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Valorization of 1, 12-bis (4-amino-3-methyl-1, 2, 4-triazole)-5-S-
dodecane on the corrosion of Bronze in 3.5% NaCl solution 

ABSTRACT 
The present study aimed to investigate the effect of a new triazole derivative, 1,12-bis(4-amino-3-
methyl-1,2,4-triazole)-5-S-dodecane (dTC12)wassynthesized and characterized by NMR 
spectroscopy. The inhibition of dTC12 corrosion for Bronze in 3.5% NaCl solution was performed 
using potentiodynamic polarization and electrochemical impedance spectroscopy. The 
experimental results showthat the inhibitor effectively reduces the bronze B66 corrosion ratewhen 
themetal is directly immersed in the 3.5% NaCl solution containing dissolved inhibitor molecules. 
Polarization data indicates that the examined dTC12 acts as a mixedtype of inhibitor.  The inhibit 
efficiency increases with increasing inhibitor concentration and immersion time in an aggressive 
medium. EIS results show that the change in impedance parameters with the concentration of 
inhibitor studied is indicative that the dTC12 acts by forming a thick film on the metal surface. 
This study is accomplished by in-depth theoretical calculations exploitation strategies supporting 
density functional theory (DFT/B3LYP) and molecular dynamics (MD) simulations. 
Keywords: Bronze B66, Corrosion, Inhibition, dTC12, Density Functional Theory, Molecular 
Dynamics 

 

1. INTRODUCTION  

Bronze, a copper-based alloy, is widely used in 
marine engineering, architectural structures, 
industrial equipment, and cultural heritage artifacts 
due to its good mechanical strength, electrical 
conductivity, and relatively high corrosion resis-
tance. However, when exposed to aggressive 
environments, particularly chloride-containing me-
dia such as seawater or saline atmospheres, 
bronze alloys can undergo significant corrosion 
degradation. Chloride ions can penetrate the 
naturally formed oxide layer on the alloy surface 
and accelerate electrochemical reactions respon-
sible for metal dissolution and patina formation. 
The formation and characterization of corrosion 
products on bronze surfaces have been widely 
investigated because they directly influence the 
durability of bronze materials and the preservation 
of archaeological metallic artifacts [1,2]. 
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Several protection strategies have been 
proposed to mitigate corrosion of copper and its 
alloys, including protective coatings, cathodic 
protection, and the use of corrosion inhibitors. 
Among these approaches, organic corrosion 
inhibitors represent one of the most practical and 
efficient methods due to their ease of application, 
relatively low cost, and high inhibition performance 
[3,4]. Organic inhibitors generally contain 
heteroatoms such as nitrogen, oxygen, or sulfur as 
well as aromatic rings or conjugated π-electron 
systems that facilitate adsorption on the metal 
surface and the formation of a protective barrier 
against corrosion [5]. 

Various classes of organic compounds have 
been investigated as corrosion inhibitors for copper 
and its alloys, including amines, imidazoles, 
pyridines, thiols, and azole derivatives [5,6]. Among 
them, azole-based compounds have been widely 
reported as highly effective corrosion inhibitors 
because of their ability to coordinate with copper 
atoms and form stable adsorption layers on the 
metal surface [6]. In particular, triazole derivatives 
have attracted considerable attention due to the 
presence of several nitrogen atoms within the 
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heterocyclic ring, which enhances their adsorption 
capability and interaction with metallic surfaces [7]. 

Several studies have demonstrated the 
effectiveness of triazole derivatives in inhibiting 
corrosion of copper and bronze alloys in chloride 
media. For example, Rahmouni et al. reported the 
significant inhibition performance of 3-methyl-1,2,4-
triazole-5-thione for copper corrosion in NaCl 
solution containing sulphide ions [8]. Similarly, 
Chebabe et al. investigated the corrosion inhibition 
of bronze B66 in NaCl solution using 4-amino-3-
methyl-1,2,4-triazole-5-thione, showing that the 
inhibitor effectively reduces the corrosion rate due 
to its adsorption on the metal surface [9]. 
Comparative studies performed by Benassaoui et 
al. further confirmed the efficiency of triazole 
derivatives for the protection of bronze alloys in 
chloride environments [10]. 

