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ABSTRACT

Corrosion represents a worldwide challenge, imposing an economic burden exceeding
$2.5 trillion each year and impacting metal structures across diverse sectors. Corrosion
inhibitors play a crucial role in alleviating metal corrosion and are widely utilized in the
domain of corrosion protection, owing to their effectiveness, affordability, and eco-
friendly characteristics. Schiff base (Sb) is characterized by their fundamental property
of being suitable candidates for evaluation as corrosion inhibitors across various
metal/electrolyte systems. Sb has the ability to adsorb and create a surface film that
mitigates corrosion, facilitated by their electron-rich centers, particularly the > C = N—
(imine) moiety that exhibits strong interactions with metallic ions. Typically, electron-
donating substituents such as —OH (hydroxyl), —CHs (methyl), -NH2 (amino), and —
OCHs (methoxy) are believed to enhance the corrosion inhibition capabilities of Sb. This
review article presents a compilation of information regarding corrosion phenomena of
carbon steel (CS) and Sb as corrosion inhibitors. The interactions between Sb and CS
surface at the molecular level are also addressed in this report. Furthermore, their
associated inhibition mechanisms are elucidated through electrochemical techniques,
surface characterization, adsorption isotherms, and theoretical analyses. In addition,
this review aims to motivate researchers to explore the full potential of Sb as innovative
CS corrosion inhibitor.

1. Introduction

This interaction leads to a decline in the material's
properties. Specifically, in the context of electrochemical

1.1. Corrosion: Basics and economic influences
Corrosion process (CP) serves as the principal mechanism
through which metals degrade. The majority of metals
undergo corrosion upon interaction with water, as well as
moisture present in the atmosphere), acids, bases, salts,
oils, aggressive metal polishes, and various other solid and
liquid chemicals. Furthermore, metals are prone to
corrosion when subjected to gaseous substances,
including acid vapors, formaldehyde, ammonia, and gases
containing sulfur. CP is characterized as any process that
leads to the deterioration or degradation of metallic
components. CP is typically characterized by
electrochemical reactions similar to those found in batteries
[1-7].
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corrosion, it involves the breakdown of a material or its
characteristics through electrochemical reactions between
the electrically conductive material and its surrounding
environment. The rate at which corrosion occurs is
influenced by both the environmental conditions and the
specific type of material involved. When metal atoms
exposed to an environment rich in water molecules, they
may release electrons, transforming into positively
charged ions, provided that an electrical circuit is
established. This phenomenon can manifest locally,
resulting in pitting or cracking, leading to general material
loss [8-12]. CP refers to the degradation of metal caused
by chemical interactions with its environment. Pure metals
are rarely encountered in nature; instead, they typically
exist in chemical compounds with one or more non-
metallic elements. These compounds are generally
referred to as ore. A considerable amount of energy is
required to convert ore into pure metal. This energy can
be supplied through metallurgical or chemical processes,
which occur during the operations known as smelting and
refining [13-15]. CP is a natural phenomenon, which
causes a huge disaster in industry and costs governments
a lot of money. So, it's big problem in economy of
countries. Millions of dollars are lost each year because of
corrosion of iron and steel. The effect and cost of


http://fsrt.journals.ekb.eg/
mailto:a_elaraby19@yahoo.com
mailto:Khaled_faisal92@hotmail.com

A. Elaraby et al /Frontiers in Scientific Research and Technology 12 (2025) 7 - 20 8

corrosion process can be elucidated as depicted in Fig.1.
In economic terms, the substantial harm inflicted by the
CP within the petroleum industry surpasses 3% of the
Press Information Bureau (PIB) in the United States. The
annual direct costs linked to metallic corrosion range from

1
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2% to 4% of the gross domestic product (GDP) in
developed countries, and this pattern is anticipated to rise
in the coming years. [11,16,17].
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Fig.1: Effect of corrosion.

1.2. Chemistry of Corrosion

Generally, CP refers to the interaction between a metal and
its surrounding environment, leading to alterations in the
metal's properties that can be elucidated through the
electrons sharing process. In electrochemical reactions,
electrons are generated by a chemical reaction occurring in
one region, known as the "anode," and subsequently travel
to be utilized in a different chemical reaction in another
region, referred to as the "cathode". CP necessitates the

presence of three critical components: an electrolyte, an
anode, and a cathode; the absence of any one of these
elements inhibits the corrosion process [18-20]. The
configuration of the anode, cathode, and electrolyte is
known as a corrosion cell (Fig.2). An electrolyte is
characterized as a solution that can conduct electrical
current via the movement of ions. [21,22].
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Fig.2: Electrochemical cell.

e Anodic reaction

Anode is the positively charged electrode where electrons
supply via the chemical activity of the metal and metal loss
occurs in a process called oxidation. The anodic reaction

involved in the corrosion process leads to the dissolution of
metal as ions, which generates electrons that are
subsequently utilized in a secondary process known as the
cathodic reaction. It is essential for these two processes to
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maintain a charge balance. The Ilocations of these
reactions can either be in close proximity on the metal's
surface or separated by a distance, depending on various
factors. For instance, in the corrosion process of iron or
CS, the reaction may unfold in two stages: initially, iron is
oxidized to form ferrous ions. Subsequently, these ferrous
ions may be further oxidized to ferric ions, contingent upon
the electrochemical potential [23,24]. The deposition of
these ions on the metal surface is influenced by
environmental conditions, leading to the formation of iron
hydroxide, commonly known as “rust,” which is frequently
observed on various industrial and civil structures.
Ultimately, depending on the environmental conditions, the
metal may completely dissolve; however, in most industrial
applications involving steel, this can lead to structural
failures in equipment such as pipelines or machinery [25].

Anodic chemical formula: M — M* + &~
here, M, M*, and e- are uncharged metal surface, positively
charged metal, and electrons respectively. This process is
referred to as an oxidation reaction, despite the fact that it
does not directly engage oxygen; rather, it leads to a rise in
the positive charge of the atom that is experiencing
oxidation. For example: in case of iron, more than one
electron can be lost where the most common anodic
reaction is:

Fe ——»Fe?* + 2e

e Cathodic Reaction
In an electrochemical cell, the cathode is the negatively
charged electrode. Cathode is the site where electrons are
consumed through reduction process and no metal loss
occurs. The anodic reactions described above must be
counterbalanced by reduction processes that take place at
the cathode. Specifically, the electrons generated at the
anode through oxidation must be utilized in a reduction
reaction at the cathode. It is important to note that anodes
and cathodes can consist of either two distinct metal pieces
or different locations on a heterogeneous surface of a
single metal piece [26,27]. In an acidic solution, the
predominant cathodic reaction is the evolution of hydrogen.
Conversely, in an alkaline aqueous solution, this reaction
can be represented differently. When dissolved oxygen is
present. In an acidic environment, this reaction proceeds
as follows, while in an alkaline environment, it occurs as
indicated [28]. Additionally, there are several other potential

partial cathodic corrosion reactions, although their
occurrence is contingent upon the specific chemistry of the
electrolyte.

Cathodic chemical formula: M*+ ¢~ = M

In an environment containg with water is:

O2 + 2H20 + 46— 5. 40H-
So, the final reaction leads to iron oxides formation as
follow:

Fez* + 2 OH —— Fe(OH):
Finally, Fe(OH)2 will subsequently undergo a reaction to
produce Fe203 and FezO4, commonly known as rust.
o Electrolyte
An electrolyte is defined as a substance that generates an
electrically conductive solution upon dissolution in a polar
solvent, like water. When the electrolyte dissolves, it

dissociates into cations and anions that distribute evenly
throughout the solvent. When electrodes are immersed in
the electrolyte and a voltage is applied, the electrolyte
facilitates the conduction of electricity. A chemical reaction
transpires at the cathode, supplying electrons to the
electrolyte. Conversely, another reaction takes place at the
anode, where electrons are consumed from the electrolyte.
Consequently, a cloud of negative charge forms in the
electrolyte surrounding the cathode, while a positive charge
accumulates around the anode [29,30].

