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Abstract: The aim of this study is the investigation of adsorption and corrosion behaviors of 

2,4-Diamino-6-methly-1,3,5-triazine (2-DMT) on mild steel (MS) in 0.5 M HCI solution using 

many experimental and theoretical studies such as potentiodynamic polarization, 

electrochemical impedance spectroscopy (EIS), linear polarization resistance (LPR), adsorption 

isotherm, potential of zero charge (PZC), scanning electron (SEM), atomic force microscopies 

(AFM) and quantum chemical calculations. The results showed that 2-DMT has an outstanding 

anti-corrosion performance of 94.7% at an optimum concentration of 10 mM and the MS 

surface, which was exposed to the inhibited solution at 298 K, does not contain pits, cracks or 

deformations. Values of icorr are found to be 0.513, 0.216, 0.098, 0.072 and 0.039 mA cm-2 for 

blank solution and each concentration of 2-DMT. Hydrogen volumes are 90 and 4.6 mL cm-2 for 

blank solution and the existence of 10.0 mM 2-DMT, respectively. The observed adsorption is 

much more consistent with Langmuir. The high performance is explained by the effective 

adsorbing of organic matter to the MS surface. HOMO, LUMO energies and the energy gap 

(∆E) are -7.1980, -1.9959 and 5.2021 eV, respectively. Accordingly, it is suggested that this 

organic compound can be used in the industrial acid cleaning procedure. 

 

 

 

2, 4-Diamino-6-metil-1, 3, 5-triazinin Yumuşak Çeliğin Hidroklorik Asit Ortamda Korozyon 

İnhibisyonu Üzerine Çalışması: Teorik ve Deneysel Araştırmaların Bütünleştirilmesi 
 

 

Anahtar Kelimeler 

Korozyon, 

Adsorbsiyon, 

Yumuşak çelik, 

İnhibitör,  

Kuantum kimyasal 

hesaplama, 
 

Öz: Bu çalışmanın amacı, potansiyodinamik polarizasyon, elektrokimyasal empedans 

spektroskopisi (EIS), doğrusal polarizasyon direnci (LPR), adsorbsiyon izotermi, sıfır yük 

potansiyeli (PZC), taramalı elektron (SEM), atomik kuvvet mikroskopileri (AFM) ve kuantum 

kimyasal hesaplamaları gibi birçok deneysel ve teorik çalışma kullanılarak 0,5 M HCI 

çözeltisinde 2,4-Diamino-6-methly-1,3,5-triazinin (2-DMT) adsorbsiyon ve korozyon 

davranışlarının incelenmesidir. Sonuçlar, 2-DMT'nin 10 mM'lik optimum konsantrasyonda % 

94,7'lik olağanüstü korozyon önleyici performansa sahip olduğunu ve 298 K'de inhibe edilmiş 

çözeltiye maruz kalan çelik yüzeyin çukurlar, çatlaklar veya deformasyonlar içermediğini 

göstermiştir. Asit çözeltisi ve 10 mM 2-DMT varlığındaki çözelti için, icorr değerleri 0,513, 

0,216, 0,098, 0,072 ve 0,039 mA cm-2 olarak bulundu. Hidrojen hacmi sırasıyla, asit çözeltisi ve 

10 mM 2-DMT varlığındaki çözelti için 90 ve 4,6 mL cm-2’ dir. Gözlemlenen adsorbsiyon, 

Langmuir ile çok daha tutarlıdır. Yüksek performans, organik maddenin MS yüzeyine etkili bir 

şekilde adsorbe olmasıyla açıklanmaktadır. HOMO, LUMO enerjileri ve enerji aralığı (∆E) 

sırasıyla, -7,1980, -1,9959 ve 5,2021 eV’ tur. Dolayısıyla, bu organik bileşiğin endüstriyel asitle 

temizleme işleminde kullanılabileceği önerilmektedir. 
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1. INTRODUCTION 

 

