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Abstract 

 The corrosion inhibition by 5-(Phenyl)-4H-1,2,4-triazole-3-thiol (PTT) on mild steel in 0.5 M H2SO4 solution has been 

investigated by weight loss, electrochemical impedance spectroscopy (EIS) and potentiodynamic polarization techniques at 

various concentrations and temperatures. The results obtained revealed that this compound performed excellently as corrosion 

inhibitor for mild steel in 0.5 M H2SO4 solution. It was found that the inhibition efficiency increased with inhibitor concentration 

reached a maximum of 91.6 % at 0.5 mM. The addition of potassium iodide to PTT in solution increased the inhibition efficiency 

of this latter. A synergistic effect was observed between KI and inhibitor with optimum  concentration of 0.5 mM/PTT and 0.2% 

potassium iodide. Potentiodynamic polarization studies have shown that PTT inhibitor acts as a mixed-type inhibitor retarding the 

anodic and cathodic corrosion reactions with predominant effect on the cathodic reaction. Adsorption of inhibitor alone or in 

combination with potassium iodide on the metal surface obeyed the Langmuir adsorption isotherm. The effect of temperature on 

the inhibition efficiency was also determined, in addition some thermodynamic parameters such as apparent activation energy and 

adsorption free energy have been calculated and discussed. The results obtained with different methods are in good agreement. 

Scanning electron microscopy (SEM) study confirmed that the inhibition of corrosion of mild steel is through adsorption of the 

extract molecules on the surface of metal. Quantum chemical parameters were also calculated to characterize adsorption 

mechanism. Acceptable correlations were obtained between experimental (inhibition efficiencies, ΔGads, Ea) and quantum 

calculation parameters (dipole moment, EHOMO, ELUMO). The high inhibition efficiency was declined in terms of strongly 

adsorption of protonated inhibitor molecules on the metal surface and forming a protective film. Electrochemical techniques have 

been used for the first time to study synergistic effect of PTT inhibitor and potassium iodide on inhibition of corrosion of mild 

steel in 0.5 M H2SO4 solution. The results suggest that the mixture (PTT + KI) could find practical applications in corrosion 

control in aqueous acidic environment. The effect of molecular structure on the inhibition efficiency has been investigated by 

quantum chemical calculations. The electronic properties of inhibitor were calculated and are discussed. The theoretical results 

were found to be consistent with the experimental data reported. 
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1 .  I n t ro d u c t io n  

 Mild steel is one of the important materials used in 

various industries due to its excellent mechanical properties 

and low cost. The study of carbon steel corrosion 

phenomena has become important particularly in acidic 

media because of the increased industrial applications of 

acid solutions. One of the most common, effective and 

economic method to protect metals against corrosion is use 

of organic compounds (containing heteroatoms having 

higher basicity and electron density like nitrogen, oxygen 

and sulphur) as corrosion inhibitors [1-10]. Compounds 

containing hetero atoms in their aromatic or long carbon 

chain are capable of being adsorbed on the metal surface 

and can protect the metal against corrosion. For this class of 

compounds, the presence of hetero atoms (nitrogen, sulphur, 

oxygen and even selenium and phosphorous) and π-
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electrons in their double or triple bonds have been found to 

help the adsorption of the metal. The exiting data reveal that 

most organic inhibitors act by adsorption on the metal 

surface [11-13]. These inhibitors are usually adsorbed on the 

metal surface by the formation of a coordinate covalent 

bond (chemical adsorption) or the electrostatic interaction 

between the metal and inhibitor (physical adsorption). This 

adsorption produces a uniform film on the metal surface, 

which reduces or prevents contact with the corrosive 

medium. Because organic inhibitors act by adsorption on the 

metal surface, the efficiency of these compounds depends 

strongly on their ability to form complexes with the metal. 

Both π electrons and polar groups containing sulfur, oxygen 

and/or nitrogen are fundamental characteristics of this type 

of inhibitor. The polar functional groups are usually 

considered the chelation center for chemical adsorption. 

This adsorption is influenced by the nature and surface 

charge of metal, the type of aggressive electrolyte and the 

chemical structure of inhibitors [4, 14-27]. Triazole and its 

derivatives have been widely studied [28-32] in 

experimental and theoretical researches. Triazole and 

triazole-type compounds containing nitrogen, sulphur, and 

heterocycle on the corrosion inhibition of metal in acidic 

media have attracted more attention because of their 

excellent corrosion inhibition performance [33-39]. They are 

not only used against corrosion but also preferred for 

biological activities such as antiviral, antibacterial, 

antifungal and antituberculous. It is known that most of 

them were reported as green inhibitor due to 

environmentally friendly effects [28]. The majority of 

corrosion inhibition studies of steel in H2SO4 media using 

different organic compounds showed less inhibition 

efficiency than in HCl medium. Interestingly, like HCl, 

H2SO4 is also used in large quantity for removing 

undesirable scale and rust formed on steel surface especially 

in boilers, heat exchangers and oil refineries. Hence in these 

cases the inhibition efficiency of added inhibitor enhanced 

to greater than 95% by the addition of halide ions especially 

iodide ions [40]. Synergism is an effective method to 

improve the inhibitive action of an inhibitor in presence of 

another substance in corrosive medium and to decrease 

amount of usage. The addition of halide salts to some 

inhibitor solution results in synergistic effect. Recently, 

several studies have been reported to explain role of 

synergism on corrosion inhibition mechanism of steel in 

sulphuric acid (H2SO4) medium [41-46]. This synergism is 

due to increased surface coverage as a result of ion–pair 

interactions between organic cation and halide anion. The 

halide ions present in an inhibiting solution adsorb on 

corroding electrode surface by creating oriented dipoles and 

facilitates the adsorption of inhibitor cations on the dipoles 

[42]. The synergism between an inhibitor and other ions 

such as iodide has been extensively studied by many authors 

[47-49]. 

 In the present investigation, the synergistic 

influence of iodide ions in the performance of PTT as a 

corrosion inhibitor of carbon steel in 0.5 M H2SO4 has been 

systematically studied by weight loss measurements, 

potentiodynamic polarization studies and impedance 

measurements. The surface morphology of inhibited mild 

steel was analyzed by scanning electron microscope 

technology SEM. DFT methods have been used to analyze 

the characteristics of the inhibitor/surface mechanism and to 

describe the structural nature of the inhibitor in the corrosion 

process [12]. Presently, quantum chemical calculations and 

molecular simulation studies have been proved to be a very 

useful tool for studying the mechanism of corrosion 

inhibition. Quantum chemical parameters such as energy of 

molecular orbitals, highest occupied molecular orbital 

(HOMO) and lowest unoccupied molecular orbital (LUMO), 

energy gap (∆E) between HOMO and LUMO, dipole 

moment, electronic chemical potential (µ) are directly 

related to the performance of inhibitors. Results are reported 

and discussed [50-54]. 

 

2 .  E x p e r im e nt a l  s e c t io n  

2.1. Materials and sample preparation 

 The triazole derivative namely PTT has been 

synthesized in our laboratory as shown in Figure 1 via 

aromatic carboxylic acid hydrazide intermediate [55, 56]. 