1.3. Different types of corrosion

Several corrosion forms are categorized according to their
appearance as seen in Fig.3. The main forms of corrosion
are follows.

1.3.1. Uniform (or general) corrosion:

This phenomenon is characterized by a consistent
destructive action that affects the entire surface area or a
substantial portion of it uniformly. The process leads to a
general reduction in thickness until structural failure occurs.
In terms of material degradation, this represents the most
significant type of corrosion. Additionally, uniform corrosion
is easy to measure and predict. It is often considered
problematic mainly from an aesthetic standpoint [31,32].
1.3.2. Pitting corrosion:

Pitting corrosion is a localized type of corrosion that results
in the formation of cavities or 'holes' within the material. It
poses a greater risk than uniform corrosion damage due to
its challenging detection, unpredictability, and the difficulty
in designing preventive measures. Additionally, corrosion
products frequently obscure the pits [33,34].

1.3.3. Crevice corrosion:

Localized corrosion is typically linked to stagnant solutions
at the microenvironmental level. These stagnant conditions
often arise in crevices, which are shielded areas found
beneath gaskets, washers, fastener heads, surface
deposits, threads, and clamps. Due to the limited diffusion
of oxygen into these crevices, a variance aeration cell is
likely to develop between the microenvironment within the
crevice and the surrounding bulk environment [35-37].
1.3.4. Galvanic corrosion:

CP occurs when various metallic substances interact with
one another in the presence of an electrolyte. This type of
degradation may also occur among metals, alloys, and
various conductive substances like carbon or graphite
through the varying in corrosion potentials. The material
exhibiting a more noble corrosion potential acts as the
cathode of the corrosion cell, while the material with a less
noble potential undergoes anodic dissolution. [38].

1.3.5. Intergranular corrosion:

Localized corrosion manifests at the boundaries of grains
or in their close proximity, whereas most of the grains
remain largely unscathed. Intergranular corrosion is
frequently associated with the impacts of chemical
segregation, wherein impurities are prone to gather at the
grain boundaries, or with particular phases that crystallize
at these boundaries. Such crystallization can lead to the
formation of regions with reduced corrosion resistance in
the vicinity as in stainless steels [39].
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1.3.6. Fretting corrosion:

The CP leads to the appearance of metal surface with pits
and grooves. Fretting corrosion arises from the repeated
application of weight, and/or vibration on a rough surface.
This type of corrosion is commonly observed in rotating

--

and impact machinery, bolted assemblies, and bearings, as
well as on surfaces subjected to vibration during transport.
[40].

Uniform corrosion Pitting Crevice corrosion
Loi‘ , Movement
Galvanic corrosion Fretting Intergranular

Fig.3: Various types of corrosion.

2. Carbon steel

Carbon steel (CS) represents a crucial category of
engineering alloys, with a substantial proportion of steel
production being CS, which is a metal alloy composed
primarily of two elements: iron and carbon. Other elements,
such as manganese, silicon, and copper, are present in
minimal amounts that do not significantly influence its
properties[17,41-43]. The application of CS across diverse
industrial sectors, like automobiles, machine components,
bridges, and petroleum industry [41-43]. CS with a low
carbon content exhibits similar characteristics to iron, being
soft and easily shaped; however, as the carbon content
increases, the metal acquires greater hardness and
strength, while becoming less ductile and more challenging
to weld. An increase in carbon content also results in a
reduction of the melting point of steel and its overall
temperature resistance [44—46].

2.1. Carbon steel types

Carbon steel is broken down into four classes based on
carbon content as follow:
o Low carbon steel (Mild steel)

Low-CS is characterized by a low carbon content, is a
prevalent type of steel due to its affordability and
satisfactory material properties for various applications.
This type of steel typically contains around 0.05-0.30%
carbon, which contributes to its malleability and ductility.
Although mild steel exhibits lower tensile strength, it is
cost-effective and easily shaped. The surface hardness of
mild steel can be enhanced through the process of

carburization. Low-carbon or mild carbon steels are
favored for their excellent welding and forming capabilities,
rendering them highly appealing for construction purposes.
However, these carbon steels are prone to corrosion,
particularly from atmospheric exposure. [20].

o Medium-carbon steel

Medium-CS contains roughly 0.3-0.5% carbon content.
This composition provides a balance between ductility and
strength, along with commendable wear resistance. It is
commonly utilized in the production of large components,
forging processes, and automotive parts. [44].

e High-carbon steel

High-CS contains around 0.6 to 1.0% carbon, making it
exceptionally strong and suitable for applications such as
springs, cutting tools, and high-strength wires [20].

e Ultra-high-carbon steel

Ultra-high- CS comprises approximately 1.25 to 2.0%
carbon content. This category of steel can be tempered to
attain considerable hardness and is employed in
specialized applications such as non-industrial knives,
axles, and punches. Generally, steels with carbon content
surpassing 2.5% are manufactured using powder
metallurgy methods. A significant drawback of these alloys
is their noticeable vulnerability when subjected to
prolonged exposure to aqueous environments. This is
attributed to the development of pockets and/or crevices
that can trap moisture and water accelerating corrosion
attack, leading to corrosion failure and loss of properties
[45].
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3. Corrosion inhibitors

Despite the extensive application of CS, it is currently
facing challenges due to the corrosion process (Fig.4) that
occurs particularly in the petroleum industry during
cleaning and descaling operations. Consequently,
researchers have concentrated their efforts on identifying
an effective and cost-efficient method for the protection of
CS, aiming to mitigate the substantial expenses associated
with corrosion in diverse aggressive environments,

including nitrate, sulfate, and chloride solutions. Recently,
organic compounds have gained prominence as corrosion
exceptional

inhibitors (Cls) due to their protective

Water (H20)

Fe?*

7
«0
-

22T -

Fe,O;

lon path (OH-
Rust

characteristics [3,46]. The ClIs refer to any chemical
substance that, when introduced into a corrosive
environment (typically in minimal quantities), reduces the
effects of the environment on the degradation of metal
[47,48]. For an inhibitor to achieve success, it must
effectively remove water molecules from the corrosion
substrate (CS) surface and obstruct corrosion sites. This
action leads to alterations in electrochemical reactions,
thereby enhancing corrosion resistance. The effectiveness
of Cls is largely due to their ability to adsorb onto a metal
surface, forming a protective layer [13—-15].
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Fig.4: Corrosion process of carbon steel.

3.1. Structure of the Inhibitor

Inhibitors can establish a coordinate bond with the metal
through electron transfer. Inorganic compounds that
contain functional groups with elements from groups V and
VI of the periodic table possess suitable lone pairs of
electrons for coordinate bonding. The propensity for
stronger coordinate bond formation, and consequently
enhanced adsorption due to the existence of hetero atoms
as (O, N, and S). Additionally, this tendency is influenced
by the characteristics of the functional group which are
generally believed to enhance the inhibitor's efficacy as it
rises forming coordinate bond with the metal surface is
formed, resulting in greater adsorption [49,50].