Corrosion, which has an annual global cost of 2.5 trillion 

dollars, is defined as the loss of effectiveness of metals 

as a result of their interactions with their environment 
[1]. Even if this phenomenon is completely impossible to 

stop, studies to slow down corrosion continue intensively 

by many researchers [2-5]. One of the industrial areas 

where corrosion is effective is acid cleaning, pickling 

and descaling [6,7]. HCl and H2SO4 are used to clean the 

steel materials in this area as cleaning agents, therefore 

the corrosion is inevitable. Using organic corrosion 

inhibitors are an effective method in the slow down the 

corrosion [8-11]. These compounds adsorb on the steel 

surface effectively, form a protective film on the steel 

surface and by inhibiting the corrosion reactions, protect 

the steel from corrosion. This corrosion protection is 

described in the literature as: Conjugated bonds, polar 

groups such as N, O, P, S and π-delocalized electrons in 

inhibitor molecules are adsorption centres during the 

interaction of metal and inhibitor molecules [12-14]. 

Many organic compounds as corrosion inhibitors are 

studied to prevent the different metals as well as MS. As 

examples, pyrazole, benzimidazole, azoles, pyridine, 

schiff bases, amino acids, quinoline, quinoxaline, 

rhodanine, etc. In recent years, triazine derivatives as 

organic inhibitors showed high inhibition efficiency in 

acid solutions [15]. Triazine derivatives are also used in 

the medical field for anti-HIV, anticancer, 

antiinflammatory, analgesic antihypertensive, 

cardiotonic, neuroleptic, nootropic, antihistaminergic, 

tuberculostatic, antiviral, anti-protozoal, estrogen 

receptor modulators, antimalarial, cyclin-dependent 

kinase inhibitors, antimicrobial, antiparasitic, activities 

[16]. 

 

In this study, 2,4-Diamino-6-methyl-1,3,5-triazine, a 

triazine derivative, is tested as a potential organic 

corrosion inhibitor to specify the corrosion properties of 

MS in 0.5 M HCI solution using electrochemical 

techniques, SEM/AFM and quantum chemical 

calculation. As mentioned above, this compound is 

chosen as an inhibitor because it contains electron- 

donating groups and possible adsorption groups in the 

aromatic ring. Its cost is another reason. Hydrogen gas is 

also measured in inhibited and uninhibited solutions 

after 120 h exposure time. The inhibition mechanism is 

discussed in more detail by determining the charge of 

metal. Finally, this work is supplemented by quantum 

chemical calculation to better understand the relationship 

between structural, electronic properties and adsorption 

process.  

 

2. MATERIAL AND METHOD 

  

The chemical composition of MS used in this study is 

(w): Mn: 0.71%, Cu: 0.26%, Si: 0.24%, C: 0.18%, S: 

0.04%, P: 0.19%, N: 0.20%, O: 0.41% and Fe 

(remainder). To get a clean surface before 

electrochemical measurements, emery papers are used, 

washed with ethanol and distilled water, respectively. 

The corrosive media is composed by 0.5 M HCI (Merck, 

37% HCI) without and with concentrations of 0.5, 1.0, 

5.0 and 10.0 mM 2-DMT. Gamry instrument 

potentiostat/galvanostat/ZRA/3000 is used for 

electrochemical measurements with three-electrode setup 

which consists of MS as working, platinum sheet as 

counter and Ag/AgCI (3M KCI) as reference electrode, 

respectively. Prior to each experiment, stable open 

circuit potential (Eocp) is achieved after 1 h immersion 

time in both corrosive solutions. Tafel curves is gotten 

between -0.75 and -0.25 V with a scan rate of 1 mV s-1. 

Frequency between 1x105 Hz and 1x10-2 Hz is applied to 

get EIS diagrams with an amplitude of 5 mV. Moreover, 

EIS results are fitted by using equivalent circuit with the 

help of Zview2 software. Measurement of LPR is 

recorded from Eocp -0.01 V to Eocp +0.01 V at 1.0 mV s-1. 

