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Abstract

This study explores the potential of a compound named 1-(2,4,6-trihydroxyphenyl)ethanone
thiosemicarbazone (TET) to protect mild steel from rusting in a harsh acidic environment
(hydrochloric acid). We tested how well TET performs at different temperatures and exposure
times. The results show that TET can be highly effective in preventing corrosion, achieving a
maximum protection of almost 90%. Interestingly, its effectiveness increases as you add more
TET, but decreases slightly at higher temperatures. Further analysis suggests that TET forms a
protective layer on the steel surface. To understand this process better, we used computer
modeling to examine the molecule’s structure and properties. This analysis revealed factors that
contribute to TET’s ability to inhibit corrosion. Overall, this research provides valuable insights
into TET’s potential as a corrosion inhibitor. It paves the way for designing even more effective
and environmentally friendly solutions to protect metals from rust.

Received: January 3, 2024. Published: April 16, 2024 doi: 10.17675/2305-6894-2024-13-2-5

Keywords: corrosion inhibitor, density functional theory, Schiff base, Langmuir adsorption
isotherm, mild steel alloy.

1. Introduction

Corrosion of metallic materials is a pervasive and economically significant phenomenon,
particularly in aggressive environments such as hydrochloric acid (HCI) solutions [1-5].
The deleterious effects of corrosion on infrastructure, industrial equipment, and various
metal alloys necessitate the development of effective corrosion inhibitors to mitigate the
economic and safety concerns associated with material degradation [6—8]. In this context,
organic compounds, especially Schiff bases, have garnered considerable attention as
corrosion inhibitors due to their versatile chemical structures and promising inhibitive
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properties [9-12]. Schiff bases are organic compounds derived from the condensation
reaction between a primary amine and a carbonyl compound. These compounds are
renowned for their wide array of applications in medicinal chemistry, coordination
chemistry, and, pertinent to this study, corrosion inhibition. The ability of bases to form
complex structures with metal ions and their potential for adsorption onto metal surfaces
make them intriguing candidates for corrosion inhibition studies [13—22]. One such Schiff
base, 1-(2,4,6-trihydroxyphenyl)ethanone thiosemicarbazone (TET), has emerged as a
compelling corrosion inhibitor for mild steel alloy in HCI environments. TET presents a
unigue molecular structure that combines the reactivity of carbonyl and thiosemicarbazone
moieties, potentially facilitating strong interactions with metal surfaces. The incorporation
of hydroxyl groups in the phenyl ring further enhances the adsorption capabilities of TET,
making it a promising candidate for corrosion inhibition. The present study aims to
comprehensively investigate the corrosion inhibition performance of TET through a
combination of experimental techniques and theoretical approaches. Weight loss assessment,
a widely employed method for corrosion evaluation, serves as the primary experimental
technique, allowing for the determination of inhibition efficiency under varying conditions.
The immersion time and temperature are crucial parameters influencing the corrosion
process, and their impact on TET’s inhibitive properties will be systematically examined. In
addition to the experimental investigations, the study employs Density Functional Theory
(DFT) to gain insights into the molecular-level interactions between TET and the mild steel
alloy surface.

DFT has proven to be a powerful tool in elucidating the electronic structure, reactivity,
and adsorption characteristics of molecules on metal surfaces. Theoretical studies, including
the Highest Occupied Molecular Orbital (Exomo) and Lowest Unoccupied Molecular Orbital
(ELumo), will be conducted to understand the electronic properties of TET and its potential
for adsorption on the metal surface [23—31]. The investigation of corrosion inhibition
mechanisms is essential for developing a profound understanding of how TET interacts with
the mild steel alloy at the molecular level. This understanding is crucial for the rational
design of more effective corrosion inhibitors. Additionally, the study aims to correlate the
experimental findings with theoretical insights, bridging the gap between macroscopic
observations and molecular-level understanding. The overarching objective of this research
is to contribute valuable knowledge to the field of corrosion science and materials protection.
By elucidating the corrosion inhibition performance of TET (Figure 1), we aim to provide
insights that can inform the design and development of novel and efficient corrosion
inhibitors. The findings of this study could potentially have practical implications in
industries where mild steel alloys are exposed to corrosive environments, offering a
sustainable approach to enhance the durability and lifespan of metallic materials. The
novelty of this work lies in its dual approach to investigating corrosion inhibition. By
combining traditional weight loss experiments with advanced quantum chemical
calculations, the study offers a comprehensive understanding of the effectiveness of Schiff
base derivatives as corrosion inhibitors for mild steel in acidic environments. This
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multidisciplinary approach provides novel insights into the mechanisms underlying
corrosion inhibition and offers valuable contributions to the development of more effective
and environmentally friendly corrosion protection strategies.
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Figure 1. The molecular structure of TET.