3.2. Classification of inhibitors
Inhibitors can be classified as follow:
e Anodic inhibitors

Passivating inhibitors, also known as passivators or anodic
inhibitors, are a category of substances that function by
obstructing the anodic reaction. These inhibitors integrate into
the oxide layer on the metal surface, thereby enhancing its

stability and preventing further corrosion. Although the metal's
appearance typically remains unchanged, it is covered by a
very thin film that can be detected using specialized
techniques.. These inhibitors are recognized for their high
efficacy and widespread application. However, if the
concentration of anodic inhibitors is inadequate, corrosion may
be exacerbated instead of mitigated. The threshold
concentration at which these inhibitors become effective is
contingent upon the type and concentration of the aggressive
ions present [51].

e Cathodic inhibitors

Cathodic inhibitors impede the cathodic reaction by either
limiting oxygen access or by contaminating sites conducive
to cathodic hydrogen evolution. Among the cathodic
inhibitors that mitigate the corrosive effects of aqueous
solutions on steel are the salts of magnesium, manganese,
zinc, and nickel. The reduction of oxygen to hydroxide ions
(OH") increases alkalinity near the vessel walls, resulting in
the precipitation of metal hydroxides as a relatively
adherent porous layer that hinders oxygen diffusion to the
steel surface. When calcium carbonate is present in water,
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it can precipitate as a general calcium carbonate deposit if
the water is supersaturated, or it may form localized
deposits in cathodic regions where the pH is elevated. The
introduction of lime into water raises the pH and acts as a
cathodic inhibitor. Although cathodic inhibitors that create a
visible film on metal surfaces are generally less effective
than anodic inhibitors and do not entirely prevent corrosion,
they are less likely to exacerbate corrosion when applied in
adequate quantities [52].

e Mixed inhibitors

Inhibitors that induce precipitation are compounds that form
films with a general effect on the metal surface. Silicates
and phosphates are among the most dominant inhibitors in
this category. Conversely, organic inhibitors typically
consist of organic compounds that adsorb across the entire
metal surface, simultaneously slowing down both anodic
and cathodic reactions. These inhibitors retard the CP of
CS via film construction which protects its surface by
establishing a covering hydrophobic layer [53,54].

4. Corrosion measurements techniques

4.1. Weight loss (WL)

The analysis of weight loss (WL) represents the most
straightforward among all available corrosion testing
techniques and has been the most established method for
measuring corrosion in industrial plants and equipment. To
obtain pertinent corrosion data through weight loss
methods, it is essential to consider various factors,
including the purpose of the test, physical parameters, and
duration of exposure. The primary steps that must be
meticulously followed during corrosion measurement using
this technique include specimen preparation, initial
cleaning, immersion in the testing medium, removal of
corrosion products, and assessment of the results
obtained. The corresponding corrosion rate (r, mg cm=2 h)
and the inhibition efficiency (n,, ) were estimated via the

following equations [55]:
r= AW /At (1)

SN @)
Wit

where; t, A, Wi and Whc denote immersion time (h),
exposed CS surface area (cm?2), and Wi and Wic
represent the mass change with and without inhibitors
respectively.

4.2. Potentiodynamic polarization (PDP)

Potentiodynamic polarization (PDP) is an electrochemical

method employed to investigate the corrosion behavior of

materials by altering the electrode potential and recording
the resultant current. This technique is instrumental in
elucidating corrosion mechanisms, rates, and
characteristics, thereby proving essential for surface
engineering and materials science. The process entails
applying a potential sweep to a sample material and
measuring the associated direct current to assess its
corrosion resistance and behavior. Also, PDP provides
several corrosion parameters as anodic and cathodic Tafel
slopes (Ba and ), corrosion potential (Ecor), and corrosion
current density (icor) from the extrapolation of Tafel slope.
The inhibition efficiency can be calculated based on (icorr)
as follow [56]:

M,

Hepp = (—im.'":_l.i'm)x 100 (3)

Lplank

where, ipank and s, are corrosion current densities for
blank solution and inhibitor respectively.
4.3. Electrochemical impedance spectroscopy (EIS).
Electrochemical Impedance Spectroscopy (EIS) is an
exceptionally sensitive technique employed to assess the
electrical response of electrochemical systems, including
corrosion, without causing any damage. Through the EIS
method, the kinetics that take place at the interface
between steel and the solution can be examined in detail
using a non-destructive and quasi-steady state approach.
The effectiveness of corrosion inhibitor was investigated
utilizing the highly accurate EIS technique to gain further
insights into the electrical response of the corrosion
process, employing alternating current (AC) within a
frequency range that induces electrochemical reactions at
the working electrode surface. EIS provides several
indices for the corrosive system as Rs (solution
resistance), CPE (constant phase element) which can be
defined by Y° and coefficient n and Rp (polarization
resistance). The inhibition efficiency can be calculated
based on R, as follow:
_ Bp inh—Rp blank -

a1y = (T] x 100 (4)
where, Rp.pank and Rp.inn are the polarization resistance for
the examined metal in absence and presence of inhibitor
respectively [57]
4.4. Surface analyses
Several surface examinations can be applied for electrode
surface evaluation as Scanning Electron Microscope
(SEM), EDX (Energy Dispersive X-ray), AFM (Atomic
Force Microscope), and X-ray Photoelectron
Spectroscopy (XPS). SEM serves as an essential
instrument for the analysis of corrosion as 2D image. It
delivers high-resolution images of corroded surfaces,
which disclose intricate details regarding the morphology
of corrosion products, the degree of damage, and the
underlying mechanisms at play. Additionally, SEM can be
utilized alongside EDX to ascertain the elemental
composition of corrosion products, thereby enhancing the
comprehension of the corrosion process. SEM images
obtained at high magnification offer a potent and efficient
technique for corrosion studies [58]. AFM has been
employed in the study of corrosion inhibition, in
conjunction with various other techniques, to examine the
surface morphology of the protective film at the nanometer
scale as 3D image. The average roughness, root-mean-
square roughness, and maximum peak-to-valley (P-V)
height values provide a visual representation of the
protective film at the nanoscale [59]. Also, XPS is an
effective  surface-sensitive = method employed to
investigate corrosion through the examination of the
elemental composition and chemical states of materials,
especially within the upper 1-10 nm of a surface. This
technique aids in comprehending corrosion mechanisms,
recognizing corrosion products, and evaluating the
efficacy of protective coatings by scrutinizing the binding
energies of these electrons, XPS is capable of identifying
the elements and their respective oxidation states [60].
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5. Schiff base inhibitor

In recent decades, the focus of researchers has shifted
towards the discovery of new effective, non-toxic, and
ecofriendly Cls the CS protection, as Schiff-base (Sb) that
are familiar with their high inhibition competence. Sb can
be prepared through the reaction of aldehyde with an
amine or a ketone (condensation reaction), exhibiting
greater inhibition potency compared to their corresponding
aldehydes and amines due to the presence of the NR=R2C
group, as illustrated in Fig.5 [61,62]. The application of
nitrogen-containing inhibitors, including Sb and its
derivatives, may effectively hinder the CP by creating a

Q—“. -R, -PH
C N H
dﬂ.-l{. -PH

imine

barrier film onto the metal surface that prevents ionic
attacks from reaching the surface through the adsorption
process. The inhibition ability of Sb can be explained by
formation of complexes through N-atom, besides existence
of C=N which enhances the adsorption capacity, thereby
reducing the corrosion rate [63]. The majority of Sb
inhibitors, which establish robust coordinate bonds with
metal ions, are synthesized from alkyl diamines and
aromatic aldehydes. Also, a comparative analysis between
different Schiff base inhibitors for carbon steel was
summarized as seen in Table 1.