The aromatic carboxylic acid is first esterified in the 

presence of concentrated H2SO4 and absolute ethanol. The 

corresponding acid ester is then treated with 80% hydrazine 

hydrate in the presence of absolute ethanol as solvent that 

resulted in the formation of corresponding carboxylic acid 

hydrazide in equimolar proportions. The resulting hydrazide 

is treated with potassium thiocyanate in acidic medium 

which resulted in the formation of thiosemicarbazide and the 

yields were quantitative. Cyclization of the 

thiosemicarbazide in the presence of NaOH resulted in the 

formation of the corresponding carboxylic acid-1,2,4-

triazole-3-thiol derivative [57]. The obtained compound was 

purified and analyzed by IR and NMR spectroscopies before 

use. 

 The aggressive solutions of 0.5 M H2SO4 were 

prepared by dilution of analytical reagent grade 98 % H2SO4 

with double-distilled water. The concentration range of the 

inhibitor employed was 0.1 to 0.5 mM, and the solution in 

the absence of inhibitor was taken as blank for comparison. 

The blend inhibitor, PTT+KI, solutions were prepared by 

adding specified amount of AR grade KI to PTT–H2SO4 

solution. All experiments were performed in aerated and 

stagnant solutions. Mild steel specimens containing C ≤ 

0.214 %, Si ≤ 0.237 %, Mn ≤ 1.054 %, S ≤ 0.006 %, P ≤ 

0.015 %, Ni ≤ 0.066 %, Cu ≤ 0.059 % and the remainder 

iron was used as the working electrode for all studies. Prior 

to all measurements, the samples were mechanically 

abraded with 220, 400, 800, 1200 and 2400 emery paper, 
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degreased with ethanol, washed with double-distilled water 

and dried at room temperature and stored in vacuum 

desiccator before immersion in the test solution. 

 

2.2. Methods of study 

2.2.1. Weight loss measurements 

 The weight loss experiments were carried out using 

cylindrical mild steel specimens (98 %) with exposed total 

area of 2.58 cm2. Mild steel specimens were polished, 

washed and dried, then weighted and suspended in a 50 ml 

solution of 0.5 M H2SO4 for 1 h in the absence and the 

presence of various amounts of inhibitor (PTT) and KI. 

After the elapsed time, the specimens were taken out, 

washed, dried and weighed accurately. The experimental 

studies were performed at temperature range of 298 K to 

323 K. All weight loss measurements were performed in 

triplicates. The inhibition efficiency was evaluated from the 

calculated corrosion rate (CR) using the Eq. (1) [58, 59]: 

IE (%) = 
CR0 − CRinh

CR0
 × 100            (1) 

Where CR0 and CRinh are the corrosion rates of steel (mg 

cm-2h-1) in absence and in presence of inhibitors, 

respectively. 

 

2.2.2. Electrochemical measurements 

 Electrochemical experiments were carried out in a 

glass cell (CEC/TH-Radiometer) with a capacity of 500 ml. 

A platinum electrode and a saturated calomel electrode 

(SCE) were used as a counter electrode and a reference 

electrode. The working electrode (WE) was in the form of a 

disc cut from mild steel under investigation and was 

embedded with epoxy steel resin to offer an exposed surface 

area of 1 cm2. Electrochemical impedance spectroscopy 

(EIS) and potentiodynamic polarization were conducted in 

an electrochemical measurement system (VoltaLab40) 

which comprises a PGZ301 potentiostat, a personal 

computer and Voltamaster 4 and Ec-Lab software. The 

potentiodynamic current–potential curves were recorded by 

changing the electrode potential automatically from – 800 to 

- 200 mV with scanning rate of 0.5 mV s-1. The polarization 

resistance measurements were performed by applying a 

controlled potential scan over a small range typically 15 mV 

with respect to Ecorr. All experiments were carried out in 

freshly prepared solution at 303 K. The AC impedance 

measurements were performed at corrosion potentials (Ecorr) 

over a frequency range of 100 kHz – 10 mHz, with a signal 

amplitude perturbation of 5 mV. Nyquist plots were 

obtained. The inhibition efficiency was evaluated from the 

measured Icorr values using the Eq. (2) [59, 60]: 

IE (%) = 
Icorr(0)− Icorr(inh)

Icorr(0)
 × 100                (2) 

Where Icorr(0) and Icorr(inh) are the corrosion current densities 

in the absence and presence of the inhibitors, respectively. 

The inhibition efficiency of the inhibitor has been found out 

from the charge transfer resistance values using the Eq. (3) 

[59, 60]: 

IE (%) = 
Rct(inh)− Rct(0)

Rct(inh)
 × 100                   (3) 

Where Rct (0) and Rct (inh) are the charge transfer resistance 

values without and with inhibitors, respectively. 

 

2.2.3. Scanning electron microscopy (SEM) 

 The mild steel specimens of dimensions, 1.15 cm 

diameter and 0.15 cm height were abraded with a series of 

emery papers (grades 220, 400, 800, 1200 and 2400) and 

then washed with distilled water and ethanol. After 

immersion in 0.5M H2SO4 solution in the absence and the 

presence of optimum concentration of inhibitor (PTT) and 

0.2% KI at 303K for 2h, the specimens were cleaned with 

double-distilled water, dried with a cold air blaster, and then 

the SEM images were recorded using ZEISS scanning 

electron microscope. 

 

2.2.4. Computational details 

 Theoretical calculations of the compound were 

carried out using Density Functional Theory (DFT) as 

implemented in the Gaussian 09 quantum chemistry 

program. Geometry optimization was started from the X-

Ray Diffraction (XRD) experimental atomic coordinates. 

Initial calculations were performed using the restricted 

B3LYP exchange and correlation functional and the 

B3LYP/6-311++G(d,p) basis set for all atoms, Default SCF 

and geometry convergence criteria were used and no 

symmetry constraints were imposed, harmonic frequency 

analysis based on analytical second derivate was used to 

characterize the optimized geometry as global minimum on 

the potential energy surface of the title molecule [61-66]. 

