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HIS paper investigates the effect of benzotriazole (BTAH) on the 

corrosion of copper and two of its alloys namely; Cu-10Ni and Cu-

37Zn brass alloys in 3.5 % NaCl solution. Potentiodynamic polarization, 

potentiostatic polarization and electrochemical impedance spectroscopy 

(EIS) techniques were used in this investigation. Surface morphology was 

examined by using scanning electron microscopy (SEM). At lower 

concentration of BTAH (0.001 M) copper and brass showed slightly better 

behavior than CuNi while at high concentration (≥ 0.005 M) the Cu-10Ni 

alloy showed excellent inhibition efficiency compared to copper and 

brass. EIS showed that the polarization resistance, Rp, and hence the 

corrosion resistance is increased with the addition of BTAH.  Results are 

supported by surface investigations.  

 

Keywords: Copper, Brass, Cu-Ni, Polarization, Corrosion, Inhibition, 

Benzotriazole and SEM.  

 

 

Copper has its universal use in the electronic devices and many other 

applications. However, it easily reacts in ordinary oxygen-containing 

environments. The copper surface is covered with a layer consisting of a mixture 

of metallic copper, cuprous oxide and other corrosion products yielding a high 

electrical resistance.  Benzotriazole (BTAH) is a well-known inhibitor of copper 

corrosion. It has been proved to be one of the most important inhibitors for 

copper and copper alloys corrosion over a wide temperature and pH range
(1)

 .  

  

Brass corrosion has been investigated in chloride solution
(2-6)

 . Abd El Rehim 

et al.
(3)

 have investigated electrochemical behavior of brass in aerated NaCl 

solution. The study results showed that at more negative potentials, Zn 

dissolution occurs while above a critical potential simultaneous dissolution of 

both copper and zinc occurs. Fenelon and Breslin
(4)

 have investigated 

electrochemical behavior of Cu, Cu-37Zn and Zn in chloride solutions 

containing BTAH. They found that BTAH causes the increased resistance, the 

inhibition of CuCl2 formation as well as the formation of a product rich in Zn.  

Quraishi et al.
(5)

 postulated 90–95% inhibiting efficiency of triazole on brass 

70/30 tested in 3% NaCl solution. Martin et al.
(6)

 have investigated brass 

T 
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dissolution in a 0.5 mol dm
−3

 NaCl solution, clearly observing two separate 

regions, the first of which being unstable, obtained by dissolution of Zn and 

formation of vacancies, and the other a stable and rich copper surface. 

 

Cu–Ni alloys have tremendous applications in different industries, especially 

in ships, power stations, heat exchangers where chloride containing waters are 

always used.  The understanding of the corrosion processes under the influence 

of chloride ions and the control of these processes were the subject worthy of 

intensive investigations
(7-11)

.  In solutions with chloride concentration higher than 

0.5 M a relatively high nickel content is needed to combat the corrosion process 

and alloys with >50% Ni have shown corrosion currents compared to pure 

Cu
(8,9)

. The increase of Ni content is usually expensive and leads to the selective 

removal of Ni, especially in chloride containing solutions
(10,11)

. The use of 

inhibitors seems to be the best way to overcome the corrosion problem of the 

Cu–Ni alloys of low Ni contents.  

 

Benzotriazole (BTAH) has long been known as an efficient inhibitor for the 

corrosion of copper and its alloys.  Early studies suggested the cuprous oxide 

was essential for the forming the CuBTA film. Recent studies seem to disagree 

with this claim, since a CuBTA film also formed on the oxide-free copper 

surface
(12)

 . 

 

Two mechanisms have been proposed to account for benzoriazole (BTAH) 

high inhibiting efficiency. The first attributes it to the adsorption of benzotriazole 

on the copper surface
(13)

 i.e.  

 

BTAH(aq) + Cu        =    BTAH:Cu     (1) 

 

where BTAH:Cu refers to BTAH adsorbed on the copper surface. The second 

mechanism postulates the formation of a polymeric complex of Cu(I)BTA, 

 

n Cu
+
 + nBTAH      =    [Cu(I)BTA]n  + nH

+
                    (2)  

 

Youda et al.
(14)

 have suggested that adsorption and complex formation are in 

equilibrium, i.e. 

 

n Cu + nBTAH(ads)  =    [Cu(I)BTA]n  +  nH
+
   + ne   (3) 

 

Equation (3) reveals that increasing the pH value, the potential in the noble 

direction and the inhibitor concentration favor the formation of the protective 

polymeric film. 

 

The present work represents a comparative study of the inhibition effect of 

benzotriazole on the copper, brass and copper nickel alloys. 

