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Abstract  

This work presents an in-depth analysis of the inhibitory effects of thiocarbohydrazide (TCH) 

on the corrosion behavior of brass (60Cu-40Zn) in 3% NaCl solution similar to seawater using 

electrochemical measurements (electrochemical impedance spectroscopy and potentiodynamic 

polarization), scanning electron microscopy (SEM) and quantum chemistry calculations (DFT, 

MC, MD). The study’s intent is to evaluate the possibility of using this molecule as an inhibitor 

for brass. The experimental results indicate that TCH has a very good corrosion inhibiting 

property toward brass in 3% NaCl. The calculated inhibition efficiency was 92.81% for a 

maximum concentration studied, namely, 1 mM TCH. Acceptable correlations were obtained 

between the inhibition efficiency and the calculated quantum chemical parameters. Studies of 

the temperature effect confirmed that the adsorption of TCH to the surface of brass is consistent 

with the Langmuir adsorption isotherm in the temperature range used. In addition, we found 

that this compound is characterized by a chemisorption process. Thermodynamic variables and 

activation energy values were determined and interpreted. The density functional theory (DFT) 

calculations, electrostatic potential surface (EPS), Monte Carlo (MC) and radial distribution 

function (RDF) simulations were achieved to obtain more insights about the adsorption 

mechanism of TCH towards the 60Cu-40Zn brass alloy (BA) surfaces. Moreover, the standard 

free adsorption energies 0
adsG  obtained suggest strong adsorption of the inhibitor to the metal 

surface. The presence of TCH on active sites on the brass surface was confirmed experimentally 

by SEM analysis.  
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1. Introduction 

Copper and its alloys are very important materials. They exhibit remarkable corrosion 

resistance in neutral aggressive media, high formability, as well as high electrical and 

thermal conductivity [1–7]. They are commonly used in condensers and heat exchangers in 

power plants [2, 6]. Recently, copper alloys, especially brass, are widely used in water 

distribution systems for the manufacture of fasteners, tubing and in shipbuilding [2, 3]. 

However, its corrosion depends on the environment it is immersed in and on other factors 

such as the presence of corrosive ions such as chloride ions and sulphide ions present in 

solution or the presence of oxygen [8, 9]. The selective corrosion of brass is basically a 

process of dezincification which occurs due to the difference in nobility between Cu and Zn 

(Cu is nobler than Zn). Therefore, Zn will corrode first and to form a porous structure rich 

in Cu with decreased mechanical properties [4]. Generally, a corrosive attack can be 

mitigated by using inhibitors or controlling the pH, so research shows that compounds that 

comprise nitrogen, sulfur and oxygen atoms are effective inhibitors for brass corrosion. 

These complex compounds act by forming a protective film on the brass surface [1]. 

In this investigation, a concentration of 1 mM TCH was used, which is at times 

employed in industry [8]. Moreover, 3% by weight is an ordinary concentration of NaCl 

used in corrosion inhibitor studies, which in turn enables a highly corrosive environment to 

clearly show the effective behavior of TCH against brass corrosion. 

In this article, the phenomenon of brass corrosion was studied in a corrosive solution 

(3% NaCl). The aim was to examine the influence of different TCH concentrations and 

temperature on the corrosion behavior using electrochemical impedance spectroscopy (EIS), 

potentiodynamic polarization, and open circuit potential (OCP) measurements to elucidate 

the phenomenon of brass corrosion. The adsorption behavior of TCH onto BA surfaces was 

highlightted using DFT, ESP, MC and RDF calculations. 

2. Experimental 

2.1. Inhibitor tested 

The compound tested as a corrosion inhibitor is thiocarbohydrazide as a technical-

commercial inhibitor of “FLOCKA” grade. The chemical structure of this compound is as 

shown in figure 1. 