2. Experimental part

2.1. Composition of material samples

The mild steel coupons employed in this study were rectangular in shape, measuring
2.0%x2.5%0.1 cm. The material composition, determined as 0.21 wt.% carbon, 0.09 wt.%
phosphorus, 0.05 wt.% manganese, 0.038 wt.% silicon, 0.01 wt.% aluminum, 0.050 wt.%
sulfur, and iron (balance), reflects the typical composition of mild steel. Prior to
experimentation, the specimen surfaces underwent meticulous mechanical polishing using
various emery papers. Subsequently, the samples were cleansed with double-distilled water,
degreased with acetone, and subjected to drying within a desiccator. The hydrochloric acid
solution (1 M) utilized in the experiments was freshly prepared by diluting 37% analytical
grade hydrochloric acid with distilled water.

2.2. Weight loss measurements

The weight loss measurements were carried out in a non-stirred, aerated hydrochloric acid
solution freshly prepared at a concentration of 1 M. Gravimetric techniques were employed
by assessing the weight difference in the absence and presence of TET as a corrosion
inhibitor in the corrosive environment. VVarious concentrations of TET (0.1, 0.2, 0.3, 0.4, 0.5,
and 1.0 mM) served as electrolytes for the gravimetric experiments [32, 33]. The immersion
periods of 1, 2, 5, 10, and 24 hours were chosen for weight loss measurements. Throughout
the experiments, the temperature of each electrolyte was rigorously maintained using a
thermostatically regulated water bath. Coupons were immersed in the electrolytes at
temperatures of 303, 313, 323, and 333 K for a standardized duration of five hours. The
experiments were conducted in triplicate to ensure precision, and the average values of
weight loss were computed to enhance reproducibility. The corrosion rate (Cg), surface
coverage (0), and inhibition efficiency (IE) were determined from the gravimetric data in
accordance with ASTM standards, employing Equations 1—-3 [34—36].
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2.3. Computational study

The electronic structure of the TET molecule was investigated through a computational
quantum chemical modeling technique employing density functional theory (DFT). The
DFT calculations were performed using the B3LYP functional with a 6-31G basis set,
facilitating the determination of the TET molecule’s geometry optimization. The highest
occupied molecular orbital (HOMO) and lowest unoccupied molecular orbital (LUMO)
were identified as the frontier molecular orbitals. These orbitals were utilized to estimate
crucial parameters, including the energy gap (AE), global hardness (1), softness (o), absolute

electronegativity (y), and the number of transferred electrons (AN), as per Equations 4-8
[37, 39].
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3. Results and Discussion

3.1. Weight loss measurements

The corrosion rate (Cg) of mild steel in 1 M HCI was evaluated through weight loss
measurements at temperatures of 303, 313, 323, and 333 K in the presence of TET. Figure 2
illustrates the quantitative data, revealing a noteworthy increase in inhibition efficiency with
increasing TET concentration at 303 K. Ata 0 mM inhibitor concentration, the mild steel Cg



Int. J. Corros. Scale Inhib., 2024, 13, no. 2, 727—-749 731

was 4.31(mg-cm2-h'). However, at the optimal TET concentration of
0.39 Cr (mg-cm2-h), a substantial decrease in corrosion rate was observed at 303 K. This
concentration-dependent decrease in weight loss underscores the inhibitory effect of TET on
mild steel corrosion in hydrochloric acid. The experimental findings demonstrate that TET
hinders corrosion, lowers the corrosion rate, and enhances inhibition efficiency as the
inhibitor concentration increases [40-44]. Remarkably, TET exhibited remarkable
inhibition efficiency, reaching 90.2% at a concentration of 0.05 mM over a five-hour
exposure period. The nitrogen and sulfur heteroatoms in TET contribute to its inhibitive
behavior, fostering a reactive interaction with the mild steel surface. The resonance effect
and molecular stability further enhance TET’s inhibition efficiency.
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Figure 2. Variation of Cr and IE% with different concentration of TET for 5 hours as
immersion time at 303 K for mild steel in 1 M HCI.

