochloric acid
environment: Experimental, and surface investigation, Mater. Today: Proc., 2021, 44,
2337-2341. doi: 10.1016/j.matpr.2020.12.431

S. Al-Baghdadi, A. Al-Amiery, T. Gaaz and A. Kadhum, Terephthalohydrazide and
isophthalo-hydrazide as new corrosion inhibitors for mild steel in hydrochloric acid:
Experimental and theoretical approaches, Koroze Ochr. Mater., 2021, 65, no. 1, 12-22.
doi: 10.2478/kom-2021-0002

M.M. Hanoon, A.M. Resen, L.M. Shaker, A.A.H. Kadhum and A.A. Al-Amiery,
Corrosion investigation of mild steel in aqueous hydrochloric acid environment using N-
(naphthalen-1yl)-1-(4-pyridinyl)methanimine complemented with antibacterial studies,
Biointerface Res. Appl. Chem., 2021, 11, no.2, 9735-9743. doi:
10.33263/BRIAC112.97359743

S. Al-Baghdadi, T.S. Gaaz, A. Al-Adili, A. Al-Amiery and M.S. Takriff, Experimental
studies on corrosion inhibition performance of acetylthiophene thiosemicarbazone for
mild steel in HCI complemented with DFT investigation, Int. J. Low-Carbon Technol.,
2021, 16, no. 1, 181-188. doi: 10.1093/ijlct/ctaa050



http://dx.doi.org/10.17675/2305-6894-2021-10-1-21
https://doi.org/10.30509/pccc.2020.166739.1095
https://doi.org/10.30678/fjt.95510
https://doi.org/10.1016/j.oceaneng.2024.116796
https://doi.org/10.3390/molecules27196414
https://doi.org/10.1016/j.matpr.2020.12.431
https://doi.org/10.2478/kom-2021-0002
https://doi.org/10.33263/BRIAC112.97359743
https://doi.org/10.1093/ijlct/ctaa050

Int. J. Corros. Scale Inhib., 2024, 13, no. 2, 630-670 660

217,

28.

29.

30.

31.

32,

33.

34,

35.

36.

37.

38.

39.

A.A. Al-Amiery, Anti-corrosion performance of 2-isonicotinoyl-N-
phenylhydrazinecarbothioamide for mild steel hydrochloric acid solution: Insights from
experimental measurements and quantum chemical calculations, Surf. Rev. Lett., 2021,
28, no. 3, 2050058. doi: 10.1142/S0218625X20500584

A.A. Alamiery, Investigations on corrosion inhibitory effect of newly quinoline
derivative on mild steel in HCI solution complemented with antibacterial studies,
Biointerface Res. Appl. Chem., 2022, 12, no.2, 1561-1568. doi:
10.33263/BRIAC122.15611568

A. Alamiery, Short report of mild steel corrosion in 0.5 M H,SO, by 4-ethyl-1-(4-0x04-
phenylbutanoyl)thiosemicarbazide, Tribologia, 2021, 30, 90—99.

A.A. Alamiery, W.N.R.W. Isahak and M.S. Takriff, Inhibition of mild steel corrosion by
4-benzyl-1-(4-oxo-4-phenylbutanoyl)thiosemicarbazide: Gravimetrical, adsorption and
theoretical studies, Lubricants, 2021, 9, no. 9, 93. doi: 10.3390/lubricants9090093
M.A. Dawood, Z.M.K. Alasady, M.S. Abdulazeez, D.S. Ahmed, G.M. Sulaiman,
A.A.H. Kadhum, L.M. Shaker and A.A. Alamiery, The corrosion inhibition effect of a
pyridine derivative for low carbon steel in 1 M HCI medium: Complemented with
antibacterial studies, Int. J. Corros. Scale Inhib., 2021, 10, no. 4, 1766-1782. doi:
10.17675/2305-6894-2021-10-4-25

R.S. Abdel Hameed, Expired Ranitidine drugs as corrosion inhibitor for aluminum in
1 M sulfuric acid, Al-Azhar Bull. Sci., 2009, 20, 151-163. doi: 10.21608/absbh.2009.7551
R.S. Abdel Hameed, Ranitidine Drugs as Non-Toxic Corrosion Inhibitor for Mild Steel
in Sulfuric Acid Medium, Port. Electrochim. Acta, 2011, 29, 273-285. doi:
10.4152/pea.201104273

R.S. Abdel Hameed, Expired drugs as corrosion inhibitors for metals and alloys, Phys.
Chem.: Indian J., 2013, 8, no. 4, 146-149.

R.S. Abdel Hameed, H.I.Al Shafey and A.H. Abu-Nawwas, 2-(2,6-
dichloranilino)phenylacetic acid Drugs as Eco-Friendly Corrosion Inhibitors for Mild
Steel in 1M HCI, Int. J. Electrochem. Sci., 2014, 9, no. 11, 6006-6019. doi:
10.1016/S1452-3981(23)10865-0

R.S. Abdel Hameed, E.A. Ismail, A.H. Abu-Nawwas and H.l. Al Shafey, Expired
Voltaren Drugs as Corrosion Inhibitor for Aluminium in Hydrochloric Acid, Int. J.
Electrochem. Sci., 2015, 10, no. 3, 2098-2109. doi: 10.1016/S1452-3981(23)04832-0
H.I. Al-Shafey, R.S. Abdel Hameed, F.A. Ali, A.EIl.-A.S. Aboul-Magd and M. Salah,
Effect of Expired Drugs as Corrosion Inhibitors for Carbon Steel in 1 M HCL Solution,
Int. J. Pharm. Sci. Rev. Res., 2014, 27, no. 1, 146152,

N. Vaszilcsin, D.-A. Duca, A. Flueras and M.-L. Dan, Expired drugs as inhibitors in
electrochemical processes — a mini-review, Studia UBB, Chemia, 2019, 64, 17-32. doi:
10.24193/subbchem.2019.3.02

M. Abdallah, A.Fawzy and A. Al Bahir, The Effect of Expired Acyclovir and
Omeprazole Drugs on the Inhibition of Sabic Iron Corrosion in HCI Solution, Int. J.
Electrochem. Sci., 2020, 15, no. 4, 4739-4753. doi: 10.20964/2020.05.8



https://doi.org/10.1142/S0218625X20500584
https://doi.org/10.33263/BRIAC122.15611568
https://doi.org/10.3390/lubricants9090093
http://dx.doi.org/10.17675/2305-6894-2021-10-4-25
https://doi.org/10.21608/absb.2009.7551
http://dx.doi.org/10.4152/pea.201104273
http://dx.doi.org/10.1016/S1452-3981(23)10865-0
http://dx.doi.org/10.1016/S1452-3981(23)04832-0
http://dx.doi.org/10.24193/subbchem.2019.3.02
http://dx.doi.org/10.20964/2020.05.8

Int. J. Corros. Scale Inhib., 2024, 13, no. 2, 630-670 661

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

o1.