Geometry optimization of the molecule was done at 

B3LYP/6-311++G(d,p) level of theory then a Single point at 

the same theory level was performed for the calculations of 

the molecular orbital energies and dipole moments. The 

purpose of this work was to investigate whether there is a 

clear relationship between experimentally determined 

inhibition efficiency and quantum chemical data for the 

inhibitors studied. Quantum  chemical parameters most 

relevant to their potential action as corrosion inhibitors such 

as EHOMO (highest occupied molecular orbital energy), 

ELUMO (lowest unoccupied molecular orbital energy), energy 

gap (∆E), dipole moment (µ), ionization potential (I), 

electron affinity (A), chemical potential (π), absolute 

electronegativity (χ), global hardness (η), softness (σ), 

fraction of electrons transferred (∆N), electrophilicity index 

(ω) and such electronic data as Mulliken atomic populations 

have been calculated and discussed. The ionization potential 

(I) and the electron affinity (A) are defined as follows 

deduced from Koopmans’ theory [67, 68]: 
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I = - EHOMO ………. (4) 

A = - ELUMO ………. (5) 

Then the electronegativity and the global hardness were 

evaluated, based on the finite difference approximation, as 

linear combinations of the calculated I and A [61, 69]: 

χ  =  
𝐼+𝐴

2
 ………. (6) 

η = 
𝐼−𝐴

2
 ………. (7) 

Softness is the inverse of hardness: 

σ = 
1

η
 ………. (8) 

The obtained values of χ and η are used to calculate the 

fraction of the electron transferred, ∆N, this parameter 

evaluates the electronic flow in a reaction of two systems 

with different electronegativities, in particular case; a 

metallic surface (Fe) and an inhibitor molecule. ΔN is given 

as follows: 

ΔN = 
χFe−χinh

2 (ηFe+ηinh)
 ………. (9) 

Where  χFe and  χinh represent the absolute electronegativity 

of iron atom (Fe) and the inhibitor molecule, respectively; 

ηFe and ηinh represent the absolute hardness of Fe atom and 

the inhibitor molecules, respectively. In order to calculate 

the fraction of electrons transferred, a theoretical value for 

the electronegativity of iron was employed χFe = 7 eV and a 

global hardness of ηFe = 0 eV, by assuming that for a 

metallic bulk I = A because they are softer than the neutral 

metallic atoms [61, 62, 67, 70-72]. 

 Recently, a new global chemical reactivity 

parameter has been introduced and known as electrophilicity 

index (ω). It is defined as [66, 67, 70, 71]: 

ω = 
χ2

2η
 ………. (10) 

 

3. Results and discussions 

3.1. Electrochemical impedance spectroscopy (EIS) 

 Impedance diagrams obtained for frequencies 

ranging from 100 kHz to 10 mHz at open circuit potential 

for mild steel in 0.5 M H2SO4 in the presence of various 

concentrations of PTT are shown in Figure 2. All the plots 

display a single capacitive loop and they are not perfect 

semicircles. The difference has been attributed to frequency 

dispersion [73]. The fact that impedance diagrams have a 

semicircular appearance shows that the corrosion of steel is 

controlled by a charge transfer process and the presence of 

inhibitor does not alter the mechanism of dissolution of steel 

in H2SO4 [74-76]. Figure 2 reveals that increase in 

concentration of PTT results in increase in size of the 

semicircle, which is an indication of the inhibition of the 

corrosion process. The equivalent circuit diagram is 

suggested as in Figure 3, where, Rs represents the solution 

resistance, Rct the charge transfer resistance, and CPE, the 

constant phase element. In most times, CPE is required for 

modeling the frequency dispersion behavior corresponding 

to different physical phenomena such as surface 

heterogeneity which results from surface roughness, 

impurities, dislocations, distribution of the active sites, 

adsorption of inhibitor and formation of porous layers [77]. 

The impedance of CPE is given by the Eq. (11) [78]: 

ZCPE = Y0
−1 (jω)−α ………. (11) 

Where Y0 is proportionality coefficient, ω is the angular 

frequency (ω = 2πf) and j is the imaginary number, α is a 

measure of surface irregularity. Depending on the value of 

the exponent α, Y0 may be a resistance, R (α = 0); a 

capacitance, C (α = 1); Warburg impedance, W (α = 0.5) or 

an inductance, L (α = -1). According to Xiaojuan Wu et al. 

[79], the value of double layer capacitance, Cdl, can be 

calculated for a parallel circuit composed of a CPE (Y0) and 

a resistor (Rct) using the Eq. (12) [78]: 

Cdl =  (Y0Rct
(1−α)

)1/α ………. (12) 

The values of the charge transfer resistance, Rct double layer 

capacitance Cdl and inhibition efficiency obtained from the 

above plots are given in Table 1. The impedance data listed 

in Table 1 indicate that the values of both Rct and IE (%) are 

found to increase by increasing the inhibitor concentration, 

while the values of Cdl are found to decrease. This behavior 

was the result of an increase in the surface coverage by the 

inhibitor molecules, which led to an increase in the 

inhibition efficiency. The decrease in Cdl values may be 

considered in terms of Helmholtz model [80]: 

Cdl = 
ε0  ε

d
  A ………. (13) 

Where 𝜀0  is the permittivity of air, 𝜀  the local dielectric 

constant, d the thickness of the film and A is the surface area 

of the electrode. 

 In fact, the decrease in Cdl values can result from a 

decrease in local dielectric constant and/or an increase in the 

thickness of the electrical double layer. It could be assumed 

that the decrease of Cdl values is caused by the gradual 

replacement of water molecules and other ions that were 

originally adsorbed on the electrode surface by adsorption of 

inhibitor molecules to form a protective film, which 

decreases the extent of the metal dissolution [81]. With 

higher concentration of PTT, either the thickness of the 

protective layer or the surface coverage by PTT increased 

due to more PTT electrostatically adsorbed on the electrode 

surface [82]. 

 Nyquist plots for mild steel in 0.5M H2SO4 in the 

presence of different concentrations of PTT in combination 

with 0.2% KI are shown in Figure 4. The high-frequency 

part of the impedance and phase angles describes the 

behavior of an inhomogeneous surface layer, while the low-

frequency contribution shows the kinetic response for the 

charge transfer reaction [83]. The impedance spectra, in this 

case, were fitted by a simple Randles circuit. Table 2 gives 

the values of the charge transfer resistance Rct obtained from 

above plots. It is found that the addition of KI further 

enhances Rct values and reduces Cdl values. This can be 

attributed to the enhanced adsorption of PTT in the presence 

of KI because of the synergistic effect of iodide ions [84]. 

The inhibitive effect of iodide ions is often attributed to its 
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adsorption on the metal surface which depends on its large 

ionic radius and high hydrophobicity [85]. On the other 

hand, the exponential term of the CPE between 0.8 and 0.9 

indicate that there is no diffusion process normally 

evidenced by an exponential term of ca. 0.5 [83]. 

 

3.2. Polarization measurements 

 Potentiodynamic anodic and cathodic polarization 

scans were carried out at 303 K in 0.5 M H2SO4 solution 

with different concentrations of PTT and 0.2 % KI. Figure 5 

shows anodic and cathodic polarization curves of mild steel 

in 0.5 M H2SO4 blank solution and in the presence of 

different concentrations (0.1–0.5 mM) of PTT. The linear 

Tafel segments of the cathodic and anodic curves were 

extrapolated to the point of intersection to obtain the 

corrosion potential (Ecorr) and corrosion current density 

(Icorr). The electrochemical parameters determined from 

polarization curve are summarized in Table 3. 

 It is seen that PTT inhibitor shifts both the cathodic 

and anodic branches of the polarization curves of the pure 

acid solution to lower values of current density indicating 

the inhibition of both the hydrogen evolution and mild steel 

dissolution reactions. According to Ferreira et al. [86], if the 

displacement Ecorr> 85 mV, the inhibitor acts as a cathodic 

or anodic inhibitor, if the displacement Ecorr< 85 mV, the 

inhibitor is considered as mixed type inhibitor [87]. In the 

present study, in Table 3, the maximum shifting in the Ecorr 

value compared to the blank is 90 mV for PTT alone, 

indicating that the inhibitor studied are a cathodic inhibitor. 