3.2. Effect of immersion time

Time-dependent investigations on the impact of corrosion inhibitors are crucial for
understanding their efficacy over varying exposure durations. The stability of the protective
film formed by TET and its adsorption rate were systematically explored across different
immersion times (1, 5, 10, 24 and 48 hours) [45—47]. The results revealed notable trends in
the corrosion rate and inhibition efficiency, shedding light on the dynamic nature of TET’s
protective effects. The data showcases a compelling relationship between immersion time,
corrosion rate, and inhibition efficiency. Based on Figure 3, the corrosion rate decreases with
increasing immersion time up to a certain point, emphasizing the effectiveness of TET in
mitigating corrosion over short to moderate exposure durations. For instance, at a
concentration of 0.1 mM, the corrosion rate decreases from 1.39 mg-cm=2-h* at 1 hour to
0.9 mg-cm2-ht at 10 hours, highlighting a substantial reduction in corrosion with
prolonged exposure [48, 49]. However, a nuanced trend emerges as the immersion time
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extends to 24 hours. Inhibition efficiency tends to decrease at longer immersion periods,
indicating a diminishing protective effect. This decline is attributed to the desorption of TET
molecules from the coupon surface, suggesting a temporary nature of the inhibitor’s film
[50, 51]. In summary, the numerical results underscore the time-sensitive nature of TET’s
corrosion inhibition mechanism. While the inhibitor exhibits strong protective effects over
short to moderate immersion times, the diminishing inhibition efficiency at longer exposures
emphasizes the need for careful consideration of immersion durations in practical
applications. These findings provide valuable insights for optimizing the deployment of TET
as a corrosion inhibitor under various exposure conditions.
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Figure 3. Variation of Cr and IE% with different concentration of TET for various immersion
time at 303 K for mild steel in 1 M HCI.

3.3. Effect of temperature

The impact of temperature on both the corrosion rate and the inhibitive activity of TET was
systematically explored. The addition of TET led to unimportant reduction in the corrosion
rate, attributed to potential interactions between TET molecules and the coupon surface. This
interaction facilitated the formation of a protective layer, with TET molecules adsorbed onto
the coupon surface, effectively shielding it from the corrosive hydrochloric acid solution.
The weight loss measurements provided insights into the variation in corrosion rate at
different solution temperatures, namely 303, 313, 323, and 333 K [52, 53]. The relationship
between the corrosion rate and temperature is graphically represented in Figure 4, utilizing
an Arrhenius plot calculated according to Equation 9 [54, 55]:
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Here, A represents the pre-exponential factor, E, is the activation energy, R is the gas
constant, and T is the absolute temperature.

The activation energy value in the presence of TET suggests that the inhibitor molecules
were adsorbed onto the coupon surface through a chemisorption mechanism. The results of
weight loss calculations are presented in Figure 5, illustrating the decrease in inhibition
efficiency (IE%) with rising temperatures. In the present study, TET demonstrated a
substantial inhibition efficiency of 90.2% at 303 K, but this efficiency decreased to 76.4%
at 333 K. The observed trend indicates an exothermic mechanism at higher temperatures in
the tested solution [56, 57]. The temperature-dependent performance of TET reveals a
nuanced relationship between temperature and inhibition efficiency. While TET exhibits
excellent inhibition efficiency in hydrochloric acid at room temperature, its inhibitive
performance diminishes at higher temperatures, as evidenced by the decline shown in
Figure 5 [58, 59]. This temperature sensitivity suggests that the inhibitive mechanism of
TET is influenced by the energy changes associated with the corrosion process, emphasizing
the need for a thorough understanding of temperature effects in designing effective corrosion
inhibitors for varying environmental conditions [60]. The detailed examination of the effect
of temperature on TET’s inhibition efficiency provides valuable insights for optimizing its
application in real-world corrosion prevention scenarios [61, 62].
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Figure 4. The Arrhenius plot for mild steel corrosion in acidic solution in the presence of TET
(0.5 mM) at various temperatures.
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Figure 5. Variation of Cr and IE% with a different concentration of TET for various
temperature in 1 M HCI.