N.K. Gupta, C.S.A. Gopal, V. Srivastava and M.A. Quraishi, Application of expired
drugs in corrosion inhibition of mild steel, Int. J. Pharm. Chem. Anal., 2017, 4, no. 1, 8—
12. doi: 10.18231/2394-2797.2017.0003

R.S. Abdel Hameed, H.I. Al-Shafey, E.A. Ismail, A.-A.H. Abu-Nawwas and O.E. El
Azabawy, Poly(Oxyethylene)Terphthylamine As Corrosion Inhibitors For Carbon Steel
In Methanoic Acid, Int. J. Eng. Res. Appl., 2013, 3, 1094—-1103.

R.S. Abdel Hameed, H.I. Al-Shafey, A.S.A. Magd and H.A. Shehata, Pyrazole
derivatives as corrosion inhibitor for C-steel in hydrochloric acid medium, J. Mater.
Environ. Sci., 2012, 3, no. 2, 294-305.

M. Alfakeer, M. Abdallah and R.S. Abdel Hameed, Propoxylated Fatty Esters as Safe
Inhibitors for Corrosion of Zinc in Hydrochloric Acid, Prot. Met. Phys. Chem. Surf.,
2020, 56, no. 1, 225-232. doi: 10.1134/S2070205120010025

R.S. Abdel Hameed, E.H. Aljuhani, R. Felaly and A.M. Munshi, Effect of expired
paracetamol—2Zn*? system and its synergistic effect towards iron dissolution inhibition
and green inhibition performance, J. Adhes. Sci. Technol., 2020, 34, 838-855. doi:
10.1080/01694243.2020.1826801

R.S. Abdel Hameed, E.A.Ismail, H.l. Al-Shafey and M.A. Abbas, Expired
Indomethacin Therapeutics as Corrosion Inhibitors for Carbon Steel in 1.0 M
Hydrochloric Acid Media, J. Bio- Tribo-Corros., 2020, 6, 114. doi: 10.1007/s40735-
020-00403-5

R.S. Abdel Hameed and M. Abdallah, Corrosion Inhibition of Carbon Steel in 1 M
Hydrochloric Acid using some Pyrazolo[3,4-d]Pyrimidnone Derivatives, Prot. Met.
Phys. Chem. Surf., 2018, 54, 113-121. doi: 10.1134/52070205118010239

Gh. Golestani, M. Shahidi and D. Ghazanfari, Electrochemical evaluation of
antibacterial drugs as environment — friendly inhibitors for corrosion of carbon steel in
HCI solution, Appl. Surf. Sci., 2014, 308, 347—-362. doi: 10.1016/j.apsusc.2014.04.172
R.S. Abdel Hameed, M. Alfakeer and M. Abdallah, Inhibiting Properties of Some
Heterocyclic Amide Derivatives as Potential Nontoxic Corrosion Inhibitors for Carbon
Steel in 1.0 M Sulfuric Acid, Surf. Eng. Appl. Electrochem., 2018, 54, no. 6, 599-606.
doi: 10.3103/S1068375518060054

M. Abdallah, A. Fawzy, H. Hawsawi, R.S. Abdel Hameed and S.S. Al-Juaid, Estimation
of Water-Soluble Polymers (Poloxamer and Pectin) as Corrosion Inhibitors for Carbon
Steel in Acidic Medium, Int. J. Electrochem. Sci., 2020, 15, 8129-8144. doi:
10.20964/2020.08.73

R.S. Abdel Hameed, H.I. Alshafy and O. Farghaly, Corrosion of mild steel in NaCl
solutions and effect of recycled plastic waste inhibitors, Res. Rev. Electrochem., 2012,
3, no. 2, 41-49.

E.E. Foad El-Sherbini, S.M. Abdel Wahaab and M. Deyab, Ethoxylated fatty acids as
inhibitors for the corrosion of zinc in acid media, Mater. Chem. Phys., 2005, 89, 83—
191. doi: 10.1016/j.matchemphys.2003.09.055



http://doi.org/10.18231/2394-2797.2017.0003
https://doi.org/10.1134/S2070205120010025
https://doi.org/10.1080/01694243.2020.1826801
https://doi.org/10.1007/s40735-020-00403-5
https://doi.org/10.1007/s40735-020-00403-5
https://doi.org/10.1134/S2070205118010239
https://doi.org/10.1016/j.apsusc.2014.04.172
https://doi.org/10.3103/S1068375518060054
https://doi.org/10.20964/2020.08.73
https://doi.org/10.1016/j.matchemphys.2003.09.055

Int. J. Corros. Scale Inhib., 2024, 13, no. 2, 630-670 662

52

53.

54,

55,

56.

57,

58.

59.

60.

61.

62.

. M. Abdallah, F.H. Al-abdali, E.M. Kamar, R.EIl-Sayed and R.S. Abdel Hameed,
Corrosion inhibition of aluminum in 1.0 M HCI solution by some nonionic surfactant
compounds containing five membered heterocyclic moiety, Chem. Data Collect., 2020,
28, 100407. doi: 10.1016/j.cdc.2020.100407

S. Jayakumar, T. Nandakumar, M. Vadivel, C. Thinaharan, R.P. George and J. Philip,
Corrosion inhibition of mild steel in 1 M HCI using Tamarindus indica extract:
electrochemical, surface and spectroscopic studies, J. Adhes. Sci. Technol., 2019, 34, 1-
31. doi: 10.1080/01694243.2019.1681156

N. Vaszilcsin, A. Kellenberger, M.L. Dan, D.A. Duca and V.L. Ordodi, Efficiency of
Expired Drugs Used as Corrosion Inhibitors: A Review, Materials, 2023, 16, no. 16,
5555. doi: 10.3390/mal6165555

