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Abstract 

The effect of sodium orthophosphate on the protective characteristics of the surface 

layers are studied on brass in contact with moderately hard, highly carbonated and 

chloride rich simulated drinkable water. The optimal inhibitor concentration is 

evaluated from the composition, thickness and pitting resistance of the surface film. 

This layer is mainly composed by zinc(II) oxide-hydroxide and cuprous oxide. By 

adding PO4
3-, the film quality improves, attributed to the incorporation of CuO or Zn(II) 

compounds. The changes are evident with 5 mg l-1 P, and between 10 and 20 mg l-1 P no 

significant differences are observed.  
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1. Introduction 

Aluminium brass is a copper-zinc alloy employed in domestic water-distribution 

systems in valves, heat exchangers, pumps, heating components, plumbing fittings and 

plumbing fixtures. The incorporation of zinc as alloying element improves the 

mechanical properties of these alloys and contributes in cost reduction. Furthermore, the 

addition of small amounts of aluminium to brass increases the resistance to corrosion in 

aqueous medium [1].  

When the electrolyte allows the development of a compact oxide layer on the metal, the 

metallic surface is protected against general corrosion. However, under these conditions 

pitting corrosion could be a serious risk when chloride ions are present. In slightly 

alkaline solutions, brasses present lower pitting resistance than copper due to the 

incorporation of ZnO in the passive layer [2-5]. 

Sodium orthophosphate is used as corrosion inhibitor in tap water because in low 

concentrations it is innocuous for human consumption and has no negative impact on 

the environment [6]. This corrosion inhibitor acts by minimizing copper dissolution [7-

12] and by decreasing the susceptibility to localized corrosion [13-15]. Also, Feng et al 

(1997), found a synergistic inhibitory effects of tripolyphosphate compounds on copper 

when zinc ions are present in tap water [16]. In addition, when phosphate ions are 

present in high concentrations, a delay in the anodic dissolution process on brass has 

been attributed to the development of a zinc phosphate layer [17, 18].  

Mar del Plata is a coastal, Argentine city (lat. S:3756 – long. W:5735), where the 

drinkable water comes only from underground resources. This water is moderately hard 

and highly carbonated. Due to the marine intrusion of the coastal aquifers, the chloride 
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ions content is relatively high (not less than 100 mg l-1). Argentine food-grade norms fix 

the upper limit for chloride ions content in 350 mg l-1 for drinkable water [19].   

In this work, a solution that simulates moderately hard, highly carbonated and chloride 

rich drinkable water is used. Then, the effect of sodium orthophosphate on the 

protective characteristics of the surface layers, such us the composition, thickness and 

pitting resistance is studied on brass. In addition, to avoid water eutrophication when the 

drinkable water is wasted [20], it is important to determine the optimal inhibitor 

concentration.   

 
 

2. Materials and methods 

2.1. Electrodes preparation 

Disc samples of aluminium brass (Cu 76%, Zn 22.18%, Al 1,8% and other impurities 

0.02%) provided with appropriated back contacts were included in fast curing acrylic 

resin and mounted on polyvinyl chloride (PVC) holders. The geometrical area exposed 

was 0.785 cm2. The electrodes were first abraded with emery paper and then mirror 

polished with 0.05 µm alumina powder (Type B−Buehler, Lake Bluff, USA). They 

were finally rinsed gently with distilled water. 

 

2.2. Electrolyte composition 

The experiments were carried out using artificial tap water (ATW) simulating the 

average composition of the drinkable water of an Argentine coastal city. The mineral 

base composition was MgSO4.7H2O (40 mg l−1), MgCl2.6H2O (60 mg l−1), KNO3 (25 

mg l−1), CaCl2.H2O (110 mg l−1), Na2CO3 (470 mg l−1) and NaNO3 (20 mg l−1) in 

distilled water; the pH was adjusted to 7.6 with 1 mol l-1 HCl. The final chloride ions 

concentration determined by potentiometric titration was 199 mg l-1 corresponding to 
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[Cl-]= 5.6 mmol l-1
. The final conductivity of this water was 1.15 mS cm-1, more than 

three times higher than the values reported for simulated water by other authors [16, 21-

23]. When the conductivity of  tap water is low, it can complicate electrochemical 

measurements, as it results in high solution resistance (Rs). However, it has been 

reported that in drinkable water this effect is important only for metals with high 

corrosion rates when the conductivity values are lower than of 0.1 mS cm-1[24]. 