The effect of various immersion times (24, 48, 72, 96 

and 120 h) on corrosion behavior of MS electrode in 

blank and with the existence of inhibitor (10.0 mM) are 

examined by EIS. Hydrogen gas is measured by an 

inverted tape measure at the end of 120 h in both 

uninhibited and inhibited solutions (10.0 mM). To 

determine the charge of metal in inhibited solution (10.0 

mM) it is plotted polarization resistance (Rp) versus 

applied potential. All the electrochemical experiments 

are carried out under atmospheric conditions by 

repeating three times at 298 K. To analyze the 

morphologic structure and elemental analysis, SEM and 

AFM are performed by Leo Evo 40 and Park system XE-

100 AFM, respectively. Electrochemical results are 

supplemented by quantum chemical calculation, namely 

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

the Gaussian 09 program package (USA). Some 

electronic properties such as the energy of the highest 

molecular orbital (EHOMO), lowest empty molecular 

orbital (ELUMO), energy gap (∆E) between LUMO and 

HOMO and Mulliken charges on the backbone atoms, 

dipole moment (μ), global hardness (𝜂), global softness 

(σ), the fraction of electrons transferred (ΔN) and 

absolute electronegativity (χ) are determined. The 

chemical structure of the tested inhibitor is given in 

Figure 1. 

 

 
Figure 1. Chemical structure of 2,4-Diamino-6-methly-1,3,5-triazine 

(2-DMT) 

 

3. DISCUSSION AND CONCLUSION 

 

3.1. Tafel Results 

 

The Tafel curve is the best method for determining of 

corrosion behavior of MS electrode in acid environment. 

Fig. 2 shows the Tafel curves of MS electrode in blank 

solution and with the existence of 0.5, 1.0, 5.0 and 10.0 

mM 2-DMT.   
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Figure 2. Tafel curves of MS electrode in 0.5 M HCI(▲) and with the 
existence of 0.5(□), 1.0(●), 5.0(○) and 10.0(●) mM 2-DMT 

 

 

 

 

 

 

 

 

 

 

Prior to adding to the inhibitor in 0.5 M HCI solution, 

Fig. 2 clearly indicates that very high current density is 

obtained on MS electrode. When an inhibitor is added to 

a corrosive medium at concentrations of 0.5 to 10 mM, 

2-DMT molecules influence the corrosion current 

density of the cathodic and anodic reactions, resulting in 

reducing the rate of anodic dissolution of the metal and 

cathodic reaction [17].   The highest decrease in current 

density is observed at the highest concentration (10 

mM). The Tafel extrapolation method is used for the 

determination of corrosion current density (icorr) and 

cathodic Tafel slopes (bc). In addition, corrosion rate 

(CR) and inhibition efficiencies (η(%)) are also 

measured and related data are given in Table 1. The 

following formula is used for η(%). 

 

η(%)=(io
corr–icorrinh/io

corr)x100                                      (1)                                                                       

 

Here, io
corr and icorr inh denote the corrosion current 

density of MS electrode in acid environment in the 

absence and presence of inhibitor, respectively. It is 

clearly seen from figure that characteristic behavior of 

Tafel curves does not change with the existence of 

different concentrations of 2-DMT in blank solution, 

implying that the same corrosion mechanism occurs in 

both corrosive media due to giving parallel lines. bc 

values support this behavior since there are small 

differences between MS electrode in blank solution and 

the existence of an inhibitor in blank solution (Table 1). 

This means that inhibitor molecules block the active 

centres of hydrogen evolution by adsorbing on the MS 

surface for the cathodic region, slow down the anodic 

dissolution of the MS for anodic region [18]. From Table 

1, this inhibitor acts as a mixed-type inhibitor due to a 

maximum potential difference of 5 mV [19]. As can be 

seen in Table 1, values of icorr are found to be 0.5128, 

0.2155, 0.0983, 0.07151 and 0.03861 mA cm-2 for the 

blank solution and each concentration of 2-DMT. A 

decrease in icorr indicates the adsorption of inhibitor 

molecules onto MS surface. As for η, Table 1 shows the 

dependency of the inhibition efficiency on the inhibitor 

concentration. Inhibition efficiency increases from 58% 

to 92.4% in inhibited solution. This means that a stable 

inhibitor film forms on the MS surface and this film 

behaves like a preventative, resulting the reducing icorr 

values.   

