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Alkaline pyrophosphate electrolyte was used for the deposition of brass including different 

proportions of Zn and Cu onto carbon steel substrate to determine the mechanism of the 

growth and striping of Cu, Zn and their alloys. Zinc-rich brasses were obtained 

potentiostatically and the behaviour of resulting films was studied potentiodynamically in 

terms of redox processes and corrosion studies they have. Deposition and dissolution 

mechanisms of Zn are independent of the film thickness. However, these mechanisms of 

brasses depend not only on the film thickness but also the Zn content. The corrosion 

resistivity of brass can be optimised and it can reach up to 27 times more effective than 

pure Zn due to the content of metals in alloy and the alloy structure. Micro-lamellar 

structure of brasses was also observed in the alloy containing 57.5 ±0.50wt% Zn. 
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1. Introduction 
 

Besides decorative purposes [1,2], brass coatings are required to protect the substrates 

against aggressive environments such as lubricant, gaseous and liquid environments resulting in 

performance and lifetime reduction [3,4]. Until recently, cyanide based electrolyte has been used 

for brass deposition [5-7]. However, this is no longer desirable because of environmental and 

safety issues. Therefore, several research groups have attended to study cyanide free and 

environmentally friendly medium such as ionic liquids [8,9] or aqueous medium (tartrate 

[10],gluconate [11], EDTA [12], ammonia [13], pyrophosphate [14,15], based ligand solution). 

The complexing agents in the deposition baths do not significantly affect the deposition potentials 

of zinc but copper. Among non-cyanide aqueous electrolyte, pyrophosphate bath is an attractive 

ligand to obtain brass coating. Kravtsov et al. [16] and Konno et al. [17] showed that the 

deposition mechanism of pure metals (Cu
2+

, Zn
2+

 Pb
2+

 and Sn
2+

) with pyrophosphate complexing 

agent is: 

 

 M(P2O7)2
6−

(𝑎𝑞)
+  2e− → 𝑀(𝑠) + 2P2O7

4−
(𝑎𝑞) (1) 

 

Brass film was obtained with the same mechanism in several works [16,18-20], however 

Vagramyan et al. [6] claimed that the brass deposition with this ligand had some problems 
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including cracked and low zinc-content film. Fujiwara et al. and Juškėnas et al. [21,22] later on 

illustrated that lower deposition potential could result in the zinc-rich brasses. Although there are 

many studies regarding electrochemical deposition and characterization (structural, optical and 

anti-corrosion behaviors) of copper-rich brass (α-brass) [23-27], preparation and characterization 

of zinc-rich brass (β and γ-phases of brass) have not been studied widely.  

Improving the surface of alloy means achieving better wear, abrasion and corrosion 

resistance. Corrosion resistivity of steels is an important factor in engineering applications. One of 

the objective of this work is to examine the anti-corrosive effect of brass onto carbon steel with 

variable high zinc content.   

The main objective here is to understand the electrochemical mechanism of brass 

deposition onto the carbon steel upon changing content of brass. Potentiodynamic data of pure Zn 

and pure Cu are collected to determine the similarities and contrast of pure Zn and pure Cu 

coatings with brass films. Another objective is to explore the structure of the film deposited with 

different ratio of Zn and Cu in pyrophosphate electrolytes. It is also aimed to determine and 

optimize the variation of anti-corrosion behaviour of brass as a function of Zn/Cu ratio in solid 

form. 

 
 

2. Experimental 
 

The solutions for all experiments were prepared from chemicals supplied by Sigma-

Aldrich with distilled water (<10 µS cm
-1

). 0.2 M CuSO4 and 0.2 M ZnSO4 compounds were 

individually added into the solution containing 0.9 M K4P2O7 and 0.07 M KH2PO4 (referred as 

background electrolyte) for pure Cu and pure Zn deposition, respectively. The concentration of 

Zn
2+

 in the background electrolyte is constant (200 mM) for brass deposition. However, Cu
2+

 

concentration in the electrolyte was varied according to the following values: 50 mM, 100 mM, 

150 mM and 200 mM as shown in Table 1. The value of pH for these solutions was measured as 

8.5 ± 0.3.  The solutions containing both metal compounds are listed in Table 1 with their labels.  

 
Table 1: Chemical contents of electrolytes with their labels.  