 
Figure 1. Structure of the inhibitor tested. 
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2.2. Sample composition 

The brass electrode used in these tests has an elemental composition of (% by weight): 

60.61% Cu, 39.19% Zn, 0.12% Al and 0.08% Si and a contact area of 0.78 cm2. To ensure 

proper electrical connection for electrochemical testing, it was soldered to pure copper wire 

and coated with epoxy resin. Before each test, the electrodes were manually polished with 

emery paper, rinsed with double-distilled water, and dried. 

2.3. Solution 

The NaCl solution (3% by weight) was made by dissolving sodium chloride in distilled 

water. 

2.4. Electrochemical techniques 

The electrochemical measurements were carried out in a conventional three-electrode cell 

(Potentiostat model PGZ101): a saturated calomel electrode (SCE) was the reference 

electrode; a graphite rod was the counter electrode, and brass was the working electrode. 

The electrochemical workstation was connected to a computer and equipped with Volta 

master software (4). EIS measurements were made at a series of frequencies from 100 kHz 

to 10 mHz. 

After one hour of immersion, an EIS measurement was carried out. Then the 

polarization plots were recorded at a scanning rate of 1 mV/s and in the range from 1000 mV 

to 400 mV. 

2.5. SEM/EDX 

The brass samples from this study were immersed in the aggressive 3% NaCl solution in the 

absence and in the presence of the TCH inhibitor and at the maximum concentration studied 

(1 mM TCH) for 24 hours. Then, the surface was studied by the Quanta 200 FEI Company 

scanning electron microscopy coupled to EDS. 

2.6. Theoretical procedure 

The optimized structure of TCH was calculated using the DFT method [9] with the 6-

311G++ (2d,2p) basis [10] and the B3LYP functional [11] utilizing Gaussian 09 software 

[12]. As for BA surfaces, their optimization was done employing the Gaussian 09 suite 

integrated in Material studio Biovia version 8.0 with the same basis and functional as 

indicated above. The most nucleophilic centers and the most electrophilic centers for all 

TCH atoms were determined in terms of Mulliken atomic spin density (MASD) analysis [13] 

using nucleophilic P– and electrophilic P+ Parr indices. Additionally, the reactive areas of 

the TCH inhibitor studied were estimated from the ESP analysis. The MC simulation 

interface (TCH–BA) was applied in 3% NaCl solution (10Na+, 10Cl–, 100H2O) using the 

adsorption locator module and the COMPASS II force field integrated to the Materials 
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Studio version 8 software [14]. The analysis RDF was performed for the most favorable 

interface using Forcite calculation code.  

3. Results and Discussion 

3.1. Concentration effect 

3.1.1. Polarization curve 

The corrosion behavior of brass in 3% NaCl was analyzed by potentiodynamic polarization 

curves. As expected, all cathodic and anodic polarization plots were recorded after 1 hour of 

immersion at the free corrosion potential. The impact of TCH at various concentrations was 

examined. The values of the associated electrochemical parameters are displayed in table 1. 

The cathodic and anodic curves of the Cu-40Zn alloy in 3% NaCl solution in the 

absence and in the presence of TCH are shown in Figure 2. Analysis of the figure and the 

table reveals the following points. 

In the cathodic domain: Corrosion current density (icorr) decreased with increasing TCH 

concentration which caused the corrosion potential to shift towards negative values. The 

curve shows a current diffusion plateau, indicating the influence of mass transport in the 

cathodic process. The reduction of oxygen observed in the cathodic domain is a mixed 

process (diffusion/activation) at the corrosion potential [6]. From Table 1, it is noted that the 

corrosion current density varies from 10.20 μA·cm–2 without the inhibitor to 0.94 μA·cm–2 

at 1 mM TCH concentration. 

 
Figure 2. Polarization curves in the cathodic and anodic domain for the samples of brass in 

NaCl 3% at TCH concentrations ranging from 0 to 1 mM. 

In the anodic domain: In the presence of TCH, the anodic curves shifted towards 

negative potentials with a passive zone between –0.2 and 0 V/SCE at the various 

concentrations of TCH. As the concentration of TCH inhibitor increased, the performance 

of the passivation film gradually increased. Addition of a maximum concentration studied 
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of the TCH inhibitor (1 mM) caused a maximum decrease in icorr to 0.79 μA·cm–2. At the 

highest concentration of TCH, the inhibition efficiency reached a maximum value of 

91.51%. 