 
Table 1. Some data derived from Tafel curves of MS electrode in 

blank solution and with the existence of different concentrations 2-

DMT at 298 K 

Cinh 

(mM) 

Ecorr 

(mV,Ag/AgCl) 

icorr 

(mA cm-2) 

bc 

(mV dec-1) 

CR 

(mpy ) 
η(%) 

Blank -493.7 0.5128 118.3 234.3 - 

0.5 -498.7 0.2155 108.5 98.49 58.0 

1.0 -492.4 0.0983 101.1 44.92 80.8 

5.0 -488.9 0.07151 102.6 32.68 86.0 

10.0 -493.9 0.03861 100.0 17.64 92.4 

 

3.2. EIS and LPR Results 

 

The relationship at the metal/solution interface can be 

elucidated by EIS. Nyquist and Bode plots of MS 

electrode in blank solution and with the addition of 0.5, 

1.0, 5.0 and 10.0 mM 2-DMT are depicted in Fig. 3. The 

same shapes (one depressed semicircle) are seen for all 

electrodes in Bode plots (Fig. 3b), indicating that 

mechanism is controlled by charge transfer at the 

interface [20]. The reason why perfect semicircles are 

not obtained is due to the uneven charge distribution at 

the interface [21]. Impedance responses are fitted using 

equivalent circuit that is depicted in Fig. 3b as an inset. 

A single circuit is used in the fitting process. Because the 

most suitable fitting is obtained in this circuit. Fitting 

data are given in Table 2. Here Rs, Rp, CPE and n denote 

solution resistance, polarization resistance that is 

containing charge transfer resistance (Rct), diffuse layer 

resistance (Rd), the resistance of accumulated species 

(Ra) and film resistance (Rf), constant phase element and 

phase shift, respectively. The following formula is used 

for η. 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

10-3 10-2 10-1 100 101 102 103 104 105 106
100

101

102

103

104

Frequency (Hz)|Z
|

fitresult 72 ohm çiplak.z
ÇIPLAK 72 OHM.txt
440 ohm.txt
fitresult 440 ohm.z
600 ohm.txt
fitresult 600 ohm.z
820 ohm.txt
fitresult 820 ohm.z
1317 ohm.txt
fitresult 1317 ohm.z

10-3 10-2 10-1 100 101 102 103 104 105 106

-100

-75

-50

-25

0

25

Frequency (Hz)

th
e
ta

frequency / Hz 

th
e

ta
 /

 θ
 o
 

IZ
I 

Ω
 c

m
2
 

(b) 

0 150 300 450 600 750

-750

-600

-450

-300

-150

0

Z'

Z
''

440 ohm.txt
fitresult 440 ohm.z
600 ohm.txt
fitresult 600 ohm.z
820 ohm.txt
fitresult 820 ohm.z
1317 ohm.txt
fitresult 1317 ohm.z

0 10 20 30 40

-40

-30

-20

-10

0

Z'

Z
''

çiplak 72 ohm.txt
FitResult

Z' / Ω cm2 

Z' / Ω cm2 

Z
'' 

/ 
Ω

 c
m

2
 

Z
'' 

/ 
Ω

 c
m

2
 

(a)
 

CPE 

Rp 

 

Rs 

frequency / Hz 

Figure 3. Nyquist (a) and Bode (b) plots of MS electrode (▲ or as 

inset) in 0.5 M HCI and with the existence of 0.5(□), 1.0(■), 5.0(○) and 

10.0(●) mM 2-DMT. A related equivalent circuit is given in b as an 
inset. 
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Table 2. Some data derived from EIS and LPR for MS electrode in blank solution and with the existence of different concentrations 2-DMT at 298 K 

Cinh (mM)                              EIS       LPR  

 Rs 

(Ωcm2) 

 Rp 

(Ωcm2) 

CPEdl 
Yo ( x106 sn Ω-1 cm-2) 

      n     η 

   (%) 

Cdl  

(x106 s Ω-1 cm-2) 

   Fit error 

(chi-squared) 

      Rp 

   (Ωcm2) 

      η 

(%) 

Blank 2.3 34 361 0.92  248 4.2x10-3 37  
0.5 2.2 224 255 0.86 84.8 158 1.1x10-2 240 84.5 

1.0 1.8 288 219 0.87 88.1 152 1.0x10-2 310 88.0 

5.0 2.1 409 163 0.85 91.6 104 6.2x10-3 425 91.2 
10.0 1.9 648 102 0.90 94.7 77 8.1x10-3 690 94.6 

 

                                                                  

 

 

                                                                                       (2) 

 

Rp and R'p denote the polarization resistance of MS 

electrode in blank solution and with the adding of 2-

DMT, respectively. To calculate the CPE and double 

layer capacitance (Cdl), formulas are given below: 

 

 

ZCPE=Yo
-1(jw)-n                                                      (3) 

where Yo, j, w and n are proportionality coefficient, j2 = -

1 imaginary number, angular frequency and phase shift, 

respectively.  

