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This paper describes an investigation of the corrosion behavior of Cu37Zn brass in borate buffer 
solutions at various pH, with and without the addition of chloride ions. The results lead to the 
conclusion that the anodic current densities depend on pH and chloride ions. The current density 
increased in pH interval from 8.0 to 9.3 in borate buffer solutions without chloride ions. In a sodium 
tetraborate solution with the addition of Cl- ions, current density decreased in pH interval from 8.0 to 
10.3 
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1. INTRODUCTION 

Copper and its alloys are widely used in industry because of their good resistance to corrosion, 

and are often used in cooling water systems, for shipboard condensers, power plant condensers and 

petrochemical heat exchangers. Brass is very interesting for many scientists, because of its great 

industrial importance. Behavior of brass was studied in seawater [1,2], NaCl [3-8], H2SO4 [9], HNO3 

[10,11], borate buffer [12, 13], sodium tetraborate [14]. The mechanism of copper and copper based 

alloys electrodissolution in chloride media has been investigated [15], and inhibition of copper 

dissolution by organic inhibitors was also intensively examined [16]. Brass is liable to dezincification 

in aggressive media. Two theories explain mechanism of dezincification. The first theory assumes 

selective dissolution of Zn, which goes in solution, and porous rest, rich with Cu, remains on brass 

surface. The second theory assumes simultaneous dissolution of Cu and Zn with redeposition of Cu 

from solution on brass surface. The rate of this process is often determined by the diffusion rate of 

disolved oxygen to the metal surface and the reaction is said to be under mass transport control [17]. 

Passive film can be formed during electrochemical measurements on the metal surface, and 

composition of film depends on potential. Passive film formed on copper surface consists of inner 
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Cu2O and outer CuO [12,18]. Passive film formed on the brass surface is more complex and contain 

ZnO·xH2O at more negative potential or Cu2O and CuO at more positive potential [12,19]. ZnO 

becomes more dominant in the protective layer with increasing Zn content in the alloy [12].  

This study presents the results of research of electrochemical behavior of Cu37Zn brass in 

borate buffer solutions, with and without chloride ions, at various pH values. 

 

 
2. EXPERIMENTAL PART 

The working electrode was made of Cu37Zn brass with an area of 0.49cm2. The electrode was 

prepared from a brass wire (ø=0.79cm), it was cut and sealed with epoxy resin. Before each 

measurement, the working electrode was polished using 1µm grit alumina paste, rinsed with distilled 

water and dried. The reference electrode was saturated calomel electrode (SCE), and the auxiliary one 

was made of platinum. The apparatus used for electrochemical measurements holds potentiostat 

directly connected to a computer via an AD card. 

Following reagents were used: 0.1M solution of H3BO3, 0.1M solution of Na2B4O7, 0.1M 

solution of NaOH. All solutions were made of a.r. grade chemicals.  

Composition and pH of initial solutions are presented in Table 1. The initial solutions were 

made by mixing the solutions mentioned above (0.1M H3BO3, 0.1M Na2B4O7 and 0.1M NaOH). pH 

values of solutions were measured using pH-meter MA5740 ISKRA-Slovenia. 

 
 

Table 1. Composition and pH of initial solutions 
 

 pH 
Amount of reagents for 100cm3 of initial solution 8.0 8.7 9.3 10.3 12.3 

0.1M H3BO3 95 cm3 75 cm3 0 0 0 
0.1M Na2B4O7 5 cm3 25 cm3 100 cm3 12.5 cm3 12.5 cm3 

0.1M NaOH 0 0 0 24.75cm3 35 cm3 
H2O 0 0 0 62.75cm3 52.5 cm3 

 
 

NaCl (0.2924g NaCl in 100cm3) was added in initial solution. Concentration of chloride ions 

was 0.05M.  

The following methods were used: measuring of the open circuit potential (OCP) and linear 

voltammetry. The linear voltammograms were recorded starting from the corrosion potential to 1.0V 

vs. SCE. Measurements were conducted at a scan rate of 1 and 10mVs-1. All measurements were done 

at the room temperature. 

The electrochemical behavior of Cu37Zn brass in borate buffer solutions with and without 

chloride ions was investigated in the following way: 

 

a) The electrode was immersed in the borate buffer solutions of various pH (8.0, 8.7, 9.3, 10.3, 

12.3) in which polarization was performed. 
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b) The electrode was immersed in the borate buffer solutions of various pH (8.0, 8.7, 9.3, 10.3, 

12.3) with the addition of NaCl solution (CNaCl=0.05moldm-3) in which polarization was 

immediately performed. 
 
