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The inhibition action of 6-dibutylamino-1,3,5-triazine-2,4-dithiolmonosodium (DBN) on the corrosion 

of brass in a 0.5 M sodium chloride solution has been investigated using weight loss methods, 

potentiodynamic polarization curves, contact angle measurements and scanning electron microscopy 

(SEM) techniques. Results indicated that the inhibition efficiency increases with increasing 

concentration of DBN. The potentiodynamic polarization results showed that the corrosion inhibition 

efficiency reaches 98% when the concentration of DBN is 1.2 mM. Adsorption of DBN inhibitors on 

the brass/chloride surface is found to follow the Langmuir’s adsorption isotherm. The calculated adsG

value of -17.56kJ/mol demonstrates that the adsorption of DBN on brass surface is a spontaneous and 

exothermic process at 30 °C. Further, morphology observation results reveal that the  DBN acts as a 

good inhibitor for brass in chloride solution. 
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1. INTRODUCTION 

Copper and alloys have a wide variety of applications in technology and industrial production 

fields because their good mechanical workability, excellent thermal and electrical conductivity[1-4]. 

The Cu-Zn alloys are known as brass, which are often used for the construction of cooled heat 

exchangers, piping and tubes in fresh or sea water[4, 5]. However, copper alloys are unstable in humid 

atmosphere or corrosive medium, especially brass is susceptible to a corrosion process namely 

dezincification, which may bring severe problems to its functionality. Thus, numerous studies have 

been devoted to the inhibition of copper and brass corrosion by organic inhibitors which happened via 
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adsorption on the metal surface. The adsorption process results in an effective blocking of the active 

corrosion spots of copper dissolution, in this way, the corrosion rate is reduced[5-8]. 

The employment of heterocyclic derivatives containing S, N or O as corrosion inhibitors is one 

of the most efficient approaches to protect the completeness of copper and brass surface. The presence 

of multiple active centers, heteroatom as well as the existence of a free electron pair in the inhibitors 

favors the adsorption of these heterocyclic molecules on metallic surface[9-11]. However, the 

application of some heterocyclic compounds can be limited for their toxicity and higher cost. 

Triazinedithiol and its monosodium salt, has the special tautomer of thiol–thione (Figure 1), are 

considered as eco-friendly inhibitors because their excellent qualities including cost-effective, high 

solubility, high reactive and without unfavorable mercaptan smell[12-15]. Based on the available 

literature, data on the reaction mechanism of triazinedithiol as a corrosion inhibitor for brass in sodium 

chloride solution is insufficient.  

The aim of this paper is to explore the influence of 6-dibutylamino-1,3,5-triazine-2,4-

dithiolmonosodium (DBN, Figure 1) on the corrosion of brass in 0.5 M NaCl, and its inhibition action 

and adsorption behavior has been investigated by different techniques, such as weight loss methods, 

potentiodynamic polarization measurements, contact angle and scanning electron microscopic studies. 

Results are reported and discussed. 

 

Figure 1.  Triazindithiols tautomer of thiol-thione type and the molecular structure of DBN 

 

2. EXPERIMENTAL 

2.1. Materials and sample preparation 

The samples employed in present study are commercial brass with the following elemental 

composition (wt. %): 60.61% Cu, 39.19% Zn, 0.12% Al and 0.08% Si. Prior to each measurement, 

rectangular specimen of brass (with dimension of 30 × 50 × 0.3 mm) was polished successively with 

2.5 μm, 1.5 μm and 0.5 μm diamond spray polish does, then the polished samples were rinsed, dried 

and degreased according to the standard methods. All solutions used in this study were prepared with 

AR (analytical reagent) grade chemicals. DBN is prepared by the chemical reaction between NaSH 

and 6-N,N-dibutylamino-1,3,5-triazine-2,4-dichloride[16], and the inhibitor concentrations varied from 

0.05 to 1.5 mM. The standard aggressive medium was 0.5 M NaCl solution. 