3.4. Adsorption isotherms

In the realm of acid corrosion, the prevailing understanding is that inhibitor molecules exert
their influence on metal surfaces through an adsorption mechanism. This adsorption process
Is believed to alter the structural charge of the double layer, reducing the rate of partial
electrochemical reactions. Primarily occurring at active sites on the metal surface, adsorption
impedes the reactivity of the metal during the dissolution process [63—-65]. Additionally, if
the reduction of inhibitor molecules aligns with adsorption, a solid film may form, acting as
a protective barrier. Understanding the adsorption behavior of inhibitor molecules is crucial
for elucidating their mechanism of action. Adsorption isotherms provide insight into the
relationship between the coverage of adsorbate molecules at the interface and the
concentration of the solution’s material [66—68]. Surface coverage (0) for TET was obtained
using the weight loss technique, and it was instrumental in evaluating the adsorption
isotherm model. Investigating adsorption isotherms is imperative for comprehending the
intricacies of interactions between inhibitor molecules and the mild steel surface, where
adsorption can occur through either physical or chemical reactions. Different isotherms, such
as Langmuir, Temkin, and Freundlich, can be employed to interpret the phenomenon of
adsorption [69-72]. Fitting the data into established adsorption isotherms, as depicted in
Figure 6, enables an understanding of the adsorbent nature of the inhibitor’s performance.
Notably, the adsorption of TET molecules on the mild steel surface aligns with the Langmuir
isothermal adsorption model, supported by a high regression coefficient value (R>=0.968).
The Langmuir model plot, illustrating the relationship between C/6 and C, is indicative of
the adsorption process’s linearity. The Langmuir model’s slope and intercept values are 1.42
and 0.225, respectively. The evaluation of Kags by Equation 10 allows for further insights
into the adsorption process [73—77]. Moreover, the determination of free energy (Gags)
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through Equation 11 provides a critical parameter for understanding the nature of the
interaction between TET molecules and the coupon surface [78-80].
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Where 55.5 is water concentration, R is gaseous constant, and T is the absolute temperature.

The calculated Gags value for TET is 31.85 kJ-mol~1. According to established literature
[13, 47], AG_,, values below —20 kJ-mol~* suggest physical adsorption, while values above
—40 kJ-mol-t indicate chemical adsorption [81-83]. With a G,gs value of —31.85 kJ-mol -4,
the interaction nature between TET molecules and the tested coupon surface is classified as
chemisorption. This underscores that, while the initial adsorption process may involve
physical adsorption, the dominant model for adsorption, as suggested by the G,gs Value, is
chemical adsorption [84—87]. This detailed insight into the adsorption isotherms of TET on

mild steel surfaces enhances our understanding of its corrosion inhibition mechanism.
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Figure 6. Langmuir adsorption model of TET.

3.5. Density Functional Theory analysis

The exploration of Density Functional Theory (DFT) parameters offers quantitative insights
into the inhibitive performance and the underlying inhibition mechanism of the TET
molecule. Quantum chemical factors, including frontier Molecular Orbitals (HOMO and
LUMO), energy gap (AE), electronegativity (), global hardness (1), softness (o), a fraction
of transferred electrons (AN), and atomic charges, serve as critical indicators in deciphering
molecular interactions and stability [88]. The optimized molecular structure of TET,
illustrated in Figure 7, reflects the outcome of DFT studies. The HOMO value of —6.93 eV
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denotes the molecule’s ability to donate electrons to the vacant d-orbitals of iron, while the
LUMO value of —0.104 eV indicates its capacity to accept electrons from iron. The relatively
high HOMO value suggests efficient electron donation, aligning well with the experimental
findings [89]. Conversely, the low LUMO value suggests that the inhibitor molecule can
effectively accept electrons from iron through a backdonation mechanism. The energy gap
(AE) is a crucial parameter, and its numerical value of 6.826 eV in TET indicates a
substantial inhibition efficiency. The global hardness (1) and softness (o) values provide
additional quantitative information on molecular stability and reactivity. A high energy gap,
coupled with low softness (0.293 eV~1) and high global hardness (3.413 eV), points to
significant inhibitive efficiency. TET’s complex molecular structure, characterized by a high
energy gap, aligns with the observed inhibitive performance [90].