 
3. RESULTS AND DISCUSSION 

3.1. Effect of pH on behavior of Cu37Zn brass in a borate buffer solution 

Open circuit potential of Cu37Zn brass was recorded over the period of 5min in borate buffer 

solutions of various pH (8.0, 8.7, 9.3, 10.3, 12.3). It was found that open circuit potential becomes 

more positive with time at all tested pH (Fig.1.). Milosev et al. [20] came to the same result in their 

investigation. Also, it was observed that OCP becomes more negative when pH increases [21] and 

measurements showed that OCP was in the range of -0.088 to -0.195V vs. SCE (Fig.2.). The potential 

change was greater at lower pH values (pH 8.0 – 8.7) and slower at pH>9.3 (Fig.2.).  
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 Figure 1. Open circuit potential as a function of time of immersion for Cu37Zn in borate buffer 
solutions of various pH (8.0, 8.7, 9.3, 10.3, 12.3) 

 

8 9 10 11 12 13

-0.20

-0.18

-0.16

-0.14

-0.12

-0.10

-0.08

O
p
e
n
 c

ir
c
u
it
 p

o
te

n
ti
a
l,
 V

 v
s
 S

C
E

pH
 

Figure 2. Open circuit potential as a function of pH in borate buffer solutions 
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Anodic polarization curves recorded in the borate buffer solutions of various pH are presented 

in Fig. 3. and 4. Polarization was performed at a scan rate of 1mVs-1 (Fig.3.) and 10mVs-1 (Fig.4.). 

Analysis of polarization curves recorded in these experiments leads to conclusion that current 

density depends on pH in the both cases (Fig. 3. and 4.). It is also observed that current density 

increased in pH interval from 8.0 to 9.3 but at the pH 10.3 current density considerably decreased. At 

pH 12.3 current density increased which leads to conclusion that dissolution of brass is intensive in 

more alkaline solution. Three peaks (A1, A2 and A3) were observed at pH 8.0, 8.7 and 9.3 (Fig.3.) and 

these peaks correspond to the Cu(I)-oxide formation. Also, formation of Cu2O was observed by other 

authors [17,19,22-24]. Cuprous oxide (Cu2O) [25] is the primary oxidation product in alkaline 

solution, and that was confirmed by the following equation: 

 
2Cu + 2OH-=Cu2O + H2O + 2e- 

 

It is observed from Fig. 3. and 4. that breakdown potential depends on pH, solution pH increase  

causing drop of breakdown potential values.  

It is very difficult to determine an exact composition of brass surface in alkaline solution and 

some authors claim that on the brass surface in alkaline solution the layer exists, which is 

predominantly ZnO at lower potentials [20,26,27]. Also, it is very important to mention that 

composition of formed surface layer depends on potential. ZnO and Zn(OH)2 were formed at more 

negative potentials while Cu2O, CuO and Cu(OH)2 formation takes place at higher potentials [17].    

The parameters presented in Table 2 are obtained by the analysis of the polarization curves 

shown in Fig 3. It can be seen that Tafel slopes are very similar (83.8-87.9mVdecade-1) in pH interval 

from 8.0 to 12.3. (Tab.2.), indicating that mechanism of reaction didn’t change [11,28] when pH 

values were changed. 
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Figure 3. Polarization curves of Cu37Zn brass in the borate buffer solutions of various pH (8.0, 8.7, 
9.3, 10.3, 12.3). Polarization was performed immediately after the immersion of the electrode in the 
borate buffer solutions, 1mVs-1 
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Table 2. Electrochemical parameters of Cu37Zn brass in borate buffer solutions of various pH (8.0, 
8.7, 9.3, 10.3, 12.3) 
 

pH Ecorr 
[V vs. SCE] 

Icorr 

[µAcm-2] 
ba 

[mVdec-1] 
8.0 -0.088 1.1 83.81 

8.7 -0.127 1.7 85.34 

9.3 -0.169 6.4 86.09 

10.3 -0.171 1.1 87.74 

12.3 -0.195 1.8 87.86 
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Figure 4. Polarization curves of Cu37Zn brass in borate buffer solutions of various pH (8.0, 8.7, 9.3, 
10.3, 12.3). Polarization was performed immediately after the immersion of the electrode in the borate 
buffer solutions, 10mVs-1 

 
 

 
3.2. Effect of chloride ion concentration on behavior of Cu37Zn brass in a borate buffer solution 

The anodic polarization of brass electrode was conducted in the solutions of various pH, like in 

the previous part, with the addition of 0.05moldm-3 NaCl in order to examine the influence of chloride 

ions. 

