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Abstract 

Corrosion is of importance to multidisciplinary study groups as it includes materials science, 

chemistry, physics, metallurgy, and chemical engineering. Corrosion is induced by an 

environment’s chemical and electrochemical impact on metals and alloys. The objective of this 

work is to investigate the corrosion inhibition behavior of triglycidyl ether tripropoxy triazine 

(TGETPT) on of E24 steel in 1 M HCl. This study was carried out by electrochemical methods 

(polarization curves and electrochemical impedance spectroscopy). The polarization curves 

indicate that the inhibition mechanism is mainly acting as mixed-type inhibitor, and the 

corrosion rate of E24 in 1 M HCl is reduced 81.6% at inhibitor concentration of 10–3 M. The 

electrochemical impedance diagrams show that the inhibition is a process of charge transfer on 

a heterogeneous surface for all tested TGETPT concentrations. Scanning electron microscope 

micrographs demonstrated that the epoxy prepolymer could effectively block the acid attack by 

physical adsorption on the surface of the carbon steel, the high correlation coefficient and low 

Standard Deviation and low Sum of Squares value gave the best fit for Langmuir isotherm. The 

effect of temperature on the corrosion behaviour with the addition of TGETPT was studied in 

the temperature range 293–323 K. The theoretical investigations through DFT-based quantum 

chemical calculations and molecular dynamics simulations are in good agreement with the 

experimental results. 
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1. Introduction 

Nature attempts to convert metals back into their natural state as soon as they are extracted 

from their ores. As a result, metals react with the aggressive species in the surrounding 

environment, forming compounds such as metallic chlorides, carbonate oxides, sulfides, and 

so on [1]. Aqueous metallic corrosion is the most common type of corrosion, in which the 

material is a metal or an alloy and the environment is an aqueous solution. This natural 

occurrence is referred to as “metallic corrosion”. Corrosion manifests itself in a variety of 

ways in our daily lives. For instance, holes in automobiles, reddish-orange spots on metal 

surfaces, brown murky water taps, corroded nails, leaking hot water tanks, and so on [2]. To 

reduce steel corrosion, corrosion inhibitors are often added to the acidizing solution. Studies 

have shown that organic compounds containing polar functional groups, π-electrons, and 

heteroatoms such as S, O, and/or N, can be effective corrosion inhibitors [3–9]. These 

inhibitors work by attaching themselves to the steel surface, creating a protective layer that 

reduces the corrosion reaction. This attachment can occur through physical, chemical, or 

physicochemical adsorption [10–12].  

Pickling treatments, acid cleaning operations, and oil well acidizing for steel are all 

common uses for acid solutions of various concentrations, these operations lead to the 

increased corrosion process, as hydrogen ions are released in the acidic solution, which acts 

as a cathode, increasing the dissolution of the metal [13, 14]. In order to reduce this problem, 

corrosion inhibitors are commonly used [15, 16].  

An inhibitor is a chemical substance that is introduced to the medium in tiny amounts 

to limit the rate of corrosion of materials. It can be used to either protect the part permanently 

(requiring careful installation) or temporarily (especially when the part is particularly 

sensitive to corrosion or when it is exposed to a very aggressive environment) [17–19]. 

Inhibitory compounds can work through several methods, giving them varied inhibitory 

performance depending on the research medium [20–22]. 

Recently, computer modeling, mainly calculation based on DFT and molecular 

dynamics simulations, have been led to a good understanding of the inhibition mechanism 

of a given corrosion inhibitor, in this regard, both computational tools have been used in the 

current work to explain and substantiate the experimental results [23–25].  

The objective of this study is to evaluate the inhibition properties of epoxy polymer 

TGETPT on the corrosion of E24 steel in a 1 M hydrochloric acid solution. The 

electrochemical analysis reveals that the TGETPT compound hinders the corrosion process 

of E24 steel by generating a protective film on its surface. SEM/EDX analysis further 

supports these findings. Theoretical computations are often utilized to obtain a 

comprehensive understanding of the adsorption behavior of inhibitors at the molecular level, 

including their adsorption sites, adsorption energy, and adsorption geometry on the metal 

surface.  
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2. Material and Methods 

2.1. Preparation of metal and corrosive medium 

The metal used in this study is E24 and its chemical composition is listed in Table 1. The 

specimens selected had a circular surface area of 1 cm2. Before each test, the specimen was 

polished with sandpapers of (Grade: 600, 1200, and 1500), rinsed with distilled water and 

alcohol, and then dried in air. 