Table 1. Electrochemical parameters from polarization measurements on 60Cu-40Zn alloy at various TCH 

concentrations. 

[TCH] 

Cathodic branch Anodic branch 

IE % 
Ecorr 

(mV/SCE) 

icorr 

(μA/cm2) 

bc 

(mV/dec) 

Ecorr 

(mV/SCE) 

icorr 

(μA/cm2) 

ba 

(mV/dec) 

0 mM –260 10.20 –296 –259 9.30 92 – 

0.05 mM –264 2.07 –264 –270 1.36 116 85.37 

0.1 mM –275 1.52 –255 –280 1.21 124 86.99 

0.5 mM –280 1.27 –230 –287 1.04 135 88.82 

1 mM –290 0.94 –184 –299 0.79 136 91.51 

3.1.2. Electrochemical impedance spectroscopy 

The corrosion mechanism of brass in 3% NaCl solution similar to seawater in the presence 

of TCH was studied by electrochemical impedance spectroscopy technique at room 

temperature. 

Figure 3 below shows the Nyquist and Bode plots of the Cu-40Zn alloy in aggressive 

3% NaCl solution without and with different concentrations of the TCH inhibitor after 1 hour 

of stabilization time and Table 2 contains parameters such as double layer capacitance (Cdl), 

charge transfer resistance (Rct), and inhibition efficiency (IE). As a reminder, the IE of TCH 

was calculated by relation (1): 

 
pp(inh)

p(inh)

–
% 100

R R
IE

R
=   (1) 

where Rp and Rp(inh) are the polarization resistance without and with the inhibitor, 

respectively. 
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Figure 3. Electrochemical impedance plots generated at the interface 60Cu-40Zn/3% NaCl at 

different concentrations of TCH. 

Table 2. Electrochemical impedance parameters of 60Cu-40Zn alloy in aggressive 3% NaCl solution 

without and with different concentrations of the TCH inhibitor. 

[TCH] 
Rf 

(kΩ·cm2) 

Cf 

(µF·cm–2) 

Rct 

(kΩ·cm2) 

Cdl 

(µF·cm–2) 
ndl IE, % 

0 mM – – 1.42 112.10 0.67 – 

0.05 mM 3.10 2.05 8.82 45.11 0.72 83.90 

0.1 mM 5.22 1.21 13.58 29.30 0.78 89.54 

0.5 mM 4.93 1.29 17.61 22.59 0.75 91.94 

1 mM 6.24 1.02 19.76 20.13 0.81 92.81 

The plots show a single capacitive loop in the absence of TCH inhibitor and two 

capacitive loops in its presence [15]. The diameter of the low-frequency capacitive loop 

increases from 1.42 kΩ·cm2 in the absence of the inhibitor to 19.76 kΩ·cm2 in the presence 

of 1 mM TCH. The values of Rct and Cdl change from 8.85 kΩ·cm2 45.11 µF·cm–2 to 

19.76 kΩ·cm2 and 20.13 µF·cm-2, respectively. These variations confirm that the presence 

of TCH retards the corrosion rate and the film of products created on the surface of the brass 

electrode becomes more protective in the presence of 1 mM TCH. While Rct values 

increased, in contrast, Cdl values decreased with an increase in the inhibitor concentration. 

The change in Cdl may be due either to an increase in the thickness of the electrical double 

layer or a decrease in the local dielectric constant or to both [2, 6, 16, 17]. The maximum 

inhibition efficiency value was 92.81% at 1 mM TCH concentration. 