 

Solution Code CuSO4 (mM) ZnSO4 (mM) K4P2O7 (M) KH2PO4 (M) 

Cu50-Zn200 50.0 200 0.90 0.07 

Cu100-Zn200 100 200 0.90 0.07 

Cu150-Zn200 150 200 0.90 0.07 

Cu200-Zn200 200 200 0.90 0.07 

 

 

A three-electrode cell was used in potentiodynamic experiments either cyclic voltammetry 

for studying electrochemical mechanism or linear sweep voltammetry for corrosion study. AISI 

4140 steel (carbon steel) which has disc shaped made out of 1 cm diameter with one side covered 

bakalite was used as the working electrode. The auxiliary electrode was Pt flag (2 cm
2
). All the 

potentials in the work presented in this paper were referred to Ag/AgCl (sat. KCl) reference 

electrode. Before the deposition of brass, the surface of carbon steel was mechanically polished to 

obtain a mirror shine surface using sandpaper having grid size varied from 400 to 3000 then 

sonicated solution for 5 minutes and finally rinsed with deionised water.  

The electrochemical experiments were carried out in a CHI 1100 potentiostat (CHI 

Instruments Inc., USA). The coatings were obtained potentiostatically at -2.0 V for 300 seconds. 

The resulting fılms were transferred to 3wt% NaCl to measure corrision resistivities. All 

experiments were conducted at room temperature (20 ± 2). The elemental analysis of the brass was 

carried out by scanning electron microscope JEOL 6400 with energy dispersive spectrometer 

performing between 15 and 30 kV. 
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3. Results 
 

3.1 Electrodeposition Mechanism of Brass 

3.1.1 Deposition of Pure Cu and Pure Zn Metals 

Before starting the analysis of brass deposition, the electrochemical growth of Cu and Zn 

is studied by the cyclic voltammetry and presented in Figure 1. 
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Fig. 1: Cyclic voltammogram of a) background electrolyte (0.90 M K4P2O7 + 0.07 M 

KH2PO4); b) pure Cu containing system (0.20 M CuSO4 in the electrolyte); b) pure Zn 

containing system (0.20 M ZnSO4 in the electrolyte); d) all data given in panel a, b and c.  

CV data recorded for the steel working electrode at a sweep rate of 50 mV s
-1

. 

 

 

The copper, zinc and brass reduction and deposition processes have been previously 

studied in non-cyanide medium onto the Pt [6] and Au [15] working electrode, however the 

deposition process onto the steel has not been studied widely. As there is no reaction of iron (steel) 

in pyrophosphate medium at the potential window from 1.2 to –1.0 V given in Figure 1a, the steel 

substrate can be safely used as working electrode. The reduction of hydrogen is seen around -1.0 V 

in Figure 1a. The starting potential was selected where there is no current flow at 1.2 V. As the 

brass films were obtained potentiostaticly by applying -2 V, the potential range was selected up to 

-2 V on the cathodic direction in order to observe the probable dynamics and mechanisms of 

electrochemical process of brass deposition. Additionally, the steel was used as a working 

electrode for cyclic voltammograms study because the ions could behave varied on different 

substrate depending mainly on the crystal structure [22]. Therefore, steel substrate was used as the 

working electrode to obtain better characterisation of the brass deposition. 

Figure 1b does not show any reduction peak until -1.0 V which indicates that there is no 

Cu reduction until that potential. Although the reduction of Cu
2+

 ions begins normally at a very 

earlier potential, here pyrophosphate ions cause the reduction potential of Cu
2+

 to shift to more 

negative direction at -1.1 V. 

It is known that during deposition of metals some free OH
-
 ions are appeared in aqueous 

cyanide medium because of hydrogen evolution and thus some metalhydroxide can be deposited 
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as well [6] but the general mechanism for cupper deposition in pyrophosphate medium proposed 

by Konno et al. [17] is as follow: 

 𝐶𝑢𝑃2𝑂7
2−

(𝑎𝑞) + 2𝑒− → 𝐶𝑢(𝑠) + 𝑃2𝑂7
4−

(𝑎𝑞) (2) 

Konno et al. also proved that the mechanism can be different depending on the concentration of 

pyrophosphate in the electrolyte for example at high concentration of pyrophosphate (>0.18 M), 

the mechanism becomes:  