 It is found that open circuit potential depends on pH values, and becomes more negative with 

increasing pH (Fig. 5.). It is also observed that open circuit potential has more negative values in the 

solution with NaCl then in the solution without NaCl at the same pH. The same is observed by Milic 

and Antonijevic [29].  

Polarization curves of Cu37Zn brass in the borate buffer solutions of various pH with addition 

of NaCl (CNaCl=0.05moldm-3) are showen in Fig.6. It is observed that current density decreased with 
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pH increase in pH interval from 8.0 to 10.3 at potential more negative then 0.4V vs. SCE. Also, is 

observed that current density had a similar values at a large region of potential (from 0.1 to 0.85V vs. 

SCE) at pH 9.3, and this indicate that passive layer formed on the electrode surface is the most stable 

at that pH (Fig6, curve 3). Brass passivation is attributed to the complex passive layer, consisting of 

ZnO·xH2O/Cu2O-CuO, formation, which is less resistant to Cl- ion attack than protective layer formed 

on Cu electrode, however, localized corrosion occurred no sooner than E>Eb [13].  The peaks A1 and 

A2 are observed at pH=8.0 and 9.3. These peaks affirm building Cu2O on brass surface. Formation of 

Cu2O onto brass surface in chloride containing media was observed by Procaccini et al. [23], Mamaş et 

al. [30] and El-Sherif et al. [31].  

Polarization of brass alloys in chloride containing media results in the formation of various 

oxide, oxychloride and/or chloride corrosion products differing in the Cu and Zn contents [20]. Cu2O, 

CuO and Cu(OH)2 compounds are the most often bare compounds on the brass surface in chloride 

containing media [32]. In the presence of chloride ions in borate buffer solution the ZnO layer formed 

on the brass surface is mixed with a Cu-rich layer which is developed in the process of dezincification 

[20]. In the chloride solution, formation of the soluble complex CuCl2
- was observed [30,31], as well 

as insoluble CuCl on the electrode surface [30,32] which was recognized as main corrosion product in 

that kind of solution [33]. Formation of products in the chloride containing solution is restricted by 

concentration of chloride ions. In the solutions which contain Cl- ions up to 0.3moldm-3 CuCl2
- was 

produced, while in the presence of higher concentration of chloride ions CuCl2
- hydrolyse and form 

passive Cu2O layer [31]. 

The kinetics and mechanism of brass anodic dissolution and surface film formation in the 

chloride solution can be explained by the following reactions [5,6]:  

 
Zn2+ + H2O = ZnO + 2H+ or 

 
Zn + H2O = ZnO + 2H+ + 2e- 

 
2Cu+ + H2O = Cu2O + 2H+ or 

 
2Cu + H2O = Cu2O + 2H+

 + 2e- 
 

After the surface has become covered with ZnO and Cu2O, CuCl is formed on the surface by the 

reaction: 

 
Cu+ + Cl- = CuCl 

 
2CuCl = Cu + CuCl2 

 
 

and CuCl2
- is formed by the dissolution of CuCl: 

 
CuCl + Cl- = CuCl-2 
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Figure 5. Open circuit potential as a function of pH in borate buffer containing 0.05moldm-3 NaCl 
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Figure 6. Polarization curves of Cu37Zn brass in borate buffer solutions of various pH (8.0, 8.7, 9.3, 
10.3, 12.3) containing 0.05moldm-3 NaCl. Polarization was performed immediately after the 
immersion of the electrode in the solution, 10mVs-1 

 

 
4. CONCLUSIONS 

The open circuit potential of brass Cu37Zn in borate buffer solutions ranges from                      

-0.088V to -0.195V vs. SCE. The anodic polarization curves recorded at pH 8.0, 8.7 and 9.3 show 

three peaks A1, A2 and A3 corresponding to Cu2O formation. The breakdown potential becomes more 

negative with the increase of pH values.  

   In borate buffer solutions containing chlorides (0.05moldm-3) the open circuit potential have 

more negative values than in borate buffer solutions without chlorides, at the same pH values. Two 

peaks are observed from the polarization curves, which point to Cu2O formation on brass surface. The 

protective layer on brass surface was the most resistant at pH 9.3.  

 
 
ACKNOWLEDGEMENTS 
The authors gratefully acknowledge the financial support of the Ministry of Science and 
Environmental Protection of Serbia through the  Project No 142012. 
 



