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Benzotriazole derivatives, namely N-[1-(benzotriazol-1-yl)benzyl]aniline (BTBA) and N,N-
dibenzotriazol-1-ylmethylaminocyclohexane (DBCH) were synthesized and their inhibition behaviour 
on brass in sodium chloride solution were investigated by weight-loss measurements, polarization, 
electrochemical impedance and cyclic voltammetric techniques. Results obtained revealed that these 
compounds exhibited good inhibition efficiency in sodium chloride solution. Polarization studies 
showed that the benzotriazole derivatives are mainly anodic inhibitors for brass in sodium chloride 
solution. They decreased the anodic reaction rate more strongly than the catholic reaction rate and 
rendered the open circuit potential more positive in sodium chloride solution. Accelerated leaching 
studies revealed that the inhibitors control the dezincification of brass. Cyclic voltammetric studies 
confirmed that the addition of these compounds effectively inhibit the anodic dissolution of brass. The 
passive film characterization was done using FT-IR spectrum. EDX analysis was used to determine the 
nature of the protective film formed on the metal surface. 
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1. Introduction 

Copper-based alloys have a long history of service in marine 
environments. In general, they exhibit an attractive combination of 
properties, e.g., good machinability, good resistance to corrosion and bio-
fouling and superior thermal and electrical conductivities [1, 2]. In view of 
their good machinability, they are available in a wide range of products [3]. 
The most prominent among the copper-based alloys is the Cu-Zn alloys, 
which are widely used for condenser and heat exchanger tubes in various 
cooling water systems [4, 5]. Brass when suspended in sodium chloride 
solution undergoes dezincification as well as general corrosion releasing 
copper and zinc ions. Dezincification of brass is one of the well-known and 
common processes by means of which brass loses its valuable physical and 
mechanical properties leading to structural failure [6].  

Organic compounds containing an azole system have frequently been 
employed to inhibit corrosion of copper and brass mostly in acidic or 
neutral solution [7, 8]. Among these, benzotriazole (BTA), a sub category 
of heterocyclic compounds is known as one of the best corrosion inhibitors 
for copper and its alloys in a wide range of environments [9, 10]. 
Immersion of copper into a solution of BTA enables chemisorptions to 
occur on the surface and gave enhanced resistance to atmospheric 
oxidation of copper [11]. Bag et al. [12] investigated the protective action 
of azole derivatives on the corrosion and dezincification of 70/30 brass in 
ammonia solution and concluded that the inhibitors effectively control 
corrosion. Brusic et al. [13] showed that a polymerized network formed 
and gave significant protection in many environments; the enhanced 
protection was retained even when the copper was removed from the BTA 
solution. The addition of BTA to acidic, neutral and alkaline solution is 
commonly used and has significantly reduced corrosion [14]. It may be 
adsorbed only onto the oxide on the surface of copper [15] or function on 
oxide free surfaces [16]. Frignani et al. [17] investigated the influence of 
an alkyl chain on the protective effects of benzotriazole towards copper in 
acidic chloride solution. Huynh et al. [18] have studied the corrosion 
protection of octyl esters of carboxy benzotriazole on copper in an aerated 
acidic sulphate solution. Qafsaoui et al. [19] reported that the growth of a 
protective film on copper in the presence of triazole derivatives. Nagiub 

and Mansfeld [20] studied the corrosion behavior of 26000 brasses in 
artificial seawater using EIS and ENA techniques. BTA, sodium salts of 
gluconic acid and polyphosphoric acid were evaluated as corrosion 
inhibitors. Otieno-Alego et al. [21] made an electrochemical and SERS 
study of the effect of 1-[N, N-bis-(hydroxy ethyl) amionomethyl] 
benzotriazole on the acid corrosion and dezincification of 60-40 brass. 
Shukla and Pitre [22] studied the electrochemical behavior of brass and 
the inhibitive effect of imidazole in acid solution. Walker [23] showed that 
the addition of small amounts of 1, 2, 3-benzotriazole and 1, 2, 4-triazole 
inhibited the corrosion of brass in various acidic, neutral and alkaline 
solutions. Fenelon and Breslin [24] studied the formation of BTA surface 
films on copper, Cu-Zn alloy and Zn in chloride solution. 