 𝐶𝑢(𝑃2𝑂7)2
6−

(𝑎𝑞)
+  2𝑒− → 𝐶𝑢(𝑠) + 2𝑃2𝑂7

4−
(𝑎𝑞) (3) 

There is a peak at -1.2 V which is attributed to copper deposition (see Figure 1b). The 

linearly decreasing of reduction current given in Figure 1a and Figure 1b shows similarities, 

therefore around this potential, hydrogen evolution reducing the current efficiency also occurs with 

copper deposition. The cyclic voltammogram of copper reduction (CuSO4 in the background 

electrolyte) and hydrogen reduction (just background electrolyte) are compared in Figure 1d. As 

expected, the charge (area under the peak) of copper solution is higher than that of the background 

electrolyte itself because Cu deposition is associated with hydrogen evolution [16]. On the reverse 

direction, copper differently shows two oxidation peaks as the ligand does not affect oxidation of 

solid Cu. One of them starts at -0.1 V,which is related to the dissolution of Cu film. This is 

probably Cu
0
/Cu

+
 oxidation because the other oxidation peak which is around 0.8 V can be 

connected Cu
+
/Cu

2+
 oxidation. The broadness of the oxidation peak could exist due to the 

interference of both oxidation reactions Cu
0
/Cu

+
 and Cu

+
/Cu

2+
. While there is no reduction peak in 

the first scan until -1.2 V, there is a small reduction peak around 0 V in second scan shown in 

Figure 1b. This can be attributed to the reduction of Cu
2+

/Cu
+
 (indeed Cu(P2O7)2

6−/ Cu(P2O7)2
7−) 

as the surface of steel working electrode now has been changed with the deposition of some 

copper. 

Figure 1c shows the cyclic voltammogram curve of ZnSO4 in pyrophosphate medium. 

There is no reduction until -1.1 V which is exactly the same as just that of background electrolyte. 

The cyclic voltammogram of Zn deposition differs from hydrogen evolution as the potential of -

1.3 V, at which the zinc nucleation takes place, is proceeded (given in Figure 1d). After a small 

plateau around -1.4 V, hydrogen evolution and Zn deposition are differentiated. The striking 

feature of these curves is that the charge of zinc deposition is lower than that of the background 

electrolyte. While zinc deposition and hydrogen evolution occurs concurrently, the expectation 

was that the charge for zinc deposition would be higher than that for just hydrogen evolution 

(background cycling) as it has been observed in copper deposition. However, the steel working 

electrode with zinc deposition reduces hydrogen evolution on the substrate because new surface, 

probably,is covered partly with zinc. Therefore, zinc coating blocks the active surface area and the 

amount hydrogen evolution is lessened. 

Zinc deposition also can be accepted to have the same mechanism similar to the deposition 

of Cu in the same electrolyte which is accepted for other metals (Pb
2+

and Sn
2+

) shown by Kravtsov 

et al [16]. As the concentration of pyrophosphate is higher in this case (0.9 M), the mechanism 

must be: 

 M(P2O7)2
6−

(𝑎𝑞)
+  2e− → 𝑀(𝑠) + 2P2O7

4−
(𝑎𝑞) (4) 

Here, M (Metal) represents Zn. Striping of Zn has different mechanism as it has two significant 

oxidation peaks. The first one (around -0.9 V) must be attributed to Zn
0
/Zn

+
oxidation and the other 

one (around -0.3) must be due to Zn
+
/Zn

+2
.  

 

3.1.2 Deposition of Brass 

The complexing agents in the electrolyte do not significantly affect the deposition 

potentials of zinc but copper is affected largely by the agents. Therefore, ligand of P2O7
4−was 

chosen to deposit Cu with Zn [7].There are plenty of work related to brass films which are mainly 

focus on applications and characterisations of brass [12,28-31]. However, the cyclic voltammetric 
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analysis of brass on steel substrate is required to go into details. Figure 2 illustrates how content of 

copper ions in the electrolyte affects the cyclic voltammogram responses when the brass deposits 

onto the steel working electrode. 
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Fig. 2: Cyclic voltammogram of deposition solution data for 

a) the Cu150-Zn200 solution; b) the Cu200-Zn200 solution. (v = 50 mVs
-1

) 

 

 

The cyclic voltammogram curves for all brass solutions in this study indicate that all brass 

films start to deposit around -1.2 V the same as Cu deposition (see Figure 1b) and until -1.2 V 

there are not any reduction peak as given in Figure 2. 