Some retardation of the anodic reaction is observed but 

cathodic polarization is clearly dominant. PTT inhibited the 

hydrogen evolution more than anodic dissolution of mild 

steel. It can also be seen that PTT decreases the corrosion 

current densities at all the studied concentrations, meaning 

that the corrosion rate of steel is reduced significantly. 

 The addition of KI further reduces the Icorr values. 

Values of inhibition efficiency are found to increase with 

increase in the concentration of PTT reaching maximum 

value 91.6 % at 0.5 mM and the addition of KI improved the 

inhibition efficiency of PTT to 97.7 %. Moreover, the 

anodic and cathodic Tafel slope values are different from the 

ones obtained with and without the presence of PTT, 

respectively, suggesting that the mechanism of the reaction 

of mild steel in 0.5 M H2SO4 is influenced by the presence of 

PTT. The addition of KI affects slightly the values of ßc and 

ßa. The maximum shifting in the Ecorr value in the presence 

of 0.2% KI is 35 mV. The values of corrosion potential 

indicate that a mixed-type control and PTT is an inhibitor of 

mixed-type with predominant effect on the cathodic reaction 

for the corrosion of mild steel in 0.5 M H2SO4. The 

inhibition efficiency obtained from polarization 

measurement is in good agreement with results obtained 

from EIS tests. 

 

 

3.3. Weight loss measurements 

 Values of the inhibition efficiency obtained from 

the weight loss measurements of mild steel for different 

concentrations of PTT in 0.5 M H2SO4 at 303 K in the 

absence and the presence of 0. 2% KI after 1 h of immersion 

[1-9]. PTT inhibit the corrosion of mild steel in 0.5 M 

H2SO4 solution at all concentrations used in this study and 

the corrosion rates (CR) is seen to decrease continuously 

with increasing additive concentration at 303 K. Indeed, 

corrosion rate values of mild steel decrease when the 

inhibitor concentration increases while IE (%) values of 

PTT increase with the increase of the concentration, the 

maximum IE (%) of 91.62 % is achieved at 0.5 mM [58, 

59]. The inhibition of corrosion of mild steel by PTT can be 

explained in terms of its adsorption on the metal surface. 

This compound can be adsorbed on the metal surface by the 

interaction between lone pairs of electrons of nitrogen and 

sulfur atoms of the inhibitor and the metal surface. This 

process is facilitated by the presence of vacant orbitals of 

low energy in iron atom, as observed in the transition group 

metals [88-90]. Moreover, the formation of positively 

charged protonated species in acidic solutions facilitates the 

adsorption of the compound on the metal surface through 

electrostatic interactions between the organic molecules and 

the metal surface. On the other hand, it can be seen from 

Table 4 that the addition of KI in the solution improved the 

inhibition efficiency of PTT significantly. The synergistic 

effect between PTT and KI can be due to coulombic 

interactions between chemisorbed I- and organic polycations 

PTT+. The stabilization of adsorbed PTT+ on the iron 

surface which may be caused by electrostatic interactions 

with I- ions leads to more surface coverage and consequently 

greater corrosion inhibition. 

 

3.4. Effect of immersion time on corrosion of mild steel 

 In order to assess the stability of inhibitive 

behavior of inhibitor on a time scale, weight loss 

measurements were performed in 0.5 M H2SO4 in absence 

and presence 0.5 mM of PTT and 0.2 % KI for different 

immersion time at temperature 303 K. The table 5 gives the 

obtained results. This table shows that the inhibition 

efficiency of PTT in absence and presence KI decreased 

with immersion time. Shriver et al. [91-93] and Ishtiaque et 

al. [94] explained that decrease in inhibition for long period 

of immersion can be attributed to the depletion of available 

inhibitor molecules in the solution due to chelate formation 

between iron and the inhibitor ligands. 

 

3.5. Synergism parameters 

 Halides ions have been widely reported to 

synergistically increase the inhibition of the corrosion of 

metals in acidic medium by organic compounds [95-106]. 

The enhanced corrosion inhibition on addition of the halides 
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was attributed to promotion of the adsorption of the organic 

molecules on the metal surface. The effect of KI on the 

inhibition efficiency of PTT inhibitor was investigated by 

EIS measurements in the present work at 303 K. Table 6 

gives values of the inhibition efficiency for the corrosion of 

mild steel in 0.5M H2SO4 in the presence of 0.5 mM PTT at 

303K and different concentrations of KI. It can be seen that 

the maximum synergistic effect is obtained for a KI 

concentration of 0.2%. Figure 6 shows the plot of different 

values of Rct for all concentrations of PTT inhibitor in the 

absence and presence of 0.2% KI at 303 K after one hour of 

immersion. Figure 6 reveals clearly the existence of 

synergism phenomenon between iodide ions and PTT 

molecules considering that Rct was increased on addition of 

the iodide ions to PTT inhibitor in comparison to PTT alone. 

 To further confirm whether synergism is taking 

place, one has to determine the synergism parameter (S), the 

synergism parameters were calculated using the relationship 

proposed by Aramaki and Hackerman [97, 102]: 

S =  
1 − IE1+2

1 − IEʹ1+2
 ………. (14) 

Where, IE1+2 = (IE1 + IE2) – (IE1 × IE2); IE1 is the inhibition 

efficiency (no exprimed in percent) of substance 1 (PTT), 

IE2 is the inhibition efficiency of substance 2 (KI), IE´1+2 is 

the measured inhibition efficiency for substance 2 in 

combination with substance 1. S approaches 1 when no 

interaction between the inhibitor compounds exists, while 

S>1 points to a synergistic effect. In the case of S<1, the 

adsorption of each compound antagonizes the others 

adsorption [102, 107]. Values of S are given in Table 7. 

 It can be seen from this table that most of values 

are greater than unity; except for the lower concentration. 

This result indicates that the increase in inhibitor efficiency 

is generated by the addition of KI to PTT due to a 

synergistic effect and this may be related to adsorption of 

iodide ions on metal surface that caused the increase of 

adsorption of inhibitor. In addition, the synergistic effect is 

more pronounced for the optimal concentration. However, a 

careful inspection of this table suggests that a competitive 

adsorption appears for the lower concentration of PTT 

[108]. 

 Globally, the inhibition efficiency measured for 

different methods was estimated at about 91.6% in the 

absence of 0.2% KI and 97% in the presence of KI, the 

inhibition efficiency obtained from weight loss and 

electrochemical measurements are in good agreement 

(Figure 7). 

 

3.6. Effect of temperature 

 In order to study the effect of temperature on the 

inhibition characteristic of triazole derivative (PTT), weight 

loss measurements were performed at different temperatures 

from 298 to 323 K in the absence and presence of different 

additives for 1 h immersion time. The results are given in 

Table 8. 