 

2.2. Characterization 

Weight loss test was performed as described elsewhere[17]. The brass samples in triplicate were 

submerged in a 0.5 M NaCl solution contained inhibitor with concentration of inhibitor varies from 0 
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mM to 1.5 mM. The temperature was maintained at 30 °C controlled by a thermostat aqueous bath. 

The corrosion rates (v g·m−2·h−1) and inhibition efficiency (ηw %) were obtained according to the 

following equations[18]: 
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where s is the area of aluminum alloy specimen (m2); t is the exposure time (h); ΔW is  the weight loss 

value (g); v and v´ are the corrosion rate (g·m−2·h−1) in the absence and presence of DBN inhibitor, 

respectively. 

Potentiodynamic polarization measurements were carried out using the Electrochemical 

Workstation (Model: Chenhua Instru-ments Co., Ltd., Shanghai). The traditional three-electrode 

system was employed. The brass specimens with 1 cm2 area exposed was the working electrode, the 

platinum sheet was counter electrode and the reference one was a saturated calomel electrode (SCE). 

The polarization curves for brass samples in the test solution with and without various concentrations 

of inhibitors were recorded from -250 to +250 mV versus OCP. Prior to each measurement, all 

electrodes were immersed in solution for 1 h to obtain a constant potential, then the polarization tests 

were performed at a scan rate of 0.5 mV/s. 

The surface wetability of brass samples after immersing in 0.5 M NaCl with different 

concentration of DBN inhibitor for 2 h were studied by contact angles (CAs) with a telescopic 

goniometer (HARKE-SPCAX1). The CA values obtained were the average values by measuring five 

different positions on each brass sample. The surfaces morphologies of brass samples immersed in 0.5 

M NaCl with different concentration of DBN inhibitors for 15 days were observed by SEM (JSM-

6360LV, JEOL, Tokyo, Japan) at an accelerating voltage of 20 kV, respectively. 

 

3. RESULTS AND DISCUSSION 

3.1. Weight Loss Study 

The inhibition efficiency (ηw) and corrosion rates (v) of brass samples obtained from the weight 

loss method in a 0.5 M NaCl solution with different concentrations of DBN inhibitors (0.05–1.5 mM) 

at 30 °C are showed in Figure 2. From figure 2, we can find that the inhibition efficiency increases and 

the corrosion rate decrease when increase the concentration of studied inhibitors. When DBN 

concentration varies from 0.05 mM to 1.2 mM, there is a decrease in corrosion rate from 29.8 

g·m−2·h−1 to 2.52 g·m−2·h−1 and an increase in efficiency from 59% to 97% (Figure 1). This indicates 

that the addition of DBN inhibitor retarding the corrosion of brass in a sodium chloride solution. When 

DBN concentration is low, more molecules are needed to adequately cover the brass surface. In 

addition, we find that further enhancement in DBN concentration did not cause any significant changes 

in the function of inhibitor, suggesting that the existence of a limiting value. The results are attributed 

to the amassing of DBN molecules onto the positively charged brass surface causing a decrease in 

file:///C:/Documents%20and%20Settings/Administrator/Local%20Settings/Application%20Data/youdao/dict/Application/7.2.0.0703/resultui/dict/


Int. J. Electrochem. Sci., Vol. 14, 2019 

  

10124 

direct contact with brass and corrosive environment. Similar results were observed in other studies, for 

example, Sherlock and Selim studied the corrosion inhibition efficiency of stannous tin and resins for 

mild steel, they both found that the inhibition reached a limiting value when inhibitors attained a 

certain concentration [19, 20].  

 

 

Figure 2. Corrosion rates (a) and inhibition efficiency (b) of brass in 0.5 M NaCl with different 

concentrations of DBN (30 °C). 