Table 1. The chemical compositions of E24. 

C% Si% P% S% Ti% Co % Cr% Mn% Fe% 

0.11 0.24 0.021 0.16 0.011 0.009 0.077 0.47 99.046 

The corrosive medium is a 1 M HCl solution, which was made from distilled water and 

a commercial solution of hydrochloric acid (37%). The inhibitor (TGETPT) dosages utilized 

ranged from 0.05 to 1 mM. 

2.2. Synthesis of triglycidyl ether tripropoxy triazine (TGETPT) heterocyclic epoxy resin 

The novelty heterocyclic epoxy resin namely triglycidyl ether tripropoxy triazine (TGETPT) 

was synthesized through condensation reaction [26, 27]. Firstly, we condensed  

5.374·10–3 mol of propane-1,3-diol (purity of 98%) with 2.876·10–3 mol of 2,4,6-trichloro-

1,3,5-triazine (purity of 98%) using ethanol as solvent under magnetic stirring for 24 h at 

80°C. Then, we added 6.953·10–3 mol of epichlorohydrin (purity of 99%) to the reaction 

mixture under magnetic stirring for 4 h at 70°C. Besides, we added 8.235·10–3 mol of 

triethylamine (purity of 99.5%) as a basis under magnetic stirring for 3 h at 40°C (Scheme 1). 

Additionally, the excess ethanol was removed by using the rotary evaporator. 
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Scheme 1. Reaction of synthesis of TGETPT. 

2.3. Electrochemical measurements 

The electrochemical investigation was done utilizing Volta Master software driven 

potentiostat PGZ 100. A three-electrode cell with a carbon steel (E24) working electrode, a 

saturated calomel reference electrode, and a platinum (Pt) electrode serving as a counter 

were used for the experiments. Before all the electrochemical analysis, the working electrode 

was plunged into a corrosive solution for 60 min in a quasi-stationary condition at an open 

circuit potential. With a scanning rate of 1 mV/sec around an open-circuit potential, 

polarization curves were obtained between –800 and –100 mV. In the Nyquist plot, the 

spectroscopy with electro-chemical impedance (EIS) was provided in the frequency range 

from 100 kHz to 10 mHz at ambient temperature. 

The inhibition effectiveness (IE%) for polarization curves was determined by the 

following equation [28]:  

 
0 inh

0
% 100

i i
IE

i

−
=   (1) 

where i0 is current densities uninhibited and, iinh is corrosion current densities inhibited with 

various concentrations of TGETPT. 

The inhibition efficiency IE% of electrochemical impedance spectroscopy (EIS) plots 

was determined by the equation below [29].  

 
inh 0
p p

inh
p

% 100
R R

IE
R

−
=   (2) 

where inh
pR  and 0

pR  indicate the polarization resistance inhibited and polarization resistance 

uninhibited with diverse concentrations of TGETPT, respectively. 
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2.4. Scanning electron microscopy/energy dispersive X-ray analysis 

Closer examination using scanning electron microscopy (SEM) enables the selection of 

surfaces to be analyzed based on several microstructural criteria. The micrograph of the E24 

surface was examined after 20 hours of immersion in the acid medium without and with 

TGETPT, and energy dispersive X-ray (EDX) was applied for chemical composition 

characterization [30]. 

2.5. DFT  

Density functional theory (DFT) calculations were performed using the DMol3 module 

included in Material Studio 6.0 software to investigate both the local and global reactivity 

of tested inhibitors and their involvement in the inhibition process. The geometry 

optimization of the inhibitor molecule, as well as the calculation of different associated 

quantum chemical parameters, were done employing generalized gradient approximation 

(GGA) functional of Becke exchange plus Lee–Yang–Parr correlation (BLYP) [31]. Double 

numerical plus polarization (DNP) version 3.5 served as the basis set. To consider the effect 

of an aqueous solution, the COSMO method was used [32]. 