The dosages of orthophosphate tested were 5, 10 and 20 mg l-1 expressed as P, which 

correspond to 0.16, 0.32 and 0.64 mmol l-1 NaH2PO4.H2O respectively, using a 0.05 g 

ml-1 stock solution.  

All the experiments were carried out at room temperature (20 ± 2 ºC). 

 

2.3. Electrochemical techniques 

The cell and instrumentation employed are standard and have been reported before [15].   

A Luggin capillary minimized the ohmic drop, which together with the relatively high 

conductivity made unnecessary to compensate for ohmic drop.  

All the potentials were indicated against the saturated calomel electrode (SCE).  

Cyclic voltammograms were recorded after bubbling N2 during 15 minutes. The 

electrodes were pre reduced in ATW at -1.15 VSCE for 5 minutes. This pre treatment is 

meant to start from a reproducible, clean surface. Finally, the potential was scanned at 

10 mV s-1, starting at –1.15 VSCE and reversing at a convenient potential that is indicated 

where relevant.  

Passive films were grown at constant potentials on electrodes pre reduced in ATW at    

–1.15 VSCE for 15 minutes. After that, the electrodes were immediately transferred to 

another cell where the oxides were investigated by potentiodynamic reductions in 
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deareated electrolyte. The potential was scanned at 10 mV s-1. The starting point was the 

positive potential where the oxide had been grown. The scan ended at –1.15 VSCE.  

Polarization resistance (Rp), anodic polarization curves and electrochemical impedance 

spectra were evaluated on electrodes that were pre reduced at –1.15 VSCE for 15 minutes 

and then kept at Ecorr for 2 hours to stabilize the passive layer. 

To record Rp, the potential was scanned ± 10 mV from Ecorr at a 0.1 mV s-1.  

Anodic polarization curves were registered following the recommendations of ASTM 

[25], adapted for application to aluminum brass. The curves were registered 

potentiodynamicaly, from Ecorr and using a sweep rate of 0.1 mV s-1.  The scan direction 

was reversed at 0.218 mA cm-2, after attaining a convenient degree of attack.   

Electrochemical impedance spectroscopy (EIS) tests were performed at Ecorr applying an 

AC voltage signal of ± 10 mVrms at a frequency between 20 kHz and 0.05 mHz. The 

solution was used without stirring or deareation. The results were fitted to the equivalent 

circuit presented in Fig. 1 using ZView [26]. This circuit, typical of oxide-coated 

metals, has been used before in relation to copper corrosion in potable water [22, 27, 

28]. Rs represents the solution resistance between the electrode surface and the tip of the 

Luggin capillary, ZCPEo a constant phase element related to the surface oxide, Ro the 

resistance to current flow through defects in the surface oxide, ZCPEdl a constant phase 

element related to the double layer and Rdl the double layer resistance. The constant 

phase element (ZCPE) is a non ideal capacitor and represents various types of non 

homogeneities typical of corroding electrodes. The impedance of this kind of elements 

is given by: 

ZCPE = [Q(jω)n]-1                                       (1) 
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where Q is a constant with dimensions of Ω-1 cm-2 sn and n a constant power, with 

-1<n<1. ZCPE can account for an inductance (n = -1), a resistance (n = 0), a Warburg 

impedance (n = 0.5) or a capacitance (n = 1).  

 

2.4. UV-visible reflectance spectroscopy 

The development of the passive film was also followed in-situ, by reflectance 

spectroscopy. This technique is useful to identify changes produced between 50 and 100 

atomic layers in a semi-transparent solid [29]. 