 It can be seen that, the inhibition efficiencies of 

PTT decrease with increase in the temperature in the 

absence and presence of 0.2% KI. However, these values 

decrease more rapidly (around 15 %) with temperature in 

the case of PTT alone, which indicated desorption of 

inhibitor molecules to some extent with increasing 

temperature [1]. The activation energy (Ea) for the corrosion 

process in the absence and presence of PTT was evaluated 

from Arrhenius equation [59, 78, 109]: 

Log CR = −
Ea

2.303 RT
+ log A ………. (15) 

Where CR is the corrosion rate, Ea is the apparent activation 

energy, A the pre-exponential factor, R the universal gas 

constant (8.314 J K−1mol−1), T the absolute temperature. The 

Arrhenius plots for mild steel immersed in 0.5 M H2SO4 are 

shown in Figure 8 for a blank solution and in the presence of 

PTT and (PTT + KI). Straight lines are obtained. The values 

of Ea obtained from the slopes of the lines (-Ea/2.303R) are 

listed in Table 9. 

 It is evident that the value of Ea is higher for 

inhibited solution than that for uninhibited solution and the 

value of Ea for the mixture (PTT + KI) is the highest one. 

The increase in Ea values confirms stronger physisorption of 

the inhibitor on the mild steel surface, which is facilitated by 

the presence of KI. Physiosorption is small but important 

because it is the preceding stage of chemisorption. The 

triazole molecules create a barrier to charge and mass 

transfer. The increase in Ea values might also be correlated 

with the increased thickness of double layer [110]. To 

calculate enthalpy and entropy of activation for corrosion 

process transition state the Eq. (16) was used [59, 78, 111]: 

CR = 
RT

Nh
 exp (

ΔS∗

R
)  exp(−

ΔH∗

RT
) ………. (16) 

Where h is the Planck’s constant, N is the Avogadro’s 

number, ΔS* is the entropy of activation and ΔH* is the 

enthalpy of activation. Figure 8b, showed the plot of log 

(CR/T) against 1/T. The plots obtained are straight lines and 

the values of ΔH* are calculated from their gradient (ΔH* = 

- slope*2.303R) and ΔS* from intercept [log (R/Nh) + 

ΔS*/2.303R]. The calculated data listed in Table 9. 

 The positive signs of ΔH* reflect the endothermic 

nature of mild steel dissolution process in the presence of 

PTT. The value of ΔS* is higher for inhibited solution than 

that for the uninhibited solution, suggesting an increase in 

randomness on going from reactants to the activated 

complex. The increase in values of entropy by the 

adsorption of PTT molecules on metal surface from the acid 

solution could be regarded as quasi-substitution between the 

inhibitor in the aqueous phase and H2O molecules on 

electrode surface. In such condition, the adsorption of PTT 

molecules was followed by desorption of H2O molecules 
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from the electrode surface. Thus increase in entropy of 

activation is attributed to solvent (H2O) entropy [86, 112]. In 

the case of the mixture (PTT + KI) the value of ΔS* is the 

highest one. This can be attributed to the gradual 

replacement of water molecules by the iodide ions and by 

the adsorption of the PTT molecules on the metal surface, 

decreasing the extent of dissolution reaction. 

 

3.7. Adsorption isotherm 

 Basic information on the interaction between the 

inhibitor and the mild steel surface is obtained from various 

isotherms. Adsorption of this organic inhibitor has displaced 

the water molecules from the metal surface. The most 

commonly used adsorption isotherms are Langmuir, 

Temkin, and Frumkin. Langmuir adsorption isotherm was 

found to be best fit. The degree of surface coverage (θ) for 

different concentrations of inhibitor in 0.5 M H2SO4 solution 

has been evaluated by the polarization measurements. 

According to the Langmuir adsorption isotherm, the surface 

coverage (θ) is related to the inhibition concentration Cinh by 

the Eq. (17) [59, 60]: 
Cinh

θ
 = 

1

Kads
 + Cinh ………. (17) 

Where Cinh is the inhibitor concentration and Kads is the 

equilibrium constant for adsorption-desorption process. 

 The plots of Cinh/θ versus Cinh (Figure 9) gives 

straight lines for all temperatures with a slope of unity is 

observed and the linear correlation coefficient is 0.999 

which suggests that the adsorption obeys Langmuir 

adsorption isotherm. The adsorption of PTT inhibitor on the 

metal surface can occur on the basis of donor-acceptor 

interactions between the π-electrons of the heterocyclic 

compound and the lone pairs of the hetero-atoms and vacant 

d-orbitals of iron surface atoms [113-115]. From the 

intercept, Kads is calculated, and by using its values, the 

values of ΔG0
ads were calculated by the Eq. (18) [59, 60]: 

ΔG0
ads= -RT ln (55.5 Kads) ………. (18) 

Where Kads is the adsorptive equilibrium constant, ΔG0
ads the 

free energy of adsorption, R is the gas constant and T is the 

absolute temperature. The value of 55.5 is the molar 

concentration of water in solution in mol. L−1 [116]. 

 The addition of KI did not change the adsorption 

behavior of PTT. It can be concluded that the inhibition 

actions of (PTT+ KI) are mainly attributed to the adsorption 

of PTT. The PTT molecules may have stronger adsorption 

abilities than iodide ions, as indicated by their inhibition 

efficiencies. 

 On the other hand, the values of the free energy of 

adsorption as calculated from the Eq. (18) in the absence 

and the presence of KI are −36.2 and −38.1 kJ.mol-1, 

respectively. The largest negative values of ΔG0
ads ensure 

the spontaneity of the adsorption process and stability of the 

adsorbed layer on the steel surface and also indicate that 

PTT is strongly adsorbed on the mild steel surface and this 

adsorption is greater in the presence of KI [117]. Generally, 

values of ΔG0
ads, around -20 kJ.mol-1 or lower are consistent 

with the electrostatic interaction between the charged 

molecules and charge metal, such as physiosorption. When 

it is around -40 kJ.mol-1 or higher values it involve charge 

sharing or charge transfer from organic molecules to the 

metal surface to form a coordinate type of bond that is 

chemisorption [118, 119]. The calculated values range from 

-30 to -40 kJ.mol-1. This indicates that PTT is adsorbed 

chemically and physically on steel surface in 0.5M H2SO4 

solution. The unshared electron pairs of heteroatom interact 

with d-orbital of iron atom of steel to provide a protective 

chemisorbed film [120]. 

 PTT may adsorbed on a metal surface in the form 

of a neutral molecule via the chemisorption mechanism [88] 

involving the sharing of electrons between the nitrogen, 

sulphur atom and iron. The second mode (physiosorption) is 

possible if one examines also the activation energy (Ea) that 

increases in the presence of PTT. Adsorption of PTT can 

also occur through π electron interactions between the 

triazole group structure of molecules and the metal surface. 

Therefore, we may suggest that the adsorption may occur 

through the lone pairs of heteroatoms and π electrons of the 

PTT molecules which outweigh the adsorption due to the 

cationic form of the PTT molecule on the metal surface. We 

can conclude that adsorption acts simultaneously by 

chemisorption and physical adsorption [121]. 