-H, -R, -PH

—N

-R, -PH

H, -R, -PH

Schiff's base

Fig.5: Basic structure of imine and Schiff base.

Table 1: The inhibition efficiency of some published Sb
inhibitors for CS using PDP and EIS.

EIS PDP
Inh. Conc. % % Reference
1 2x103 | 854 81.9 [64]
Imine-NO; 1103 | 89.1 90.0 [22]
EEMD 1x103 | 87.0 88.1
INB 1x103 | 91.1 90.2 [65]
IMB 1x103 | 91.9 91.5
L3 1x103 | 76.83 | 75.5 [66]
4-PCPTC 1x10-3 89 89 [67]
SB-CH; .| 89.44 | 89.19
SB—OCH; 110 50,30 | 89.31 [68]
S1H 5x10-3 91 [69]
Isonitrosoacetanilide | 5103 | 79.3 75.7 [70]
S4 1x102 | 92.6 92.2 [71]
Di-Sb 1x10-3 | 93.027 | 92.95 [43]

5.1. Schiff bases as corrosion inhibitors: Literature
survey.

A variety of Cls were examined to diminish the metal

corrosion rate in diverse destructive settings. The primary

aim of our study is to advance a cost-effective,

environmentally friendly, and easily produced effective

inhibitor that incorporates heteroatoms and 1-bonds.

These features enhance the interaction between the
inhibitor's adsorption center and the vacant d-orbital of
iron, thereby creating a protective insulation film that
effectively reduces CP of carbon steel, even at minimal
doses [64,67,72,73].

Mohammed Mustafa et.al [25] examined the behavior of
eco-friendly Isatin/Chitosan inhibitor (Isatin-Cs) for Q235-
CSin 1.0 M HCI as depicted in Fig.6 utilizing gravimetric
weight loss at various temperature levels,
potentiodynamic polarization (PDP), and electrochemical
impedance spectroscopy (EIS). The examined Isatin-Cs
mitigated Q235-CS effectively by formation of an
insulation layer shielding Q235-CS with inhibition efficacy
92.2 % using PDP at 250 ppm. Also, scanning electron
microscopy (SEM) supported with X-ray photoelectron
spectroscopy (XPS) and water contact angle methods
were applied to Q235-CS surface examination.

Merfat S. Al-Sharif [24] conducted a study on the efficacy
of two Schiff bases (INB and IMB) as corrosion mitigators
for CS in 0.5 M sulfuric acid solution via electrochemical
and computational assessment, as illustrated in Fig.7
exhibiting PDP and EIS techniques. The results indicated
that INB and IMB displayed significant anticorrosive
properties in a 0.5 M H2SO04 environment, with the
inhibition efficiency of the 103 M IMB inhibitor reaching
92%. Through simulations utilizing density functional
theory (DFT) supported with molecular dynamics
simulations (MDs), the molecular structures of INB and



A. Elaraby et al /Frontiers in Scientific Research and Technology 12 (2025) 7 - 20 14

IMB, along with their impact on the inhibition mechanism, revealed a robust correlation between the theoretical
were analyzed. The DFT/MDs computational studies predictions and the experimental findings.
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Fig.6: Weight loss, PDP, and EIS of Isatin-Cs in acidic 1 M HCI solution.
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Fig.7: PDP, EIS, and MDs of INB and IMB in in 0.5 M sulfuric acid solution.
Z. Amrani et.al [22] evaluated two analogs of Bis-Schiff  experimental methodologies (Fig.8), such as quantum
bases (Imine-NO2 and EEMD) as anti-corrosion CS agents  theory modeling, PDP, EIS, and surface analysis via SEM-
in 1 M HCI through a variety of theoretical and EDS. The results from PDP indicated that /mine-NOjand
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EEMD exhibited a synergistic inhibition effect on CS,
reaching a maximum of 93% for EEMD and 89.6% for
Imine-NOo. This phenomenon can be elucidated by Imine-
NO2 and EEMD adsorption on the CS surface through
chemisorption processes that conform to the Langmuir
adsorption model. DFT was employed to investigate the
Imine-NO2> and EEMD electronic structure, thereby

OH HO
OH .

—a— 10" M

104 M
—a— 104 M
—e—10% M
—— I\ HCI

Log i (mAcnr’)

Imine-NO,

500 600 400 B

E(mV/SCE)
CRTRY
18 ® o 0N
o A 0N
Imine-NO, v 1M
* BQI
100 |—— Fit Bgae:)

,//\\, 4 I/\l/ NOs
f \ X /K ¥ |
O.N}\ \//\ R AN )

Ne

enhancing and validating the experimental findings. Bis-
Schiff bases demonstrate significant inhibition of CS
corrosion, with their efficacy being dependent on
concentration and temperature, following the hierarchy:
Imine-NO> > EEMD. This can be elucidated by the
existence of an additional -CH-OH group in Imine-NOa,
which amplifies its effectiveness.

Neutral Protonated

OH HO /
. ||

N
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Upon the addition

Bis-Schiff base

Fig.8: PDP, EIS, SEM, and DFT of Imine-NO2 and EEMD in 1 M HCI solution.

MM. Salim et.al [68] studied p-substituted imine mitigators
coded (SB-OCHs and SB-CHj3) as corrosion mitigators for
CS in 1 M HCI solution via weight loss, EIS, and PDP
methods as in Fig.9. The examined SB—-OCH3 and SB-CHj
retarded CS corrosion reactions (anodic and cathodic)
reflecting their mixed inhibition performance. EIS data
bolstered the defense of CS surface through the formation
of resistant adsorbed layer of SB-OCH3 and SB-CHS3 that
obeyed Langmuir adsorption isotherm. Additionally, the
adsorption mechanism SB-OCH3; and SB-CH3; onto CS
surface was evaluated employing theoretical calculations
(DFT and MCs). Also, CS surface examination proved the
defensive role of SB-OCH3; for CS. Additionally, the
fabricated SB—-OCH3; and SB-CH3 declined CS reaction
with mitigation efficacy more than 90%.

Hojat Jafari, and Elham Ameri [74] investigated the
inhibition capacity of CHNO inhibitor for CS in 1 M HCI
electrolyte. The CHNO protection ability was assessed via

EIS, PDP, and Atomic Force microscopy (AFM) method as
depicted in Fig.10. Also, based on the obtained findings,
the thermodynamics parameters were calculated for CS
corrosion in both the absence and presence of CHNO. The
test results indicated that CHNO exhibited effective
performance as corrosion inhibitor, with the inhibition
percentage of steel corrosion increasing alongside the
concentration, ultimately reaching 70% at a concentration
of 2x10-3 M. PDP tests revealed that CHNO functions as a
mixed inhibitor, besides, EIS demonstrated that CHNO
introduction into the solution enhanced the charge transfer
resistance while reducing the double layer capacity. The
adsorption of CHNO onto CS obeys Langmuir adsorption
isotherm, and the calculated free energy of adsorption
suggested that CHNO adsorption was spontaneous.
Furthermore, AFM investigations corroborated the findings
obtained from the electrochemical methods.
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Amal R. El Tohamy et.al [75] studied the CS corrosion n a
water-based environment (HCI) before and after injection of
SB-inhibitor utilizing PDP, EIS, and WL measurements as
in Fig.11. The corrosion behavior was assessed within the
temperature range of 298-333 K, both in the presence and
absence of the SB-inhibitor. The inhibitory effectiveness of
SB-inhibitor was 84.0% at 298 K. The changes in kinetic
and thermodynamic properties of SB-inhibitor on CS
suggested a mixed adsorption mechanism (physisorption

and chemisorption). The PDP curves demonstrated SB-
inhibitor mixed inhibition activity, which aligns with the
Langmuir adsorption isotherm. The experimental findings
are corroborated by DFT and MCs, highlighting the
potential of SB-inhibitor in CS corrosion control in acidic
conditions. SEM and EDX analyses showed the formation
and adsorption of a continuous layer of SB-inhibitor
molecules over CS. which validated SB-inhibitor
effectiveness as an inhibitor.
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Gas form
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N T .