Density Functional Theory analysis suggests that molecules with a high value of
softness and low global hardness exhibit significant inhibitive efficiency. The obtained o
value of 0.293 eV~! implies that TET readily adsorbs on the coupon surface, further
supporting its experimental inhibitory effectiveness. The high negative atomic charges,
particularly in nitrogen and sulfur atoms (AN=0.509), enhance the molecule’s ability to be
adsorbed on the coupon surface, forming strong coordination bonds with the mild steel [91].
The correlation between experimental findings, numerical quantum parameters, and atomic
charges strengthens the understanding of TET’s inhibition mechanism. The coordinated
adsorption of TET on the mild steel surface, as suggested by its high inhibitive efficiency
(90.2%), is supported by the quantifiable DFT-derived molecular properties. This integrated
approach, combining numerical and experimental insights, not only enhances our
comprehension of TET’s corrosion inhibition potential but also provides a quantitative
foundation for designing and optimizing effective corrosion inhibitors.

Optimized Structure HOMO LUMO

Figure 7. Optimized structure, Highest Occupied MO, and Lowest Unoccupied MO of TET
molecules.

3.6. Atomic charges

The atomic charges assigned to each atom in the TET molecule provide crucial insights into
its chemical reactivity and its potential for interaction with the mild steel surface. The
numerical values of these atomic charges (Figure 8), calculated through Density Functional
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Theory (DFT), offer a quantitative representation of electron distribution within the
molecule [92].

Figure 8. Optimized structure with atomic numbers.

The atomic charges such as carbon atoms (C(1): 0.0584126; C(2): —0.185304; C(3):
—0.130625; C(4): 0.23369; C(5): —0.22252; C(6): 0.23284; C(7): —0.225393; C(8):
0.234952). The varying charges on carbon atoms indicate their different roles within the
molecule. For instance, C(1) and C(4) have positive charges, suggesting electron-donating
capabilities, while C(2), C(3), C(5), C(7), and C(16) exhibit negative charges, indicating
their ability to accept electrons. The negative charges on oxygen atoms (O(9) —0.311963;
0(10) —0.266456; O(11) —0.26044) signify their electron-accepting nature. These oxygen
atoms may play a crucial role in forming coordination bonds with metal surfaces. Nitrogen
atoms (N(12) —0.177065; N(13) 0.319529; N(16) —0.0370558) exhibit a range of charges.
N(13) carries a positive charge, indicating its potential to donate electrons, while N(12) and
N(16) have negative charges, suggesting their affinity for accepting electrons. The
significant negative charge on the sulfur atom (S(15) —0.652052) suggests a strong capability
to accept electrons, emphasizing its potential involvement in the adsorption process on the
metal surface. The distribution of atomic charges provides valuable information on the
polarity and reactivity of different atoms within the TET molecule. These charges play a
pivotal role in dictating the molecule’s interaction with the mild steel surface. Specifically,
atoms with higher negative charges, such as oxygen, nitrogen, and sulfur, are likely to form
coordination bonds with metal surfaces, contributing to the observed inhibitive efficiency of
TET in the experimental corrosion inhibition study.