 

3.8. Scanning electron microscopy (SEM) 

 Figure 10 represents the SEM images of mild steel 

samples under various conditions studied in this work. 

Figure 10(a) is the image of newly polished sample before 

placing in 0.5 M H2SO4. Figure 10(b) shows the same 

sample after immersing in the blank solution for 2h at 303 

K. The appearance of corrosion products is clearly observed. 

Figure 10(c) was taken from a sample in acid solution 

containing PTT alone and finally Figure 10(d) represents the 

metal sample after immersing in solution containing both 

PTT (0.5 mM) and potassium iodide (0.2%). It can be seen 

from Figure 10(b) that the mild steel surface was strongly 

damaged with deep cavities in the absence of the inhibitor 

due to metal dissolution in corrosive solution. The image of 

steel surface exposed to PTT containing solution (Figure 

10c) exhibits good surface and no damage, the sample has 

smooth surface compared with that of the sample immersed 

in 0.5 M H2SO4 with few small notches. No damages expect 

polishing lines are observed in the micrograph after the 

addition of iodide ions to the corrosive solution (Figure 

10d). The steel surface in the presence of KI + PTT mixture 

(Figure 10d) is the smoothest surface and thus the mixture is 

a more effective inhibitor. The resemblance of the Figure 

10(d) to that of (a) is appreciable and proves the excellent 

corrosion prevention of PTT and iodide ions combined. The 

later effect is due to synergistic interactions between PTT 

and iodide ions resulting in higher inhibition efficiency. This 
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indicates that the combination of PTT and KI hinders the 

dissolution of iron and thereby reduces the rate of corrosion, 

and it reveals good protection against corrosion. 

 

3.9. DFT calculations 

 The inhibitory effect of the inhibitors regularly 

depends on the adsorption of these molecules on the metal 

surface, this adsorption depending on the molecular 

structures. Several quantum chemical methods and 

molecular modeling techniques are very often used in 

corrosion inhibition studies in order to ascertain the 

relationship between corrosion inhibition efficiency and 

molecular properties, and consequently, to estimate the 

trends in the binding energy between inhibitors chemisorbed 

and/or physisorbed on metal surfaces [52, 61, 62, 66, 122, 

123]. To investigate the relationship between the molecular 

structure of this triazole derivative (PTT) and its inhibition 

effect, quantum chemical calculations were performed. DFT 

is a very powerful technique to probe the inhibitor/surface 

interaction and to analyze experimental data. DFT methods 

have become very popular in the last decade due to their 

accuracy that is similar to other methods in less time and 

with a smaller investment from the computational point of 

view [124]. The optimized structures of the triazole 

derivative in the neutral form including their HOMO and 

LUMO distributions density at the B3LYP/6-31G(d,p) level 

are presented in Figure 11, the graphics was done thanks to 

GABEDIT. Positive and negative phase is represented in red 

and blue color, respectively. 

 Quantum chemical parameters such as: EHOMO, 

ELUMO, ∆E, µ, χ, η, σ, ω and ∆N affect the inhibitory 

effectiveness [71]. These quantum chemical characteristics 

for the estimated structure are calculated from equations 4 to 

10 and presented in Table 10. The frontier molecular 

orbitals play an important role in the electric and optical 

properties [125]. The HOMO represents the ability to donate 

an electron, LUMO as an electron acceptor. Inspection of 

Table 10 reveals that the calculated HOMO and LUMO 

energies are, respectively, -7.731, -0.260, the gap is 7.471, 

The negative values of EHOMO indicate that adsorption of this 

inhibitor on the steel surface is important [70]. Generally, 

the higher values of EHOMO indicate an increase for the 

electron donor and this means a better inhibitory activity 

with increasing adsorption of the inhibitor on a metal 

surface, whereas ELUMO indicates the ability to accept 

electron of the molecule and strong electronic interactions 

between inhibitor and metal surface, this later is -0.260 eV 

indicates the easiness for this molecule to receipt electrons 

from the d orbital of the metal. The adsorption ability of the 

inhibitor to the metal surface increases with increasing of 

EHOMO and decreasing of ELUMO. Therefore high ELUMO and 

low ELUMO values are associated with high electron donating 

ability of inhibitor and thereby increasing the corrosion 

Inhibition efficiency [126, 127]. Large values of the energy 

gap (ΔE) imply high electronic stability and then low 

reactivity; whereas low values imply that it will be easier to 

remove an electron from the HOMO to the LOMO, which 

can result in highly efficient inhibition. These results 

showed that the mechanism of inhibition is based primarily 

on an adsorption process performed by charge transfer from 

the inhibitor to the metal [70]. Furthermore, less negative 

HOMO energy and the smaller energy gap (ΔEHOMO-LUMO) 

are reflected in a stronger chemisorption bond and perhaps 

greater inhibition efficiency [90, 128]. This can be possible 

because removing electrons from HOMO needs a small 

energy. This confirms the obtained results and it is in a good 

agreement with the values of ∆N [129]. Low values of the 

energy gap (∆E) will provide good inhibition efficiencies 

because the excitation energy to remove an electron from 

the last occupied orbital will be low. A molecule with a low 

energy gap is more polarizable and is generally associated 

with a high chemical reactivity. The calculation in Table 10 

shows that PTT has smaller energy gap value indicating that 

PTT can easily adsorb on the metal surface causing higher 

protection. According to literature, there is a lack of 

agreement on the correlation between dipole moment and 

inhibition mechanism. The high value of dipole moment 

probably increases the adsorption between a chemical 

compound and metal surface [130]. Meanwhile, a survey of 

the literature reveals that several irregularities have appeared 

in the case of correlation of the dipole moment with 

inhibitor efficiency [131, 132]. However, increasing values 

of EHOMO and μ may facilitate adsorption by influencing the 

transport process through the adsorbed layer and lead to 

better inhibition efficiency [90]. From Table 10, the high 

compound polarity (dipole moment equal to 4.381 Debye) 

which is higher than the dipole moment H2O (1.88 Debye). 

The high dipole moment value of this compound probably 

indicates strong dipole-dipole interactions between them and 

the metal surface and facilitates electrostatic interaction 

between the electric field, due to the metal charge and the 

electric moment of this inhibitor, and contributes to their 

better adsorption [133]. Therefore, a quasi-substitution 

process occurs between molecules of PTT and water ones on 

the steel area, with desorption of water molecules from the 

metal. Thus, the inhibition process can be done [134]. 