([ S

—— T—omn

N, N'-bis(salicylidene)butylene-1,4-diamine (SB)

Mol. Formula: C,sH->4,O->N>. Mol. Wt.: 384.56.
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Energy (keV)

e

K 10
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Fig.11: IR, 'THMNR, PDP, EIS, SEM, EDS, MEP, and MCs of SB-inhibitor in HCI solution

6. Conclusion and outlook

From the obtained discussions, Sb functions as a Cls in
various corrosive systems exhibiting high efficacy by
adsorbing onto the metallic surface via >C=N- (imine) that
facilitating a strong bonding with the metal surface.
Appropriately substituted aromatic Sb, endowed with polar
functional groups, have the ability to form chelating
complexes with metal ions. As a result, they are expected
to serve as more effective Cls compared to their non-
substituted counterparts. A review of the literature suggests
that Sb inhibitors are primarily employed as ClIs for various
CS alloys. The maijority of Sb inhibitors operate as mixed-
type Cls, effectively hindering both Tafel reactions. From
EIS analysis, it is apparent that Sb inhibitors function as
interface-type Cls. Additionally, the literature review
highlighted that achieving an appropriate balance between
hydrophilicity and hydrophobicity is essential for the
effectiveness of Sb inhibition. Excessive hydrophobicity
may adversely affect the corrosion inhibition capabilities of
Sh by diminishing its solubility in polar solvents. Moreover,

it has been noted that most Sb compounds have been
assessed as Cls in less aggressive environments.
Therefore, their application warrants further investigation in
industrial processes such as acid descaling, acid pickling,
and oil-well acidification, which typically involve highly
acidic solutions like 15-28% HCI and H2SOa.
Acknowledgments

The authors grateful to Faculty of Science (Suez
University), Faculty of Engineering at Shoubra (Benha
University) and Egyptian Petroleum Research Institute
(EPRI) for their support.

References

[11 D.Y. Wang, J.H. Wang, H.J. Li, Y.C. Wu, Pectin-amino acid
derivatives as highly efficient green inhibitors for the corrosion of
N80 steel in CO2-saturated formation water, Ind. Crops Prod. 189
(2022) 115866. https://doi.org/10.1016/j.indcrop.2022.115866.

[2] M.A. Migahed, A. elgendy, M.M. EL-Rabiei, H. Nady, E.G.
Zaki, Novel Gemini cationic surfactants as anti-corrosion for X-65

steel dissolution in oilfield produced water under sweet conditions:
Combined experimental and computational investigations, J. Mol.



A. Elaraby et al /Frontiers in Scientific Research and Technology 12 (2025) 7 - 20 18

Struct. 1159 (2018)
https://doi.org/10.1016/j.molstruc.2018.01.033.

[3] A. Elaraby, S. Abd, A. Eman, E.G. Zaki, Theoretical and
electrochemical evaluation of tetra - cationic surfactant as
corrosion inhibitor for carbon steel in 1 M HCI, Sci. Rep. (2023) 1—
18. https://doi.org/10.1038/s41598-023-27513-7.

[4] L. Toukal, M. Foudia, D. Haffar, N. Aliouane, M. Al-Noaimi, Y.
Bellal, H. EImsellem, Abdel-Rahman, Monte Carlo simulation and
electrochemical  performance  corrosion inhibition  whid
benzimidazole derivative for XC48 steel in 0.5 M H2S0O4 and 1.0
M HCI solutions, J. Indian Chem. Soc. 99 (2022) 1-11.
https://doi.org/10.1016/j.jics.2022.100634.

[5] M. Srivastava, P. Tiwari, S.K. Srivastava, R. Prakash, G. Ji,
Electrochemical investigation of Irbesartan drug molecules as an
inhibitor of mild steel corrosion in 1 M HCI and 0.5 M H2S04
solutions, J. Mol. Lig. 236 (2017) 184-197.
https://doi.org/10.1016/j.molliq.2017.04.017.

[6] X. Li, S. Deng, H. Fu, Inhibition of the corrosion of steel in
HCI, H 2SO 4 solutions by bamboo leaf extract, Corros. Sci. 62
(2012) 163-175. https://doi.org/10.1016/j.corsci.2012.05.008.

[71 M. Corrales-Luna, T. Le Manh, M. Romero-Romo, M.
Palomar-Pardaveé, E.M. Arce-Estrada, 1-Ethyl 3-
methylimidazolium thiocyanate ionic liquid as corrosion inhibitor of
API 5L X52 steel in H 2 SO 4 and HCI media, Corros. Sci. 153
(2019) 85-99. https://doi.org/10.1016/j.corsci.2019.03.041.

[8] A.H. El-Askalany, S.l. Mostafa, K. Shalabi, A.M. Eid, S.
Shaaban, Novel tetrazole-based symmetrical diselenides as
corrosion inhibitors for N80 carbon steel in 1 M HCI solutions:
Experimental and theoretical studies, J. Mol. Liq. 223 (2016) 497—
508. https://doi.org/10.1016/j.molliq.2016.08.088.

[9] Z. Song, S. Donkor, Y. Zhang, Q. Liu, Y. Liu, X. Na, H. Cai, J.
Kwesi Odoom, Adsorption and corrosion inhibition performance of
rice bran extract on carbon steel in aqueous chloride solution:
Experimental, computational and theoretical studies, Constr.
Build. Mater. 363 (2023).
https://doi.org/10.1016/j.conbuildmat.2022.129801.

[10] A. Elaraby, A. Elgendy, M. Abd-El-Raouf, M.A. Migahed, A.S.
El-Tabei, A.M. Abdullah, N.H. Al-Qahtani, S.M. Alharbi, S.M.
Shaban, D.H. Kim, N.M. El Basiony, Synthesis of Gemini cationic
surfactants based on natural nicotinic acid and evaluation of their
inhibiton  performance at C-steell1 M HCI interface:
Electrochemical and computational investigations, Colloids
Surfaces A Physicochem. Eng. Asp. 659 (2023) 130687.
https://doi.org/10.1016/j.colsurfa.2022.130687.

[11] M.A. Bedair, S.A. Soliman, M.F. Bakr, E.S. Gad, H. Lgaz,
I.M. Chung, M. Salama, F.Z. Algahtany, Benzidine-based Schiff
base compounds for employing as corrosion inhibitors for carbon
steel in 1.0 M HCI aqueous media by chemical, electrochemical
and computational methods, J. Mol. Liqg. 317 (2020) 114015.
https://doi.org/10.1016/j.molliq.2020.114015.

[12] N.M. EI Basiony, A. Nasser, E. Hafez, A. Elaraby, S.H.
Shafek, A.H. Elged, D. Hwan, S.M. Shaban, Retard the corrosion
reaction of carbon steel in acid solutions using Gemini-nonionic
surfactant: Theoretical and experimental studies, Mater. Today
Commun. 37 (2023) 107378.
https://doi.org/10.1016/j.mtcomm.2023.107378.