The purpose of the present study is to assess the inhibition efficiencies 
of new corrosion inhibitors viz., N-[1-(benzotriazol-1-yl)benzyl]aniline 
and N,N-dibenzotriazol-1-ylmethylaminocyclohexane for brass in neutral 
chloride solution. Weight-loss method and electrochemical studies such as 
polarization, impedance spectroscopy, current transient and cyclic 
voltammetric studies were used. Accelerated leaching studies were 
carried out by inductively coupled argon plasma–atomic emission 
spectroscopy. FT-IR spectra and EDX analysis was carried out to 
determine the nature of the protective film formed on the metal surface. 
 

2. Experimental Methods 

2.1 Materials Preparation 

Brass specimens of size 1.0 cm x 1.0 cm x 0.3 cm having the following 
compositions were used: Cu- 65.30% Zn- 34.44% Fe- 0.14% Sn- 0.06% and 
traces of Pb, Mn, Ni, Cr, As, Co, Al & Sr. Before each experiment the 
specimens were mechanically abraded with silicon carbide papers (from 
grades 80 to 1200), degreased with acetone, washed with distilled water 
and dried at room temperature, then placed in a test solution. Analar grade 
NaCl (Merck) and double distilled water were used for preparing 0.5 M 
sodium chloride solution for all experiments. The inhibitors N-[1-
(benzotriazol-1-yl)benzyl]aniline(BTBA) and N,N-dibenzotriazol-1-
ylmethylaminocyclohexane(DBCH) were synthesized according to a 
previously reported procedure [25]. The structures of the compounds are 
given in Scheme 1. 
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2.2 Synthesis of Inhibitors 

2.2.1 Synthesis of N-[1-(Benzotriazol-1-Yl)Benzyl]Aniline 

Benzotriazole (1.19 g, 10 mmol), benzaldehyde (12 mmol) and aniline 
(10 mmol) were refluxed in ethanol (minimum needed for complete 
solution) for 10 minutes. The mixture was kept at 25 °C for 5 hours and -5 
°C for 16 hours. The resulting precipitate was filtered off, washed with 
diethyl ether and dried in vacuum to give the crude N-[1-(benzotriazol-
1yl)benzyl]aniline. Pure samples of BTBA were prepared by 
recrystallization of the crude products from ethanol (yield 89%). 
 

        BTBA                    DBCH 

Scheme 1 Structure of organic inhibitors 

 
2.2.2 Synthesis of N,N-Dibenzotriazol-1ylmethylaminocyclohexane 

1-Hydroxymethylbenzotriazole (2.98 g, 20 mmol), acetic acid (0.57 mL, 
10 mmol) and ethanol (30 mL) and cyclohexylamine (12 mmol) were 
refluxed for 2 minutes and poured into ice-water. The mixture was 
extracted with chloroform (50 mL) and the extracts were washed with 
water and dried (MgSO4). Evaporation afforded the crude oily N,N-
dibenzotriazol-1ylmethylaminocyclohexane. It was dried in vacuum (60 
°C/30 mmHg). The solid product was recrystallised from diethyl ether 
(yield 85%). 
 

2.3 Weight-Loss Measurements 

The experiments were carried out with brass specimens of dimension 5 
cm x 3 cm x 0.3 cm. The panels were polished mechanically with silicon 
carbide papers from 120 to 1200 grit. The panels were degreased in 
acetone, thoroughly washed with double distilled water, dried and 
weighed. Then the panels were immersed in 300 mL of 0.5 M NaCl solution 
with and without the addition of inhibitors. After immersion for a definite 
period (15 days) the panels were taken out, washed with distilled water, 
dried and the changes in weights were noted. Triplicate measurements 
were carried out for each experiment. 
 