C.N. Chigoziri, B.N. Enendu, S.J. Okechukwu, N. Igboko, S.0. Anyikwa, A.l. Ikeuba,
I.B. Onyeachu, I.N. Etimand D.I. Njoku, Review on anti-corrosion properties of expired
antihypertensive drugs as benign corrosion inhibitors for metallic materials in various
environments, Results Eng., 2023, 18, 101183. doi: 10.1016/j.rineng.2023.101183
M.N. El-Haddad, A.S. Fouda and A.F. Hassan, Data from Chemical, electrochemical
and quantum chemical studies for interaction between Cephapirin drug as an eco-friendly
corrosion inhibitor and carbon steel surface in acidic medium, Chem. Data Collect.,
2019, 22, 100251. doi: 10.1016/j.cdc.2019.100251

H. Hamidi, F. Shojaei, M. Pourfath and M. Vaez-Zadeh, Adsorption behavior of some
green corrosion inhibitors on Fe (110) surface: The critical role of d-m interactions in
binding strength, Appl. Surf. Sci., 2024, 655, 159425. doi: 10.1016/].apsusc.2024.159425
H. Assad and A. Kumar, Understanding functional group effect on corrosion inhibition
efficiency of selected organic compounds, J. Mol. Lig., 2021, 344, 117755.
10.1016/j.molliq.2021.117755

N.I.N. Haris, S. Sobri, Y.A. Yusof and N.K. Kassim, An overview of molecular dynamic
simulation for corrosion inhibition of ferrous metals, Metals, 2020, 11, no. 1, 46. doi:
10.3390/met11010046

A. Dehghani, G. Bahlakeh, B. Ramezanzadeh and M. Ramezanzadeh, Detailed macro-
/micro-scale exploration of the excellent active corrosion inhibition of a novel
environmentally friendly green inhibitor for carbon steel in acidic environments, J.
Taiwan Inst. Chem. Eng., 2019, 100, 239-261. doi: 10.1016/].jtice.2019.04.002

A.S. Fouda, M. Abdallah and M. Medhat, Some Schiff base compounds as inhibitors for
corrosion of carbon steel in acidic media, Prot. Met. Phys. Chem. Surf., 2012, 48, no. 4,
477-486. doi: 10.1134/S2070205112040053

M. Abdallah, B.H. Asghar, I. Zaafarany and M. Sobhi, Synthesis of some aromatic nitro
compounds and its applications as inhibitors for corrosion of carbon steel in hydrochloric
acid solution, Prot. Met. Phys. Chem. Surf.,, 2013, 49, 485-491. doi:
10.1134/S2070205113040187



https://doi.org/10.1016/j.cdc.2020.100407
https://doi.org/10.1080/01694243.2019.1681156
https://doi.org/10.3390/ma16165555
https://doi.org/10.1016/j.rineng.2023.101183
https://doi.org/10.1016/j.cdc.2019.100251
https://doi.org/10.1016/j.apsusc.2024.159425
https://doi.org/10.1016/j.molliq.2021.117755
https://doi.org/10.3390/met11010046
http://dx.doi.org/10.1016/j.jtice.2019.04.002
https://doi.org/10.1134/S2070205112040053
https://doi.org/10.1134/S2070205113040187

Int. J. Corros. Scale Inhib., 2024, 13, no. 2, 630-670 663

63.

64.

65.

66.

67.

68.

69.

70.

71,

72,

73.

74.

75.

R.S. Abdel Hameed, Recycling of the Used Cooking Oils as Corrosion Inhibitors for
Carbon Steel in Hydrochloric Acid Corrosive Medium, Adv. Appl. Sci. Res., 2016, 7,
no. 2, 92-102.

R.S. Abdel Hameed, Cationic Surfactant — Zn*2 System as Mixed Corrosion Inhibitors
for Carbon Steel in Sodium Chloride Corrosive Medium, Port. Electrochim. Acta, 2018,
36, 271-283. doi: 10.4152/pea.201804271

R.S. Abdel Hameed, Schiff’ Bases as Corrosion Inhibitor for Aluminum Alloy in
Hydrochloric Acid Medium, Tenside, Surfactants, Deterg., 2019, 56, 209-215. doi:
10.3139/113.110622

R.S. Abdel Hameed, Solvent Free Glycolysis of Plastic Waste as Green Corrosion
Inhibitor for Carbon Steel in Sulfuric Acid, J. New Mater. Electrochem. Syst., 2017, 20,
141-149. doi: 10.14447/jnmes.v20i3.272

R.S. Abdel Hameed, Aminolysis of polyethylene terephthalate waste as corrosion
inhibitor for carbon steel in HCI corrosive medium, Adv. Appl. Sci. Res., 2011, 2, no. 3,
483-499.

R.S. Abdel Hameed, Recycling of plastic waste as green corrosion inhibitors for steel in
different corrosive media, Mater. Sci.: Indian J., 2016, 14, no. 12, 503-508.

V. Gonzalez-Nunez, A. Valero and J. Mullol, Safety evaluation of desloratadine in
allergic rhinitis, Expert Opin. Drug Saf., 2013, 12, no.3, 445-453. doi:
10.1517/14740338.2013.788148

A.R. Bilia and M.C. Bergonzi, The G115 standardized ginseng extract: an example for
safety, efficacy, and quality of an herbal medicine, J. Ginseng Res., 2020, 44, no. 2, 179—
193. doi: 10.1016/j.jgr.2019.06.003

S.0. Adejo, S.G. Yiase, L. Leke, M. Onuche, M.V. Atondo and T.T. Uzah, Corrosion
studies of mild steel in sulphuric acid medium by acidimetric method, Int. J. Corros.
Scale Inhib., 2019, 8, no. 1, 50—61. doi: 10.17675/2305-6894-2019-8-1-5

H.S. Aljibori, A. Alamiery and A.A. Kadhum, Advances in corrosion protection
coatings: A comprehensive review, Int J Corros. Scale Inhib., 2023, 12, no. 4, 1476—
1520. doi: 10.17675/2305-6894-2023-12-4-6

R.S. Abdel Hameed, E.H. Aljuhani, A.H. Al-Bagawi, A.H. Shamroukh and
M. Abdallah, Study of sulfanyl pyridazine derivatives as efficient corrosion inhibitors
for carbon steel in 1.0 M HCI using analytical techniques, Int. J. Corros. Scale Inhib.,
2020, 9, no. 2, 623-643. doi: 10.17675/2305-6894-2020-9-2-16

E. Malel and D.E. Shalev, Determining the Effect of Environmental Conditions on Iron
Corrosion by Atomic Absorption, J. Chem. Educ., 2013, 90, no. 4, 490-494. doi:
10.1021/ed3001107