[13] M. EI Faydy, F. Benhiba, I. Warad, A.S. Abousalem, H.
About, Y. Kerroum, C. Jama, A. Guenbour, B. Lakhrissi, A.
Zarrouk, Appraisal of corrosion inhibiting ability of new 5-N-
((alkylamino)methyl)quinolin-8-ol analogs for C40E steel in
sulfuric acid, Int. J. Hydrogen Energy. 46 (2021) 30246-30266.
https://doi.org/10.1016/j.ijhydene.2021.06.205.

[14] L.O. Olasunkanmi, I.B. Obot, M.M. Kabanda, E.E. Ebenso,

10-22.

Some quinoxalin-6-yl derivatives as corrosion inhibitors for mild
steel in hydrochloric acid: Experimental and theoretical studies, J.
Phys. Chem. C. 119 (2015) 16004-16019.
https://doi.org/10.1021/acs.jpcc.5b03285.

[15] I. Nadi, M. Bouanis, F. Benhiba, K. Nohair, A. Nyassi, A.
Zarrouk, C. Jama, F. Bentiss, Insights into the inhibition
mechanism of 2,5-bis(4-pyridyl)-1,3,4-oxadiazole for carbon steel
corrosion in hydrochloric acid pickling via experimental and
computational approaches, J. Mol. Lig. 342 (2021) 116958.
https://doi.org/10.1016/j.molliq.2021.116958.

[16] S.B. Mahmoud, A. Elaraby, M. Abd-El-Raouf, E.G. Zaki,
Hydrogen Production and Electrochemical Investigations of an
Environmentally Salicornia Extract as a Green Corrosion Inhibitor
in a 1 M HClI Solution, Egypt. J. Chem. (2024).
https://doi.org/10.21608/ejchem.2024.316943.10308.

[17] M. Deef Allah, S. Fouad, S. Abdelhamed, ahmed mohamed
elaraby, M. Nabil, Optical and electrochemical investigations of
CdSe (NPs) based on nonionic surfactant for carbon steel
corrosion control in 1 M HCI solution, Egypt. J. Chem. (2025).
https://doi.org/10.21608/ejchem.2025.354271.11195.

[18] Q.H. Zhang, Y.Y. Li, Y. Lei, X. Wang, H.F. Liu, G.A. Zhang,
Comparison of the synergistic inhibition mechanism of two eco-
friendly amino acids combined corrosion inhibitors for carbon
steel pipelines in oil and gas production, Appl. Surf. Sci. 583
(2022). https://doi.org/10.1016/j.apsusc.2022.152559.

[19] S. Javadian, B. Darbasizadeh, A. Yousefi, F. Ektefa, N. Dalir,
J. Kakemam, Dye-surfactant aggregates as corrosion inhibitor for
mild steel in NaCl medium: Experimental and theoretical studies,
J. Taiwan Inst. Chem. Eng. 71 (2017) 344-354.
https://doi.org/10.1016/j.jtice.2016.11.014.

[20] A.S. El-Tabei, M.A. Hegazy, A.H. Bedair, M.A. Sadeq,
Synthesis and inhibition effect of a novel Tri-cationic surfactant on
carbon steel corrosion in 0.5 M H2S04 solution, J. Surfactants
Deterg. 17 (2014) 341-352. https://doi.org/10.1007/s11743-013-
1524-7.

[21] A.A. Altalhi, International Journal of Electrochemical Science
Novel N-heterocyclic Schiff base based on Isatin derivative as a
sustainable , eco-friendly , and highly efficiency corrosion inhibitor
for carbon steel in sulfuric acid medium: Electrochemical and
Computa, Int. J. Electrochem. Sci. 19 (2024) 100449.
https://doi.org/10.1016/j.ijoes.2023.100449.

[22] Z. Amrani, A. Barrahi, A.A. Farag, A. Thakur, M. El Faydy, G.
Kaichouh, Z. Safi, N. Wazzan, |. Warad, A. Zarrouk, Colloids and
Surfaces A: Physicochemical and Engineering Aspects
Electrochemical , theoretical , and surface characterization of bis-
Schiff-based corrosion inhibitors on carbon steel in HClI medium,
Colloids Surfaces A Physicochem. Eng. Asp. 709 (2025) 136079.
https://doi.org/10.1016/j.colsurfa.2024.136079.

[23] M. Mustafa, Y. Modwi, H. Feng, M. Kamal, N. Chen, J. Hou,
E. Kamal, K. Yang, Eco-friendly corrosion inhibitor of Q235
carbon steel in 1 . 0 M HCI by Isatin / Chitosan Schiff base, J.
Mol. Struct. 1321 (2025) 139592.
https://doi.org/10.1016/j.molstruc.2024.139592.

[24] M.S. Al-sharif, International Journal of Electrochemical
Science Electrochemical and theoretical assessment of two
heterocyclic Schiff bases as effective corrosion inhibitors for
carbon steel in sulfuric acid solution, Int. J. Electrochem. Sci. 19
(2024) 100454. https://doi.org/10.1016/j.ijoes.2023.100454.

[25] M. Mustafa, Y. Modwi, Y. Liu, F. Li, Y. Lv, A. Ismail, M.
Albashir, D. Hassan, H. Feng, Theoretical and experimental
investigation of chitosan / perillaldehyde Schiff base as a
corrosion inhibitor for Q235 carbon steel in acidic medium, 1336
(2025).



A. Elaraby et al /Frontiers in Scientific Research and Technology 12 (2025) 7 - 20 19

[26] S.M. Shaban, I. Aiad, M.M. El-sukkary, E.A. Soliman, M.Y.
El-awady, Journal of Industrial and Engineering Chemistry
Evaluation of some cationic surfactants based on
dimethylaminopropylamine as corrosion inhibitors, J. Ind. Eng.

Chem. 21 (2015) 1029-1038.
https://doi.org/10.1016/j.jiec.2014.05.012.
[27] A. Ashraf, N. Riaz, S. Muzaffar, M. Atif, B. Bashir,

Investigating the potential of 1 , 2 , 4-triazoles as corrosion
inhibitors for copper and steel: A comprehensive review, 1
(2024). https://doi.org/10.1016/j.nexres.2024.100033.

[28] A.G. Bedir, M.A. El-raouf, S. Abdel-mawgoud, N.A. Negm,
N.M. EI Basiony, Corrosion Inhibition of Carbon Steel in
Hydrochloric Acid Solution Using Ethoxylated Nonionic
Surfactants Based on Schi ff Base: Electrochemical and

Computational Investigations, (2021).
https://doi.org/10.1021/acsomega.0c05476.
[29] W.I. Eldougdoug, A.l. Ali, A. Elaraby, E.M. Mabrouk,

Corrosion inhibition of Tri-cationic surfactant on carbon steel in
hydrochloric acid solution, 5 (2018) 289-300.

[30] R.A. El-Nagar, A. Elaraby, M.l. Nessim, A. Ghanem,
Designed imidazolium-based ionic liquids to capture carbon
dioxide from natural gas, J. Mol. Lig. 401 (2024) 124708.
https://doi.org/10.1016/j.molliq.2024.124708.

[31] H. Jafari, K. Akbarzade, |. Danaee, Corrosion inhibition of
carbon steel immersed in a 1 M HCI solution using benzothiazole
derivatives, Arab. J. Chem. 12 (2019) 1387-1394.
https://doi.org/10.1016/j.arabjc.2014.11.018.

[32] H. Jafari, M. Rezaeivala, N. Mokhtarian, A. Berisha, E. Ameri,
Corrosion Inhibition of Carbon Steel in 0.5 M H2SO4 by New
Reduced Schiff Base Ligand, J. Bio- Tribo-Corrosion. 8 (2022) 1—
13. https://doi.org/10.1007/s40735-022-00679-9.