2.4 Polarization Studies 

The polarization studies were carried out with brass specimen having 
an exposed area of 1 cm2. The cell assembly consisted of brass as working 
electrode, a platinum foil as counter electrode and a saturated calomel 
electrode (SCE) as a reference electrode with a Luggin capillary bridge. 
Polarization studies were carried out using a vibrant potentiostat/ 
galvanostat model no. VSM/CS/30 at a scan rate of 1 mV/s. The degreased 
working electrode was then inserted into the test solution and 
immediately cathodically polarized at -1.0 V (SCE) for 15 minutes to 
reduce any oxides on the brass surface [26]. The cathodic and anodic 
polarization curves for brass specimen in the test solution with and 
without various concentrations of the inhibitors were recorded between -
500 to 500 mV at a scan rate of 1 mV/s. The inhibition efficiencies of the 
compounds were calculated from corrosion current densities using the 
Tafel extrapolation method. 
 
2.5 Electrochemical Impedance Studies (EIS) 

Impedance measurements were conducted at room temperature using 
an EG and G PARC potentiostat model 6310 analyser with 398 software. 
An ac sinusoid of  10 mV was employed. The brass specimen with an 
exposing surface area of 1 cm2 was used as the working electrode. A 
conventional three electrode electrochemical cell of volume 300 mL was 
used. A saturated calomel electrode (SCE) was used as the reference and 
platinum plate electrode was used as the counter. All potentials are 
reported vs. SCE. 

 
2.6 Cyclic Voltammetric Studies 

A cell with three electrodes was used for cyclic voltammetric 
measurements. A saturated calomel electrode and a platinum foil were 
used as the reference and auxiliary electrode respectively. The working 
electrode was scanned from negative to positive in the potential range of -
2.5 V to 1.5 V at a sweep rate of 10 mV/s. The solutions were de-aerated 
with nitrogen. 

2.7 Accelerated Leaching Studies (ICP-AES) 

During anodic polarization, the metal dissolution takes place releasing 
considerable amount of metal ions from the material. Hence, the solutions 
were analyzed to determine the leaching characteristics of the metal ions. 
In this study, the concentration of metal ions present in the test solution 
was determined after ageing the working electrode for 1 hour at the 
impressed steady state potential. The analysis was carried out using 
inductively coupled argon plasma-atomic emission spectroscopy (ICP-
AES)-Thermo Jarrel Ash-Atom Scan, USA. 
 
2.8 Surface Examination Study 

The brass specimens were immersed in various test solutions for a 
period of 15 days. After this period, the specimens were taken out and 
dried. The nature of the film formed on the metal surface was analyzed by 
the various surface analytical techniques. 
 
2.8.1 Analysis of FT-IR Spectra 

The FT-IR spectra of the film formed on the surfaces of the metal 
specimens were recorded using Perkin-Elmer 1600 FT-IR 
spectrophotometer. 

 
2.8.2 Energy Dispersive X-Ray Analysis 

The surface film formed on the brass specimen was examined by energy 
dispersive X-ray analysis (EDX). This was carried out using JSM-840A 
Scanning electron microscope JEOL-Japan, Link ISIS, Oxford instrument 
UK in conjugation with an energy dispersive spectrometer. The spectra 
were recorded on samples immersed for a period of 15 days in 0.5 M NaCl 
solution with and without inhibitors. 
 

3. Results and Discussion 

3.1 Weight-Loss Method 

The corrosion rates and percentage inhibition efficiencies of brass at 
different concentrations of BTBA and DBCH in 0.5 M NaCl solution at 30 °C 
are given in Table 1. The corrosion rate (CR) and percentage inhibition 
efficiency (IE %) were calculated using the following equations [27], 

 
87.6 x W 

CR (mm yr-1) = 
D x A x T 

 
CR(bl) – CR(inh) 

IE% =                                    x 100 
CR(bl) 

 
where, W is the weight-loss, D is the density, T is the immersion time, A is 
the area of the specimen, CR(inh) and CR(bl) are the corrosion rates of brass 
in the presence and absence of inhibitors respectively. The inhibition 
efficiency increases with increase in concentration of the inhibitors. The 
maximum IE% of each compound was achieved at 150 ppm and a further 
increase in concentration showed only a marginal change in the 
performance of the inhibitor. The optimum concentration of the inhibitors 
was 150 ppm and DBCH exhibited better inhibition efficiency than BTBA. 
 