Other aminotriazole derivatives have also been 
reported as efficient inhibitors for copper alloys in 
saline media, showing strong adsorption properties 
and improved electrochemical behavior [11]. 
Recent studies have also highlighted the 
effectiveness of triazole derivatives as corrosion 
inhibitors for copper in chloride solutions through 
combined experimental and theoretical approaches 
such as density functional theory (DFT) and 
molecular dynamics simulations [12–15]. 

Despite the extensive research on triazole 
compounds, the development of new derivatives 
with improved inhibition efficiency remains an 
important research objective. In particular, 
molecules containing multiple heteroatoms and 
extended molecular structures may enhance 
adsorption strength and surface coverage, leading 
to improved corrosion protection. However, limited 
studies have investigated triazole derivatives 
containing long-chain sulfur-linked structures and 
multiple triazole functional groups for the corrosion 
protection of bronze alloys in chloride 
environments. 

Therefore, the objective of the present work is 
to investigate the corrosion inhibition performance 
of a newly synthesized heterocyclic compound, 
1,12-bis(4-amino-3-methyl-1,2,4-triazole)-5-S-
dodecane (dTC12), for bronze B66 in near-neutral 
3.5% NaCl solution. The inhibitor was synthesized, 
purified, and characterized using ¹H and ¹³C NMR 
spectroscopy. The corrosion behavior of bronze in 
the absence and presence of the inhibitor was 
evaluated using potentiodynamic polarization and 

electrochemical impedance spectroscopy (EIS). 

The obtained results show that the inhibition 
efficiency increases with inhibitor concentration and 
immersion time, reaching approximately 90% at 

10⁻³ M, indicating the formation of a protective 
adsorbed film on the metal surface. In addition, 
theoretical calculations based on density functional 
theory (DFT) and molecular dynamics (MD) 
simulations were carried out to better understand 
the electronic properties and adsorption 
mechanism of the inhibitor molecules on the 
bronze surface. 

2. EXPERIMENTAL 

2.1. Material 

The material used as the working electrode is 
bronze B66, its composition is given in Table1. 

Table.1. Chemical composition of bronze B66 [16] 

Element Sn Pb Ni Zn Cu 

Phase I  
(Wt %) 

5.12 0.59 0.39 0.79 93.11 

Phase II  
(Wt %) 

21.29 1.69 0.38 0.29 76.35 

2.2. Electrolytic medium 

The aggressive solution (3,5% NaCl) was 
prepared by dilution of 35 g of NaCl with distilled 
water. This medium was used to increase the 
corrosive action of the solution. 

2.3.Inhibitor tested 

The 1,12-bis(4-amino-3-methyl-1,2,4-triazole)-
5-S-dodecane is prepared in our laboratory by the 
condensation of 4-amino-3-methyl-1,2,4-triazole-5-
thione and dodecane bromide. The resultant 
product characterized and identified by 1H NMR, 
13C NMR (Fig. 1) [17]. 

 

Figure 1. Molecular chemical structure of 1,12-
bis(4-amino-3-methyl-1,2,4-triazole)-5-S-dodecane 

This product was classified by 1H NMR, 13C 
NMR spectroscopy. 

 

Spectral characteristics: 

1H NMR (300 MHz, DMSO):δ = 1.21-1.63 (m, 21H,(CH2)12 ); 2.25; 2.27 (d, 3H,  CH3), 3.042 (t, 2H, 
CH2α), 5.7; 5.72 (d, 1 H, NH2). 

13C NMR (75,47 MHz, DMSO): 
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 Alkyl chain:  

δ = 28.45; 28.92; 29.31; 29.56; 31.69. 

 1,2,4-triazole: 

δ = 10.23 (CH3), 151.17 (C3, Har), 153.45 (C5). 