 

 

Cdl=Yo(w''m)n-1                                                     (4) 

w''m = 2πfmax (angular frequency), fmax is the frequency at 

the maximum value of imaginary impedance [22]. As 

seen in Fig. 3a, the diameter of depressed semicircles 

which is directly related to Rp values increases regularly 

with the adding of 0.5, 1.0, 5.0 and 10.0 mM 2-DMT in 

0.5 M HCI, when compared to bare MS electrode. The 

increase in the diameter of the semicircle represents a 

measure of protection. This is supported by the 

increasing phase angles in the Bode curves (Fig. 3b). 

According to Table 2, when the concentration enhances 

from 0.5 to 10.0 mM, inhibition efficiency reaches its 

highest value from 84.8% to 94.7%. Here n is related to 

the non-homogeneous nature of the semicircles which is 

a characteristic for solid metals [23]. Its value is between 

0 and 1. As for Cdl values, as expected, Cdl values 

decrease with increasing 2-DMT concentration due to 

decreasing in the local dielectric constant and increasing 

the thickness of the double layer [24]. High inhibition 

efficiency and lower Cdl values can be due to adsorption 

of inhibitor molecules onto the MS surface and by 

causing a protective layer, preventing the MS from 

corrosion [25]. Increments of phase angles prove the 

existence of surface protection (Fig. 3b). In the present 

work, as seen in Table 2, the results of LPR are very 

close to the results of EIS. A comparison of the 

protection ability of some triazine-containing 

compounds with 2,4-Diamino-6-methly-1,3,5-triazine 

are given in Table 3. Though researchers found very 

high inhibition efficiencies, as can be seen in Table 3, 

the inhibition ability of studied inhibitor is higher than 

those of the previously studied inhibitors. In general, 

inhibitors which have protection ability over 80% in 

acidic medium find place in industrial applications. This 

promising result once again exhibits the importance of 

this class of compounds for protecting metals in an 

acidic medium.   

 
Table 3. Comparison of protection ability of 2-DMT with literature 

                 

                                                                                                 

                            

                                                                                   

 

                                                                                              

 

 
 

 

 

 

 

 

Corrosion properties of MS in blank solution and with 

the existence of 10.0 mM 2-DMT are evaluated using 

EIS after 24, 48, 72, 96 and 120 h exposure times (long-

immersion time) and related Nyquist diagrams are 

represented in Fig. 4. All EIS responses show the same 

behavior due to observing one depressed semicircle after 

long-immersion times. The acid solution damaged the 

bare MS heavily. Because Rp values decreased from 17.0 

Ω cm2 to 3.3 Ω cm2. Although polarization resistances 

decreased from 394 Ω cm2 to 95 Ω cm2 with the 

existence of 10.0 mM 2-DMT, polarization resistances 

are still higher when compared to those of blank solution 

results. Long-immersion time results showed that 2-

Inhibitor Metal Medium η(%) Ref 

Triazine-glycine Mild 

steel  

1.0 M HCl  71.2 [22] 

1,3,5-tri-p-tolyl-1,3,5-

triazene 

Brass 0.5 M HCl 76.0 [26] 

6-methyl-5-[m-nitrostyryl]-
3-mercapto-1,2,4-triazine 

Tubing 
steel 

12% HCl 87.1 [27] 

N2-(4-(5-(4-

methoxyphenyl)isoxazol-3-

yl)phenyl)-N4,N6-diphenyl-

1,3,5-triazine-2,4,6-triamine 

Mild 

steel  

1 M HCl 92.0 [28] 

 

4-amino-6-methyl-3-thioxo-
3,4-dihydro-1,2,4-triazin-

5(2H)-one 

Mild 
steel 

1.0 N HCl 92.9 [29] 

1,3,5-tris(4-methoxyphenyl)-
1,3,5-triazine 

N80 
steel 

15% HCl 93.2 [30] 