2.6. Dynamic molecular findings 

To investigate the adsorption behavior of tested TGETPT on the E24 surface, molecular 

dynamic simulation was performed for 50 ps at 298 K setting 1 fs as time step and using 

Berendsen thermostat. To model the aqueous phase, 200H2O+5H3O++5Cl– composition 

was used with one inhibitor molecule. The molecular modelling was carried out on Fe(110) 

face in a simulation box of 27.31 Å×27.31 Å×68.11 Å dimensions with 60 Å as a sufficient 

vacuum region [33]. The calculations were conducted under periodic boundary conditions 

(PBC) and using COMPASS force field [34]. To compute electrostatic and Van der Waals 

interactions, Ewald and atom-based summation methods are used, respectively [35]. The 

adsorption energy (Eads) of tested inhibitor molecules is calculated using the following 

formulate: 

 ( )total inh sol+met
E E E− −  (3) 

where Etotal is the energy of the full system, Einh is the energy of TGETPT and Esol+met is the 

energy without inhibitor [36]. 

3. Results and Discussion 

3.1. FTIR analysis 

Triglycidyl ether tripropoxy triazine (TGETPT) heterocyclic epoxy resin synthesized was 

characterized and confirmed through utilizing the Fourier transform infrared (FTIR) 

spectroscopy of BRUKER type to determine and identify the different functional groups. 

FTIR spectrum of novelty TGETPT is illustrated in Figure 1. 
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Figure 1. IR spectra of synthesized TGETPT. 

The absorption band assigned at 3260 cm–1 is attributed to the stretching vibrations of 

the alcohol function (–OH) of the unclosed oxirane system of epoxy resin elaborated. 

Furthermore, the absorption bands situated at 2980 and 2965 cm–1 correspond to the 

stretching vibration of aliphatic methylene (CH2)3. Then, the absorption band located at 1485 

is attributed to the C=N of the heterocyclic compound. In addition, the absorption band that 

appeared at 1030 cm–1 can be attributed to the unsymmetrical stretching vibration of the  

C–O–C ether function. Also, the presence of the epoxide group is indicated by the 

characteristic absorption band at 850 cm–1, which is attributed to the oxirane system 

stretching vibration. 

3.2. Electrochemical measurements 

3.2.1. Open circuit potential 

Figure 2 depicts the open circuit potential in the absence and presence of TGETPT at various 

concentrations after immersing carbon steel E24 in a 1 M HCl solution for 3600 s. 

The OCP curves in different concentrations of TGETPT show that open circuit 

potentials have been formed [37]. Furthermore, parallel OCP vs time curves shows that the 

surface accumulated oxide layer has been eliminated, and the adsorption of the inhibitor 

molecules has been accomplished in less than 20 minutes. Similarly, the deviation of the 

TGETPT open circuit potential curves from the blank curve might imply a mixed inhibition 

of corrosion [38]. 
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Figure 2. Evolution of Ecorr of E24 in 1 M HCl solution of TGETPT at 293 K. 

3.2.2. Potentiodynamic polarization measurements 

The potentiodynamic polarization curves were obtained after Eocp reaches a stable state 

(SCE), and the results are shown in Figure 3. 

The addition of TGETPT, shifted both the cathodic and anodic curves to a decreased 

current density, resulting in a significant decrease in the rate of anodic metal oxidation and 

cathodic reduction of H+ ions at all tested concentrations [39]. Moreover, the displacement 

in Ecorr with the addition of TGETPT towards a positive direction (most noble), confirmed 

the open circuit potential results. This finding suggests that the TGETPT polymer and the 

E24 surface have significant interactions.  

 

Figure 3. Potentiodynamic polarization curves of E24 steel in 1 M HCl in the absence and in 

the presence of different concentrations of TGETPT at 293 K. 

Table 1 shows the electrochemical corrosion kinetic parameters corrosion potential 

(Ecorr) and corrosion current density (icorr) derived from the extrapolation of cathodic 

polarization curves. The corrosion current density (icorr) decreased as inhibitor adsorption 
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increased and the inhibition efficiency increases as the inhibitor concentration increases, as 

calculated by the icorr values. 