2.4. Electrochemical measurements  

Electrochemical measurements were perfor-
med in a three-electrode cell. As the reference 
electrode was a saturated calomel electrode, the 
counter electrode was platinum, and the working 
electrode was used bronze electrode. The surface 
of contact with the corrosive solution is 0.78 cm². 
Before each test, the working electrode is polished 
using successive grits of emery paper (400; 600 
and 1200), cleaned with acetone, washed with 
double-distilled water and finally dried with hot air.  

The stationary measurements were carried out 
in potentiodynamic mode using a potentiometer / 
galvanostat SP-200 "biologic Science instruments". 
The working electrode is previously kept immersed 
at the free corrosion potential for one hour. The 
scanning speed is 1mV/s. The determination of the 
electrochemical parameters (icorr, Ecorr, βa and 
βc) from the polarization curves is done using a 
nonlinear regression by the original software 6.0. 
Thus, the inhibitory efficiency is calculated from the 
following formula: 

𝐸(%) =
𝐼𝑐𝑜𝑟𝑟

0 − 𝐼𝑐𝑜𝑟𝑟

𝐼𝑐𝑜𝑟𝑟
0

𝘹 100 

Where 𝐼𝑐𝑜𝑟𝑟
0  and 𝐼𝑐𝑜𝑟𝑟 are the corrosion current 

densities obtained respectively without and with 
inhibitor. 

Electrochemical impedance diagrams were 
plotted using the same instrument with a signal 
amplitude (10 mV). The frequency range explored 
varies from 100 KHz to 10 MHz. The simulation of 
the interface by an equivalent electrical circuit 
using the Ec-Lab simulation program was carried 
out. 

The inhibitory efficacy was evaluated using the 
following equation: 

𝐸(%) =
𝑅𝑡(𝑖𝑛ℎ) − 𝑅𝑡

𝑅𝑡(𝑖𝑛ℎ)
𝘹 100 

Where 𝑅𝑡and 𝑅𝑡(inh) are the charge transfer 
resistance respectively without and with inhibitors. 

2.5. Computational details 

All quantum calculations were performed by DFT 
with Becke’s three-parameter exchange functional 
along with the Lee-Yang-Parr nonlocal correlation 
functional (B3LYP) [18] with the 6-311G++(d,p) 
basis set as implemented in Gaussian 03. 

For an N-electron system with total energy E, 
qualitative chemical concepts electronegativity (χ) 

and hardness(η) are defined as the following first-
order and second-order derivatives [19]. 

= -(EHOMO+ELUMO)/2 

η = ELUMO - EHOMO 

∆𝑁 =


𝐶𝑢
− 

𝐼𝑛ℎ

2(𝜂𝐶𝑢 + 𝜂𝐼𝑛ℎ)
 

ΔEG = ELUMO - EHOMO 

From the values of the total electronic energy, 
the ionization potential (I) and electron affinity (A) 
and the number of transferred electrons (∆N) of the 
inhibitors are calculated using the following 
equations. 

𝐼 = −𝐸𝐻𝑂𝑀𝑂 

𝐴 = −𝐸𝐿𝑈𝑀𝑂 

ΔEbd=- η/4 

The Forcite module from Accelrys Inc. 
simulates the adsorption behavior. The surface 
Cu111was chosen to simulate the adsorption 
process. The simulation of the interaction was 
carried out in a simulation box (2.3 × 2.3 × 3.84 
nm) with periodic boundary conditions. Cutoff 
distance was 1.25 nm. Six layers of copper atoms 
were used to ensure that the depth of the surface 
was greater than the non-bond cutoff used in 
calculation. COMPASS forcefield was chosen to 
optimize the structures of all components of the 
system. The molecular dynamics simulation was 
carried out under 298 K, NVT ensemble, with a 
time step of 1 fs and simulation time of 1000 ps. 

3. RESULTS AND DISCUSSION 

3.1. Electrochemical study 

3.1.1. Current-Potential curves 

The polarization curves obtained for bronze 
B66 in the presence of dTC12 after 1 h of 
immersion at Ecorr are presented in Fig. 2. The 
curves recorded in the presence of the inhibitor 
were compared with those obtained in its absence 
in order to elucidate the inhibition mechanism of 
dTC12. 