R.S. Abdel Hameed and A.H. Shamroukh, Synthesis, characterization, and evaluation of
some acyclic S-nucleosides of pyrazolo[3,4-d]pyrimidine-thiones as corrosion inhibitors
for carbon steel in hydrochloric acid, Int. J. Corros. Scale Inhib., 2017, 6, no. 3, 333—
348. doi: 10.17675/2305-6894-2017-6-3-8



https://doi.org/10.4152/pea.201804271
http://dx.doi.org/10.3139/113.110622
http://dx.doi.org/10.14447/jnmes.v20i3.272
https://doi.org/10.1517/14740338.2013.788148
https://doi.org/10.1016/j.jgr.2019.06.003
http://dx.doi.org/10.17675/2305-6894-2019-8-1-5
http://dx.doi.org/10.17675/2305-6894-2023-12-4-6
http://dx.doi.org/10.17675/2305-6894-2020-9-2-16
https://doi.org/10.1021/ed3001107
http://dx.doi.org/10.17675/2305-6894-2017-6-3-8

Int. J. Corros. Scale Inhib., 2024, 13, no. 2, 630-670 664

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

A.G. Berezhnaya, V.V. Chernyavina, E.S. Khudoleeva and I.I. Krotkii, Some
Imidazolines as inhibitors of steel corrosion in hydrochloric acid, Int. J. Corros. Scale
Inhib., 2021, 10, no. 4, 1428-1440. doi: 10.17675/2305-6894-2021-10-4-4

R.S. Abdel Hameed, N.S. Elmetery, N.F. Alshemary and H.A. Shehata, Recycling of
some plastic waste as green corrosion inhibitors for steel in 1 M phosphoric acid, Mater.
Sci. J., 2016, 14, no. 11, 417-425.

M.M. Ibrahim, R.S. Abdel Hameed and A.-A.H. Abu-Nawwas, Schiff bases and their
metal complexes as corrosion inhibitors in acidic media, Org. Chem.: Indian J., 2013, 9,
no. 12, 493-499.

R.S. Abdel Hameed, M.T. Qureshi and M. Abdallah, Application of solid waste for
corrosion inhibition of steel in different Media — A Review, Int. J. Corros. Scale Inhib.,
2021, 10, no. 1, 68—79. doi: 10.17675/2305-6894-2021-10-1-4

R.S. Abdel Hameed, M.M. Aljohani, A.B. Essa, A. Khaled, A.M. Nassar, M.M. Badr,
S.R. Al-Mhyawi and M.S. Soliman, Electrochemical Techniques for Evaluation of
Expired Megavit Drugs as Corrosion Inhibitor for Steel in Hydrochloric Acid, Int. J.
Electrochem. Sci., 2021, 16, 1-13. doi: 10.20964/2021.04.15

R.S. Abdel Hameed and A.M. Al-bonayan, Recycling of Some Water Soluble Drugs for
Corrosion Inhibition of Steel Materials: Analytical and Electrochemical Measurements,
J. Optoelectron. Biomed. Mater., 2021, 13, no. 2, 45-55. doi: 10.15251/JOBM.2021.132.45
A.S Al-Gorair, H. Hawsawi, A.Fawzy, M. Sobhi, A. Alharbi, R.S. Abdel Hameed,
S.A. El Wanees and M. Abdallah, Evaluation of the Anticorrosion and Adsorption
Properties of Polyethylene Glycol and Polyvinyl Alcohol for Corrosion of Ironin 1.0 M
NaCl Solution, Int. J. Electrochem. Sci., 2021, 16, 211119. doi: 10.20964/2021.11.03
A.A. Alamiery, W.N.R.W. Isahak, H.S.S. Aljibori, H.A. Al-Asadi and A.A.H. Kadhum,
Effect of the structure, immersion time and temperature on the corrosion inhibition of 4-
pyrrol-1-yl-N-(2,5-dimethyl-pyrrol-1-yl)benzoylamine in 1.0 M HCI solution, Int. J.
Corros. Scale Inhib., 2021, 10, no. 2, 700—713. doi: 10.17675/2305-6894-2021-10-2-14
A.Z. Salman, Q.A. Jawad, K.S. Ridah, L.M. Shaker and A.A. Al-Amiery, Selected Bis-
Thiadiazole: Synthesis and Corrosion Inhibition Studies on Mild Steel in HCL
Environment, Surf. Rev. Lett., 2020, 27, no.12, 2050014. doi:
10.1142/S0218625X20500146

H. Ibraheem, Y. Al-Majedy and A. Al-Amiery, 4-Thiadiazole: The Biological
Activities, Syst. Rev. Pharm., 2018, 9, no. 1, 36—40. doi: 10.5530/srp.2018.1.7

A.A.H. Al-Amiery, Y.H. Al-Majedy, D. Al-Duhaidahawi, A.A.H. Kadhum and
A.B. Mohamad, Green Antioxidants: Synthesis and Scavenging Activity of Coumarin
Thiadiazoles as Potential Antioxidants Complemented by Molecular Modeling Studies,
Free Radicals Antioxid., 2016, 6, no. 2, 173—177. doi: 10.5530/fra.2016.2.7

A. Alamiery, E. Mahmoudi and T. Allami, Corrosion inhibition of low-carbon steel in
hydrochloric acid environment using a Schiff base derived from pyrrole: gravimetric and
computational studies, Int. J. Corros. Scale Inhib., 2021, 10, no. 2, 749-765. doi:
10.17675/2305-6894-2021-10-2-17



http://dx.doi.org/10.17675/2305-6894-2021-10-4-4
http://dx.doi.org/10.17675/2305-6894-2021-10-1-4
https://doi.org/10.20964/2021.04.15
http://dx.doi.org/10.15251/JOBM.2021.132.45
https://doi.org/10.20964/2021.11.03
http://dx.doi.org/10.17675/2305-6894-2021-10-2-14
https://doi.org/10.1142/S0218625X20500146
https://dx.doi.org/10.5530/srp.2018.1.7
http://dx.doi.org/10.5530/fra.2016.2.7
http://dx.doi.org/10.17675/2305-6894-2021-10-2-17

Int. J. Corros. Scale Inhib., 2024, 13, no. 2, 630-670 665

88.

89.

90.

91.

92.

93.

94,

95.

96.

97.