The various concentrations of the TGETPT were tested to reduce the values of the Tafel 

slope (βc) and (βa) compared to hydrochloric acid alone. The results suggested that adding 

the inhibitor to the electrolyte affected the mechanism of hydrogen reduction [40, 41]. Also, 

the inhibitory efficiency of the TGETPT inhibitor reached 86% at 10–3 M. The TGETPT 

polymer is rich in electrons, and the electronic density of these letters increases. This 

facilitated its adsorption on E24 carbon steel, thus increasing inhibitory efficiency [42]. 

Table 1. Electrochemical parameters of E24 steel at various concentrations of TGETPT in 1 M HCl and 

corresponding inhibition efficiency IE%. 

[TGETPT] 

mM 

Ecorr 

(mV/Ag–AgCl) 

Icorr 

(μA/cm2) 

–βc 

(mV/dec) 

βa 

(mV/dec) 

EI 

(%) 

1 M –488 174.8 94.7 93.3 – 

0.05 –470 48.8 115.5 77.8 72.08 

0.1 –469 38.93 122.8 77.3 77.73 

0.5 –466 31.29 133.5 73.7 82.10 

1 –455 24.37 149.9 65.3 86.06 

3.2.3. Electrochemical impedance spectroscopy (EIS) 

Transient electrochemical procedures, particularly electrochemical impedance spectroscopy 

(EIS), are capable to distinguish the elementary phenomena that are expected to emerge at 

the metal/solution interface based on their kinetics. EIS measurements are especially useful 

for understanding the mechanism of action of inhibitors, measuring the dielectric properties 

of the generated film, and tracking their evolution according to a variety of factors. It also 

allows for the explanation of the chemical or electrochemical processes that occur as a result 

of the formation of the films. 

Impedance measurements were performed in this study to learn more about the 

corrosion inhibition mechanism of E24 submerged in 1 M HCl alone and in the presence of 

a tested inhibitor (TGETPT). The Nyquist and Bode plots for E24 without and with TGETPT 

are shown in Figure 4, and the electrochemical parameters derived from these curves are 

included in Table 2. 

Demonstrating a striking resemblance in the impedance curve morphologies across all 

concentrations. According to this, an inhibitor effectively slows down corrosion processes 

while maintaining the corrosion mechanism [43]. This pattern leads one to believe that the 

inhibitory effect is produced by the steel surface’s active corrosion sites being blocked by 

inhibitor molecules that have been adsorbed there [44, 45]. 
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Figure 4. Nyquist, Bode, and phase angle diagrams for E24 steel in 1 M HCl without and with 

the different concentrations of TGETPT at 293 K. 

Table 2. Electrochemical impedance parameters for corrosion of E24 steel in 1 M HCl without and with the 

different concentrations of TGETPT. 

[TGETPT] 

(mM) 

Rs  

(Ω·cm2) 

Rct 

(Ω·cm2) 

CPEdl 

(µF·cm-2) 
E (%)  

0 1.920 39.67 401.1 – – 

0.05 2.574 147.5 120.87 71.85 0.7185 

0.1 2.587 169.47 105.18 76.59 0.7659 

0.5 2.411 195.27 148 79.69 0.7969 

1 2.073 271.25 69.90 85.38 0.8538 

Figure 5 depicts the equivalent circuit that determines TGETPT alloy and electrolyte. 

The EIS parameters are provided in Table 2. The divergence from the ideal semicircle was 

usually caused by frequency dispersion as well as surface inhomogeneity, grain boundaries, 

and contaminants. Increasing the TGETPT doses increases the charge transfer resistance 
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(Rct) due to an increase in the thickness of the adsorbed layer and decreases the double layer 

capacitance (Cdl) due to the replacement of the adsorbed water molecules on the TGETPT 

surface by the inhibitor molecules, which confirms that the TGETPT particles function by 

adsorption at the TGETPT/interface [46]. 

 

Figure 5. Equivalent electrical circuit of the E24 metal/TGETPT/1 M HCl. 