The baseline was recorded polarizing two identical polished surfaces at –1.15 VSCE. The 

spectroelectrochemical measurements were carried out in aerated electrolyte, using a 

Shimadzu UV 160A double-beam spectrophotometer, which was conveniently modified 

as described earlier [30, 31]. 

 

3. Results and discussion 

The initial characterization of the system under investigation was carried out by 

recording cyclic voltammograms of brass at 10 mV s -1. ATW and ATW with 5 and 10 

mg l-1 P were used as electrolytes (see Fig. 2). In the absence of inhibiting ions, an 

increment in the anodic current at potentials higher than -0.2 VSCE (Ia) and one anodic 

peak at –0.85 VSCE (IIa) are evident. Localized corrosion initiates at potentials positive 

to -0.05 VSCE. Two cathodic peaks appeared at –0.4 (Ic) and –1 VSCE (IIc). Cathodic 

peak Ic could be assigned to the reduction of Cu(I) species, while peak IIc was 

attributed to the reduction of Zn(II) species [4, 28].  

When 5 mg l-1 P were incorporated to the electrolyte, the intensity of the current 

increment at potentials higher than -0.2 VSCE (Ia´) decreased and an ill-defined peak was 

present at -0.81 VSCE (IIa´).  In the negative direction, one broad peak was observed at   
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–0.33 VSCE (I´c). Localized attack started when the potential exceeded 0 VSCE.  A 

similar response was observed when using 10 and 20 mg l-1 P: a current increment I´´a 

at potentials higher than –0.2 VSCE, an ill-defined peak at -0.77 VSCE (IIa´´) and one 

broad cathodic peak at –0.38 VSCE (I´´c). Localized attack initiation shifted in the 

positive direction and was now observed only at potentials higher than 0.15 VSCE. The 

broad peak at –0.38 VSCE resolved into two sharp cathodic peaks at -0.27 (I´´´c) and -

0.37 VSCE (II´´´c) with slower scans (figure 3), recorded at 1 mV s-1. This suggests the 

incorporation of Cu(II) oxo-hydroxides to the surface film. The anodic sweep can be 

reverted at various different potentials so as to correlate anodic and cathodic peaks. No 

cathodic peaks can be seen if the scan direction is inverted at –0.4 VSCE or more 

negative potentials.  

The oxide layer formed at fixed potentials during 15 min on brass can also be 

characterized by potentiodynamic reduction curves (Fig. 4) and reflectance 

spectroscopy (Fig. 5). Fig. 4 shows that the oxide layer started to grow at potentials 

positive to –0.2 VSCE. However, reflectance spectroscopy seems to be more sensitive, 

since a peak at 460 nm suggests the presence of Cu2O in the spectrum obtained at -0.4 

VSCE (Fig. 5). The presence of Cu2O at -0.4 VSCE is not observed on pure copper [15]. In 

the case of brass, it could be related to the selective dissolution of Zn. As suggested 

before by other authors, dezincification might induce the formation of copper oxides at 

potentials that are more negative than those reported for pure copper [2]. In the spectra 

obtained at -0.4 VSCE (Fig. 5) there is also a peak at 260 nm, which could be ascribed to 

zinc(II) oxide-hydroxides [4, 28, 32]. However, information on how to assign the peaks 

of Zn(II) phosphates or compounds other than oxides is not readily available in the 

bibliography.  
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When the surface film is grown 15 min at –0.2 VSCE, only one cathodic peak appears at 

–0.38 VSCE (Fig.4) which could be associated to Cu2O reduction. The reflectance 

spectrum in this condition (Fig. 5) shows more intense absorbance peaks that, as above, 

can be attributed to Zn(II) compounds and to Cu2O [29, 30]. Holding the potential at –

0.1 VSCE it could be seen that the charge associated to the reduction of Cu2O (fig.4) is 

now higher. Similarly, an increment in the intensity of the absorbance is presented in 

Fig. 5. Both, the higher charge and the higher absorbance could be related to a thicker 

film. 