A.J.M. Eltmimi, A. Alamiery, A.J. Allami, R.M. Yusop, A.H. Kadhum and T. Allami,
Inhibitive effects of a novel efficient Schiff base on mild steel in hydrochloric acid
environment, Int. J. Corros. Scale Inhib., 2021, 10, no. 2, 634—648. doi: 10.17675/2305-
6894-2021-10-2-10

S.B. Al-Bghdadi, M.M. Hanoon, J.F.Odah, L.M. Shaker and A.A. Al-Amiery,
Benzylidene as Efficient Corrosion Inhibition of Mild Steel in Acidic Solution,
Proceedings, 2019, 41, no. 1, 27. doi: 10.3390/ecsoc-23-06472

B.S. Mahdi, H.S.S. Aljibori, M.K. Abbass, W.K. Al-Azzawi, A.H. Kadhum,
M.M. Hanoon, W.N.R.W. Isahak, A.A. Al-Amiery and H.Sh. Majdi, Gravimetric
analysis and quantum chemical assessment of 4-aminoantipyrine derivatives as
corrosion inhibitors, Int. J. Corros. Scale Inhib., 2022, 11, no. 3, 1191-1213. doi:
10.17675/2305-6894-2022-11-3-17

A.A. Alamiery, Study of Corrosion Behavior of N’-(2-(2-oxomethylpyrrol-1-
yDethyl)piperidine for Mild Steel in the Acid Environment, Biointerface Res. Appl.
Chem., 2022, 12, no. 3, 3638—-3646. doi: 10.33263/BRIAC123.36383646

H.S. Aljibori, O.H. Abdulzahra, A.J. Al-Adily, W.K. Al-Azzawi, A.A. Al-Amiery and
A.A.H. Kadhum, Recent progresses in thiadiazole derivatives as corrosion inhibitors in
hydrochloric acid solution, Int. J. Corros. Scale Inhib., 2023, 12, no. 3, 842-866. doi:
10.17675/2305-6894-2023-12-3-3

L.M. Shaker, A. Alamiery, W.N.R.W. Isahak and W.K. Al-Azzawi, Corrosion in solar
cells: challenges and solutions for enhanced performance and durability, J. Opt., 2023.
doi: 10.1007/s12596-023-01277-9

A. Alamiery, A. Mohamad, A. Kadhum and M. Takriff, Comparative data on corrosion
protection of mild steel in HCI using two new thiazoles, Data Brief, 2022, 40, 107838.
doi: 10.1016/}.dib.2022.107838

A.M. Mustafa, F.F.Sayyid, N. Betti, L.M. Shaker, M.M. Hanoon, A.A. Alamiery,
A.A.H. Kadhumand M.S. Takriff, Inhibition of mild steel corrosion in hydrochloric acid
environment by 1-amino-2-mercapto-5-(4-(pyrrol-1-yl)phenyl)-1,3,4-triazole, S. Afr. J.
Chem. Eng., 2022, 39, 42-51. doi: 10.1016/j.sajce.2021.11.009

A. Alobaidy, A. Kadhum, S. Al-Baghdadi, A. Al-Amiery, A. Kadhum, E. Yousif and
A.B. Mohamad, Eco-friendly corrosion inhibitor: experimental studies on the corrosion
inhibition performance of creatinine for mild steel in HCI complemented with quantum
chemical calculations, Int. J. Electrochem. Sci., 2015, 10, no.5, 3961-3972. doi:
10.1016/S1452-3981(23)06594-X

M.S. Abdulazeez, Z.S. Abdullahe, M.A. Dawood, Z.K.Handel, R.l. Mahmood,
S. Osamah, A.H. Kadhum, L.M. Shaker and A.A. Al-Amiery, Corrosion inhibition of
low carbon steel in HCI medium using a thiadiazole derivative: weight loss, DFT studies
and antibacterial studies, Int. J. Corros. Scale Inhib., 2021, 10, no. 4, 1812-1828. doi:
10.17675/2305-6894-2021-10-4-27



http://dx.doi.org/10.17675/2305-6894-2021-10-2-10
http://dx.doi.org/10.17675/2305-6894-2021-10-2-10
https://doi.org/10.3390/ecsoc-23-06472
http://dx.doi.org/10.17675/2305-6894-2022-11-3-17
https://doi.org/10.33263/BRIAC123.36383646
http://dx.doi.org/10.17675/2305-6894-2023-12-3-3
https://doi.org/10.1007/s12596-023-01277-9
https://doi.org/10.1016/j.dib.2022.107838
https://doi.org/10.1016/j.sajce.2021.11.009
https://doi.org/10.1016/S1452-3981(23)06594-X
http://dx.doi.org/10.17675/2305-6894-2021-10-4-27

Int. J. Corros. Scale Inhib., 2024, 13, no. 2, 630-670 666

98

99

100.

101.

102.

103.

104.

105.

106.

107.

. A. Alamiery, Corrosion inhibition effect of 2-N-phenylamino-5-(3-phenyl-3-oxo-1-
propyl)-1,3,4-oxadiazole on mild steel in 1 M hydrochloric acid medium: Insight from
gravimetric and DFT investigations, Mater. Sci. Energy Technol., 2021, 4, 398—406. doi:
10.1016/j.mset.2021.09.002

. D.M. Jamil, A.K. Al-Okbi, M.M. Hanon, K.S. Rida, A.F. Alkaim, A.A.H. Al-Amiery,

A. Kadhum and A.A.H. Kadhum, Carbethoxythiazole corrosion inhibitor: as an

experimentally model and DFT theory, J. Eng. Appl. Sci., 2018, 13, no. 11, 3952-3959.

doi: 10.3923/JEASCI.2018.3952.3959

A. Al-Amiery, L.M. Shaker, A.A.H.Kadhum and M.S. Takriff, Synthesis,

characterization and gravimetric studies of novel triazole-based compound, Int. J. Low-

Carbon Technol., 2020, 15, no. 2, 164-170. doi: 10.1093/ijlct/ctz067

S. Junaedi, A.A.H. Kadhum, A. Al-Amiery, A.B. Mohamad and M.S. Takriff, Synthesis

and Characterization of Novel Corrosion Inhibitor Derived from Oleic Acid: 2-Amino-

5-Oleyl 1,3,4-Thiadiazol (AOT), Int. J. Electrochem. Sci., 2012, 7, no. 4, 3543-3554.