3.3. Adsorption isotherm 

The adsorption isotherm is used to investigate the mechanism of inhibitor adsorption. The 

adsorption process is affected by the electrical properties of the inhibitor, the surface nature 

of the metals, temperature, steric effects, and the different degrees of activity of a site [47]. 

Adsorption occurs as a result of interactions between active sites of molecules and the 

orbitals of steel atoms. Adsorption isotherm models such as Langmuir, Frumkin, Temkin, 

and Flory-Huggins are widely employed to evaluate the nature of these interactions [48]. 

According to the Langmuir isotherm, adsorption coefficient () is related to the 

inhibitor concentration Cinh by the following equation [49, 50]: 

 inh
inh

ads

1

θ

C
C

K
= +  (5) 

 

0
ads

ads

1

55.5

G

RT
K e

 
 
 
 
 


−

=  (6) 

where Cinh, Kads, 
0
ads

G , R and T are the concentration of TGETPT, surface coverage degree, 

free energy adsorption, constant of perfect gases and temperature, respectively. 

The plot of Cinh/θ as a function of Cinh inhibitor concentration is linear (Figure 6), indicating 

that the product is adsorbing according to the Langmuir isotherm model 
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Figure 6. Langmuir adsorption isotherm of the TGETPT on the surface of the E24 carbon 

steel at 293 K. 

Table 3. Parameters of adsorption of the TGETPT inhibitor. 

Inhibitor K (mol–1·L) R2 
0

ads
ΔG (kJ·mol– 1) 

TGETPT 56.47 0.99879 –19.96 

The values of the free energy of adsorption of the TGETPT inhibitor are presented in 

Table 3. The 0
ads

G  values obtained suggest that the electrostatic interactions between 

charged molecules and metal is a physical adsorption [51]. Also, the negative 0
ads

G  indicates 

that the adsorption processes is spontaneous and the adsorbed layer is stable [53]. 

3.4. Temperature effect 

In aggressive conditions and high temperatures, the stability of a corrosion inhibitor is 

essential. In addition, an increase in temperature would favour the desorption of the TGETPT 

inhibitor and the fast disintegration of the investigated epoxy polymer, thereby decreasing 

the corrosion resistance of carbon steel E24 [53]. The temperature effect on the change in 

the rates of corrosion and efficiency of the TGETPT at a concentration of 10–3 M within a 

temperature range of between 293 and 323 K are summarized in Table 4. 
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Figure 7. Polarization curves of E24 steel at various temperatures in 1 M HCl solution 

obtained (a) in the blank and (b) at 10– 3 M of TGETPT. 

Table 4. Corrosion current density and inhibitory efficiency at different temperatures for 1 mM of TGETPT. 

[TGETPT] 

(mM) 

T 

(K) 

Ecorr 

(mV/Ag–AgCl) 

Icorr 

(μA/cm2) 
IE% 

0 

293 –488 174.8  

303 –476 234.7  

313 –473 341.7  

323 –466 735.6  

1 mM 

293 –455 24.37 86.06 

303 –455 59.64 74.58 

313 –466 98.92 71.05 

323 –474 235.7 67.96 

3.5. Surface analysis 

3.5.1. Scanning electron microscope (SEM) 

The figure depicts a micrograph of the surface of the E24 steel submerged in 1 M HCl 

medium for 20 hours in the absence and in the presence of the TGETPT inhibitor. 

In the absence of inhibitor, steel corrodes on the surface and an iron oxide layer was 

formed (grey spots in Figure 8a).  
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Figure 8. SEM image of E24 carbon steel after immersion for 20 h in 1 M HCl without (a) 

and with 1 mM of TGETPT (b). 

With TGETPT added, a significant improvement in surface quality by the inhibitor 

protective coating was observed (Figure 8b). 

3.5.2. EDX analysis 

EDX analysis was used to identify the various elements present on the steel's surface. 

Figure 9 shows the EDX analysis of the E24 steel immersed in 1 M HCl for 20 hours, the 

oxygen and iron peaks in Figure 9a suggested an iron oxide compound [24]. 

 
Figure 9. EDX of the state of the surface of mild steel immersed in 1M HCl for 20 hours of 

immersion: (a) in the absence of inhibitor (b) in the presence of 1 mM in TGETPT. 
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EDX analysis of the spectrum (Figure 9b) confirms the anti-corrosion character of 

TGETPT and results in the absence of the peak relating to the corrosion product (O, Fe). 