Table 1 Inhibition efficiency of different concentrations of BTBA and DBCH for the 
corrosion of brass in 0.5 M NaCl by weight-loss method 
 

Inhibitor concentration 

/ppm 

Corrosion rate x 10-2  

/mm year–1  

Inhibition efficiency 

/% 

Blank 10.34 - 

BTBA   

50 3.22 68.86 

100 2.71 73.79 

150 0.72 93.04 

200 0.75 92.75 

DBCH   

50 2.78 73.11 

100 2.01 80.56 

150 0.29 97.20 

200 0.34 96.71 

 

Inhibition exhibited by BTBA and DBCH can be attributed to the 
presence of the heteroatom N and π electrons on aromatic nuclei. When 
compared to BTBA, DBCH showed the highest inhibition efficiency, which 
may be due to high molecular weight possessed by the DBCH molecule. In 
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the BTBA molecule, though the phenyl groups reduce their solubility [28], 
the π electron delocalization is greater, hence it possess moderate 
inhibition efficiency. The higher inhibition efficiency of the organic 
compounds is due to the basis of donor-acceptor interactions between the 
π electrons of the inhibitor and the vacant d-orbital of copper surface or 
an interaction of inhibitor with already adsorbed chloride ions [29]. 

 
3.2 Polarization Studies 

The polarization curves of brass in 0.5 M NaCl solution with optimum 
concentration of BTBA and DBCH are shown in Fig. 1.  It is evident that in 
the presence of inhibitor, the cathodic and anodic curves were shifted 
towards positive potential region and the shift was found to be dependent 
on inhibitor concentration. Table 2 illustrates the corresponding 
electrochemical parameters. The Ecorr values were marginally shifted in 
the presence of BTBA and DBCH. The experimental curves also indicate 
that the inhibitors retard mainly the anodic reactions. From the 
polarization curves, the corrosion current density (Icorr) was determined 
by Tafel extrapolation method. The current density also decreased with 
increasing concentrations of the inhibitors. The corrosion rate and 
percentage inhibition efficiency were calculated from Icorr values [30]. 
 

 

Fig. 1 Polarization curves for brass in 0.5 M NaCl solution containing optimum 
concentrations of BTBA and DBCH 
 
Table 2 Electrochemical parameters and inhibition efficiency for corrosion of brass 
in 0.5 M NaCl solution containing different concentrations of BTBA and DBCH 
 

Inhibitor 

concentration 

/ppm 

Ecorr 

/mVvs.SCE 

Icorr 

/A cm-2 

Inhibition 

efficiency 

/% 

Corrosion 

rate x 10-2  

/mm yr-1 

Blank -312 8.61 - 10.86 

BTBA     

50 -255 2.77 67.83 3.49 

100 -254 2.30 73.29 2.90 

150 -231 0.66 92.33 0.83 

200 -232 0.69 91.99 0.87 

DBCH     

50 -252 2.39 72.24 3.02 

100 -250 1.74 79.79 2.20 

150 -223 0.33 96.17 0.42 

200 -225 0.35 95.93 0.44 

 

                               3.27 x 10-3 x Icorr x EW 
          CR   =       
                                        D                 
                                 Icorr  

_  Icorr(inh)                
            I.E. % =              x 100       
                                      Icorr 

where, EW is the equivalent weight, D is the density of brass and Icorr (inh) 
and Icorr are the corrosion current densities in the presence and absence of 
inhibitors respectively.  The inhibition efficiency of BTBA and DBCH 
attained a maximum value of 92.33% and 96.17% at 150 ppm 
concentration respectively. The values of inhibition efficiency increase 
with increasing concentration of inhibitor, indicating that a higher surface 
coverage was obtained in a solution with the optimum concentration of 
inhibitor. The corrosion rate in blank solution was found to be 10.86 x 10-

2 mm year-1 and it was minimized by adding the inhibitors to a lower value 
of 0.83 x 10-2 mm year-1 and 0.42 x 10-2 mm year-1 for brass due to the 
adsorption of BTBA and DBCH on the metal surface respectively. The 
results obtained from the polarization measurements are in good 
agreement with the weight-loss measurements in 0.5 M NaCl solution. 