The corresponding Bode plots of the impedance spectrum of different samples are also 

shown in Figure 3. First, the log |Z | plots of the samples are close to each other, and a single 
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time constant is detected at TCH concentrations between 0.05 mM and 1 mM. At TCH 

concentrations greater than 0.1 mM, a second time constant appears: this behavior is 

observed in the presence of two different contributions. The first one localized at high 

frequencies is associated with the film and the second one, with the charge transfer at the 

interface. As the TCH concentration increased, the traces shifted upward and produced a 

gap, showing that the corrosion resistance capacity increased with the TCH concentration 

[4, 18].  

This confirms that the TCH inhibitor retards the corrosion rate and that the protective 

film formed on the surface of the brass electrode becomes increasingly dense with increasing 

TCH concentration [13]. The equivalent circuit is displayed in Figure 4 to understand the 

inhibition mechanisms that take place at the metal/electrolyte interface. 

 
Figure 4. Equivalent circuit used to fit the EIS data of brass electrode in 3% NaCl without and 

with different concentrations of TCH. 

This equivalent circuit has two-stroke constants in figure 4, in addition to the resistance 

of the solution Rs. The charge transfer resistance (Rct) is connected in parallel to the constant 

phase element (CPEdl, ndl), which represents the low frequency time constant. The second 

high frequency time constant is formed by the film capacitance (Cf) in parallel to the film 

resistance (Rf) [8, 9]. The values of Cf and the double layer capacitance decrease as the 

concentration of TCH increases, which is evident as the film becomes denser at the surface 

of the brass electrode [14]. 

3.2. Adsorption isotherm 

The adsorption mechanism of a compound, e.g., an inhibitor, is controlled by several factors 

such as the chemical structure of the inhibitor, existence of molecular charge, metal charge, 

and aggressive solution. To shed light on the adsorption interaction between the brass surface 

and the TCH inhibitor, the adsorption isotherm was examined [15]. The adsorption isotherm 

found for TCH is plotted in Figure 5. 
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Figure 5. Langmuir adsorption diagram of TCH on brass in 3%NaCl solution. The Langmuir 

adsorption isotherm has a linear regression coefficient (R2) close to 1, which provides the best 

description of the adsorption behavior of TCH on the brass surface.  

The R2 is equal to 0.9999 indicating that the adsorbed molecules occupy only one 

site [1]. The standard free adsorption energies can be calculated using Equation 2: 

 0
ads

1
– ln ln

55.55
G K R T

 
 
 

 = −    (2) 

where R is the universal gas constant; T is the temperature. 

Table 3. The parameters of the Langmuir isotherm with the TCH inhibitor  

Inhibitor K (mol–1·L) R2 
0

ads
G  (kJ·mol–1) 

TCH 175.13 0.9999 –22.76 

The standard free adsorption energies obtained suggests strong adsorption of TCH 

inhibitor to the metal surface. The value of the 0
adsG  of adsorption was negative  

(–22.76 kJ /mol–1), which suggests that the adsorption of TCH at the level of the brass 

surface is a spontaneous process and that it is physicochemical adsorption [5, 15]. 

3.3. Temperature effect 

Temperature studies provide insight into the inhibitory adsorption mechanism by calculating 

the activation energies in the absence and presence of the TCH inhibitor with the intention 
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of analyzing the behavior of this inhibitor at higher temperatures. Consequently, several 

researchers confirm that temperature accelerates the kinetics of chemical reactions, such as 

chemical adsorption and desorption [13, 16]. The polarization curves and the corrosion 

parameters (Ecorr vs. SCE), icorr and IE) in the absence and in the presence of a maximum 

inhibitor concentration studied (1 mM TCH) were studied in the temperature range from 

293 K up to 323 K. The results obtained from the polarization and corrosion parameters at 

different temperatures are presented in Figure 6 and Table 4. 

 

Figure 6. The impact of temperature on the polarization plots of the brass electrode in 3% 

NaCl solution without an inhibitor and at the maximum inhibitor concentration studied 

(1mM TCH). 

In accordance with the polarization plots and Table 4, we observed the disappearance 

of the passive zone in the anodic domain in the presence of TCH when the temperature was 

greater than or equal to 303 K. Thus, icorr increases and IE % decreases with the rise in 

temperature while Ecorr remains almost invariable. This is interpreted by the physical 

adsorption process of the protective layer (the film formed). 