 

 

 



Corrosion Inhibition of Copper and Its Alloys … 

 

Egypt. J. Chem. 53, No.3 (2010) 

405 

Experimental 

 

Electrodes were prepared from Cu (99.9 %), brass (Cu63 /Zn37) and 

Cu90/Ni10 as the testing specimens. The electrodes were in the form of rods 

having 0.96 cm diameter (i.e. 0.7234 cm
2 

cross sectional area). The immersed 

length of the rod was coated with a protective adhesive so that only the cross 

sectional area is exposed to the solution.  Electrical contact to the external circuit 

is made through the rod.  Electrodes were polished using SiC papers successively 

down to 2400 grits, followed by 0.3 micron alumina to acquire a mirror-like 

finish. A conventional three-electrode cell was used with an Ag/AgCl reference 

electrode (0.197 V SHE) and a platinum counter electrode. Solutions were 

prepared using deionized water, BTAH from Aldrich, NaCl from Fluka. 

Potentiodynamic polarization curves were measured (at 5 mV s
-1

) in 3.5% NaCI 

containing various concentrations of BTAH. The potential was controlled using a 

Gamry potentiostat. Potential scanning started from the less to the more noble 

potentials. Measurements were performed at 25 ±
 o

C while the electrolyte was 

stirred using a magnetic stirrer.  The electrodes were preirnmersed for 15 min in 

the chloride/BTAH solution before measuring the polarization curves.  From the 

potentiodynamic curves, a certain potential was selected and specimens of the 

three tested alloys were polarized to this potential and kept at this potential for 

three hours. Specimens were then investigated under the scanning electron 

microscope (SEM). Electrochemical impedance spectroscopy (EIS) 

measurements were carried out under the open circuit potential within a 

frequency range of 100 kHz to 0.01 Hz using a Gamry potentiostat with 

impedance software. 

  

Results and Discussion 

 

Electrochemical measurements 

Figure 1 shows the potentiodynamic polarization curves of copper, brass and 

copper-nickel alloys in 3.5% NaCl. It is shown that brass and copper nickel 

alloys give nearly the same behavior and these alloys show a slightly better 

resistance than copper.  This is evidenced by the shift of limiting current towards 

more noble values. 

 

The effect of BTAH addition to the testing solution (3.5% NaCl) on the 

polarization curves of copper, brass and copper-nickel alloys is illustrated in Fig. 

2-4. In case of copper, the addition of BTAH results in a noticeable passive area 

compared to the blank solution (3.5% NaCl).  The passive area is shown to be 

small at 0.001 M BTAH (~0.1V) and increases noticeably at 0.005 and 0.01 M 

BTAH concentrations (~0.5 V).  At 0.01 M BTAH, the passive region is sharper 

and slightly wider than 0.005 BTAH concentration. 

 

 

 



I.M. Ghayad and A.Y. Saad 

 

Egypt. J. Chem. 53, No.3 (2010) 

406 

Current / A

10-8 10-7 10-6 10-5 10-4 10-3 10-2 10-1

P
o
te

n
ti
a
l 
/ 
V

 (
A

g
/A

g
C

l)

-0.6

-0.4

-0.2

0.0

0.2

0.4

0.6

0.8

1.0

Cu

Brass

Cu-Ni

 
Fig. 1. Potentiodynamic curves of Cu, brass and Cu-Ni alloy in 3.5% NaCl. 

 

 

Fig. 2: Potentiodynamic curves of Cu, Brass & Cu-Ni alloy in 

 3.5% NaCl+0.001 M BTA
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Fig. 2. Potentiodynamic curves of Cu, brass and Cu-Ni alloy in 3.5% NaCl + 0.001 M 

BTAH. 
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Fig. 3. Potentiodynamic curves of Cu, brass and Cu-Ni alloy in 3.5% NaCl + 0.005 M 

BTAH. 

 

Fig. 4: Potentiodynamic curves of Cu, Brass & Cu-Ni alloy in

 3.5% NaCl+0.01 BTAH
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Fig. 4. Potentiodynamic curves of Cu, brass and Cu-Ni alloy in 3.5% NaCl + 0.01 

BTAH . 
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In case of brass, the addition of BTAH results in the development of a 

passive region of about 0.3 V for 0.001 M BTAH and 0.4V for 0.005 BTAH 

while 0.01 M BTAH gives a 0.5 V passive region. It is also noted that, the 

addition of BTAH results in the shift of Ecorr towards less noble values. 