At –0.050 VSCE, the broad peak in the reduction curves (Fig. 4) started to resolve into 

two cathodic peaks at -0.35 and -0.45 VSCE. The reflectance spectrum at this same 

potential showed that the relative intensity between peaks at 260 and 450 nm has 

changed. A similar response was observed holding the potential at 0.1 VSCE but the 

current peaks in Fig. 4 were now present at -0.35 and -0.5 VSCE. The changes observed 

at potentials higher than -0.05 VSCE could be attributed to the presence of CuO and 

higher quantities of Zn(II) compounds. Cupric oxide presents an absorption band in the 

near UV-region, superimposed to that absorption band corresponding to Zn(II) species. 

On other hand, a reduction peak associated to Zn(II) oxide-hydroxides was absent in 

Fig. 4 for all the potential values investigated. This might be due to the higher stability 

of Zn3(PO4)2 (pK= 32) compared to ZnO or Zn(OH)2 (pK=16.7) [18]. Probably, Zn(II) 

reduction from Zn3(PO4)2 is not kinetically favoured within the range of cathodic sweep 

applied [16]. 

These results indicate that the surface film is mainly composed of Cu2O, but as the 

potential moves in the positive direction the film might incorporate Zn(II) compounds 

and/or CuO, which cannot be distinguished. 
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Fig. 6 shows the potentiodynamic reduction of the layer grown during 2 hours at the 

Ecorr in ATW with 0, 5 and 10 mg l-1 P. In ATW the features observed in the cyclic 

voltammogram remained: one peak associated to Cu2O reduction at –0.74 VSCE and 

other peak at –1.0 VSCE associated to the reduction of Zn(II) oxide-hydroxides. When 

the inhibitor concentration is 5 mg l-1 P or higher, the charge related to the reduction of 

Cu2O decreased markedly and one new cathodic peak appeared at –0.35 VSCE which 

could be associated to CuO reduction. The substantial difference in the charge 

associated to the current peaks obtained with and without inhibitor suggests the 

development of a thinner surface film when brass is in contact with inhibited ATW. As 

discussed above for films anodically grown, the peak associated to the reduction of 

Zn(II) oxide-hydroxides is no longer present.  

Fig. 7 presents the reflectance spectra of the oxides grown on brass after keeping it 2 

hours at the Ecorr. The presence of Cu2O when brass is in contact with ATW can be 

confirmed by the absorbance peaks at 450 nm. There is also a peak at 260 nm that can 

be ascribed to Zn(II) oxo-hydroxides [4, 28, 32]. When 10 mg l-1 P is incorporated, the 

intensity of the absorption peaks decreased, as did the charge associated to the oxides 

reduction (fig. 6). These facts can again be correlated to the development of a thinner 

layer, in the presence of inhibitor. These changes, as before, can be attributed to the 

presence of a mixture of Zn(II) compounds, Cu2O and CuO in the passive layer. 

Impedance spectra recorded after applying a similar pre treatment are shown in Fig. 8, 

both as Nyquist (a) and Bode (b and c) plots. Fitting results are shown together with the 

recorded data. Two time constants can be seen, which are interpreted by means of the 

schematic representation of the structure of the surface film presented in Fig 1.  

The experimental data were found to reasonably fit the equivalent circuit shown in Fig. 

1. The optimised parameter values are presented in Table 1. When the inhibitor was 
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present, ndl was fixed at 0.5 during the fitting procedure to simulate a Warburg element. 

This element can be associated to the diffusion of Cu(I) and Zn(II) ions through the 

surface film, which is the determining step in the corrosion process. The increment in 

the values of Ro and Rdl suggests that the passive layer growing on the surface in the 

presence of inhibiting ions is not only thinner (as shown when discussing Figs. 6 and 7) 

but also more compact [22]. Finally, the slight decrease in Q0 cannot be used to estimate 

the thickness of the surface film since the chemisorption of phosphate ions will change 

the values of permittivity, as compared to those for massive CuO, Cu2O and ZnO, 

which can be found in bibliography [33-35]. Also, thickness calculations are tricky 

since these are open porous structures impregnated with water, and the dielectric 

constant should be higher than that of a bulk oxide [36].  