Table 4. Corrosion parameters of a brass electrode in 3% NaCl solution without an inhibitor and in the 

presence of 1 mM of TCH at different temperatures. 

T (K) Ecorr (mV/SCE) icorr (μA/cm2) IE % 

Blank 

293 –259 10.30 – 

303 –265 25.12 – 

313 –282 53.45 – 

323 –292 78.52 – 
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T (K) Ecorr (mV/SCE) icorr (μA/cm2) IE % 

1 mM TCH 

293 –290 0.85 91.52 

303 –300 3.93 85.06 

313 –308 10.67 80.04 

323 –317 19.84 74.73 

As described by relations (4) and (5), the Arrhenius equations allow the calculation of 

the standard activation energy a( )E , the enthalpy a( )H and entropy a( )S . 

 a
corr exp

E
i A

RT

 
 
 

= −  (4) 

where A is the frequency factor, R is the gas constant, and T is the absolute temperature.  

 a a
corr exp exp

S HR T
i

N h R R T

   
   

  

 
=

 
 (5) 

where N is the Avogadro number and h is the Plank constant. 

The Arrhenius graphs of ln icorr/T vs. 1/T and ln icorr vs. 1/T for a brass electrode in 3% 

NaCl solution in the presence and in the absence of the inhibitor are plotted in Figure 6. The 

intersection of equation (5) with the ordinate is equal to aln
SR

N h R

 
 
 


+


 and the slopes of the 

linear part of the curves are equal to a–
k E

R

 
 
 


 and a– H

R

 
 
 


, respectively. From them, the 

values of Ea, Ha and Sa were precisely determined and presented in Table 5 [17].  

Table 5. The values of Ha and Sa and activation energy for a brass electrode in 3% NaCl solution in the 

absence and in the presence of 1 mM TCH. 

Inhibitor Ea (kJ/mol) Ha (kJ/mol) Sa (J/mol·K) 

Blank 53.37 50.83 –321.25 

TCH 81.38 84.16 –329.81 
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Figure 7. Arrhenius plots for a brass electrode in 3% NaCl solution in the presence and in the 

absence of the inhibitor. 

The Ha values are positive in the absence and in the presence of TCH, suggesting the 

endothermic nature of the brass dissolution mechanism [17]. Studies of the effect of 

temperature on standard activation energy are characterized by chemisorption when Ea 

decreases and by physical adsorption in the reverse case [7]. In our research, the addition of 

the maximum TCH concentration studied results in Ea= 81.38 kJ/mol, which was higher than 

that of the metal without inhibitor (53.37 kJ/mol); this is manifested in the case of 

chemisorption, in other words, the interaction process involves covalent bonds. 

3.4. Surface analysis SEM/EDX 

The analysis of the prepared samples was carried out after immersion in the corrosive 

medium (3% NaCl) for 24 hours with and without the addition of 1 mM TCH; the results 

obtained are shown in Figures 8 and 9. 

 
Figure 8. SEM micrographs of the surface of brass 60Cu-40Zn in 3% NaCl solution in the 

absence (a) (blank) and in the presence of 1 mM TCH (b). 

b b a 
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Figure 9. EDX analysis of the surface of brass 60Cu-40Zn after immersion for 24 hours in 

3% NaCl solution in the absence (a) and in the presence of 1 mM THC (b). 

In 3% NaCl solution (Figure 8a), the surface of brass 60Cu-40Zn underwent a severe 

corrosion attack and the porous layer of corrosion products was present. Addition of TCH 

(Figure 8b) was accompanied by the formation of a protective film, which can be explained 

by the adhesion of the inhibitor to the surface, which suppresses the corrosion process. 

EDX analysis (Figure 9a) shows the presence of peaks characteristic of certain elements 

constituting brass. In the presence of TCH (Figure 9b), EDX spectra show additional lines 

such as carbon, oxygen and sulfur indicating the presence of an inhibitor film on the metal 

surface [5, 23, 24]. 