 

3.2. Potentiodynamic Polarization Measurements. 

Figure 3 presented the potentiodynamic polarization profiles of brass in 0.5 M NaCl solution 

with different concentration of DBN (0.05–1.5 mM) inhibitor at 30 °C. The corrosion kinetics 

parameters including corrosion potential (Ecorr), anodic Tafel slopes (βa, βc) and corrosion current 

density (Icorr) were exhibited in Table 1, where the inhibition efficiency ηp (%) was calculated by[21]: 
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Where 0

corrI   and i

corrI   are the corrosion current densities of brass 0.5 M NaCl with different 

concentration of inhibitor. 

From Figure 3, we find that the cathodic currents are significantly decreased with the presence 

of DBN inhibitor, which indicating a reduction of the hydrogen evolution reaction attributed to the 

adsorption of DBN molecules on the active sites. Table 1 shows the Icorr value of blank brass is 0.52 

μA·cm-2 and Ecorr is -270 mV. When DBN inhibitor is contained in the corrosive solution, the Icorr 

decreased significantly and Ecorr shifted to negative direction. This result suggested that DBN 

molecules adsorbed on brass surface to form a protective namofilm to inhibit the corrosion reaction of 

brass and show good anticorrosion performance in 0.5 M NaCl solution. As the DBN concentration 

increased from 0.05 mM to 1.2 mM, the Icorr value decreased and the ηp value increased gradually. The 

lowest Icorr values (0.012 μA·cm-2) and highest inhibition efficiency (98%) are obtained (Table 1) when 

the adding amount of DBN reached 1.2 mM, which indicating that the adsorption of the inhibitor 

molecules on brass surface appears an equilibrium state of saturation when DBN concentration is 
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around 1.2 mM. If the DBN concentration be further increased, the saturated adsorption DBN polymer 

film will be influenced by the molecular interaction. Therefore the adsorption stability and inhibition 

ability of DBN molecules would be affected. 

 

 
Figure 3. Potentiodymanic polarization curves for brass in 0.5 M NaCl in absence and presence of 

different concentrations of DBN. 

 

 Table 1. Tafel polarization parameters of the corrosion for brass in 0.5 M NaCl in absence and 

presence of different concentrations of DBN. 

 

Cinhibitor 

(mM) 

βa 

(mV dec-1) 

-βc 

(mV dec-1) 

Icorr 

(A cm-2) 

-Ecorr 

(mV/SCE) 

ηp 

(%) 

0 74 70 5.23×10-7 270 — 

0.05 78 73 2.05×10-7 416 61 

0.1 82 91 1.68×10-7 446 68 

0.3 81 70 1.14×10-7 292 78 

0.5 78 73 4.74×10-7 485 91 

0.8 80 92 1.72×10-8 530 96 

1.2 66 73 1.21×10-8 441 98 

1.5 68 69 1.26×10-8 546 97 

 

3.3. Adsorption isotherm 

Adsorption isotherm could provide fundamental information about the adsorption of inhibitor 

on metal surface[22]. To confirm the adsorption mode, the values of surface coverage (θ) 

corresponding to variant DBN concentrations at have been used to find the best adsorption isotherm 

among the most used isotherms (Frumkin, DeBoer, Langmuir, Parsons, Temkin, Freundlich and Flory-
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Huggins). Figure 4 confirm that the adsorption of DBN molecules on brass surface obeys the 

Langmuir adsorption model. A straight line is obtained when C/θ is plotted against C and the linear 

regression coefficient (R2) of the fitted data is quite close to 1 (Figure 4). This indicates that DBN 

molecules formed a single molecule adsorbed layer on brass surface, and there was almost no 

interaction between absorbed molecules. Adsorption equation can be written in the following[23] : 

c
K

c
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+=
1


                                    (4) 

 where c is the concentration of inhibitor, Kads is the adsorptive equilibrium constant and θ is 

the surface coverage equal to inhibition efficiency ηw/100.  

Gibbs free energy ( adsG ) is calculated using the following equation[24]: 

)5.55ln( adsads KRTG −=                              (5) 

 where R (J·mol−1·K−1) is the gas equilibrium constant,  T (K) is the temperature, and the value 

55.5 (mol·L−1) is the molecular concentration of water in solution.  