The reduction of Cu
2+

 or Zn
2+

 (in the form of Cu(P2O7)2
6−andZn(P2O7)2

6−, respectively) 

simultaneously occurs with hydrogen evolution which causes a significant decrease in current 

efficiency [15]. There are both hydrogen evolution and copper deposition simultaneously at 

potential interval more negative than -1.2 V and hydrogen evolution with zinc deposition at around 

-1.4 V. In literature it is known that when more negative external potential is applied through the 

electrolyte containing copper and zinc salt, the brass films include higher ratio of zinc [21,22], 

therefore -2 V was selected in order to obtain Zinc-rich brass for corrosion study.  

The mechanism of brass deposition must be the combination of Cu and Zn deposition. 

Therefore the mechanism can be shown as follows: 

xCu(P2O7)2
6−

(𝑎𝑞)
+ (1 − x)Zn(P2O7)2

6−
(𝑎𝑞)

+ 2e− → (𝐶𝑢𝑥𝑍𝑛(1−𝑥))(𝑠) + 2P2O7
4−

(𝑎𝑞) (5) 

x is the mol fraction of copper in the brass depending on deposition time, electrolyte, potential and 

current applied to the system [14,32-34]. 

All of the cyclic voltammogram studies of brass in this work show one oxidation peak at 

first scan (Cu200-Zn200 is given as a representative example). However, among all these cyclic 

voltammogram (Cu50-Zn200, Cu100-Zn200, Cu150-Zn200 and Cu200-Zn200), only Cu150-

Zn200 has two oxidation peaks given in Figure 2a. The first oxidation peak at -0.4 for Cu150-

Zn200 solution can be attributed to Zn/Zn
+
 (Zn to Zn(P2O7)2

7−) transformation. The change of Zn 

to Zn
+
 was around -0.9 V in pure zinc electrolyte. This difference is because of new type of film as 

there is copper content in the brass. The second oxidation peak around 0.3 V for the Cu150-Zn200 

must be related to remaining brass striping to Zn
2+

 and Cu
2+

 (Zn(P2O7)2
6− and Cu(P2O7)2

6− ). 

However, the cyclic voltammograms for other solutions (Cu50-Zn200, Cu100-Zn200 and Cu200-

Zn200) do not have Zn/Zn
+
 oxidation and directly all Cu and Zn become Cu

2+
 and Zn

2+
 as shown 

in Figure 2b. The differences between Cu150-Zn200 and others can be related to the amount of Zn 

content in the brass. This can be addressed by EDAX analysis given in section 3.2.1. 

While the reduction of Cu200-Zn200 electrolyte on steel electrode is not seen until -1.2 in 

the first scan, a reduction peak around -0.4 rises on the second scan due to the change on steel 

electrode which now could have little brass on top of it. This requires a detail analysis, hence 

Figure 3 shows the consecutive cycling of Cu200-Zn200 electrolyte on the steel working 

electrode.  
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Fig. 3: Consecutive cyclicing on the steel working electrode for the Cu200-Zn200 solution 

(v = 50 mVs
-1

). The arrows indicate the change of current upon increasing the number of scans. 

 

 

Figure 3 shows that the current of each cycle increases at 1.2 V indicating deposited brass 

cannot be stripped 100% and the surface population of brass film increases after each cycle. As 

film is getting thicker which can be understood from the rising of the oxidation and reduction 

peaks upon increasing the number of scans, one more reduction and oxidation peak appear around 

-0.5 V and -0.7 V, respectively given in Figure 3. The first reduction peak appearing with 

increasing the numbers of scans is attributed to Cu
2+

/Cu
+
 (in the form of Cu(P2O7)2

6−/
Cu(P2O7)2

7−) reduction as seen in the second cycle of Figure 1b and Figure 2b. The other peak 

(oxidation peak) is seen because of the oxidation of Zn/Zn
+
(Zn solid to Zn(P2O7)2