 
3.3 Electrochemical Impedance Studies 

The corrosion behaviour of brass in NaCl solution in the presence of 
BTBA and DBCH was investigated by the EIS method at room temperature. 

The impedance diagrams were not perfect semicircles, which may be 
attributed to the frequency dispersion [31]. Nyquist plots of brass in 
inhibited and uninhibited NaCl solutions containing optimum 
concentrations of BTBA and DBCH after immersion of 1 hr, 24 hrs and 48 
hrs are shown in Figs. 2a-c. The percent inhibition efficiency (IE %) of 
corrosion of brass was calculated as follows [32] : 

 

(Rct)-1 – (Rct(inh))-1 
I.E. % =   x100 

        (Rct)-1 
where, Rct(inh) and Rct are the charge-transfer resistance values with and 
without inhibitors respectively. IE% attained 96.47, 98.16 and 98.83 after 
immersions of 1 hr. 
 

 

 

 

Fig. 2 Nyquist diagrams for brass in 0.5 M NaCl solution containing optimum 
concentrations of BTBA and DBCH after immersion of (a) 1h (b) 24hrs and (c) 48hrs 

 
Table 3 Impedance measurements and inhibition efficiency of brass in 0.5 M NaCl 
solution containing optimum concentrations of  BTBA and DBCH after 1 hr, 24 hrs 
and 48 hrs immersion 
 

Inhibitors Rct x 104 

/ohm cm2  

Cdl 

/Fcm-2 

Inhibition 

efficiency/% 

 
1 hr 24 hrs 48 hrs 1 hr 24 hrs 

48 

hrs 
1 hr 24 hrs 48 hrs 

Blank 0.19 1.02 1.89 3.32 0.61 0.42 - - - 

BTBA 2.68 18.10 37.10 0.35 0.07 0.03 92.74 94.39 94.90 

DBCH 5.56 55.40 162.00 0.12 0.01 0.01 96.47 98.16 98.83 

 
IE% attained 96.47, 98.16 and 98.83 after immersions of 1 hr, 24 hrs 

and 48 hrs respectively with optimum concentration of DBCH, which was 
comparatively higher than that of BTBA in 0.5 M NaCl solution. This 
behaviour was attributed to more surface coverage of DBCH on the brass 
surface from 0.5 M NaCl solution. Impedance parameters derived from 
these investigations are given in Table 3. In the presence of optimum 
concentration of inhibitors, Rct values increased, whereas Cdl values tended 
to decrease. The decrease in Cdl values was caused by adsorption of 
benzotriazole derivatives on the metal surface. The relationship between 
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Rct and Cdl values with immersion time of 1 hr, 24 hrs and 48 hrs are shown 
in Table 3. Rct values for brass in 0.5 M NaCl increased with increase in 
immersion time while Cdl values are decreased with increase in immersion 
time. The tendency to decrease in Cdl, which can result from a decrease in 
local dielectric constant and/or an increase in the thickness of the 
electrical double layer, suggests that the inhibitors function by adsorption 
at the metal-solution interface [33]. The change in Rct and Cdl values were 
caused by the gradual replacement of water molecules by the anions of the 
NaCl and adsorption of the organic molecules on the metal surface, 
reducing the extent of dissolution [34]. 

 
3.4 Cyclic Voltammetric Studies 

Fig. 3 shows the cyclic voltammograms of brass in 0.5 M NaCl in the 
absence and presence of optimum level of BTMA and DBCH at a scan rate 
of 10 mV/s. The anodic curve exhibits three peaks A1, A2 and A3. The peak 
A1 at the potential of -1.5 V is due to the oxidation of Zn to ZnO while the 
peak A2 at -1.25 V is ascribed to the Zn (II) soluble species. The appearance 
of peak A3 at -0.35 V may be due to copper oxidation (Cu+/Cu2+) i.e. 
dissolution of copper. In the cathodic curve, three peaks, C1, C2 and C3 were 
observed. Peak C1 at a peak potential of -1.45 V corresponds to the 
reduction of   ZnO to Zn.  Peak C2 at -1.2 V is due to the reduction of Zn (II) 
soluble species. Peak C3 at the potential of -0.25 V could be due to the 
reduction of Cu2+/ Cu+ formed during the anodic scan [35]. 
 