In the absence of inhibitor, the cathodic branch 
exhibits a mixed kinetic control near the corrosion 
potential. At higher cathodic overpotentials (E< 
−0.65 V/ECS), a limiting current density is obser-
ved, corresponding to the diffusion-controlled 
reduction of dissolved oxygen according to the 
following reaction [20]: 

2H₂O + O₂ + 4e⁻→ 4OH⁻ 

Previous studies have shown that the corrosion 
process of bronze B66 in aerated neutral media is 
governed by a mixed kinetic mechanism involving 
both charge transfer and diffusion processes [21]. 
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In the presence of dTC12, a significant 
decrease in current density is observed over the 
entire potential range. This reduction is attributed to 
the adsorption of inhibitor molecules on the bronze 
surface through their heteroatoms and π-electron 
systems, leading to the formation of a protective 
film that blocks active corrosion sites [22]. 

The cathodic reaction remains mainly 
controlled by oxygen reduction, which is the 
dominant process in aerated chloride media [13–
15]. At more negative potentials, a slight increase 
in current density is observed, which can be 
attributed to the onset of hydrogen evolution (water 
reduction), although its contribution remains limited 
[8,22]. 

In the anodic domain, the polarization curves 
obtained in the presence of dTC12 are similar to 
those recorded in the absence of inhibitor, 
indicating that the inhibitor does not significantly 
affect the anodic dissolution mechanism of bronze. 
However, a slight decrease in anodic current 
density is observed for all concentrations, 

suggesting partial surface coverage and a weak 
blocking effect on anodic active sites [23]. 

A small shift of the corrosion potential (Ecorr) 
toward more positive values is observed in the 
presence of dTC12. However, this shift remains 
limited, and the more pronounced changes 
observed in the cathodic branch indicate that the 
inhibition mechanism is predominantly controlled 
by cathodic processes. Therefore, dTC12 can be 
classified as a predominantly cathodic-type 
inhibitor in chloride media [9,11,12]. 

Overall, the inhibition effect of dTC12 is mainly 
attributed to its adsorption on the metal surface, 
which reduces the number of active sites available 
for oxygen reduction and consequently decreases 
the overall corrosion rate. This behavior is 
consistent with previous studies on triazole-based 
inhibitors, where adsorption and protective film 
formation govern the inhibition performance 
[2,11,12]. 

The electrochemical parameters drawn from 
these two curves are shown in Table 2. 

 

Figure 2. Effect of dTC12 concentration on the cathodic and anodic curves of bronze B66 in 3.5% NaCl 

Table 2.Electrochemical parameters of B66 bronze polarization curves in 3.5% NaCl medium in the 
absence and presence of different concentrations of dTC12 

 

Cathodic domain Anodic domain 

IE (%) Ecorr 

(mV) 

icorr 

(µA.cm-2) 

bC 

(mV/dec) 

Ecorr 

(mV) 

icorr 

(µA.cm-2) 

ba 

(mV/dec) 

3.5%NaCl 0 -233 7.85 -13.3 -230 7.85 39.2 --- 

Inhibitor  

(dTC12) 

10-4 -177 2.68 -18.3 -160 1.46 26 65.8 

5.10-4 -160 1.24 -18.6 -177 1.32 28.5 84.5 

10-3 -192 0.85 -35.5 -157 1.30 20.4 89.4 

 

From the results obtained in Table 2, we 

conclude that: 

 In the anodic domain, corrosion current 
densities (Icorr) decrease as the concentration 
in dTC12 increases. It is shifting the 7.85 

µA.cm-2 in absence of an inhibitor [2] to 1.3 
µA.cm-2 in the presence of 10-3M of inhibitor. 

 In the cathodic domain, the addition of dTC12 
slightly changes the Ecorr values towards more 
cathodic values, and we note that the inhibitory 
efficacy E(%) hardly changes with increasing 
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inhibitor concentration. This result clearly 
indicates that dTC12 has no anodic effect. 
Therefore, it can be classified as a cathodic 
inhibitor in the marine environment. 