[33] O. Kaczerewska, B. Brycki, . Ribosa, F. Comelles, M.T.
Garcia, Cationic gemini surfactants containing an O-substituted
spacer and hydroxyethyl moiety in the polar heads: Self-
assembly, biodegradability and aquatic toxicity, J. Ind. Eng.
Chem. 59 (2018) 141-148.
https://doi.org/10.1016/j.jiec.2017.10.018.

[34] M. Mobin, R. Aslam, J. Aslam, Non toxic biodegradable
cationic gemini surfactants as novel corrosion inhibitor for mild
steel in hydrochloric acid medium and synergistic effect of sodium
salicylate: Experimental and theoretical approach, Mater. Chem.
Phys. 191 (2017) 151-167.
https://doi.org/10.1016/j.matchemphys.2017.01.037.

[35] A.S. El-Tabei, A.E. El-Tabey, N.M. El Basiony, Newly imine-
azo dicationic amphiphilic for corrosion and sulfate-reducing
bacteria inhibition in petroleum processes: Laboratory and
theoretical studies, Appl. Surf. Sci. 573 (2022) 151531.
https://doi.org/10.1016/j.apsusc.2021.151531.

[36] A.S. El-Tabei, M.A. Hegazy, A.H. Bedair, N.M. El Basiony,
M.A. Sadeq, Novel macrocyclic cationic surfactants: Synthesis,
experimental and theoretical studies of their corrosion inhibition
activity for carbon steel and their antimicrobial activities, J. Mol.
Lig. 345 (2022) 116990.
https://doi.org/10.1016/j.molliq.2021.116990.

[37] A.S. El-Tabei, A.E. El-Tabey, N.M. El Basiony, Newly imine-
azo dicationic amphiphilic for corrosion and sulfate-reducing
bacteria inhibition in petroleum processes: Laboratory and
theoretical studies, Appl. Surf. Sci. 573 (2022) 151531.
https://doi.org/10.1016/j.apsusc.2021.151531.

[38] N. Punitha, R. Ganapathi Sundaram, K. Vijayalakshmi, R.
Rengasamy, J. Elangovan, Interactions and corrosion mitigation
prospective of pyrazole derivative on mild steel in HCI
environment, J. Indian Chem. Soc. 99 (2022) 100667.

https://doi.org/10.1016/j.jics.2022.100667.

[39] S. Du, S. Chen, Z. Zhang, Z. Ye, H. Mao, H. Yang, C. Lian,
C. Bao, Corrosion inhibition behavior of hydroxyl-terminated
hyperbranched poly(amine-ester) for Q235 steel in HCI solution,
Mater. Chem. Phys. 292 (2022) 126831.
https://doi.org/10.1016/j.matchemphys.2022.126831.

[40] M. Mobin, R. Aslam, Experimental and theoretical study on
corrosion inhibition performance of environmentally benign non-
ionic surfactants for mild steel in 3.5% NaCl solution, Process Saf.
Environ. Prot. 114 (2018) 279-295.
https://doi.org/10.1016/j.psep.2018.01.001.

[41] H. Production, Egyptian Journal of Chemistry, 68 (2025)
391-400. https://doi.org/10.21608/ejchem.2024.316943.10308.

[42] A. Elaraby, K. Faisal, S.K. Mohamed, E.A. El-sharkawy,
Multi-scale quantum ( DFT , MCs and MDs ) insights and
electrochemical validation of di-imine Schiff base inhibitor for
carbon steel corrosion control in 1 M HCI solution, Appl. Mater.
Today. 42 (2025) 102615.
https://doi.org/10.1016/j.apmt.2025.102615.

[43] A. Elaraby, D.F. Seyam, S.A. Abdelkader, Multidimensional
insights of electrochemical and quantum investigations of
morpholinium cationic surfactants as corrosion inhibitors for
carbon steel in acidic solution, (2025) 1-21.

[44] Q. Zhang, J. Liu, The heat treatment of austenisation
analysis of medium carbon steel to the hardness , microstructure ,
and tensile strength, (n.d.). https://doi.org/10.1088/1757-
899X/725/1/012036.

[45] A. Manufacturing, U.M. Wire, Microstructure and Mechanical
Properties of Medium Carbon Steel Deposits Obtained via Wire
and Arc Additive Manufacturing Using Metal-Cored Wire, (2019).

[46] N.B. Iroha, C.U. Dueke-Eze, T.M. Fasina, V.C. Anadebe, L.
Guo, Anticorrosion activity of two new pyridine derivatives in
protecting X70 pipeline steel in oil well acidizing fluid:
experimental and quantum chemical studies, J. Iran. Chem. Soc.
19 (2022) 2331-2346. https://doi.org/10.1007/s13738-021-02450-
2.

[47] A. Bita, G.E. Stan, M. Niculescu, I. Ciuca, E. Vasile, I.
Antoniac, G.E. Stan, M. Niculescu, I. Ciuca, E. Vasile, |. Antoniac,
Adhesion evaluation of different bioceramic coatings on Mg — Ca
alloys for biomedical applications, J. Adhes. Sci. Technol. 4243
(2016) 0. https://doi.org/10.1080/01694243.2016.1171569.

[48] Y. Ji, B. Xu, W. Gong, X. Zhang, X. Jin, W. Ning, Y. Meng,
W. Yang, Y. Chen, Journal of the Taiwan Institute of Chemical
Engineers Corrosion inhibition of a new Schiff base derivative with
two pyridine rings on Q235 mild steel in 1 . 0 M HCI, J. Taiwan
Inst. Chem. Eng. 66 (2016) 301-312.
https://doi.org/10.1016/j.jtice.2016.07.007.

[49] L.S. Baltes, INTERPRETATION OF OPEN CIRCUIT
POTENTIAL OF TWO TITANIUM ALLOYS FOR A LONG TIME
IMMERSION IN PHYSIOLOGICAL FLUID, (n.d.).

[50] A.A. Abd-elaal, N.M. Elbasiony, S.M. Shaban, E.G. Zaki,
Studying the corrosion inhibition of some prepared nonionic
surfactants based on 3- ( 4-hydroxyphenyl ) propanoic acid and
estimating the in fl uence of silver nanoparticles on the surface
parameters, J. Mol. Liqg. 249 (2018) 304-317.
https://doi.org/10.1016/j.molliq.2017.11.052.

[51] S. Kamel, N.S. El-sayed, Egyptian Journal of Chemistry, 66
(2023) 2119-2139.
https://doi.org/10.21608/EJCHEM.2023.209188.7939.

[52] O. Access, We are IntechOpen , the world ’ s leading
publisher of Open Access books Built by scientists , for scientists
TOP 1 %, (n.d.).



A. Elaraby et al /Frontiers in Scientific Research and Technology 12 (2025) 7 - 20 20

[53] X. Li, L. Chen, B. Xie, C. Lai, J. He, J. Feng, Y. Yang, R. Ji,
M. Liu, Two semi flexible nonplanar double Schiff bases as
corrosion inhibitors for mild steel in HCI solution: Experimental
and theoretical investigations, J. Environ. Chem. Eng. 11 (2023)
110077. https://doi.org/10.1016/j.jece.2023.110077.

[54] H. Ding, Y. Jiang, Y. Wang, H. Ju, T. Geng, Distributions of
counterions on adsorption and aggregation behavior of Gemini
quaternary ammonium salt, J. Mol. Lig. 342 (2021) 117495.
https://doi.org/10.1016/j.molliq.2021.117495.