This result confirms that obtained by electrochemical methods and confirms that TGETPT 

reduces corrosion of E24 steel by forming a layer that limits the access of the electrolyte to 

the steel’s surface. 

3.6. DFT results 

That the electronic structure of an inhibitor molecule is related to its corrosion prevention 

capacity, and it has been reported that some molecular electronic parameters have been 

correlated to inhibition efficiency [54]. Table 5 summarizes some relevant electronic 

parameters, namely energies of highest occupied and lowest unoccupied molecular orbitals 

(EHOMO and ELUMO, respectively), energy gap (ΔELUMO–HOMO), hardness (η), and 

electronegativity (χ) of inhibitor molecule, as well as a fraction of transferred electrons (ΔN) 

and initial inhibitor/surface interaction energy (ΔEi) of inhibitor with the iron surface. 

According to the frontier molecular orbital theory, a molecule with higher EHOMO and 

lower ELUMO, which implies a small energy gap, can exhibit more tendency to be a reactive 

specie, i.e. a softer molecule (low η) [55]. Consequently and in the light of obtained results, 

the tested compound exhibits a small energy gap (4.310 eV) and hardness (2.155 eV) values 

that explain the highest prevention efficiency recorded in the current work. It is interesting 

to know that similar values have been reported elsewhere for many effective heterocyclic-

based corrosion inhibitors [56, 57]. To consider implicitly the role of surface and intrinsic 

electronic properties of the inhibitor (η and χ) in the adsorption process, the ΔN parameter is 

often used [32]. The ability of a given inhibitor to transfer electrons to the metal surface is 

characterized by N>0, whereas the inverse trend is observed if N<0. In our case, the 

obtained value (0.250 e) outlines the ability of the tested inhibitor to donate electrons to the 

metal surface, which leads to its effective adsorption and then the formation of a protective 

film on the surface. ΔEi is another parameter employs to expect implicitly the interfacial 

interactions between the inhibitor molecule and the target metal [58]. The negative sign  

(–0.134 eV) of calculated ΔEi reveals the exothermic character of the interaction, as well as 

its spontaneous nature, of the investigated inhibitor with the iron metal. These findings 

demonstrate the accurate affinity of the used inhibitor to adsorb into the metal surface, which 

is in good agreement with experimental achievements. 

Table 5. Molecular electronic parameters of investigated inhibitor calculated by GGA/BLYP method with 

DNP 3.6 basis set. 

EHOMO 

(eV) 

ELUMO 

(eV) 

ΔELUMO– HOMO 

(eV) 

Η 

(eV) 

 

(eV) 

ΔN 

(e) 

ΔEi 

(eV) 

–5.899 –1.589 4.310 2.155 3.744 0.250 –0.134 
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To explore the active centers by which inhibitor can adsorb onto the metal surface, the 

electrostatic potential (ESP) map and distribution of frontier molecular orbitals are computed 

and are shown at the 0.02-isosurface value in Figure 10.  

 

Figure 10. Optimized molecular structure, ESP map (red and green colors refer to 

electronegative and electropositive potentials, respectively) and frontier molecular orbitals 

(HOMO and LUMO) of tested inhibitor. 

The ESP map is widely served to shed light on the favourable regions of inhibitor by 

which it can adsorb electrostatically onto the metal surface [32]. According to the obtained 

ESP map, negative potentials (i.e., electron-rich regions) are located on almost heteroatoms 

of inhibitor, whereas the rest of inhibitor molecule is characterized by positive potentials 

(i.e., electron-poor regions). This finding can be also confirmed based on the atomic charges 

as tabulated in Table 6. It is recognized that the metal surface is an electron-poor system; 

consequently, the inhibitor molecule can interact favourably with the surface via those 

electron-rich sites [59]. 