 High ionization energy (I = 7.731 eV) indicates 

high stability, the number of electrons transferred (ΔN) was 

also calculated and tabulated in Table 10. The fraction of 

electrons transferred (ΔN) values describes the inhibition 

achieved from electron donations. The values (ΔN) are 

correlated with the inhibition efficiency resulting from the 

electron donation. According to Lukovits [66], if (ΔN) <3.6, 

the inhibitory efficiency is increased by increasing the 

ability inhibitor to give electrons to metal surface, while it 

decreased if ΔN>3.6 (electron). It is apparent from Table 10 

that ∆N value is positive and is below 3.6, this means that 

the inhibitor (PTT) has the tendency to donate electrons to 
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the metal surface by chemisorption process [62]. The 

inhibitory power is also influenced by the value of the 

electrophilicity index (ω). The inhibitor effectiveness 

increases with the decrease of the ω value. The value of ω 

(2.137) agrees with the high value of the protection rate 

[134]. The electronegativity value of the inhibitor molecule 

is equal to 3.996. This electronegativity value (χ=3.996) 

being inferior to that of iron suggests an exchange of 

electron between the high occupied molecular orbital of the 

inhibitor (HOMO) and the unoccupied 3d orbitals of iron. 

This electron transfer is more probable than that from the 

occupied 4s orbital of Fe to the low unoccupied molecular 

orbital (LUMO) of the inhibitor [71]. Absolute hardness (η), 

and softness (σ), is important properties to measure the 

molecular stability and reactivity. It is apparent that the 

chemical hardness fundamentally signifies the resistance 

towards the deformation or polarization of the electron 

cloud of the atoms, ions or molecules under small 

perturbation of chemical reaction. A hard molecule has a 

large energy gap and a soft molecule has a small energy gap 

[135]. In our present study PTT with low hardness value 

+3.736 eV compared with other compound have a low 

energy gap. Normally, the inhibitor with the least value of 

global hardness (hence the highest value of global softness) 

is expected to have the highest inhibition efficiency. For the 

simplest transfer of electron, adsorption could occur at the 

part of the molecule where softness (σ), which is a local 

property, has a highest value. PTT with the softness value of 

+0.268 eV has a highest inhibition efficiency [136]. 

 The HOMO and LUMO electronic density 

distributions of PTT are plotted in Figure 11. It can be 

observed that for the molecule of PTT, HOMO and LUMO 

are distributed around heteroatoms and aromatic rings, 

indicating that these heteroatoms and aromatic rings on 

which negative charge density is high, are main adsorption 

centers of the triazole derivative by the metal surface, by 

formation of donor–acceptor coordination bonds with vacant 

"d" orbitals of the iron [124]. Thus, the bond with the metal 

from these active sites will be easily formed, rather than the 

others atoms. The inhibition efficiency of the compounds 

depends on many major factors, for example the number of 

adsorption active centres in the molecule and their charge 

density, molecule size, mode of adsorption, and formation of 

metallic complexes. The effect of substituents in the 

compounds on inhibition of corrosion of mild steel by PTT 

will be rationalized by use of global reactivity indexes, in 

the form of the Mulliken charges. Theoretical calculation of 

the charge density on the heteroatoms in the molecular 

structure of PTT reinforces the suggestion that the inhibitory 

effect results from the groups constituting the rigid centre of 

the molecule and their adsorption by the surface of the mild 

steel. This distribution thus ensures strong adsorption by the 

metal surface [70]. Mulliken charge analysis is used to 

estimate the adsorption centers of inhibitors, the results were 

presented on the atoms in the optimized structure 

(Figure11). It is possible to observe that the heteroatoms 

afford a noticeable excess of negative charges could act as a 

nucleophilic reagent [62, 137]. The effective atomic charges 

from Mulliken populations presented in table 11 show that 

the highest negative charges were located on S (-0.484), N1 

(-0.301) and N4 (-0.008) atoms as well as some carbon 

atoms of the aromatic rings C8 (-0.533), C10 (-0.311) and 

C11 (-0.595). These atoms are the more negative charge 

centers that could give electrons to the Fe atoms in order to 

coordinate it, and the positive charge centers that can accept 

electrons from 3d orbital of the Fe atoms to form feedback 

bond, thus further strengthening the interaction of inhibitor 

and Fe surface. This implies that PTT has potential 

heteroatoms that can be adsorbed in positive centers on the 

metallic surface through a donor-acceptor type reaction 

[138]. 

 
Figure 1: Scheme of synthesis of 5-Phenyl-4H-1,2,4-triazole-3-thiol (PTT) 
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Figure 2. Nyquist plots for mild steel in 0.5 M H2SO4 containing different concentrations of PTT 
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Figure 3. The equivalent circuit of the impedance spectra obtained for PTT in 0.5M H2SO4 
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Figure 4. Nyquist plots for mild steel in 0.5M H2SO4 containing different concentrations of PTT in the presence of KI 0.2 % 
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Figure 5. Potentiodynamic polarization curves of mild steel in 0.5M H2SO4 for different concentrations of PTT at 303 K. 
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Figure 6. Rct values in the absence and presence of 0.2% KI for different concentrations of PTT 
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Figure 7. Inhibition efficiency vs inhibitor concentrations calculated by different methods: (A) in the absence of 0.2% KI, (B) in the 

presence of 0.2% KI 
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Figure 8. Arrhenius plots of: (a) log CR vs. 1 / T; (b) log (CR / T) vs. 1 / T for the mild steel in 0.5 M H2SO4 solution in the 

absence and presence of 0.5 mM PTT and 0.5 mM PTT + 0.2% KI 
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Figure 9. Langmuir’s adsorption isotherm of PTT and (PTT + KI) on the mild steel surface in 0.5M H2SO4 from polarization 

measurements 

 

 
Figure 10. SEM image of the surface of mild steel after immersion for 2 h in 0.5 M H2SO4 solution at 303K: (a) Before immersion 

(polished) (b) After immersion without inhibitor (c) With inhibitor (PTT) (d) With inhibitor and in presence of KI 
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Figure 11. Optimized structure, Mullikan charges density and Frontier molecule orbital density distributions: HOMO (left) and 

LUMO (right) of PTT given by the B3LYP/6-31(d,p) 

 

 

 

Table 1. Electrochemical parameters of mild steel in the presence of PTT in 0.5M H2SO4 solution deduced from EIS data 

Conc. (mM) Rs ( Ω  cm2) Rct ( Ω cm2) Α 
Y0 × 104 

(Sn Ω-1 cm-2) 

Cdl,  

(µ F cm-2) 
IE (%) 

0.5M H2SO4 3.659 7.584 0.866 5.804 251.2 _ 

0.1 2.932 21.54 0.881 3.349 172.3 64.79 

0.2 3.109 30.61 0.892 1.892 101.4 75.22 

0.3 4.223 37.86 0.902 1.397 79.04 79.97 

0.4 5.887 67.06 0.892 1.357 76.86 88.69 

0.5 5.046 87.49 0.898 1.317 69.5 91.33 

 

 

Table 2. Electrochemical parameters of mild steel in the presence of PTT in combination with 0.2% of KI in 0.5M H2SO4 solution 

deduced from EIS data 

Conc. (mM) Rs (Ω  cm2) Rct ( Ω cm2) α 
Y0 × 104 

(Sn Ω-1cm-2) 

Cdl,  

(µ F cm-2) 
IE (%) 