Hexahydro-1,3,5-p-

aminophenyl-s-triazine 

Mild 

steel 

1.0 N HCl 96.1 [31] 

2,4-Diamino-6-methly-1,3,5-

triazine 

Mild 

steel  

0.5 M HCl 94.7 This 
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Figure 4. Nyquist plots of MS electrode (b) in 0.5 M HCI and with the 

existence of 10.0 mM 2-DMT (a) after different exposure times. Straight 

lines show the fitting curves. 
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DMT underlines that it reduces the corrosion rate and the 

existence of an effective inhibition on the MS surface 

[32]. Besides, corrosion inhibition efficiencies are also 

calculated using equation 2, the values changed between 

95.6% and 98.0%. LPR method supported by these 

values. To confirm the results of long-immersion time 

experiments obtained with EIS and LPR, the volume of 

hydrogen gas released at the MS electrode was measured 

at the end of 120 hours via an inverted tape measure and 

these results are given in Fig. 5. It is clearly seen from 

Fig. 5, while the hydrogen volume increased at the MS 

electrode as a result of corrosion, the hydrogen volume 

increased very slowly in the presence of 2-DMT. 

Measured volumes are 90 mL cm-2 for blank solution 

and 4.6 mL cm-2 for existence of 10.0 mM 2-DMT in 0.5 

M HCI, respectively. These results confirm the results of 

long-immersion time experiments obtained with EIS and 

LPR. 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 5. Hydrogen gas volume of MS electrode in 0.5 M HCI and 
with the existence of 10.0 mM 2-DMT after 120 h.  
 

3.3. Thermodynamic Consideration 

 

The most important event in the protection of the MS 

with the inhibitor is the adsorption of the inhibitor 

molecules on the metal surface. This event should be 

dealt with in detail. For this reason, in order to explain 

the adsorption process, several adsorption isotherms 

have been applied for this inhibitor and Langmuir 

isotherm provides the most suitable one. The plot of 

Langmuir isotherm (C/θ vs C) and related equation are 

given in Fig. 6. and below. 

 

 

 

 

 

 

 

 
 

Figure 6. Langmuir isotherm for the adsorption of 2-DMT at different 
concentrations on the MS surface. 

 

                                          (5)                                                                                                         

Cinh, θ and Kads denote the concentration of inhibitor, 

degree of surface coverage and adsorption equilibrium 

constant, respectively. Intercept of equation 5 gives the 

Kads and its value is 3417 M-1. This value is used for 

calculation of ∆Go
ads in the following equation: 

 

∆Go
ads=−RTln(55.5Kads)                                                (6)    

R, T and 55.5 denote the universal gas constant (8.314 J 

mol-1 K-1), temperature (K), and concentration H2O, 

respectively.  -30.11 kJ mol-1 is found for ∆Go
ads. A 

negative sign shows the spontaneous adsorption and the 

value of ∆Go
ads is between -20 kJ mol-1 and -40 kJ mol-1, 

indicating the mixed adsorption mode [33]. 

In addition to determining the adsorption process and 

calculating the thermodynamic parameters, a better 

understanding of the corrosion mechanism is required. 

We know that the adsorption of organic inhibitors to the 

metal surface occurs through electrostatic interactions 

[34]. In this study, to see whether there is an electrostatic 

interaction and to explain the inhibition mechanism, the 

surface charge of metal is measured using Eocp and Rp 

with the existence of 10.0 mM 2-DMT and related figure 

is given below. The surface charge of metal is calculated 

as follows:  

 

Er=Eocp–Epzc                                                                   (7) 

 

Er denotes the Antropov’s rational corrosion potential 

[35]. Er is found to be 0.01 V (Ag/AgCI). This means 

that MS surface is charged with positive with the 

existence of inhibitor molecules. Mechanism can be 

described as follows: Negatively charged CI- ions can be 

adsorbed on positively charged MS surface at the firs 

step and the next step may be adsorption of the 

protonated inhibitor molecules [36]. Inhibitor molecules 

are protonated in the following way: 
 

2-DMT  +  H+   ↔   [2-DMTH]+                                    (8) 
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Figure 7. Rp vs electrode potential for MS in 0.5 M HCl solution with 

the existence of 10 mM 2-DMT. 
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This electrostatic interaction (physical adsorption) forms 

a protective inhibitor film on the MS surface and this 

film prevents the metal from corrosion. In addition to the 

physical adsorption, functional groups such as amino, 

methyl and conjugated bonds lead to chemical 

adsorption on the MS surface, which contribute to the 

protective ability of inhibitor [34]. Same results are 

found in literature. For instance, a work by Gong et al. 