Density Functional Theory (DFT) calculations were performed to investigate the
electronic  structure and properties of the 1-(2,4,6-trihydroxyphenyl)ethanone
thiosemicarbazone (TET) molecule. The computed DFT parameters, including the Highest
Occupied Molecular Orbital (HOMO), Lowest Unoccupied Molecular Orbital (LUMO),
energy gap (AE), global hardness (1), softness (o), and the fraction of transferred electrons
(AN), offer valuable insights into TET’s inhibitory behavior. To contextualize these DFT
results, comparison with similar values for other corrosion inhibitors is essential to
understand their correlation with protective effects. Previous studies have reported DFT
calculations for various organic compounds used as corrosion inhibitors, highlighting the
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relationship between molecular properties and inhibitory performance. By comparing the
computed DFT parameters of TET with those of other inhibitors, we can assess their relative
effectiveness and gain insights into the underlying inhibitory mechanisms. For example,
studies have shown that inhibitors with lower energy gaps (AE) and higher softness (o)
values tend to exhibit enhanced inhibitory efficiency due to their greater reactivity and
adsorption affinity towards metal surfaces. Furthermore, the fraction of transferred electrons
(AN) provides information about the electron-donating or accepting capabilities of the
inhibitor molecules, which play a crucial role in their interaction with metal ions and
corrosion products. By analyzing the DFT results in conjunction with experimental data on
protective effects, we can establish correlations between molecular properties and inhibitory
performance, thereby elucidating the mechanisms governing corrosion inhibition. Future
research endeavors will focus on expanding this comparative analysis to encompass a
broader range of inhibitors and experimental conditions, further enhancing our
understanding of corrosion inhibition mechanisms and facilitating the development of more
effective inhibitors [93-95].

3.7. Suggested inhibition mechanism

The inhibitive performance of TET in hydrochloric acid solution is likely governed by a
complex yet well-defined inhibition mechanism. The synergy between experimental
findings and quantum chemical insights aids in proposing a plausible inhibition mechanism
that elucidates the protective role of TET on mild steel surfaces [95, 96].

1. Adsorption process: The molecular adsorption of TET on the mild steel surface is a
fundamental step in its inhibition mechanism. The quantum chemical parameters,
including HOMO, LUMO, and atomic charges, emphasize the molecule’s propensity
to interact with metal surfaces. Notably, the significant negative charges on nitrogen
and sulfur atoms enhance the adsorption potential of TET. The adsorption process
involves the formation of coordination bonds between TET and the metal surface,
creating a protective layer that shields the metal from corrosive attacks.

2. Donation and acceptance of electrons: The HOMO-LUMO analysis provides insights
into the electron-donating and accepting capabilities of TET. The relatively high
HOMO value indicates the molecule’s ability to donate electrons to the vacant d-
orbitals of iron, facilitating the formation of stable coordination bonds. Conversely,
the low LUMO value suggests the molecule’s capacity to accept electrons from iron,
further reinforcing its role in the inhibition mechanism through backdonation.

3. Atomic charges and coordination bonds: The atomic charges assigned to each atom
in TET play a crucial role in understanding the inhibition mechanism. Oxygen,
nitrogen, and sulfur atoms, possessing significant negative charges, are more likely
to engage in coordination bonds with metal atoms on the surface. These bonds
contribute to the formation of a protective layer, impeding the corrosion process.
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4. Formation of protective barrier: The adsorption of TET molecules on the mild steel
surface forms a protective barrier, hindering the access of corrosive agents to the
metal surface. The Langmuir adsorption isotherm model, supported by the calculated
adsorption parameters, reinforces the formation of a stable adsorbed layer, explaining
the observed inhibition efficiency.

5. Time and temperature dependence: The inhibition mechanism is also influenced by
the immersion time and temperature. The highest inhibition activity observed at
5 hours may be attributed to the rapid adsorption of TET molecules, forming a
protective layer on the metal surface. However, at longer immersion times, desorption
becomes more prominent, leading to a decrease in inhibition efficiency. The
temperature dependence indicates that the inhibitive performance is favorable at
lower temperatures, suggesting an exothermic mechanism.

In summary, the suggested inhibition mechanism involves the adsorption of TET
molecules on the mild steel surface, facilitated by coordination bonds formed through the
donation and acceptance of electrons. The resulting protective layer acts as a barrier,
impeding the corrosion process. The proposed mechanism aligns with both experimental
observations and quantum chemical insights, providing a comprehensive understanding of
TET’s corrosion inhibition potential.