From the Rs values calculated for ATW (Table 1) it can also be confirmed that the 

ohmic drop is negligible. Given that Rs is 374 � cm2 and taking 50 µA cm2 as a 

representative value for the current density, the variation in the potential should be 

around 0.02 V, making unnecessary to perform further corrections.  

Typical anodic polarization curves are presented in Fig. 9 for brass in ATW, ATW + 5 

mg l-1 P and ATW + 10 mg l-1 P. The potential sweep was reversed when the current 

density reached 0.218 mA cm-2. Using 20 mg l-1 P, the results resemble those for 10 mg 

l-1 P. Average values for the pitting potential (Ep), repassivation potential (Erp) and 

corrosion potential (Ecorr), from at least three independent experiments are shown in 

Table 2. It could be seen that when the inhibitor concentration increased, the pitting 

potential moved in the direction of more positive (noble) values. The difference (Ep – 

Ecorr) was also higher. Interestingly enough, the difference between the repassivation 

potential and the corrosion potential (Erp – Ecorr) did not change noticeably. As the 
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inhibitor concentration increased, visual observation showed bigger and deeper pits, 

while the density of pits decreased (see Fig. 10). 

When copper and brass behaviour in ATW are compared [4, 15], it could be seen that 

the presence of zinc as an alloying element moved the pitting potential towards less 

positive values. The difference (Ep – Ecorr) was also higher for copper [4, 15]. The 

difference (Ep – Ecorr) increases in 160 mV for brass and 218 mV for copper when 10 

mg l-1 P was added to ATW [15]. Once the pitting process started, the repassivation 

process on brass was not favoured. This behaviour was similar to that observed on 

copper in ATW when PO4
3- ions were present [15]. A higher (Ep – Erp) difference could 

be associated to a more active dissolution process inside the pits [37]. In turn, this could 

be interpreted as a more difficult chemisorption of PO4
3- on the bare brass substrate 

compared to chloride ions adsorption inside the pits [15, 37-40]. The presence of Zn(II) 

compounds in the  passive layer could favour a different inhibition mechanism of PO4
3- 

ions on brass than on copper. 

The polarization resistance values measured in ATW, ATW + 5 mg l-1 P and 10 mg l-1 P 

are displayed in Table 3 taking Rdl from the impedance spectra (RpEIS), and also from 

potential sweeps in the vicinity of the Ecorr (Rpsweep). There is a good correlation 

between the values from both techniques. Polarization resistance increases in a factor of 

3.5 when using 5 mg l-1 P and increases even more for higher inhibitor concentrations. 

A slight increment in the Rp values is observed for 10 mg l-1 P and no further variation 

is observed between 10 and 20 mg l-1 P. So, even when 5 mg l-1 P seems to be enough to 

increase the resistance to generalized corrosion, it has to be kept in mind that the 

resistance to pitting corrosion is optimal for 10 mg l-1 P.  The higher values of the 

polarization resistance when the inhibitor is present can be associated to a greater 
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difficulty in the diffusion of Cu(I) and Zn(II) ions through the less porous, thinner and 

denser oxide film, which is the determining step in the corrosion process [21, 28].  

 

4. Conclusions 

The effect of phosphate ions on the nature of the passive layer that develops on brass in 

contact with moderately hard, highly carbonated and chloride-rich drinkable water has 

been analyzed using a variety of in-situ techniques.  

The oxide layer is mainly composed by Zn(II) oxide-hydroxide and cuprous oxide. By 

adding PO4
3- as corrosion inhibitor, the quality of the film improves, as it becomes less 

porous, thinner and denser. The incorporation of CuO to the passive layer or an increase 

in the amount of Zn(II) compounds could be responsible for this behaviour. The 

changes due to the presence of phosphate are evident even with the lower inhibitor dose 

tested (5 mg l-1 P), and between 10 and 20 mg l-1 P no significant differences are 

observed.  

The polarization resistance markedly increases when 5 mg l-1 P of the inhibitor are 

added. A slight increment is observed using 10 mg l-1 P and no further variation is 

registered between 10 and 20 mg l-1 P. In comparison with the behaviour of copper in 

inhibited ATW [15], the incorporation of Zn as alloying element improves the 

resistance of brass to generalized corrosion, requiring a lower concentration of 

phosphate ions to obtain a similar behaviour. 