3.5. MASD and ESP study 

The TCH molecule was optimized and the results are shown in Figure 10.  

 
Figure 10. Optimized structure of TCH. 

a 

b 
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The optimization calculations were confirmed by the presence of zero negative 

frequency in the z-matrix. Nucleophilic P–and electrophilic P+ Parr indices were calculated 

for the principal atoms of TCH (Table 6).  

Table 6. Nucleophilic P–  and electrophilic P+ Parr indices calculated for all TCH atoms. For atom 

numbering, see Figure 1. 

 TCH 

No. Atoms P– P+ 

1C Carbon NNS NES 

2N Nitrogen NNS NES 

3H Hydrogen NNS 1.151 

4N Nitrogen NNS 0.058 

5H Hydrogen NNS 0.467 

6N Nitrogen 0.059 NES 

7H Hydrogen NNS 0.122 

8H Hydrogen NNS 0.019 

9N Nitrogen NNS NES 

10H Hydrogen NNS 0.362 

11H Hydrogen NNS 0.509 

12S Sulphur 0.926 NES 

NNS: no nucleophilic site; NES: no electrophilic site. Table 6 shows that the TCH 

molecule has both nucleophilic and electrophilic reactive centres simultaneously (higher 

values of P– and P+). This certainly determines the donating and anti-donating properties of 

TCH. The higher and lower values of P− are attributed to the sulphury atom (S12) and 

nitrogen atom (N6), respectively. The higher values of P+ are attributed to the hydrogen 

atoms (H3, H5, H7, H10 and H11), while the low values are found at a nitrogen atom (N4) 

and a hydrogen atom (H8). Therefore, it is noticed that TCH comprises atoms that are not 

nucleophilic nor electrophilic reactive (negative values of P– and P+). As a result, we can 

draw important information that TCH has a tendency to donate electrons to the unoccupied 

d orbital of the metal to form coordinate covalent bonds and can also accept free electrons 

from the metal by using their anti-bonding orbital to form feed-back bonds.  

To gain further insights about the reactivity of the studied structure (TCH) towards BA 

(i.e., brass alloy: 60Cu-40Zn) surface, the ESP calculations are used to know the electron 

rich (ER) and electron poor (EP) regions over TCH structure that are responsible for the 

interaction with the metal. Figure 11 exposes the ESP fitting scheme of TCH structure where 

the red color signifies a strong negative electrostatic potential distribution (SNEP); yellow 
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(moderately negative MNEP); blue (strong positive SPEP); green (moderately positive 

MPEP) and cyan (low positive LPEP) [25]. 

 
Figure 11. ESP map of TCH structure. 

As displayed in Figure 11, it can be seen that the sulphonyl group (–S=O) in TCH is 

the most susceptible region for the nucleophilic attacks (red color); while the amino groups 

(–NH2 and –NH–) presents a strong region (blue color) and a weak electrophilic region 

(green color), respectively. This result suggests that TCH has a high tendency to donate and 

receive electrons when it interacts is with the BA surface. 

3.6. MC and RDF study 

The MC simulation for the characteristic surfaces of BA referred to in literature such as 

(111), (200), (220), (311) and (222) with cell parameters of a = b = 11.780 Å and 

α = β = γ = 90°, containing a vacuum layer of 20 Å along the C-axis. Figure 12 exhibits the 

equilibrium adsorption of the studied interfaces between TCH inhibitor and BA surface. To 

estimate the strongest adsorption related to the interfaces under study, some energetic 

parameters were calculated: the total energy (ET) reports the global energy for the system, 

this parameter is calculated by optimizing the whole system; therefore, the adsorption energy 

(Eads) which displays the energy required when the relaxed TCH inhibitor is adsorbed on the 

surface, is generally known to estimate the forte and mechanism of adsorption; another term 

of energy is the desorption energy dEads/dNi(TCH) that reflects the necessary energy on 

which one entity of TCH is removed to the system that contains TCH, solution and BA 

surface (Table 6) [26–30]. Therefore, the adsorption behavior (i.e., chemisorption, 

physisorption or both) related to the studied systems was evaluated from RDF analysis using 