7−) similar to the 

cyclic voltammogram obtained from the electrolyte containing only zinc solution (without copper 

solution) given in Figure 1c. This consecutive cycling confirms how the mechanism of deposition 

and striping of brass are differentiated depending on brass thickness, consequently composition 

and structure of the electrode. While the early stage of brass deposition consists of just the 

reduction of Cu
2+

 (indeed Cu (P2O7)2
6−) and Zn

2+
 (Zn(P2O7)2

6−) to CuxZn(1-x) alloy directly onto 

the steel electrode, later on -at subsequent scans- Cu
2+

 (Cu(P2O7)2
6−) reduces Cu

+
 (Cu(P2O7)2

7−) 

just before solid Cu deposition onto the new electrode which has some nucleation and growth of 

thin brass film. On the other hand the stripping mechanism of thin brass film (at the early stage of 

cycling) contains directly the oxidation of Zn-Cu to Zn
2+

-Cu
2+

 (as Cu(P2O7)2
6− and Zn(P2O7)2

6−), 

however solid zinc in thicker brass (subsequent cycles) firstly is oxidised to Zn
+
 (Zn(P2O7)2

7−) 

ions and the remaining film later on strips with increasing potential. This can provide new 

possibilities to control the composition of brass by potential change.  

 

3.2 Characterization of Brass Films 

3.2.1 Morphology of Brass Films 

Figure 4 shows SEM micrographs of pure Cu, pure Zn and their alloy consisting of 

different proportions of both metals. Cu and Zn proportions in brass film obtained from EDAX 

analysis are listed in Table 2. 
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Fig.  4: SEM images of a) pure Cu coating; b) pure Zn coating; and brass coating obtained from c) the 

Cu50-Zn200; d) the Cu100-Zn200; e) the Cu150-Zn200; f) the Cu200-Zn200 solitions. 

 

 

While pure Cu film on carbon steel is smooth and its grain size is much less than 1 µm, the 

average grain size of the deposited pure Zn is 2.3 µm. Defects or crackings of the coating layer 

were not observed for any film presented here. The structure of brass is changed with variable Cu 

ratio in the electrolyte caused to the different ratio of metals in brass shown in Figure 4. It is 

indicated that the size of CuxZn(1-x) crystallites has generally regular spherical morphology with a 

size range of ca. 0.5-2 µm, however the pattern of them are so different. 

Although the patterns of the solid obtained from the Cu50-Zn200 and the Cu100-Zn200 

have a highly oriented lamellar structure, those of Cu150-Zn200 and Cu200-Zn200 have nodular 

structure of micrograins (at random orientation). To our knowledge, these micro-lamellar 

structures of any alloys have not been obtained previously from any method conducted at room 

temperature. It is known that normally this kind of micro-lamellar structure of alloys occurs at a 

eutectic point where alloy phases start to solidfy at a high temperature [35,36]. Nano-lamellar 

structures were observed in several studies for example: Zr-Nb [37], Cu-Al [38], Co-W [39] and 

Ti-Al [40]. 

Table 2 displays that the ratios of Cu and Zn elements in brass do not have the same trend 

with the ratios of CuSO4 and ZnSO4 solutions in the electrolyte using for brass deposition. For 

instance, Cu ratio in brass obtained from the Cu150-Zn200 is lower than that of the Cu100-Zn200 

while the concentration of CuSO4 is higher in the Cu150-Zn200 electrolyte (150mM CuSO4 + 200 

mM ZnSO4) than the Cu100-Zn200 electrolyte (100mM CuSO4 + 200 mM CuSO4). On the other 

hand, the ratios of Zn in solid form of brasses obtained from the Cu50-Zn200 and the Cu100-

Zn200 electrolyte have almost the same, 57% and 58% respectively. Figure 4c and Figure 4d 

illustrating the same microstructure of the brasses obtain from the Cu50-Zn200 and the Cu100-

Zn200 can have a relationship with the content ratio given in Table 2. 
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Table 2: Contents of Zn and Cu elements in brass obtained from EDAX analysis of the films. 

 
Sample Zn (wt% in brass) Cu (wt% in brass) 

Cu50-Zn200 57 43 

Cu100-Zn200 58 42 

Cu150-Zn200 66 34 

Cu200-Zn200 50 50 

 

Figure 5 shows the phase diagram of the Cu-Zn system. There are seven solid phases 

depending on the ratio of the elements and the temperature illustrated in Figure 5. Among them, βꞌ-

phase is seen around 50% zinc content. As the zinc content is increased, γ-phase is formed. As the 

Zn content in the Cu50-Zn200 and the Cu100-Zn200 is 57.50 ± 0.50% which have also lamellar 

structure (see Table 2 and Figure 4c - Figure 4d), βꞌ-phase and γ-phase could be solidified around 

this percentage of Zn in brass. Therefore, red line in Figure 5 shows the probable border of β-

phase and γ-phase transition or β+γ-phase and γ-phase transition. Weston et al [39] observed nano-

lammellar structure in Co-W coating and explained it with the spinodal decomposition during the 

deposition process. 