 

Fig. 3 Cyclic voltammograms of brass in 0.5 M NaCl solution containing optimum 
concentrations of BTBA and DBCH 

 
When brass specimen was immersed in 0.5 M NaCl solution, initially 

oxides of the metal were formed. Then there was a competitive adsorption 
of Cl- and OH- ions at the adsorption sites on the metal surface. The 
incorporation of chloride ions in the film is liable to break the surface film. 
These results are in good agreement with the earlier reports [36]. 

In the present study, the adsorption of chloride ions on the metal 
surface covered with oxide lead to the formation of zinc soluble species, 
which is confirmed by the appearance of peak at -1.25 V. It can be seen 
from the figure that in the presence of BTBA and DBCH the peak current 
was reduced when compared to the peak current for the blank solution. 
Also the peaks A1 and C2, corresponding to zinc oxidation and reduction of 
Zn(II) soluble species respectively, are effectively suppressed in the 
presence of inhibitors. These observations further confirm the fact that the 
selective dissolution of zinc is reduced, which in turn accounts for the 
control of dezincification process. The comparatively smaller peak 
currents observed for DBCH indicate stronger adsorption of DBCH on the 
metal surface than that of BTBA. The cyclic voltammograms clearly 
indicates that in the presence of inhibitors the dissolution of brass in 0.5 
M NaCl solution had been controlled. 

 
3.5 Accelerated Leaching Studies (ICP-AES) 

The results of solution analysis and the corresponding dezincification 
factor (z) in the presence and absence of benzotriazole derivatives at their 
optimum concentration level in 0.5 M NaCl solution for brass are given in 
Table 4. The dezincification factor (z) was calculated using the relation. 

 
(Zn/Cu)sol 

z = (Zn/Cu)alloy 
 
where, the ratio (Zn /Cu)sol is determined from solution analysis and 
(Zn/Cu)alloy is the ratio of weight-percent in the alloy [37]. 

The results reveal that both copper and zinc were present in the 
solution. The copper/zinc ratio in solution was found to be smaller than 
that of the bulk alloy. This indicates that the growth of surface film and the 
dissolution of the alloy were controlled by diffusion, which is related to the 
difference between the ionic radii of Zn+2 and Cu+ ions, 0.07 nm and 0.096 
nm respectively. The results indicated that the inhibitors are able to 

minimize the dissolution of both copper and zinc. The percent inhibition 
efficiency against the dissolution of zinc was correspondingly higher as 
compared to the dissolution of copper. This observation suggests that the 
benzotriazole derivatives control the dezincification of brass in 0.5 M NaCl 
solution, which is also reflected in the values of dezincification factor. 
 

Table 4 Effect of optimum concentrations of BTBA and DBCH on the dezincification 
of brass in 0.5 M NaCl solution 
 

Inhibitors Solution analysis Dezincification 

factor(z) 

Percent inhibition 

Cu/ppm  Zn/ppm Cu Zn 

Blank 0.68 16.32 44.57 - - 

BTBA 0.06  1.09 32.19 90.78 93.34 

DBCH 0.05  0.54 19.58 92.44 96.67 

 

DBCH shows the highest inhibition efficiency in the dissolution of brass 
in 0.5 M NaCl solution. Evidently, the value of ‘z’, i.e. 19.58 was achieved in 
the presence of DBCH containing 0.5 M NaCl solution for brass. The 
percent inhibition efficiency against the dissolution of Zn was 
correspondingly high i.e. 96.67 was achieved in the presence of DBCH 
containing 0.5 M NaCl solution for brass, indicating that the preferential 
dissolution of zinc was almost completely minimized. 

 

3.6 Analysis of FT-IR Spectra 

The FT-IR spectra of pure BTBA are given in Fig. 4. The stretching mode 
of N-H bond gives rise to absorption band at 3433 cm-1 as expected. The 
absorption band due to 1625 cm-1 represents N=N stretching frequency. 
The CH2 stretching causes absorption at 2900 cm-1. The band at 1380 cm-1 

corresponds to C-N stretching (curve a). The FT-IR spectra of film formed 
on the brass surface after immersion in sodium chloride solution 
containing optimum concentration of BTBA is shown in curve b. The shift 
in N=N stretching frequency to 1680 cm-1 and N-H stretching to 3500 cm-1 
are attributed to the presence of copper-BTBA complex on the brass 
surface [38]. 