In Figure 4, the intercept on the vertical axis is the value of 1/ Kads, which is 19.23. Then 

according to Eq. (3), we calculated the adsG = -17.56 kJ/mol at 30 °C. The negative value of adsG  

demonstrates that the adsorption of DBN molecules on brass surface is a spontaneous process. 

Generally, values of adsG  up to -20 kJ/mol, are regarded as physisorption, the inhibition acts due to 

the electrostatic interactions between the charged molecules and the charged metal, while values of 

adsG  around -40 kJ/mol or higher are associated with chemisorption because of sharing or transfer of 

electrons from extract organic molecules to metal surface to form a coordinate type of bond[25, 26]. 

For the investigated DBN inhibitor, the calculated adsG  value less than -20 kJ/mol, indicating that the 

process of DBN molecules adsorbed on brass surface in 0.5 M NaCl solution at 30 °C was a typical 

physical absorption.  

 

 
Figure 4. Langmuir isotherm adsorption isotherm of DBN in 0.5 M NaCl solution 30 °C. 
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Figure 5. Contact angles of brass samples surfaces in 0.5 M NaCl in absence and presence of different 

concentrations of DBN. 

 

 

 
 

Figure 6. Photographs of saline immersion test after 15 days of immersion in 0.5 M NaCl solution. (a) 

Blank and treated grass (b) Solution after the saline immersion test (c) SEM images of treated 

grass  

 

3.4 Surface morphology observation 

Contact angles were measured to elucidate the wetability of the obtained brass samples, and 

Figure 5 showed the water contact angles of samples surfaces after immersing in 0.5 M NaCl with 

different concentration of DBN inhibitor for 2 h. It can be seen that the wetability was improved after 

adding DBN inhibitor compared with the bare brass sample. The water contact angles increased with 
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the increasing of DBN concentration, indicating that the coverage of hydrophobic adsorbed film is 

getting larger with the increase of DBN molecules. The contact angle reached 106.3° when the 

concentration of DBN was 1.2 mM, which implied that a compact hydrophobic film has been formed 

and covered the whole brass surface. Moreover, a slight decline of contact angle (103.1°) was found 

when the DBN concentration increased to 1.5 mM. This may attributed to a reduction of in the stabilty 

of adsorption film caused by the enhancement of inter action of molecular and when the concentration 

of DBN continue to increase. 

To further study the performance of DBN protective films, SEM technique was carried out to 

observe the surface morphology of brass samples after a saline immersion test. Brass samples were 

immersing in 0.5 M NaCl solution for 15 days without and with the presence of DBN inhibitor. Three 

concentrations (0.05 mM, 0.5 mM and 1.2 mM ) of DBN were arranged respectively. Photographs and 

SEM images of saline immersion test after 15 days of immersion in 0.5 M NaCl solution are exhibited 

in Figure 6. In the blank test, the brass plate exhibited a relative rough surface with deep cracksb and 

the pale blue solution was due to the presence of copper ions (Figure 6), which indicates that the the 

brass has suffered a serious damage and dissolution. In contrast, damage to the brasss was reduced 

when DBN added in the NaCl solution. A relative smooth surface and a nearly transparent solution is 

observed when the presence of 1.2 M DBN inhibitor (Figure 6), which revealed that a compact 

protective DBN obserbed layer formed and  the brass dissolution rate was effectively inhibited. 

 

4. CONCLUSIONS 

DBN acts as an excellent inhibitor for corrosion of brass in 0.5 M NaCl solution. Resutlts from 

weight lost test, potentiodynamic polarization measurements and surface morphology observation all 

showed that 1.2 mM is the optimal concentration of inhibitor with the best corrosion inhibition 

performance. Adsorption of DBN on brass surface obeys the Langmuir isotherm at 30°C, and the 

process of DBN molecules adsorped on brass surface is spontaneous and a typically physical process. 
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