3.8. Comparison with similar research works

The inhibitory mechanism of 1-(2,4,6-trihydroxyphenyl)ethanone thiosemicarbazone (TET)
against mild steel corrosion in acidic environments was investigated using weight loss
techniques and Density Functional Theory (DFT) analysis. Existing literature underscores
the effectiveness of corrosion inhibitors, particularly those containing nitrogen, oxygen,
sulfur, n-bonds, and resonance effects, in combating HCI-induced corrosion of mild steel. It
is widely acknowledged that inhibitors possessing a combination of these elements exhibit
superior inhibitory performance compared to those with only one of them. The prevailing
assumption is that the adsorption mechanism primarily involves the nitrogen, sulfur, and
oxygen atoms within the organic molecules. Numerous scholarly works emphasize the
significance of organic corrosion inhibitors featuring electron donor atoms such as
phosphorus, sulfur, oxygen, and nitrogen for surface adsorption on metals, thereby
safeguarding against acidic solutions. Among these heteroatoms, nitrogen demonstrates
notable inhibitive efficacy, followed by phosphorus, sulfur, and oxygen. Natural plant
extracts have garnered attention for their commendable attributes, including cost-
effectiveness, renewability, biodegradability, and environmental friendliness. However,
organic inhibitors may encounter challenges related to limited solubility in polar electrolytes
due to their inherent hydrophobic nature. Typically, organic corrosion inhibitors comprise
nitrogen, hydrophobic hydrocarbon chains, sulfur, and oxygen moieties in their molecular
structures. The effectiveness of these inhibitors hinges on various factors such as molecular
size, aromaticity, bonding atoms or groups (m or o), charge distribution, and electronic
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structure. Computational chemistry techniques like DFT have proven invaluable in
elucidating the inhibitory properties of organic compounds. The inhibitory efficiency of TET
was compared with other nitrogen-containing corrosion inhibitors for safeguarding mild
steel against corrosion. For instance, a corrosion inhibitor, namely 7-((1-(4-fluorobenzyl)-
1H-1,2,3-triazol-4-yl)methyl)-1,3-dimethyl-3,7-dihydro-1H-purine-2,6-dione, exhibited an
inhibition efficiency of 86%. However, this compound exhibited lower efficiency compared
to TET. Similarly, corrosion inhibitors like 3,5-di(m-tolyl)-4-amino-1,2,4-triazole, 3-
salicylialidene amino-1,2,4-triazole phosphonate, 3-benzylidene amino-1,2,4-triazole
phosphonate, 3-p-nitro-benzylidene amino-1,2,4-triazole phosphonate, and 1-amino-3-
methyl thio-1,2,4-triazole, despite containing a triazole ring and amino group, exhibited
much lower inhibition efficiencies (24%, 63%, 56%, 69%, and 43%, respectively) compared
to the studied inhibitor. Another study investigated the use of 3,5-Bis(methylene
octadecyldimethylammonium chloride)-1,2,4-triazole as a corrosion inhibitor. Although it
demonstrated high inhibition efficiency (98%), its high cost rendered it less favorable. In
contrast, TET, while easy to synthesize and stable, exhibited an inhibition efficiency of 90%,
slightly lower than that of the studied inhibitor [97—-100]. TET displayed superior inhibitory
efficiency compared to the aforementioned compounds and exhibited efficiency levels
comparable to those described in previous studies. Moreover, as the concentration of TET
increased, the corrosion rate decreased, indicating an enhancement in inhibitive efficacy,
possibly attributable to increased adsorption of the inhibitor on the mild steel surface with
increasing concentration.

4. Conclusion

Our study explored how well a new compound (TET) can prevent mild steel from rusting in
acidic water (hydrochloric acid). We used various methods to understand how TET works
and how effective it is. The results showed that TET is very effective in preventing rust,
reaching almost 90% protection under ideal conditions. Adding more TET increased this
protection, but it worked slightly better at cooler temperatures. Further analysis suggests
TET forms a protective layer on the steel surface. We used computer modeling to examine
the molecule’s structure and properties to understand this process better. This analysis helped
explain how TET interacts with the metal to prevent corrosion. Overall, this research shows
that TET has great potential as a rust preventative. It paves the way for designing even more
effective and environmentally friendly solutions to protect metals from rust, especially in
acidic environment
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