[37], inhibition abilities of 2-amino-4-(4-

methoxyphenyl)-thiazole (MPT) and 2-amino-4-

phenylthiazole (APT) were investigated for MS 

protection in acidic medium. Er values of these inhibitors 

are calculated positively, meaning that the surfaces of 

MS were positive charged after 1 h immersion. In 

another study, Ouakki et al. [38], investigated the 

corrosion inhibition performances of two organic 

compounds (2-(1,4,5-triphenyl-1H-imidazol-2-yl) phenol 

(P1) and 3-methoxy-4-(1,4,5-triphenyl-1H-imidazol-2-

yl) phenol (P2)) for MS in 1.0 M HCl. Results showed 

that CI- ions will be the first to adsorb on MS surface and 

inhibitor in cationic form interacts with ions.  

 

3.4. Surface Morphology Results 

 

Figure 8 shows the SEM and AFM images of MS 

electrode in 0.5 M HCI and with the existence of 10.0 

mM 2-DMT after 120 h. It is seen that MS surface is 

intensely corroded by acid environment after 120 h. 

Islands and cavities formed over the surface. 

Fortunately, as shown in Fig. 8c, the surface structure of 

the MS is smooth and some corrosion products are seen 

after adding 2-DMT. AFM images support the SEM 

results. Average roughness of bare MS and after adding 

2-DMT are found to be 138.3 nm and 39.6 nm, 

respectively. As a result, 2-DMT significantly inhibited 

the MS corrosion in HCI environment.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 8. SEM (a,c) and 3D AFM (b,d) images of MS electrode in 0.5 
M HCI (a,b) and with the existence of 10.0 mM 2-DMT (c,d) after 120 

h.   

 

3.5. Quantum Chemical Calculation Results 

 

In addition to electrochemical experiments, quantum 

chemical calculation is performed to better understand 

the relationship between structural, electronic properties 

and adsorption process. Figure 9 depicts the structure of 

2,4-Diamino-6-methly-1, 3, 5-triazine (2-DMT). B3LYP 

was used on the basis of DFT with a tuned of 6-311 ++ 

G (d, p) to obtain these geometries. Corrosion inhibitors 

have been extensively researched in heterocyclic chains, 

carboxyl, amines, conjugated bonds, and electronegative 

atom (N) [39-45]. These groups, according to the 

findings, acted as specific adsorption centres and rose to 

prominence. While the inhibitor mechanism 

anticorrosion inhibition is not fully understood, it can be 

stated that the inhibitor, in general, tends to offer 

electrons to the metal's unoccupied d orbital, and this 

trend increases as the magnitude of the orbital's energy 

of HOMO increases [46]. The values of absolute 

hardness (η), absolute electronegativity (χ), fraction of 

transferred electrons (∆N) and absolute softness (σ) were 

calculated [47-52]; 

 

Δ𝐸=𝐸𝐿𝑈𝑀𝑂−𝐸𝐻𝑂𝑀𝑂                                                         (9) 

 

A= −𝐸𝐿𝑈𝑀𝑂                                                          (10) 

 

I=−𝐸HOMO                                                                    (11) 

 

𝜂= 
1

2
 (I−A)                                                                   (12) 

 

𝜎 =  
1

𝜂
                                                                          (13) 

 

χ =
1

2
 (I + 𝐴)                                                             (14) 

 

∆𝑁 =
χFe−χinh

2(ηFe+ηinh)
                                            (15) 

 