 

 

Fig. 4 FT-IR spectra of a) BTBA and b) BTBA-Cu complex 
 

 

Fig. 5 FT-IR spectra of a) BTBA and b) DBCH-Cu complex 

 

Fig. 5 shows the FT-IR spectra of DBCH. The absorption band due to 
3090 cm-1 represents CH2 stretching of cyclohexane. The two prominent 
bands at 1614 cm-1 and 1590 cm-1 are attributed to the N=N bond of the 
two benzotriazole molecule. The bands at 2853 cm-1 and 2932 cm-1 
represent CH2 stretching of the DBCH molecule. C-N stretching causes 
absorption at 1271 cm-1 (curve a). The FT-IR spectra of film formed on the 
brass surface after immersion in sodium chloride solution containing 
optimum concentration of DBCH is shown in curve b. The shift in N=N 
stretching frequency to 1670 cm-1 is attributed to the presence of copper-
DBCH complex on the brass surface. 
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3.7 Energy Dispersive X-Ray Analysis (EDX) 

Energy dispersive X-ray analysis technique was employed in order to 
get additional information on the inhibition mechanisms. The results 
obtained from this technique showed that the corrosion inhibition process 
was related to the development of inhibitor film over the metal surface. 
The cross section analysis of the corrosion layers were performed by EDX. 
 

 
(a) 

 
(b) 

 
(c) 

Fig. 6 (a) EDX spectrum of brass in 0.5 M NaCl solution (b) EDX spectrum of brass in 
0.5 M NaCl solution containing optimum concentration of BTBA (c) EDX spectrum of 
brass in 0.5 M NaCl solution containing optimum concentration of DBCH 
 

Mapping of Cu, Zn and Cl was carried out to investigate the distribution 
of these elements in the surface layers. EDX spectrum of brass in 0.5 M 
NaCl solution in the absence and presence of BTBA and DBCH are shown 
in Figs. 6a-c. From the figures, it is observed that in the absence of 
inhibitors, the distribution of Cl was high while Cu and Zn in the surface 
layers were low when compared to the composition of the alloy. This is 
due to larger amounts of copper and zinc ions leached out from brass in 
0.5 M NaCl solution. The distribution of Cl was considerably reduced in the 
presence of BTBA and DBCH while Cu and Zn were increased, which are 
closer to that of the composition of the alloy. This observation clearly 
proved that the inhibitors are strongly adsorbed on the brass surface and 
thus effectively control the corrosion of brass in sodium chloride solution. 
The instrument used is not capable of detecting carbon, nitrogen, oxygen 
and hydrogen. 

 

4. Conclusion 

Both BTBA and DBCH showed good inhibition efficiency in NaCl 
solution. The IE% of DBCH was higher than that of BTBA. Polarization 
studies indicated that BTBA and DBCH behave mainly as anodic inhibitors 
for brass in NaCl solution. They decrease the anodic reaction rate more 

strongly than the cathodic reaction and render the corrosion potential of 
brass more positive in NaCl solution. Impedance studies showed that the 
change in charge transfer resistance (Rct) and double layer capacitance 
(Cdl) values are related to the adsorption of BTBA and DBCH on the metal 
surface, leading to the formation of a protective film, which grows with 
increasing exposure time. Accelerated leaching studies revealed that the 
BTBA and DBCH control the dezincification of   brass. Cyclic voltammetric 
studies indicated that the inhibitors have significant effects in anodic 
dissolution of metals. Current transient studies showed that the inhibitors 
shifted the corrosion current to a lower value and thus effectively retard 
the dissolution of brass in sodium chloride solution. FT-IR spectra show 
that the protective film consists BTBA and DBCH. EDX analysis clearly 
proved that the inhibition is due to the formation of an insoluble stable 
film through the process of complexation of the organic molecule. 
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