Forcite calculation code for the most favorable interface. This method was suggested as a 

powerful tool to estimate the bond lengths in the adsorption process. The appearance of 

peaks with lengths smaller than 3.5 Å is considered an indication of small bonds, and is 

correlated with chemisorption, while physical adsorption behavior is associated with peaks 

greater than 3.5 Å [26–29].  
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According to Table 7, we noticed that ET and Eads energies related to the adsorption of 

TCH on BA surfaces increased in the follow order: BA(111) < BA(200) <BA(220) 

<BA(222) <BA(311). This ordering suggests that the most stable and stronger adsorption is 

related to the TCH–BA(111) interface. This observation is strengthened by comparison of 

the desorption energy (dEads/dNi) values that show that the TCH–BA(111) interface has the 

higher value of dEads/dNi –44.305 kcal/mol). Further, we observed that the calculated 

adsorption energies are all negative, indicating clearly that the studied adsorption can be 

spontaneously shaped and thus, the TCH inhibitor has qualitatively an adsorption capability 

to interact with the BA surface. As RDF analysis shows (Figure 13), we note that the 

adsorption type of TCH onto BA(111) is chemisorption (peaks with distances < 3.5 Å) and 

physisorption (peaks with distances > 3.5 Å); this means that the TCH inhibitor coordinates 

to BA(111) surface through both chemical and physical interactions. 

 
Figure 12. The stable adsorption configurations of TCH inhibitor on BA surfaces in 3% NaCl 

solution (10Na+, 10Cl– , 100H2O) at 298.15 K and 1 atm. 
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Table 7. Total energy ET, adsorption energy Eads, and necessary energy to remove one TCH molecule from 

the surface dEads/dNi in 3% NaCl solution (10Na+, 10Cl– , 100H2O) at 298.15 K and 1 atm. 

 
ET (kcal·mol–1) Eads (kcal·mol–1) dEads/dNi (TCH) 

(kcal·mol–1) 

TCH/BA(111) –132.097 –282.897 –44.305 

TCH/BA(200) –71.222 –158.957 –63.1627 

TCH/BA(220) –66.005 –153.740 –66.643 

TCH/BA(311) –40.222 –127.959 –71.854 

TCH/BA(222) –62.396 –150.131 –66.843 

 
Figure 13. Radial distribution function analysis associated to the TCH–solution–BA(111) 

interface. 

Conclusion 

After completing the experiments and analyzing the data, the following conclusions were 

drawn: 

• TCH exhibits very good inhibitory properties for brass in 3% NaCl solution similar 

to seawater, which are controlled by a mixed inhibitor type. Its maximum efficiency 

reached 92.81% for a maximum concentration studied of 1 mM TCH in 3% NaCl 

solution. 

• The corrosion current density decreased with increasing TCH concentration and the 

charge transfer resistance values also increased, but on the other hand, the double 

layer capacitance decreased, which confirms that the TCH inhibitor decreases the 



 Int. J. Corros. Scale Inhib., 2022, 11, no. 3, 1335–1354 1351 

    

 

corrosion rate. Also, the film created on the surface of the brass electrode becomes 

dense and more protective in the presence of a maximum concentration studied of 

TCH (1 mM). 

• The Langmuir adsorption isotherm provides the best description of the adsorption 

behavior of TCH on the brass surface. The value of the standard free adsorption 

energy suggests that the adsorption of TCH on the surface of brass is physical and 

chemical adsorption. 

• Studies of the effect of temperature show a standard activation energy in the presence 

of 1 mM TCH (81.38 kJ/mol). It is greater than that of brass without an inhibitor 

(53.37 kJ/mol), which is an indication of chemisorption. 

• DFT, ESP, Monte Carlo, and RDF analysis highlighted a deeper explanation of the 

agreement between the adsorption behavior and the inhibition ability. 
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