0.1 3.031 32.23 0.874 2.531 126.4 76.47 

0.2 5.531 69.51 0.888 1.376 88.44 89.09 

0.3 4.698 87.47 0.899 1.316 79.56 91.33 

0.4 4.222 123.8 0.883 1.228 73.57 93.87 

0.5 3.340 203.6 0.874 1.092 63.02 96.27 
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Table 3. Potentiodynamic polarization parameters for corrosion of mild steel in 0.5M H2SO4 with various concentrations of PTT 

in the absence and presence of 0.2% KI at 303 K 

Conc. (mM) 
Conc. KI  

(%) 

Ecorr  

(mV vs SCE) 

Icorr 

(μA/cm2) 

ßc   

(mV/dec) 

ßa 

(mV/dec) 

IE 

(%) 

Blank _ -482 3463 261.5 152.2 ---- 

0.1 _ -572 776 205.2 117.3 77.6 

0.1 0.2 -517 363 180.9 93.9 89.5 

0.2 _ -558 653 167.7 102.6 81.1 

0.2 0.2 -549 280 148.6 85.2 91.9 

0.3 _ -564 422 147.0 91.3 87.8 

0.3 0.2 -539 157 133.3 76.5 95.4 

0.4 _ -540 369 167.5 101.0 89.3 

0.4 0.2 -506 122 111.6 104.7 96.5 

0.5 _ -516 292 181.9 95.5 91.6 

0.5 0.2 -497 80 142.6 41.2 97.7 

 

Table 4. Corrosion parameters obtained from weight loss measurements for mild steel in 0.5 M H2SO4 containing various 

concentrations of PTT in the presence of 0.2 % KI at 303K 

Conc. PTT (mM) Conc. KI (%) CR (mg cm-2 h-1) IE (%) 

0.1 _ 1.5421 61.07 

0.1 0.2 1.0158 74.36 

0.2 _ 1.1141 71.88 

0.2 0.2 0.3837 90.31 

0.3 _ 0.8239 79.20 

0.3 0.2 0.2970 92.50 

0.4 _ 0.4772 85.95 

0.4 0.2 0.2169 94.52 

0.5 _ 0.3318 91.62 

0.5 0.2 0.1047 97.36 

 

Table 5. Effect of immersion time on inhibitor performance for mild steel in 0.5M H2SO4 at 303 K for 0.4 mM and 0.5 mM PTT 

 IE (%) 

Immersion time (min) 0.5 mM PTT 0.5 mM PTT + 0.2% KI 

60 91.62 97.36 

120 89.94 95.21 

180 86.97 92.53 

240 85.29 90.96 

360 81.42 86.37 

1440 61.77 65.71 

 

Table 6. Inhibition efficiency for different concentrations of KI for mild steel in 0.5 M H2SO4 in the presence of 0.5 mM PTT at 

303 K 

KI (%) IE (%) 

0.05 94.78 

0.1 95.24 

0.15 96.24 

0.2 97.36 

0.25 97.30 

0.3 95.52 

 

Table 7. Values of synergism parameters (S) for different concentrations of PTT 

Conc. PTT (mM) S 

0.1 0.76 

0.2 1.45 

0.3 1.39 

0.4 1.10 

0.5 1.73 
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Table 8. Effect of temperature on the inhibition efficiency IE (%) obtained from weight loss measurements 

 IE (%) 

Temperature (K) PTT (0.5 mM) PTT (0.5 mM ) + KI 0.2 % 

298 88.84 95.88 

303 91.62 97.36 

308 90.82 94.83 

313 89.05 90.37 

323 76.04 90.35 

 

Table 9. Thermodynamic activation parameters for mild steel in 0.5 M H2SO4 solution and in the presence of PTT and (PTT+KI) 

obtained from weight loss measurements 

 Ea (kJ mol-1) ΔH* (kJ mol-1) ΔS*(J mol-1K-1) 

0.5 M H2SO4 (Blank) 55.83 53.4 -57.92 

0.5 mM PTT 81.23 79.35 7.97 

0.5 mM PTT + 0.2% KI 94.28 91.84 42.53 

 

T a b l e  1 0 .  Mo l e c u la r  p ro p e r t i e s  o f  P T T  o b t a i n e d  f r o m  t h e  o p t i m iz e d  s t r u c t u r e  u s i n g  D F T  a t  t h e  

B 3 L Y P / 6 -3 1 G 

inhibitor 
EHOMO 

(eV) 

ELUMO 

(eV) 

ΔE 

(eV) 

μ 

(Debye) 
I  (eV) A (eV) χ  (eV) η  (eV) 

σ  (eV-

1) 
ω (eV) 

ΔN 

(eV) 

PTT -7,731 -0.260 7.471 4.381 7,731 0.260 3.996 3.736 0.268 2.137 0.402 

 

Table 11. Molecular properties of PTT obtained from the optimized structure using DFT at the B3LYP/6-31G 

Atoms Mulliken charges 

N1 -0.301 

N2 0.125 

C3 0.404 

N4 -0.080 

C5 -0.026 

C6 0.832 

C7 -0.040 

C8 -0.533 

C9 -0.171 

C10 -0.311 

C11 -0.595 

S -0.484 

H1 0.112 

H2 0.285 

H3 0.208 

H4 0.171 

H5 0.156 

H6 0.171 

H7 0.076 

 

4 .  Co n c l u s i o n s  

 The inhibition behavior of PTT and its synergistic 

effect with KI for mild steel in 0.5 M H2SO4 has been 

studied. The following conclusions may be drawn:  

• PTT showed excellent inhibition properties for the 

corrosion of mild steel in 0.5 M H2SO4 solution. 

The inhibition efficiency of PTT increased with the 

concentration and reached a maximum of 91.6% at 

0.5 mM. 

• Changes in impedance parameters were indicative 

of adsorption of PTT on the metal surface. 

• PTT acts as a mixed-type inhibitor retarding the 

anodic and cathodic corrosion reactions with 

predominant effect on the cathodic reaction. 

• The inhibition efficiency IE% of PTT decreased 

with increasing temperature and its addition led to 

increase of the activation corrosion energy. 

• Adsorption of PTT alone and in combination with 

KI on the mild steel surface obeys Langmuir’s 

adsorption isotherm. The calculated value of ΔGo
ads 

obtained from the study indicates that PTT is 

adsorbed chemically and physically on steel 

surface in 0.5M H2SO4 solution. The compound is 

adsorbed with the heteroatoms forming donor–

acceptor bonds between unpaired electrons of the 
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heteroatoms and the active centers of the metal 

surface. 

• Synergistic effects between PTT and KI were 

observed. The addition of KI to the solution 

enhanced the inhibition efficiency of PTT 

significantly. The adsorption of PTT is stabilized 

by the presence of iodide ions in 0.5 M H2SO4. 

• The inhibitor efficiencies determined by 

polarization, EIS, and weight loss methods are in 

good agreement. 

• SEM micrographs of mild steel specimens showed 

that the inhibitor molecules form a good protective 

film on the metal surface. 

• The values of free energy of adsorption and the 

calculated quantum chemical suggest that the 

inhibition behavior of this triazole derivative 

involves two types of interaction, chemisorption 

and physiosorption. 

• Theoretical calculations provide good support to 

the experimental results. 
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