 

 
 

Fig. 5: a) phase diagram for Cu-Zn; b) higher magnification between 20-60% of Zn [41]. 

 

 

All the studies regarding lamellar structure of allow in the literature were obtained with 

heat threatment. Cadirli et al. solidified Pb–Sn eutectic samples in a furnace under an argon 

atmosphere [42]. Ti–6Al–3Mo–2Zr–0.3Si alloy with lamellar α + β was prepared at about 1010 °C 

[43] by Fournelle et al.TiAl-base alloy having lamellae structure was also produced by heat 

treatment (at 1333±4 °C) [44,45]. α2(Ti3Al) + γ(TiAl) alloys having lamellar structure were also 

appeared after an annealing treatment at 1450 °C [46]. Lamellae of Ni3Ti  was prepared at high 

temperature as well (1100 °C) [47]. A two-phase microstructure consisting of Pt3Al in Pt solid 

solution [48] and a two phase microstructure of Pt78:Al14:Ru8 alloy [49] were obtained around 

1350 °C for long hours (66 hours). Materials with these micro-lamellar structures controlled by 

thermomechanical processes can have excellent mechanical properties [40].  

The phase diagram of Cu-Zn given in Figure 5 does not show where and how the phase 

change occurs around room temperature as the phase diagram shows that the βꞌ phase at low 

temperatures cannot correspond to the phase equilibrium [50]. However, this study suggests that 

the phase border of brass at room temperature can be similar to that of at high temperature. As β 

and γ-phase of brass might be solidified at 57.5% ± 0.50% Zn content, the phase change of β and 

γ-phase is highlighted with red line shown in Figure 5. As brass is an important alloy used for 

shape memory alloy relying on the change of α and β phases [51], β and γ-phase also can be 

studied even at relatively lower temperature. It has not been shown that shape memory alloy could 

appear for β phase brass (as only seen for 38.5 – 41.5 wt.% Zn content in brass [52]). This study 
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could be extended for the possible use of β brass as a shape memory alloy. However, this paper 

mainly focuses on the electrochemical behaviour of alloys (deposition and corrosion responses).  

 

3.2.2 Corrosion Behaviour of Brass Films 

Figure 6 illustrates the potentiodynamic polarization curves of pure Zn and pure Cu 

coating in 3wt% NaCl. Additionally, the potentiodynamic polarizations of the brass films 

deposited potentiostaticly (applied -2 V for 300 seconds) from different electrolytes are also given 

in the same graph to compare with pure metal deposition in terms of corrosion resistivity. The 

corresponding electrochemical corrosion parameters derived from data given in Figure 6 are 

tabulated in Table 3. 
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Fig. 6: Potentiodynamic polarization curves of metals and alloys in 3wt% NaCl solution.  

Pure Cu, pure Zn and brasses coated from the electrolyte having different ratio  

of CuSO4 and ZnS04 are indicated. 

 

 

The corrosion potential (Ecorr) of all brass deposited from different ratio of Cu in 

pyrophosphate medium containing constant ZnSO4 is between that of pure Cu and pure Zn film 

deposited onto the steel. It can be deduced from the values of more positive Ecorr and much lower 

icorr of brasses than those of pure zinc coating that brass coating has a higher corrosion resistivity 

than that of the pure Zn film in 3wt% NaCl. While the icorr values of the Cu50-Zn200, the Cu100-

Zn200 and the Cu150-Zn200 are higher than that of pure Cu film indicating those brass are less 

corrosion resistive than pure copper coating, the ratio of the corrosion rate between pure Cu and 

the Cu200-Zn200 is more than twice meaning the Cu200-Zn200 shows less corrosive 

characteristic. Preparation of the brass in optimised conditions can take advantage of both metals 

features: more nobel Ecorr close to Ecorr of pure Cu and much less icorr than the icorr values of both 

metals. 