Moreover, as these sites are speared homogeny over the inhibitor skeleton, parallel 

adsorption onto the surface is expected. Such adsorption configuration can provide accurate 

surface coverage, which leads to enhanced protection performance. On the other hand, 

among the three side substituents of the ring, it was found that HOMO lobes are located on 

one extra substituent (Figure 10). This means that the inhibitor tends to share electrons with 

the metallic surface probably through this region of the inhibitor molecule [60]. A different 
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distribution is observed in the case of LUMO orbitals, which are more concentrated on the 

ring. This lets us expect if there is an acceptance of electrons by the inhibitor from the metal 

surface, this will occur favourably on the ring [56]. 

Table 6. Atomic charges of inhibitor molecule according to Mulliken population analysis. 

Atom Charge Atom Charge Atom Charge 

N (1) –0.465 C (12) 0.183 O (23) –0.542 

C (2) 0.559 C (13) 0.166 C (24) 0.120 

N (3) –0.466 C (14) 0.120 O (25) –0.488 

C (4) 0.56 O (15) –0.542 C (26) 0.169 

N (5) –0.463 O (16) –0.488 C (27) –0.108 

C (6) 0.544 C (17) 0.143 C (28) 0.184 

O (7) –0.490 C (18) –0.103 O (29) –0.565 

C (8) 0.160 C (19) 0.182 C (30) 0.185 

C (9) –0.117 O (20) –0.568 C (31) 0.171 

C (10) 0.178 C (21) 0.184 C (32) 0.110 

O (11) –0.567 C (22) 0.167 O (33) –0.553 

3.7. Dynamic molecular findings 

It is well known that the modeling of inhibitor surface interactions is a rigorous approach in 

corrosion inhibition investigations [58]. In this regard, the interfacial interaction between the 

tested inhibitor and metal surface was studied using a dynamic molecular simulation tool 

under the solvation effect at 298 K. As can be seen from Figure 11, the inhibitor exhibits a 

noticeable tendency to adsorb onto the target metal, which is closely placed to the surface. 

Moreover, the inhibitor shows a parallel adsorption orientation vis Fe(110) surface, which 

leads to maximizing the surface coverage of the metal surface [61]. Such an adsorption 

configuration can be related to the homogeneous distribution of the favourable adsorption 

centers within the molecular skeleton of inhibitor, which are involved in these interfacial 

interactions with the iron surface [62]. On the other hand, to examine the stability of obtained 

adsorption system, the adsorption energy is calculated. It was found to be equal to  

–296.823 kcal·mol–1, the negative sign of obtained energy value outlines the spontaneous 

behavior of inhibitor adsorption onto the Fe(110) surface [63]. Moreover, the magnitude of 

adsorption energy is interesting, which outlines the stability of the studied inhibitor/metal 

system. This signifies strong adsorption of investigated inhibitor onto the iron surface, which 

implies the formation of a more adherent protective film on the metal surface [64, 65]. 

Similar adsorption energy has been reported for many efficient corrosion inhibitors in the 
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literature [66, 67]. These results support and explain the good prevention ability of 

investigated inhibitor for mild steel in hydrochloride solution. 

 

Figure 11. Top and side snapshots of equilibrium adsorption configuration of inhibitor on 

Fe(110) surface under solvation condition. 

4. Conclusion 

The impact of TGETPT on the corrosion of E24 carbon steel in 10–3 M HCl solution was 

investigated utilizing electrochemical techniques such as polarization curves and 

electrochemical impedance spectroscopy. The following conclusions may be drawn from 

this study: 

• TGETPT is rather good corrosion inhibitor, with an effectiveness of 81.6% at 10–3 M 

concentration. The polarization curves showed a decrease in the density of corrosion 

currents as a function of the concentration of TGETPT. 

• The amplitude of the impedance diagrams is affected by the variation of the concentration. 

Indeed, as the concentration and charge transfer resistor load increase, so does the size of 

the capacitive loop. On the other hand, the capacity decreases for the inhibitor tested. 

• The influence of temperature on steel corrosion behavior and inhibitory efficiency was 

investigated in a temperature range of 293 K  to 323 K, revealing an increase in corrosion 

rate and a decrease in TGETPT efficiency. 

• Electronic and atomic analysis of the inhibitor based on DFT calculations and molecular 

dynamic simulations, respectively, support and justify its ability to act as a potent anti-

corrosion agent for mild steel in an acidic medium. 
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