3.1.2. Electrochemical impedance measurements 

3.1.2.1. Effect of dTC12 Concentration 

The study of the electrochemical behavior of 
B66 bronze corrosion in a 3.5% NaCl medium in 
the presence of dTC12 was also carried out by 
electrochemical impedance spectroscopy. The 
results obtained using this technique in a 3.5% 
NaCl medium containing different concentrations of 
inhibitor are shown in Nyquist diagrams (Fig.3). 

From this figure, we observe that: 

In the absence of an inhibitor, the impedance 
diagram observed after 60 minutes of immersion at 

the free corrosion potential of the B66 / NaCl 
interface indicates the presence of two capacitive 
loops.One at high frequencies related to the 
transfer of charge and one at low frequencies 
corresponds to surface heterogeneity.The model 
includes both charge transfer and faradic reactions 

above the surface, and it is widely reported in 

the literature for the investigation of copper 

alloys in NaCl aqueous solutions [23–25]. 

In the presence of an inhibitor, it is noted that 
the impedance diagrams registered are open semi-
circles, lowly flat at high frequencies, showing a 
capacitive behavior of the sample in 
3.5%NaCl.These diagrams show two capacitive 
loops with an increase in polarization resistance as 
a function of concentration. 

 

Figure 3. B66 bronze impedance spectra in 3.5% NaCl without and with addition of dTC12 for 
different concentrations of dTC12 

The characteristic parameters associated to this impedance diagrams are given in Table 3. 

Table.3. Electrochemical parameters of(Fig. 3)impedance diagrams. 

dTC12 
Re 

(Ohm.cm²) 

Rf 

(Ohm.cm²) 

Cf 

(µF.cm-²) 

Rt 

(Ohm.cm²) 

Ct 

(μF.cm-²) 

Rp 

(Ohm.m²) 
IE% 

0M 9,10 --- --- 1190 264 3,86 --- 

10-4M 9,23 6,21 12 ,78 926 142 1362,2 12 

510-4M 8,60 9,64 1,51 1021,6 58,31 6126 80 

10-3M 9,05 120,2 0,44 1317,7 10,52 12613 90 

 

From Table 3, it can be noted that the Rp 
resistance increases with the inhibitor 
concentration, from 1190 Ω.cm2 in the absence of 
an inhibitor [26] to 12613 Ω.cm2 in the presence of 
10-3 M in dTC12.The capacity associated with the 

high-frequency loop is very low so that it is 
allocated to the double layer for which the order of 
magnitude is generally a few tens of micro-farads, 
confirms the establishment of a relatively thick and 
compact film inhibitor on the metal surface [27]. 
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The inhibition efficiency increases with the 

concentration of inhibitor; it reaches 90% for a 

concentration of 10-3 M in dTC12. 

 

Figure 4. Electric equivalent circuit 

These results are in good agreement with 

those found using stationary polarization curves. 

According to this observation, the following 

electrical equivalent circuit was proposed in (Fig.4). 

3.1.2.2. Influence of immersion time 

(Fig. 5) shows the electrochemical impedance 

diagrams of bronze in 3.5% NaCl medium, 

represented in the Nyquist plane, in the presence 

of 10-3M of dTC12 for different immersion times. 

 

Figure 5. Niquist plots of the impedance data obtained from the bronze electrode exposed for different 
times to the 3.5% NaCl solution with 10-3 M dTC12 

 

The Nyquist plots in (Fig.5)show that the 

diameter of the capacitive loopsincreases with 

immersion time, which implies that the bronze 

surface resistance improves with immersion time. 

The result is consistent with more corrosion 

products being deposited on the bronze surface 

and forming a relatively inert surface barrier at the 

bronze- solution interface. 

3.2. Isotherm Adsorption 

One of most method to determine the type of 

molecules adsorption is the Langmuir adsorption 

isotherm, which defined by the following equation 

[13],where the 𝐶𝑖𝑛ℎ the inhibitor concentration and  

is thesurface coverage. 

𝐶𝑖𝑛ℎ

𝜃
=  

1

𝑏
 +   𝐶𝑖𝑛ℎ 

Plotting of the Cinh/ versus the Cinh give a 

linear form, the result is given in the (Fig.6). 