Table 4 shows the calculated parameters for this study, 

and Figure 9 shows the orbitals. The HOMO energy was 

-7.1980, as shown in Table 4. The HOMO was usually 

found in 2-DMT zones including atoms of N and a ring 

of heterocyclic. The energy of the LUMO was -1.9959 

eV. The HOMO was discovered on the N terminals of 

the 2-DMT. In Table 4, the values for electronegativity 

were 4.5969 eV, hardness was 2.6010 eV, and softness 

was 0.3844. Adsorption appears to be appropriate for the 

interplay among not shared electron pairs of N atoms, 

electrons of the heterocyclic ring, and the metal's 

unoccupied d orbital. The molecules efficiency was also 

determined by examining the parameters of global 

reactivity. The energy gap (∆E) reflected the inhibitor 

molecule's reactivity to the metal. A low ∆E value 

indicated strong metal adsorption with high inhibitive 

efficiency. As the ∆E value decreases, the reactivity and 

tendency of electron donation increases. The dipole 

moment (3.1062 D) value can give an idea of the 

probability of the adsorption of molecules. The increased 

dipole moment could be attributed to dipole-dipole 

interactions between the molecules of inhibitor and the 

surface of the metal, resulting in increased inhibition. 

The processes of electron sharing between the inhibitor 

and the surface of metal can be argued as functions at the 

value ΔN listed in Table 4 with respect to Pearson theory 

[53]. The process of electron transfer is with respect to 

the electronegativity value (χ), as well as the lower 

electronegativity as well as the higher transfer of 

electron. The fraction of electrons transferred, ΔN 

(b) (a) 

(d) 
(c) 
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(0.4619) is important parameter to investigate corrosion 

inhibition. In the literature, it is claimed that high ΔN 

value help promote high adsorption to the MS surface, 

which is good inhibition and protection [53].  If ΔN is 

greater than zero, electrons move from inhibitors to the 

surface of metal atoms; otherwise, electrons move from 

the surface of the metal to molecules of the inhibitor [39, 

54]. The inhibition efficiency and quantum parameters 

have a strong correlation.  

  
Table 4. DFT/B3LYP/6-311G (++ d,p) method calculated quantum parameters for 2-DMT. 

Inhibitor EHOMO (eV ) ELUMO (eV) ∆E (eV) β (eV) 𝛾 (eV) (eV-1)
 

∆N μ (Debye) 

2-DMT -7.1980 -1.9959 

 

5.2021 

 

4.5969 

 

2.6010 

 

0.3844 

 

0.4619 3.1062 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 9. 2-DMT molecule structures with Mulliken charge (a), 

HOMO (b), and LUMO (c) orbitals. 

 

4. CONCLUSION 

 

A new organic compound as a corrosion inhibitor is 

studied for MS protection from acid corrosion using 

electrochemical, morphological and quantum chemical 

calculation methods. Following results can be drawn: 

1. Tafel curves (cathodic and anodic) and Langmuir 

adsorption isotherm (physical and chemical 

adsorption) show that studied inhibitor is classified as 

mixed-type. Tafel curves do not change with the 

existence of different concentrations of 2-DMT in 

blank solution, implying that the same corrosion 

mechanism occurs in both corrosive media due to 

giving parallel lines. 

2. While values of icorr decreased, Rp values increased 

with the existence of 0.5, 1.0, 5.0 and 10.0 mM 2-

DMT, indicating that a stable inhibitor film formed 

on the MS surface and this film behaves like a 

preventative. 

3. The protection ability of some triazine-containing 

compounds are compared with 2,4-Diamino-6-

methly-1,3,5-triazine and inhibition efficiency of 

studied inhibitor in this study is found higher than 

those of the previous studied inhibitors. This 

promising result once again exhibits the importance 

of this class of compounds for protecting metals in an 

acidic medium.   

4. Although the diameter of semicircles of both bare 

MS and with the existence of 10.0 mM 2-DMT 

decreased after 120 h, the corrosion rate of MS 

electrode with the existence of 10.0 mM 2-DMT is 

slower than that of bare MS and very low hydrogen 

gas is obtained on the MS electrode with the 

existence of 10.0 mM 2-DMT. 

5. The adsorption of inhibitor molecules on the MS 

surface is discussed in more detail and the existence 

of electrostatic and chemical interactions are 

confirmed by PZC results. 

6. -30.11 kJ mol-1 is found for ∆Go
ads. Negative sign 

shows the spontaneous adsorption. 

7. SEM and AFM images confirm the existence of 

inhibition by 2-DMT due to obtaining smooth 

surface. 

8. Quantum chemical calculation manifested that 

adsorption ability of inhibitor molecule is due to 

dipol moment and high value of ΔN.  
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