It has also been demonstrated that the pitting potential is more positive in the presence 

of inhibitor, as a consequence of the inhibitor retarding the pit initiation. The optimal 

dosage tested is 10 mg l-1 P. However, there seems to be no effect on the repassivation 

process. Therefore, once initiated, it looks as if this type of inhibitor was unable to 

hinder pit growth. The incorporation of Zn as alloying element and the presence of 
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Zn(II) phosphate in the passive layer when the inhibitor is present could explain the 

different action mechanism of PO4
3- ions on brass, as compared to copper. 

Although the presence of Zn(II) compounds could be established using UV-visible 

reflectance spectroscopy, the presence of PO4
3- ions in the passive film needs to be 

evaluated using different surface characterization techniques such as Raman or X-ray 

Phothoelectron spectroscopy. Only then, a possible mechanism to explain the effect of 

this inhibitor on brass could be proposed.  
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Figure captions 

Figure 1. Equivalent circuit proposed to fit the experimental data when two time 

constants are present. 

Figure 2. Cyclic voltammograms of brass in deaerated ATW (��), ATW + 5 mg l-1 P 

(���) and ATW + 10 mg l-1 P (���). Scan rate: 10 mV s-1. 

Figure 3. Cyclic voltammogram of brass in deaerated ATW + 10 mg l-1 P. Scan rate: 1 

mV s-1. 

Figure 4. Potentiodynamic reduction curves for oxides grown on brass at –0.4 VSCE 

(), –0.2 VSCE (���), –0.1 VSCE  (���), -0.050 VSCE (�*�) and 0.1 VSCE (���) for 

15 minutes in ATW + 10 mg l-1 P. Scan rate: 10 mV s-1. Scan starts at growth potential. 
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Figure 5. Reflectance spectra for oxides grown on brass at –0.4 VSCE (), –0.2 VSCE 

(���), –0.1 VSCE  (���), -0.05 VSCE (�*�) and 0.1 VSCE (���) for 15 minutes in 

ATW + 10 mg l-1 P. 

Figure 6. Potentiodynamic reduction curves for oxides grown on brass in ATW (��), 

ATW + 5 mg l-1 P (���) and ATW + 10 mg l-1 P (���) after 2 hours at Ecorr. Scan rate: 

10 mV s-1. 

Figure 7. Reflectance spectra for oxides grown on brass in ATW (��) and ATW + 10 

mg l-1 P (���) after 2 hours at Ecorr. 

Figure 8. Impedance spectra recorded on brass electrodes held for 2 hours at Ecorr in 

ATW (���), ATW + 5 mg l-1 P (���) and ATW + 10 mg l-1 P (���). The symbols 

represent the data and the lines the fitting results. (a) Nyquist representation; (b) and (c) 

Bode representation. 

Figure 9. Anodic polarization curves for brass in ATW (��), ATW + 5 mg l-1 P (���) 

and ATW + 10 mg l-1 P (���). The curves are recorded after holding the electrodes 2 

hours at Ecorr and each started at Ecorr. Scan rate: 0.1 mV s-1. 

Figure 10. Micrographs of the electrodes surface after performing anodic polarization 

curves. a) ATW, b) ATW + 5 mg l-1 P and c) ATW + 10 mg l-1 P. 



  

Figure 1



  

Figure 2

http://ees.elsevier.com/corsci/download.aspx?id=149877&guid=e5f8c3dd-2f0c-40b7-a14d-dc18fd13645d&scheme=1


  

Figure 3

http://ees.elsevier.com/corsci/download.aspx?id=149878&guid=5a955bf6-1136-4b5c-8d0f-070226ea1533&scheme=1


  

Figure 4

http://ees.elsevier.com/corsci/download.aspx?id=149868&guid=7b5eed9d-eb56-4f1e-981a-a696ace462b0&scheme=1


  