The linearization of the plot with R² equal to 

0.99 suggest that the adsorption of the inhibitor 

molecules by forming a monolayer and no 

interaction between the inhibitor molecules. The 

standard adsorption energy calculated by using the 

below relation, where the R is the ideal gas 

constant, T is the temperature of the test equal to 

298K and K is the inverse of the intercept the linear 

plot and the y axe [27-29]. 

𝑮𝒂𝒅𝒔
°  = RTLn(55.5*K) 

The  = -38.52 Kj/mol means the inhibitor 

molecules form a chemical and physical links with 

the electrode surface. This type of adsorption 

called mixed between physical and chemical 

adsorption. 

0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000

0

2000

4000

6000

8000

10000

12000

14000

2,45Hz

0,015Hz

0,01Hz

0 100 200 300 400 500 600 700

0

400

800

 

 

-Im
(o

hm
.c

m
2 )

Re(ohm.cm
2
)

 

 

 1h

 2h

 6h

 8h

 24h

 48h

-I
m

(o
h

m
.c

m
2 )

Re(ohm.cm
2
)



H. Benassaoui et al. Valorization of 1, 12-bis (4-amino-3-methyl-1, 2, 4-triazole)-5-S-dodecane ... 

ZASTITA MATERIJALA 67 (2026) broj  7 

 

Figure 6. Langmuir plot of the bronze in the 3.5% NaCl solution 

 

3.3. Quantum study 

3.3.1. DFT Calculation 

DFT is perf rmed to determine the HOMO and 
the LUMO distribution for the neutral and proton 
form. (Fig. 7)shows the result for this study. These 
results indicate that the electronic cloud of the 
proton IS biggest than the neutral form. Also, the 
donor-acceptor sites are localized around the 
heteroatoms (1,2,4-triazole ring)[30].  

In addition, ESP maps for the two forms 

confirmed the HOMO and LUMO (Fig.8) 

observation because the electrophile and the 

nucleophile activate are located around the 

heteroatoms. While the red color indicates, the 

nucleophilic activity and blue indicate the 

electrophilic activity. 

 

Figure 7. LUMO and HOMO orbitals of the neutral and protonforms of the dTC12 and the copper 

 

Figure 8. ESP distribution of the neutral (a) and proton (b) forms of the dTC12 
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The computed molecular properties, including 
EHOMO, ELUMO, ∆ELUMO–HOMO, dipole moment (µ), 
molecular volume (V), ionization potential (I), 
Electronegativity (χ),and fraction of transferred 
electrons (∆N), are listed in table 4. As seen from 
the table, the positive ∆N value indicates that the 
electron transfer from the inhibitor molecule to the 
copper surface is available [31]. 

Table 4. DFT calculation parameters 

Parameter Neutral form Proton form 

EHOMO -5,726 -6,182 

ELUMO -0,610 -1,287 

Electronegativity (χ) 3,168 3,735 

Gap energy (ΔEG) 5,116 4,895 

Hardness (η) 5,116 4,895 

Fraction of electrons 
transferred (ΔN) 

0,375 0,334 

Back-donation (ΔEbd) -1,279 -1,224 

In frontier molecular orbital theory, the inhibition 
efficiency of the inhibitor is closely related to the 
HOMO and LUMO It is known that EHOMO is often 
associated with the electron-donating ability of the 
inhibitor molecule, the higher values of EHOMO, the 

greater ease of donating electrons to the 
unoccupied d orbital of metal. Whereas, ELUMO 
indicates the ability of the molecule to accept 
electrons. So the lower the value of ELUMO, the 
more probable that the molecule would accept 
electrons. Thus, higher EHOMO and lower ELUMO 
values generally enhance the inhibition efficiency. 
Moreover, the smaller value of ELUMO− EHOMO 

energy gap (∆E) for a protonated form, the higher 
the inhibition efficiency of that form. While the 
protonated form covers the good inhibition effect. 

From table 4, the protoned form smeller value 
of the fraction of electrons transferred, Hardness 
and Back-donation, in addition, it has the biggest 
value of electronegativity. These results confirmed 
that the protonated form covers good inhibition 
efficiency. 