[55] A.J.A. Nasser, M.A. Sathiq, ORIGINAL ARTICLE N - [
Morpholin-4-yl ( phenyl ) methyl ] acetamide as corrosion inhibitor
for mild steel in hydrochloric acid medium, Arab. J. Chem. (2011).
https://doi.org/10.1016/j.arabjc.2011.07.024.

[56] A.A. Khadom, M.M. Kadhim, R.A. Anaee, H.B. Mahood, M.S.
Mahdi, A.W. Salman, Theoritical evaluation of Citrus Aurantium
leaf extract as green inhibitor for chemical and biological
corrosion of mild steel in acidic solution : Statistical , molecular
dynamics , docking , and quantum mechanics study, J. Mol. Liq.
343 (2021) 116978. https://doi.org/10.1016/j.molliq.2021.116978.

[57] AEE. El-Tabey, A. Elaraby, A.S. El-Tabei, E.A. Elsharaky,
Inhibition performance of gemini cationic surfactants for carbon
steel in formation water: Electrochemical and computational
investigations, J. Mol. Lig. 409 (2024) 125452.
https://doi.org/10.1016/j.molliq.2024.125452.

[58] A.S. El-Tabei, A.E. El-Tabey, N.M. El Basiony, Newly imine-
azo dicationic amphiphilic for corrosion and sulfate-reducing
bacteria inhibition in petroleum processes: Laboratory and
theoretical studies, Appl. Surf. Sci. 573 (2022) 151531.
https://doi.org/10.1016/j.apsusc.2021.151531.

[59] S.K. Gupta, R.K. Mitra, M. Yadav, O. Dagdag, A. Berisha,
B.B. Mamba, T.T.I. Nkambule, E.E. Ebenso, S.K. Singh,
Electrochemical, surface morphological and computational
evaluation on carbohydrazide Schiff bases as corrosion inhibitor
for mild steel in acidic medium, Sci. Rep. 13 (2023) 1-21.
https://doi.org/10.1038/s41598-023-41975-9.

[60] R.K. Mehta, M. Yadav, Corrosion inhibition properties of
expired Broclear medicine and its carbon dot as eco-friendly
inhibitors for mild steel in 15% HCI, Mater. Sci. Eng. B. 295 (2023)
116566. https://doi.org/10.1016/j.mseb.2023.116566.

[61] M.B. Pial, M.A. Islam, The effectiveness of natural corrosion
inhibitors in corrosive media, Results in Surfaces and Interfaces.
19 (2025) 100516. https://doi.org/10.1016/j.rsurfi.2025.100516.

[62] C. Verma, M.A. Quraishi, Recent progresses in Schiff bases
as aqueous phase corrosion inhibitors : Design and applications,
Coord. Chem. Rev. 446 (2021) 214105.
https://doi.org/10.1016/j.ccr.2021.214105.

[63] A. Elaraby, K.F. Qasim, S.K. Mohamed, E.A. EI-Sharkawy, S.
Abdelhamed, Di-imine Schiff base inhibitor for carbon steel
corrosion in 1 M HCI: Electrochemical, surface and theoretical
investigations, J. Environ. Chem. Eng. 12 (2024) 111861.
https://doi.org/10.1016/j.jece.2023.111861.

[64] N.Z.N. Hashim, E.H. Anouar, K. Kassim, H.M. Zaki, A.l
Alharthi, Z. Embong, XPS and DFT investigations of corrosion
inhibition of substituted benzylidene Schiff bases on mild steel in
hydrochloric acid, Appl. Surf. Sci. 476 (2019) 861-877.
https://doi.org/10.1016/j.apsusc.2019.01.149.

[65] M.S. Al-Sharif, Electrochemical and theoretical assessment
of two heterocyclic Schiff bases as effective corrosion inhibitors
for carbon steel in sulfuric acid solution, Int. J. Electrochem. Sci.
19 (2024) 100454. https://doi.org/10.1016/].ijoes.2023.100454.
[66] C. Liang, Z. Liu, Q. Liang, G.C. Han, J. Han, S. Zhang, X.Z.
Feng, Synthesis of 2-aminofluorene bis-Schiff base and corrosion

inhibition performance for carbon steel in HCI, J. Mol. Liq. 277
(2019) 330-340. https://doi.org/10.1016/j.mollig.2018.12.095.

[671 Y. Meng, W. Ning, B. Xu, W. Yang, K. Zhang, Y. Chen, L. Li,
X. Liu, J. Zheng, Y. Zhang, Inhibition of mild steel corrosion in
hydrochloric acid using two novel pyridine Schiff base derivatives:
A comparative study of experimental and theoretical results, RSC
Adv. 7 (2017) 43014—43029. https://doi.org/10.1039/c7ra08170g.

[68] M. Salim, M.M. Azab, M.A. Abo-Riya, M. Abd-EIl-Raouf, N.M.
EL Basiony, Controlling C-steel dissolution in 1 M HCI solution
using newly synthesized p-substituted imine derivatives:
Theoretical (DFT and MCs) and experimental investigations, J.
Mol. Struct. 1274 (2023) 134357.
https://doi.org/10.1016/j.molstruc.2022.134357.

[69] H.T. Obaid, M.Y. Kadhum, A.S. Abdulnabi, Azo Schiff base
derived from 2-hydroxy-1-naphthaldehyde as corrosion inhibitors
for carbon steel in HCI medium: Experimental and theoretical
studies, Mater. Today Proc. 60 (2022) 1394-1401.
https://doi.org/10.1016/j.matpr.2021.10.380.

[70] F.A. de S. Rodrigues, Y.M.H. Gongalves, B.A.C. Horta, I. da
S. Santos, B. V. Silva, E. D’Elia, Experimental and theoretical
studies of isonitrosoacetanilides derivatives as corrosion inhibitors
for mild steel in 1 mol L-1 HCI, J. Mol. Struct. 1245 (2021)
131256. https://doi.org/10.1016/j.molstruc.2021.131256.

[711 M.A. Hegazy, A.M. Hasan, M.M. Emara, M.F. Bakr, A.H.
Youssef, Evaluating four synthesized Schiff bases as corrosion
inhibitors on the carbon steel in 1M hydrochloric acid, Corros. Sci.
65 (2012) 67—76. https://doi.org/10.1016/j.corsci.2012.08.005.

[72] E. Altunbas Sahin, F. Tezcan, R. Solmaz, G. Kardas,
Inhibitive effect of 4-amino-N-benzylidene-benzamide Schiff base
on mild steel corrosion in HCI solution, J. Adhes. Sci. Technol. 34
(2020) 135-152. https://doi.org/10.1080/01694243.2019.1662202.

[73] C. Liang, Z. Liu, Q. Liang, G.C. Han, J. Han, S. Zhang, X.Z.
Feng, Synthesis of 2-aminofluorene bis-Schiff base and corrosion
inhibition performance for carbon steel in HCI, J. Mol. Liq. 277
(2019) 330-340. https://doi.org/10.1016/j.mollig.2018.12.095.

[74] H. Jafari, E. Ameri, Synthesis and evaluation of Schiff base
as corrosion inhibitor for carbon steel in 1 M HCI solution, Anti-
Corrosion Methods Mater. 6 (2024) 632-639.
https://doi.org/10.1108/ACMM-03-2024-2976.

[75] A.R. El Tohamy, M.M. Kamel, A. Aboelmagd, S.M. Rashwan,
A.S. Fouda, M.K. Awad, Insights into Using a Schiff Base as a
Corrosion Inhibitor for Carbon Steel in HCI Medium : Experimental
and Theoretical Approaches, 31 (2024) 25-39.