Figure 5

http://ees.elsevier.com/corsci/download.aspx?id=149869&guid=cb30e7a2-5dba-4dbd-82cc-3e63ee68b35b&scheme=1


  

Figure 6

http://ees.elsevier.com/corsci/download.aspx?id=149870&guid=e4e82937-4c9a-4cd6-bd51-d6821fcb4359&scheme=1


  

Figure 7 

http://ees.elsevier.com/corsci/download.aspx?id=149871&guid=a62a4461-eb2c-4849-ac36-8c32e5ec3edb&scheme=1


  

Figure 8a

http://ees.elsevier.com/corsci/download.aspx?id=149872&guid=c19faea0-b6ae-4937-9d62-8272eb83a875&scheme=1


  

Figure 8b

http://ees.elsevier.com/corsci/download.aspx?id=149873&guid=b4563407-540d-4684-b1a7-442eb02112b6&scheme=1


  

Figure 8c

http://ees.elsevier.com/corsci/download.aspx?id=149874&guid=47b68242-8128-4e2d-b0fc-64a788691e6e&scheme=1


  

Figure 9

http://ees.elsevier.com/corsci/download.aspx?id=149879&guid=41fb652e-d592-491b-82b7-b745722a5f3d&scheme=1


  

Figure 10

http://ees.elsevier.com/corsci/download.aspx?id=149875&guid=f6f14ff4-47e1-43b5-b985-6de07fe0bf4d&scheme=1


  

 20 

 
Table 1. Optimised values for the parameters employed in fitting the data in Figs. 8 a, b 
y c with the equivalent circuit proposed in Fig. 1. 

 

Element ATW ATW + 5 mg l-1 P ATW + 10 mg l-1 P 

Rs/ΩΩΩΩ cm2 374 223 177 

Qo/µΩΩΩΩ-1 cm-2 Sn 24.4 16.8 19.8 

no 0.82 0.81 0.81 

Ro/kΩΩΩΩ cm2 1.2 10.9 14.2 

Qdl/µΩΩΩΩ-1 cm-2 Sn 126 33.4 28.8 

ndl 0.56 0.5 (fixed) 0.5 (fixed) 

Rdl/kΩΩΩΩ cm2 25.4 117.4 137.6 
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Table 2. Relevant average values, of at least three independent measurements, of 

electrochemical parameters that characterise the anodic polarisation curves on brass. 

The scan direction is reversed at 0.218 mA  cm-2.  

 

 

 
 ATW  ATW + 5 mg l-1 P ATW  + 10 mg l-1 P 

Ep /mVSCE -5 ± 15 53 ± 11 141 ± 21 

Ecorr /mVSCE -50 ± 5 -79 ± 10 -65 ± 18 

Ep-Ecorr 55 ± 13 138 ± 15 215 ± 30 

Erp /mV SCE
 -26 ± 94 -36 ± 10 -15 ± 4 

Ep-Erp 26 ± 21 91 ± 9 167 ± 14 

Erp-Ecorr 24 ± 4 47 ± 7 49 ± 20 
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Table 3. Average of polarization resistance values, evaluated from at least three 

independent measurements,  for brass held for 2 hours in ATW, ATW + 5 mg l-1 P and 

ATW + 10 mg l-1 P  at Ecorr. Rpsweep are polarization resistance measurements from 

potential sweeps in the vicinity of the Ecorr and RpEIS (Rdl) are calculated after fitting 

EIS results to the equivalent circuit in Fig. 1.  

 

 Rpsweep 

k� cm2 

RpEIS 

k� cm2 

23.8 ± 2.4 27.6 ± 3.2 

88.4 ± 12.1 110.2 ± 32.0 

ATW 

ATW + 5 mg l-1 P 

ATW + 10 mg l-1 

P 
102.0 ± 31.9 141.5 ± 26.3 
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• Brass in contact with tap water is covered by Zn (II) oxide-hydroxide and Cu2O. 

 

• With PO4
3- as corrosion inhibitor, the film becomes less porous, thinner and denser.  

 

• The optimal dose of inhibitor required is 10 mg l-1 P 

 