3.3.2. Dynamic molecular  

Molecular dynamics simulations were perfor-
med to study the adsorption behavior of specific 
inhibitor molecules onCu111 surface. The close con-
tacts between the inhibitor molecules and copper 
surface as well as the best adsorption configura-
tions for the compounds were depicted in (Fig.9). 

 

 

Figure 3. Paired correlation function of the dTC12/Cu111 surface 
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In addition, the adsorption behavior (i.e., 
chemical or physical adsorption) was evaluated 
from pair correlation function g(r) analysis using 
Forcite calculation code [27]. The intense peak(Fig. 
9) occurred from 1Å up to 3.5Å, which is 
considered an indication of small bond length. This 
correlates to chemical adsorption, while physical 
adsorption is associated with an intense peak that 
is longer than 3.5Å [32].  

It could be noticed that inhibitor adsorbed 
nearly parallel to the copper surface through 
donation of π electrons of the benzene rings and 
the lone pair of the heteroatoms to the metal. The 
average centroid distance (d) between inhibitors 
and the Cu111 surface is also shown in (Fig.10). 
The distance of dTC12 is short; this is due to 
triazole ring. 

 

Figure 40. Top and side view 

 

4. CONCLUSION 

The 1,12-bis(4-amino-3-methyl-1,2,4-triazole)-

5-S-dodecane (dTC12) molecule, was evaluated as 

corrosion inhibitors for B66 bronze corrosion in 

NaCl 3.5% using electrochemical methods, and 

computation calculations. In the study, the following 

conclusions were drawn: 

 dTC12 displayed good protection efficiency for 
bronze corrosion in 3.5% NaCl and its 
performance increases with concentration and 
reinforced with immersion time.  

 Polarization study suggested that dTC12 acted 
as cathodic-type inhibitor. 

 EIS study suggested that dTC12 adsorb at 
interface using its electron-rich centers and 
acted as interface types of inhibitors. Its 
adsorption increased the values of polarization 
resistance. 

 DFT study suggested that dTC12 interacted 
using donor-acceptor interactions in which 
electron-rich centers acted as sites for 
interactions. 

  MD simulations showed that dTC12 strongly 

and spontaneously adsorbed over the metallic 

surface using flat or horizontal orientations. 
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IZVOD 

VALORIZACIJA 1,12-BIS(4-AMINO-3-METIL-1,2,4-TRIAZOL)-5-S-DODEKANA NA 
KOROZIJU BRONZE U 3,5% RASTVORU NaCl, EKSPERIMENTI I TEORIJSKA STUDIJA 

Cilj ove studije bio je ispitivanje efekta novog derivata triazola, 1,12-bis(4-amino-3-metil-1,2,4-
triazol)-5-S-dodekana (dTC12), koji je sintetisan i okarakterisan NMR spektroskopijom. Inhibicija 
korozije bronze izazvana dTC12 u 3,5% rastvoru NaCl izvršena je korišćenjem potenciodinamičke 
polarizacije i elektrohemijske impedansne spektroskopije. Eksperimentalni rezultati pokazuju da 
inhibitor efikasno smanjuje brzinu korozije bronze B66 kada je metal direktno uronjen u 3,5% 
rastvor NaCl koji sadrži rastvorene molekule inhibitora. 
Podaci o polarizaciji ukazuju na to da ispitivani dTC12 deluje kao mešoviti tip inhibitora. Efikasnost 
inhibicije raste sa povećanjem koncentracije inhibitora i vremena uranjanja u agresivnu sredinu. 
Rezultati EIS-a pokazuju da promena parametara impedanse sa koncentracijom proučavanog 
inhibitora ukazuje na to da dTC12 deluje formiranjem debelog filma na površini metala. 
Ova studija je postignuta detaljnim teorijskim proračunima i strategijama eksploatacije koje 
podržavaju teoriju funkcionala gustine (DFT/B3LYP) i simulacije molekularne dinamike (MD). 
Ključne reči: Bronza B66, Korozija, Inhibicija, dTC12, Teorija funkcionala gustine, Molekularna 
dinamika 
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