Int. J. Electrochem. Sci., Vol. 4, 2009 
  

661

References 

 
1. R. Ravachandran and N. Rajendran, Appl. Surf. Sci. 241 (2005) 449   
2. V. L`Hostis, C. Dagbert and D. Féron, Electrochim. Acta 48 (2003) 1451 
3. J. Morales, G. T. Fernandez, S. Gonsales, P. Esparza, R. C. Salvarezza and A. J. Arvia, Corros. 

Sci. 40 (1998) 177 

4. G. A. El-Mahdy, J. App. Electrochem. 35 (2005) 347 
5. R. Ravichandran and N. Rajendran, App. Surf. Sci. 239 (2005) 182 
6. R. Ravichandran, S. Nanjunden and N. Rajendran, App. Surf. Sci. 236 (2004) 241          
7. A. Asan, M. Kabasakaloğlu, M. Isiklan and Z. Kilic, Corros. Sci. 47 (2005) 1534                
8. A. Nagiub and F. Mansfeld, Corros. Sci. 43 (2001) 2147 
9. T. C. Chou, J. Mater. Sci. 14 (1998) 3585 
10. Y. Abed, M. Kissi, B. Hammouti, M. Taleb and S. Kertit, Prog. Org. Coat. 50 (2004) 144 

11. M. Mihit, S. El Issami, M. Boukah, L. Bazzi, B. Hammouti, E. Ait Addi, R. Salghi and S. Kertit, 
App. Surf.  Sci. 252 (2006) 2389   

12. I. Milošev and H. H. Strehblow, J. Electrochem. Soc. 150 (2003) B517 
13. J. Morales, G. T. Fernandez, P. esparza, S. Gonzalez, R. C. Salvarezza and A. J. Arvia, Corros. Sci. 

37 (1995) 211   
14. M.M. Antonijević, S. M. Milić, S. M. Šerbula and G. D. Bogdanović, Electrochim. Acta 50 (2005) 

3693 

15. S. M. Milić, M. M. Antonijević, S. M. Šerbula and G. D. Bogdanović, Corros. Eng.Sci. Techn., 43 
(2008) 30 

16. M. M. Antonijević and M. B. Petrović, Int. J. Electrochem. Sci., 3 (2008) 1 
17. N. Bellakhal, K. Draou and J. L. Brisset, Mater. Chem. Phys. 73 (2002) 235 
18. H. H. Strehblow, V. Maurice and P. Marcus, Electrochim. Acta 46 (2001) 3755 
19. J. Morales, P. Esparza, G. T. Fernandez, S. Gonzalez, J. E. Garcia, J. Caceres, R. C. Salvarezza and 

A. J. Arvia, Corros. Sci. 37 (1995) 231     
20. I. Milošev, T. K. Mikić and M. Gaberšček,Electrochim. Acta 52 (2006) 415 
21. M. M. Antonijevic, S. C. Alagic, M. B. Petrovic, M. B. Radovanovic and A. T. Stamenkovic, Int. 

J. Electrochem. Sci., 4 (2009) 516          
22. S. Ceré and M. Vázquez, J. Mater. Sci. Lett. 21 (2002) 493 
23. R. Procaccini, S. Ceré and M. Vázquez, J. Appl. Electrochem. 39 (2009) 177 
24. S. B. Ribbota, L. F. La Morgia, L. M. Gassa and M. E. Folquer, J. Electroanal. Chem. 624 (2008) 

262 
25. S. M. Abd El Haleem and E. E. Abd El Aal, Corrosion 62 (2006) 121 
26. B. Lefez and M. Lenglet, Chem. Phys. Lett. 179 (1991) 923 
27. E. Beucher, B. Lefez and M. Lenglet, Phys. Stat. Sol. (A) 136 (1993) 139  
28. S. A. Abd El-Maksoud, Electrochim. Acta 49 (2004) 4205 
29. S. M. Milić and M. M. Antonijević, Corros. Sci. 51 (2009) 28 
30. S. Mamaş, T. Kiyak, M. Kabasakaloğlu and A. Koc, Mater. Chem. Phys. 93 (2005) 41 
31. R. M. El-Sherif, K. M. Ismail and W. A. Badawy, Electrochim. Acta 49 (2004) 5139 
32. M. Kabasakaloğlu, T. Kiyak, O. Şendil and A. Asan, Appl. Surf. Sci. 193 (2002) 167  
33. G. Kear, B. D. Barker and F. C. Walsh, Corros. Sci. 46 (2004) 109 
 
 
 
© 2009 by ESG (www.electrochemsci.org) 