 

In case of copper-nickel, the addition of 0.001 M BTAH has no effect on the 

potentiodynamic polarization behavior of the alloy. On the other hand, the 

addition of either 0.005 or 0.01 M BTAH results in improving the corrosion 

behavior of the alloy to a very large extent. A quite large passive region is 

obtained (~2.0 V) with a passivation current of ~10
-6   

Acm
-2

.  Ecorr values at both 

concentrations are shifted towards more noble values. 

 

The potentiostatic polarization curves for the tested alloys which were 

obtained at 0.5 V vs Ag/AgCl are shown in Fig. 5.  In all cases the current starts 

at higher values and then decreases till it reaches a steady state value. The steady 

state current of the copper-nickel alloy shows the least value followed by that of 

copper and finally that of brass. 

Fig. 5: Potentiostatic curves of tested alloys at 0.5 V vs Ag/AgCl at r.t. for 3 hrs
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Fig. 5. Potentiostatic curves of tested alloys at 0.5 V (Ag/AgCl) at room 

temperature for 3 hr in 3.5% NaCl + 0.01M BTAH and 25oC. 

 

Polarization resistance of copper, brass and copper-nickel alloys was 

determined in 3.5% NaCl in the absence and in the presence of different 

concentrations of BTAH using electrochemical impedance spectroscopy (EIS) 

technique. Figure 6 illustrates the Bode plot of EIS results.  The polarization 

resistance (Rp), in some instances called the charge transfer resistance (Rct), can 
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be calculated by subtracting the impedance at the low frequency which 

represents the solution resistance (Rs) from the impedance at the high frequency 

which represents the Rp+Rs
(15)

. This also can be done using the instrument 

software by fitting the data to a model or equivalent circuit predetermined in the 

software. The simplest form of this equivalent circuit is obtained when the 

impedance of the interface is caused primarily by the charge-transfer step, in 

which case Z=Rp where Rp is the polarization (or charge-transfer) resistance of 

the interface (included in Fig. 6b). Table 1 lists these values.  The polarization 

resistance is inversely proportional to the corrosion current, icorr, i.e. 

 

                                            babc 

Rp =   
----------------------------------------  

          (4) 

                                     2.3 (ba+ bc ) icorr      

 

where ba and bc are the cathodic and anodic Tafel slopes. Equation 4 denotes 

that there is a direct proportionality between Rp and corrosion resistance. 

Table 1 shows that the presence of BTAH leads to the increase of Rp for the 

tested alloys. However; the response differs from one alloy to another.  The 

largest increase in Rp  is exhibited by the CuNi alloy at 0.005 and 0.01M 

BTAH which give 1.37x10
5
 and 1.87x10

5
 for 0.005M and 0.01M BTAH, 

respectively. On the other hand, copper exhibited slightly higher values of Rp 

than brass. Rp values of 2.5 x 10
4
  and 1.8 x 10

4 
 ohm are obtained for copper 

and brass, respectively in the presence of 0.01 M BTAH.  These values are 

quite low in comparison to the value of Rp obtained for copper-nickel alloy 

(1.87 x 10
5
). Results of polarization resistance measurements supports those 

of potentiodynamic and potentiostatic measurements in assigning the highest 

inhibition efficiency for the BTAH film formed on the surface of Cu90Ni10 

alloy.  

 

TABLE 1. Effect of the concentrations of BTAH on the polarization resistance (Rp), 

(ohm.cm2), of the metal/electrolyte interfaces of different alloys in 3.5% 

NaCl. 

 

Rp 

Alloy 

3.5%NaCl 3.5%NaCl + 

0.001MBTAH 

3.5%NaCl +     

0.005 M BTAH 

3.5%NaCl + 

0.01 M BTAH 

Copper 4.48  x 103 2.2  x 104 5.7  x 104 2.5  x 104 

Brass 4.27  x 103 1.9  x 104 1.2  x 104 1.8  x 104 

Cu /Ni 4.95  x 103 3.1  x 104 1.37  x 105 1.87  x 105 
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Fig.6. Effect of benzotriazole concentration on the impedance of copper (a), brass 

(37% Zn) (b) and Cu 90 Ni 10 (c) in 3.5% NaCl at 25oC. 
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Surface characterization 

SEM micrographs of copper, brass and Cu-Ni alloys are shown in Fig. 7-8. 

Micrographs show that the specimen surface morphology in presence and in 

absence of BTAH.  Specimens left for 3hr at the open circuit potential (blank 

specimens) do not show any appreciable corrosion attack for copper, brass and 

copper-nickel (Fig. 7).  SEM micrographs of specimens hold for 3 hr at 0.5 V 

(Ag/AgCl) in 3.5 % NaCl+0.01 M BTAH (Fig. 8) clarify that copper suffers 

from corrosion attack in the form of pits.  Brass still subjected to corrosion attack 

but to a lower extent than copper. Corrosion attack takes the form of pits lower 

in size compared to those of copper and also etching of the surface are noticed.  