doi: 10.1016/S1452-3981(23)13976-9

A.F. Hamood, H.S. Aljibori, M.A.l. Al-Hamid, A.A. Alamiery and W.K. Al-Azzawi,

MOP as a Corrosion Inhibitor for Mild Steel in HCI Solution: A Comprehensive Study,

Prog. Color Colorants Coat., 2024, 17, no. 3, 207—-226. doi: 10.30509/pccc.2023.167176.1237

A A. Al-Amiery, A.A.H. Kadhum, A. Kadihum, A.B.Mohamad, C.K.How and

S. Junaedi, Inhibition of Mild Steel Corrosion in Sulfuric Acid Solution by New Schiff

Base, Materials, 2014, 7, no. 2, 787—804. doi: doi.org/10.3390/ma7020787

H.S. Aljibori, A.H. Alwazir, S. Abdulhadi, W.K. Al-Azzawi, A.A.H. Kadhum,

L.M. Shaker, A.A. Al-Amiery and H.Sh. Majdi, The use of a Schiff base derivative to

inhibit mild steel corrosion in 1 M HCI solution: a comparison of practical and

theoretical findings, Int. J. Corros. Scale Inhib., 2022, 11, no. 4, 1435-1455. doi:
10.17675/2305-6894-2022-11-4-2

W.K. Al-Azzawi, S.M. Salih, A.F. Hamood, R.K. Al-Azzawi, @ M.H. Kzar,

H.N. Jawoosh, L.M. Shakier, A. Al-Amiery, A.A.H. Kadhum, W.N.R.W. Isahak and

M.S. Takriff, Adsorption and theoretical investigations of a Schiff base for corrosion

inhibition of mild steel in an acidic environment, Int. J. Corros. Scale Inhib., 2022, 11,

no. 3, 1063-1082. doi: 10.17675/2305-6894-2022-11-3-10

M. Abdallah, A.S. Al-Gorair, A.Fawzy, H.Hawsawi and R.S. Abdel Hameed,

Enhancement of adsorption and anticorrosion performance of two polymeric compounds

for the corrosion of SABIC carbon steel in hydrochloric acid, J. Adhes. Sci. Technol.,

2021, 36, no. 1, 35-53. doi: 10.1080/01694243.2021.1907041

R.S. Abdel Hameed, D.Mohamed, E.H. Aljuhani, M. Abdallah, M.M. Aljohani,

S.R. Al-Mhyawi and M.S. Soliman, Application of Expired Co-Amoxiclav Medicinal

Drugs for Corrosion Inhibition of Steel Alloy Used in Petroleum Industry in Acid

environment, Int. J. Corros. Scale Inhib., 2021, 10, no. 2, 714—-731. doi: 10.17675/2305-

6894-2021-10-2-15



https://doi.org/10.1016/j.mset.2021.09.002
http://dx.doi.org/10.3923/jeasci.2018.3952.3959
https://doi.org/10.1093/ijlct/ctz067
https://doi.org/10.1016/S1452-3981(23)13976-9
https://doi.org/10.30509/pccc.2023.167176.1237
https://doi.org/10.3390/ma7020787
http://dx.doi.org/10.17675/2305-6894-2022-11-4-2
http://dx.doi.org/10.17675/2305-6894-2022-11-3-10
https://doi.org/10.1080/01694243.2021.1907041
http://dx.doi.org/10.17675/2305-6894-2021-10-2-15
http://dx.doi.org/10.17675/2305-6894-2021-10-2-15

Int. J. Corros. Scale Inhib., 2024, 13, no. 2, 630-670 667

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

A.A. Alamiery, Anticorrosion effect of thiosemicarbazide derivative on mild steel in
1 M hydrochloric acid and 0.5 M sulfuric Acid: Gravimetrical and theoretical studies,
Mater. Sci. Energy Technol., 2021, 4, 263—273. doi: 10.1016/].mset.2021.07.004

AA. Al-Amiery, A A. Al-Temimi, G.M. Sulaiman, H.A. Aday, A.A.H. Kadhum and
A.B. Mohamad, Synthesis, Antimicrobial And Antioxidant Activities of 5-((2-Oxo-2H-
Chromen-7-Yloxy)Methyl)-1,3,4-Thiadiazol-2(3H)One Derived From Umbelliferone,
Chem. Nat. Compd., 2013, 48, 950—954. doi: 10.1007/s10600-013-0436-0

I. Annon, A. Abbas, W. Al-Azzawi, M. Hanoon, A. Alamiery, W. Isahak and
A. Kadhum, Corrosion inhibition of mild steel in hydrochloric acid environment using
thiadiazole derivative: Weight loss, thermodynamics, adsorption and computational
investigations, S. Afr. J. Chem. Eng., 2022, 41, 244—-252. doi: 10.1016/j.sajce.2022.06.011
Yu.l. Kuznetsov, Triazoles as a class of multifunctional corrosion inhibitors. Review.
Part 1VV. Magnesium alloys, Int. J. Corros. Scale Inhib., 2021, 10, no. 1, 29-53. doi:
10.17675/2305-6894-2021-10-1-2

A. Kadhim, A.A. Al-Amiery, R. Alazawi, M.K.S. Al-Ghezi and R.H. Abass, Corrosion
inhibitors. A review, Int. J. Corros. Scale Inhib., 2021, 10, no. 1, 54-67. doi:
10.17675/2305-6894-2021-10-1-3

S. Bilgig, Plant Extracts as Corrosion Inhibitors for Mild Steel in HCI Media — Review
I, Int. J. Corros. Scale Inhib., 2021, 10, no. 1, 145-175. doi: 10.17675/2305-6894-2021-
10-1-9

N. Karki, S. Neupane, Y. Chaudhary, D.K. Gupta and A.P. Yadav, Equisetum hyemale:
a new candidate for green corrosion inhibitor family, Int. J. Corros. Scale Inhib., 2021,
10, no. 1, 206-227. doi: 10.17675/2305-6894-2021-10-1-12

A.A. Mahmmod, M.K. Mohammed and M.A. Sultan, Phenyltetrazole compounds
inhibition influence on mild steel corrosion in acidic solution, Int. J. Corros. Scale Inhib.,
2020, 9, no. 4, 1367—-1374. doi: 10.17675/2305-6894-2020-9-4-9

R.S. Abdel Hameed, E.H. Aljuhani, A.H. Al-Bagawi, A.H. Shamroukh and
M. Abdallah, Study of sulfanyl pyridazine derivatives as efficient corrosion inhibitors
for carbon steel in 1.0 M HCI using analytical techniques, Int. J. Corros. Scale Inhib.,
2020, 9, no. 2, 623-643. doi: 10.17675/2305-6894-2020-9-2-16