 
Table 3: Electrochemical parameters (corrosion potential Ecorr, corrosion current density icorr)  

derived from the polarization curves given in Figure 6 and ratio of Cu in the brass electrode. 

 

Electrolyte  Pure Zn Cu50- 

Zn200 

Cu100- 

Zn200 

Cu150-

Zn200 

Cu200-

Zn200 

Pure Cu 

icorr (µA cm-2) 316 64.6 36.3 97.7 11.8 33.1 

-Ecorr (mV vs. Ag/AgCl) 768 545 367 421 246 206 

Ratio of Cu in brass 0 43 42 34 50 100 

 

 

It is obvious in Table 3 that the icorr of coatings decreases upon increasing the content of 

Cu in brass. The film obtained from the Cu150-Zn200 solution has less copper than those of the 

Cu50-Zn200 and the Cu100-Zn200 (indicated in section 3.2.1 and in Table 3) and the corrosion 

rate of the film obtained from the Cu150-Zn200 electroyte is also higher than those of the Cu50-

Zn200 and Cu100-Zn200. This shows that the corrosion rate is directly related to the content of 
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copper in the brass. However, the corrosion potential is independent of Cu contents as it is seen in 

Table 3. The difference of the potential of solid deposited from the Cu50-Zn200 and the Cu100-

Zn200 is 178 mV while the Cu content in brass is almost the same.  

The ratio of corrosion rate of pure Zn film to that of the film obtained from the Cu200-

Zn200 is 26.8 indicating the Cu200-Zn200 film is 26.8 times more effective against corrosion than 

pure zinc (316/11.8 as given in Table 3) due to the effect of brass structure and the ratio content in 

the brass against the corrosion behaviour.  

 

 

4. Conclusion 
 

Zinc-rich brass was obtained potentiostaticly from pyrophosphate electrolyte and studied 

potentiodynamicly. The reduction of Cu
2+

 onto the carbon steel in pyrophosphate medium is 

directly from Cu(P2O7)2
6− to Cu(s) at the early stage of deposition, however the mechanism later 

on have two steps: Cu(P2O7)2
6− /  Cu(P2O7)2

7−  and Cu(P2O7)2
7− /Cu

0
. However the striping 

mechanism of Cu
0
 for thin and thick film is the same. It is the transformation of Cu

0
 to 

Cu(P2O7)2
7− at lower potential and Cu(P2O7)2

7−/Cu(P2O7)2
6− at higher potential. 

The electrodeposition of Zn
2+

 in pyrophosphate medium is directly from and Zn(P2O7)2
6− 

to Zn. However, the striping mechanism of Zn coating has firstly Zn
0
/Zn(P2O7)2

7−oxidation and 

later on the oxidation of Zn(P2O7)2
7−to Zn(P2O7)2

6−. 

The electrodeposition of brass has both identical mechanisms of Cu and Zn deposition in 

the same media. Cu
0
-Zn

0
 (alloy) is directly deposited from Cu(P2O7)2

6− and Zn(P2O7)2
6− onto the 

steel. While there is a little amount of brass on the steel substrate, Cu(P2O7)2
6−  is reduced to 

Cu(P2O7)2
7− at higher potential similar to the mechanism of pure copper reduction on the steel. 

Brass striping from the steel has two different characteristics. The first one is for low content of 

zinc (<60wt%) in brass which has direct oxidation reaction of brass to Cu(P2O7)2
6−  and 

Zn(P2O7)2
6−. The latter is for high content of zinc which has oxidation of Zn to Zn(P2O7)2

7− at 

lower potential and Zn(P2O7)2
7−/ Zn(P2O7)2

6− with Cu
0
/Cu(P2O7)2

6−at higher potential. 

Micro-lamellar structure of brass is obtained by potentiostatic depositon of brass in 

pyrophosphate medium at 20 ± 2 °C. This ordered structure is just observed for the brass including 

57.5 ± 0.50wt% Zn at which β+γ-phase transition occurs. The ratio of Cu and Zn elements in 

deposited brass is not directly proportional to the contents of copper and zinc ions in the deposition 

electrolyte. The corrosion rate of brass decreases with increasing Cu content in solid brass. The 

corrosion resistivity of the Cu200-Zn200 is better than pure Cu and about 27 times higher than 

pure Zn. 
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