On the other hand, copper-nickel does not suffer little corrosion attack in the 

form of mild etching. 

 

The present work denotes an excellent corrosion inhibition of CuNi alloy 

compared to Cu and brass at sufficiently high concentration of BTAH (≥0.005 

M).  It also denotes a slightly better BTAH inhibition for Cu than brass.  All 

these observations can be understood if we look at the nature of the protective 

film formed on the surface of these alloys. It is well known that the resistance to 

3.5 % NaCl corrosion of copper and its alloys is related to the formation of a 

thin, adherent, protective surface film of cuprous oxide
(16)

.  However, the formed 

film differs from one alloy to another.  For brass, the film contains ZnO in 

addition to the main constituent of Cu2O
(17-19)

.  For copper-nickel alloys, nickel is 

incorporated in the Cu2O film improving its characters and consequently results 

in the formation of a more protective copper benzotriazole film upon its presence 

in solution.  It was also noted the shift of Ecorr of brass towards more negative 

values in the presence of  BTAH.  This can be related to the fact that Zn in brass 

is less noble than Cu
 (20)

 .   

 

Conclusions 

 

Copper, brass (37 Zn) and Cu90Ni10 alloys were tested in 3.5 % NaCl 

solution in the absence and in the presence of different concnetartions of BTAH. 

At sufficiently high concentration (≥ 0.005 M) of BTAH the Cu-10Ni alloy 

showed excellent inhibition compared to copper and brass.   EIS showed that the 

polarization resistance, Rp, and hence the corrosion resistance is increased with 

the increase of the concentration of BTAH.  The excellent inhibition shown by 

Cu90Ni10 can be related to the incorporation of nickel in the oxide film formed 

on the alloy surface improving its characteristics which in turn results in the 

formation of a highly protective copper benzotriazole film upon its presence in 

solution. 
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 (a)  

 

 (b)  

 

 (c)  

 
Fig. 7. SEM micrographs of copper (a), brass (b) and Cu/Ni (c) samples after 3 hr 

immersion at open circuit potential in 3.5% NaCl at 25oC. 
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                            (a)            (b) 

 

 
(c) 

 
Fig. 8. SEM micrographs of copper (a), brass (b) and CuNi (c) samples after 3 hr 

potentiostatic experiment at 0.5 V (Ag/AgCl) in 3.5% NaCl + 0.01M BTAH 

and 25oC. 
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وسييب ه بلستسييك اتبلتآب اوتييوت لمثوطل  ثييباللتثبيي التآكل يينلآس  يي  

لآسكل نلل

ل

مي نلي  ىلسعاوللإسوته ملم  الغ  ض
*
ل

و جامعة الكويت –كلية العلوم  –قسم الكيمياء 
*

جامعوة  –كلية العلووم  –قسم الكيمياء 

 . المملكة العربية السعودية - جازان

ل

ثبوي  تككوا النحواس على ت( BTAH)راى أزول  ــر البنزوتــذا البحث يدرس تأثيــه

خارصوويم  ووى  73 –نيكووا و نحوواس  01 –نحوواس : و سووبيكنيم مووم سووبامك  وهمووا

: وقوود تووم دسوونلدام النانيوواف ااتيووة  ووى الدراسووة. كلوريوود الدوووديوم  ٪7,3محلووول 

و قيواس مااوموة   ,و الإسوناطاب البوتينشيوسوناتيكى, الإسناطاب البوتينشويوديناميكى

كوووذلم توووم  حووو  (. EIS)لإلكنروكيمياميوووة الطي يوووة الإسوووناطاب بخسووونلدام الإعاقوووة ا

جود أنو  (. SEM)الشكا السطحى بخسنلدام الميكرسكوب الماسح الإلكنرونوى  وقود وج

أن النحوواس وسووبيكة ( مووولر 1,110)أى  BTAHعنوود النركيووز الموونل ل مووم ال 

بينموا عنود ( النيكا -النحاس )النحاس الأص ر تجظهران سلوكا أ ضا نسبيا مم سبيكة 

تجظهوور ك وواء  ( نيكووا -النحوواس ) ووخن سووبيكة ( مووولر 1,113 ≤)نركيووزاف الأعلووى ال

 . تثبي  ممناز  بالماارنة بالنحاس وسبيكة النحاس الأص ر

 

وبالنالى مااومة النككوا  Rpأن مااومة الإسناطاب  EISوقد أظهرف تجارب ال 

 .       السطحوقد دجعمت الننامج باياساف  ح. تزداد بزياد  تركيز البنزوتراى أزول

 