F.H. Al-abdali, M. Abdallah and R. El-Sayed, Corrosion Inhibition of Aluminum using
Nonionic Surfactant Compounds with a Six Membered Heterocyclic Ring in 1.0M HCI
Solution, Int. J. Electrochem. Sci., 2019, 14, 3509—-3523. doi: 10.20964/2019.04.59
M. Abdallah, A. Fawzy, H. Hawsawi, R.S. Abdel Hameed and S.S. Al-Juaid, Estimation
of Water-Soluble Polymers (Poloxamer and Pectin) as Corrosion Inhibitors for Carbon
Steel in Acidic Medium, Int. J. Electrochem. Sci., 2020, 15, no. 1, 8129-8144. doi:
10.20964/2020.08.73

A.M. Atta, H.A. Al-Hodan, R.S. Abdel Hameed and A.O. Ezzat, Preparation of green
cardanolbased epoxy and hardener as primer coatings for petroleum and gas steel in
marine  environment, Prog. Org. Coat., 2017, 111, 283-293. doi:
10.1016/j.porgcoat.2017.06.002



https://doi.org/10.1016/j.mset.2021.07.004
http://dx.doi.org/10.1007%2Fs10600-013-0436-0
http://dx.doi.org/10.1016/j.sajce.2022.06.011
http://dx.doi.org/10.17675/2305-6894-2021-10-1-2
http://dx.doi.org/10.17675/2305-6894-2021-10-1-3
http://dx.doi.org/10.17675/2305-6894-2021-10-1-9
http://dx.doi.org/10.17675/2305-6894-2021-10-1-9
http://dx.doi.org/10.17675/2305-6894-2021-10-1-12
http://dx.doi.org/10.17675/2305-6894-2020-9-4-9
http://dx.doi.org/10.17675/2305-6894-2020-9-2-16
https://doi.org/10.20964/2019.04.59
https://doi.org/10.20964/2020.08.73
https://doi.org/10.1016/j.porgcoat.2017.06.002

Int. J. Corros. Scale Inhib., 2024, 13, no. 2, 630-670 668

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

R.S. Abdel Hameed, A. EI-Zomrawy, M. Abdallah, S.S.A. El Rehim, H.I. AlShafey and
Sh.N. Edin, Polyoxyethylene stearate of molecular weight 6000 as corrosion inhibitor
for mild steel in 2.0 M sulphuric acid, Int. J. Corros. Scale Inhib., 2017, 6, no. 2, 196—
208. doi: 10.17675/2305-6894-2017-6-2-8

M. Pais and P. Rao, Green nanoparticles as a sustainable inhibitor to attenuate acid
corrosion of zinc, J. Mol. Struct., 2023, 1286, 135634. doi: 10.1016/].molstruc.2023.135634
Y. Zhu, M.L. Free, R. Woollam and W. Durnie, A review of surfactants as corrosion
inhibitors and associated modeling, Prog. Mater. Sci., 2017, 90, 159-223. doi:
10.1016/j.pmatsci.2017.07.006

M. Ibrahim, R. Hameed, A.H. Abu-Nawwas and S. Mohamad, Schiff’s bases and their
metal complexes as corrosion inhibitors for aluminum alloys in corrosive media, J. Org.
Chem., 2016, 47, no. 21. doi: 10.1002/chin.201621235

C. Verma, E.E. Ebenso and M.A. Quraishi, lonic liquids as green and sustainable
corrosion inhibitors for metals and alloys: An overview, J. Mol. Liqg., 2017, 233, 403-
414. doi: 10.1016/].molliq.2017.02.111

R.S. Abdel Hameed and A.H. Shamroukh, Synthesis, characterization, and evaluation of
some acyclic S-nucleosides of pyrazolo[3,4-d]pyrimidine-thiones as corrosion inhibitors
for carbon steel in sulfuric acid, Int. J. Corros. Scale Inhib., 2017, 6, no. 3, 333-348.
doi: 10.17675/2305-6894-2017-6-3-8

M. Abdallah, M. Alfakeer, M. Alshareef, H. Hawsawi, S.S. Al-Juaid, R.S. Abdel
Hameed and M. Sobhi, Natural Sweet Almond Oil as an Effective Green Inhibitor for
Aluminum Corrosion in Sulfuric Acid Medium, Int. J. Electrochem. Sci., 2022, 17, no. 9,
220949. doi: 10.20964/2022.09.18

R.S. Abdel Hameed, H.I. Al-Shafey, A.S. A.Magd and H.A. Shehata, Pyrazole
derivatives as corrosion inhibitor for C-steel in sulfuric acid medium, J. Mater. Environ.
Sci., 2012, 3, no. 2, 294-305.

R.S. Abdel Hameed, M.T. Qureshi and M. Abdallah, Application of Solid Waste for
Corrosion Inhibition of Steel in Different Media — A Review, Int. J. Corros. Scale Inhib.,
2021, 10, no. 1, 68-79. doi: 10.17675/2305-6894-2021-10-1-4

M. Abdallah, A.S. Al-Gorair, A.Fawzy, H.Hawsawi and R.S. Abdel Hameed,
Enhancement of adsorption and anticorrosion performance of two polymeric compounds
for the corrosion of SABIC carbon steel in hydrochloric acid, J. Adhes. Sci. Technol.,
2021, 36, no. 1, 35-53. doi: 10.1080/01694243.2021.1907041

T. Liu, M.H. Rahman, P.L. Menezes and A. Martini, The effect of Fe-anion interactions
on corrosion of ferrous surfaces by phosphonium ionic liquids, Corros. Sci., 2024, 227,
111734. doi: 10.1016/j.corsci.2023.111734

R.S. Abdel Hameed, M. Al Elaimi, M.T. Qureshi, A. Nassar, M.F.H. Abd Elkader,
M. Aljohani and E.I. Arafa, Green Recycling of Poly(ethylene terephthalate) Waste as
Corrosion Inhibitor for Steel in Marine Environment, Egypt. J. Chem., 2021, 64, no. 5,
2685-2695. doi: 10.21608/EJCHEM.2021.54262.3145



http://dx.doi.org/10.17675/2305-6894-2017-6-2-8
https://doi.org/10.1016/j.molstruc.2023.135634
https://doi.org/%2010.1016/j.pmatsci.2017.07.006
http://dx.doi.org/10.1002/chin.201621235
https://doi.org/10.1016/j.molliq.2017.02.111
http://dx.doi.org/10.17675/2305-6894-2017-6-3-8
http://dx.doi.org/10.20964/2022.09.18
http://dx.doi.org/10.17675/2305-6894-2021-10-1-4
https://doi.org/10.1080/01694243.2021.1907041
https://doi.org/10.1016/j.corsci.2023.111734
http://dx.doi.org/10.21608/ejchem.2021.54262.3145

Int. J. Corros. Scale Inhib., 2024, 13, no. 2, 630-670 669

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

M.H. Rahman, A. Khajeh, P. Panwar, M. Patel, A. Martini and P.L. Menezes, Recent
progress on phosphonium-based room temperature ionic liquids: Synthesis, properties,
tribological performances and applications, Tribol. Int., 2022, 167, 107331. doi:
10.1016/j.triboint.2021.107331

D.S. Chauhan, A.A. Sorour and M.A. Quraishi, An overview of expired drugs as novel
corrosion inhibitors for metals and alloys, Int. J. Chem. Pharm. Sci., 2016, 4, no. 1, 680—
698.

N. Vaszilcsin, V. Ordodi and A. Borza, Corrosion inhibitors from expired drugs, Int. J.
Pharm., 2012, 15, no. 1, 241-253. doi: 10.1016/j.ijpharm.2012.04.015

N.K. Gupta, C.S.A. Gopal, V. Srivastava and M.A. Quraishi, Application of expired
drugs in corrosion inhibition of mild steel, Int. J. Pharm. Chem. Anal., 2017, 4, 8—12.
A.S. Fouda, M.A. EI-Morsy, A.A. El-Barbary and L.E. Lamloum, Study on corrosion
inhibition efficiency of some quinazoline derivatives on stainless steel 304 in
hydrochloric acid solutions, Int. J. Corros. Scale Inhib., 2016, 5, no. 2, 112—-131. doi:
10.17675/2305-6894-2016-5-2-2

S. Bilgig, Plant Extracts as Corrosion Inhibitors for Mild Steel in HCI Media — Review
I, Int. J. Corros. Scale Inhib., 2021, 10, no. 1, 145-175. doi: 10.17675/2305-6894-2021-
10-1-9

H.S. Aljibori, A. Alamiery, T.S.Gaaz and W.K. Al-Azzaw, Exploring corrosion
protection for mild steel in HCI solution: An experimental and theoretical analysis of an
antipyrine derivative as an anticorrosion agent, Carbon Neutralization, 2024, 3, no. 1,
74-93. doi: 10.1002/cnl2.108

A.Y.l. Rubaye, M.T. Mohamed, M.A.l. Al-Hamid, A.M. Mustafa, F.F. Sayyid,
M.M. Hanoon, A.H. Kadhum, A.A. Alamiery and W.K. Al-Azzawi, Evaluating the
corrosion inhibition efficiency of 5-(4-pyridyl)-3-mercapto-1,2,4-triazole for mild steel
in HCI: insights from weight loss measurements and DFT calculations, Int. J. Corros.
Scale Inhib., 2024, 13, no. 1, 185-222. doi: 10.17675/2305-6894-2024-13-1-10

N.S. Abtan, M.A. Al-Hamid, L.A. Kadhim, F.F. Sayyid, F.T. Noori, A. Kadum, A. Al-
Amiery and W.K. Al-Azzawi, Unlocking the Power of 4-Acetamidoantipyrine: A
Promising Corrosion Inhibitor for Preserving Mild Steel in Harsh Hydrochloric Acid
Environments, Prog. Color, Color. Coat.,, 2024, 17, no.l1, 85-96. doi:
10.30509/pccce.2023.167147.1223

A. Al-Amiery, A. Mohammed, A.M. Mustafa, F.F. Sayyid, H.S. Aljibori, W.K. Al-
Azzawi, A.A. Al-Amiery and E.A. Yousif, Corrosion Inhibition of Mild Steel in HCI
Solution by 2-acetylpyrazine: Weight Loss and DFT Studies on Immersion Time and
Temperature Effects, Prog. Color, Color. Coat., 2024, 17, no. 4, 333-350. doi:
10.30509/PCCC.2024.167231.1261

A. Al-Amiery, W.N.R.W. Isahak and W.K. Al-Azzawi, Sustainable corrosion
Inhibitors: A key step towards environmentally responsible corrosion control, Ain Shams
Eng. J., 2024, 102672. doi:10.1016/j.asej.2024.10267



https://doi.org/10.1016/j.triboint.2021.107331
https://doi.org/10.1016/j.ijpharm.2012.04.015
http://dx.doi.org/10.17675/2305-6894-2016-5-2-2
http://dx.doi.org/10.17675/2305-6894-2021-10-1-9
http://dx.doi.org/10.17675/2305-6894-2021-10-1-9
https://doi.org/10.1002/cnl2.108
http://dx.doi.org/10.17675/2305-6894-2024-13-1-10
https://doi.org/10.30509/pccc.2023.167147.1223
https://doi.org/10.30509/pccc.2024.167231.1261
https://doi.org/10.1016/j.asej.2024.10267

Int. J. Corros. Scale Inhib., 2024, 13, no. 2, 630-670 670

143. M.K. Abbass, K.M. Raheef, I.A. Aziz, M.M. Hanoon, A.M. Mustafa, W.K. Al-Azzawi,
A.A. Al-Amiery and A.A.H. Kadhum, Evaluation of 2-Dimethylaminopropionamido-
antipyrine as a Corrosion Inhibitor for Mild Steel in HCI Solution: A Combined
Experimental and Theoretical Study, Prog. Color, Color. Coat., 2024, 17, no. 1, 1-10.
doi: 10.30509/pccc.2023.167081.1197

144. M.T. Mohamed, S.A. Nawi, A.M. Mustafa, F.F. Sayyid, M.M. Hanoon, A.A. Al-
Amiery, A.A.H. Kadhum and W.K. Al-Azzawi, Revolutionizing Corrosion Defense:
Unlocking the Power of Expired BCAA, Prog. Color, Color. Coat., 2024, 17, no. 2, 97—
111. doi: 10.30509/pccce.2023.167156.1228

LA A



https://doi.org/10.30509/pccc.2023.167081.1197
https://doi.org/10.30509/pccc.2023.%20167156.%201228

