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A study of the surface oxide films naturally grown on copper and brass in contact with
drinkable water is presented. The investigation focuses on the influence of Zn as alloying
element on the corrosion resistance of brass. Artificial tap water, employed as electrolyte,
simulates a practical application of these materials. The surface films were grown at open
circuit potential for 2 and 192 hours. Diverse in-situ techniques such as cyclic voltammetry,
polarization curves, electrochemical impedance spectroscopy and UV-Vis reflectance
spectroscopy were employed. Even when the surface layer is mainly composed of cuprous
oxide, Zn(II) species are incorporated in the surface film grown on brass. At longer ageing
times, the thickness increases, without affecting the composition of the surface films. The
corrosion current was calculated for both materials using various techniques. The corrosion
current density and the anodic currents in the polarization curves decreased as the ageing time
increased, particularly in the case of brass. This improvement in the performance of the film on
brass can be attributed to the incorporation of Zn(II) species into the surface layer, particularly
as the film consolidates at longer times. C© 2006 Springer Science + Business Media, Inc.

1. Introduction
Copper and copper alloys such as brasses are frequently
used in tap-water distribution systems [1–5]. A protec-
tive oxide layer grows naturally on their surface, which
prevents further corrosion from the base metal. The cor-
rosion resistance of the various alloys strongly depends
on the performance of their protective passive film. On
copper-based substrates, the film is primarily composed
of Cu2O. To improve their performance against corrosion
in aggressive environments, the global composition can
be modified by the incorporation of alloying elements.

The piping system of many potable water installations
has frequently found to be affected by pitting. In many of
these cases, microbiologically influenced corrosion has
proven to be the origin of the problem [6–8]. The stability
of the passive film and its ability to prevent damage depend
on film composition and thickness. The work presented in
this paper is part of an on-going investigation on the effect
of Pseudomonas fluorescens on the corrosion of copper
alloys in contact with tap water [9–11].

Many investigations published in leading journals over
the last years have addressed the various issues that govern
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copper corrosion in drinking waters [1–4, 12, 13]. Others
have studied the effect of diverse alloying elements and
different electrolytes on the corrosion processes of brasses
[14–17]. This study focuses on the influence of Zn as
alloying element on the improvement of the corrosion
resistance of Al-brass (Cu75Zn23Al2), using artificial tap
water (ATW, pH = 7.6) as electrolyte. Other variables
that also participate in the process, such as the presence
of microorganisms and bacterial adhesion in this same
system, have been described elsewhere [9–11].

Film properties such as composition and thickness are
evaluated by a combination of electrochemical and spec-
troelectrochemical techniques. Copper, zinc and Al-brass
are compared so as to investigate the influence of Zn as
alloying element.

2. Experimental
2.1. Electrodes preparation
Disc samples of copper, zinc and aluminum brass (Cu
75%, Zn 22.18% and Al 1.8%, UNS 68700) were in-
cluded in fast curing acrylic resin on appropriated PVC
holders. An electrical contact was prepared at the back
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of each sample. The electrodes were polished down to
grade 600 with emery paper, and finally mirror polished
with 0.05 µm alumina powder (Type B−Buehler, Lake
Bluff, USA). The electrodes were then rinsed gently with
distilled water.

2.2. Electrolyte composition
Most of the experiments were carried out using artifi-
cial tap water (ATW). The mineral base composition
was MgSO4 (40 mg l−1), MgCl2 (60 mg l−1), KNO3

(25 mg l−1), CaCl2 (110 mg l−1), Na2CO3 (560 mg l−1)
and NaNO3 (20 mg l−1) in distilled water; the pH was
adjusted to 7.6 with HCl 1 molar solution.

Boric-borate buffer (pH = 7.8) was used as elec-
trolyte where indicated, in order to compare the re-
sults with those well-established by other authors
[18–21].

All the experiments were carried out at room tempera-
ture (20 ± 2◦C).

2.3. Electrochemical techniques
A three-electrode electrochemical cell was used. A satu-
rated calomel electrode (SCE, E = 0.24 V vs. NHE) was
used as reference. All the potentials are indicated against
SCE. A platinum wire of large area was used as counter
electrode.

The electrochemical instrumentation included a Volta-
lab PGP 201 potentiostat and a Solartron SI 1280B unit.

Cyclic voltammograms were recorded after deaerating
the electrolyte, bubbling N2 during 15 min prior to each
measurement. The electrodes were pre reduced in ATW
at −1.1 V for five minutes. Finally the scan was started at
–1.1 V and reversed at convenient potential values. The
sweep rate was 0.01 V s−1.

Film growth was investigated carrying out potentio-
dynamic reductions. The electrodes were prereduced in
ATW at –1.1 V for 15 min to obtain a reproducible, clean
surface. After that, the passive film was grown on the
metallic surfaces at open circuit potential (OCP) during
two different times: 2 and 192 h. Then the electrodes
were immediately transferred to another cell where the
oxides were reduced in deareated electrolyte applying a
potentiodynamic scan at 10−4 V s−1. The potential was
scanned in the negative direction, starting at OCP and up
to –1.1 V.

Polarization resistance (Rp) was evaluated as �V/�i,
from potential sweeps scanning ± 0.01 V from Ecorr at a
scan rate of 10−4 V s−1. The electrodes were previously
aged for 2 and 192 h at OCP. Corrosion rate, in terms
of corrosion current density, can be evaluated from the
polarization resistance data according to the Stern-Geary
relationship [22] as:

icorr = βaβc

2.303 (βa + βc)

1

Rp
= B

Rp
(1)

where βa and βc are the anodic and cathodic Tafel slopes
respectively. These are kinetic parameters characteristic
of each metal-solution system.

The corrosion current density can also be evaluated
from the intersection of the polarization curves at the cor-
rosion potential. The curves were recorded after holding
the electrodes 2 and 192 h at OCP. Anodic and cathodic
polarization curves started at OCP and were recorded at
10−4 V s−1 in independent experiments.

2.4. Electrochemical impedance spectroscopy
Electrochemical impedance spectroscopy (EIS) tests
were performed at open circuit potential (OCP). Record-
ing each spectrum took between 90 and 160 min. Prior to
starting the frequency sweep, the samples were pretreated
for 15 min at −1.1 V and then kept for 2 or 192 h in
contact with ATW. The solution was used without stirring
or deareation. The amplitude of the AC voltage signal was
± 0.01 V while the frequency varied between 20 kHz and
1 mHz. The results were analyzed using the equivalent
circuit presented in Fig. 1. This circuit is typical of oxide-
coated metals and has been used before by other authors
in relation to copper corrosion in potable water [1, 2]. The
experimental data were fitted to the proposed equivalent
circuit using ZViewTM [23]. Corroding electrodes can
show various types of inhomogeneities, which can be
represented by the inclusion of constant phase elements
(CPE) in place of capacitors in the equivalent circuit. Sur-
face roughness, insufficient polishing, grain boundaries
and surface impurities had been mentioned before among
the main reasons allowing the use of CPEs in equivalent
circuits of corroding electrodes [24]. The impedance
of this element is frequency-dependent, and can be

Figure 1 Equivalent circuit proposed for interpreting the EIS response.
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mathematically expressed using two parameters, Q and
n as:

ZCPE = [Q( jω)n]−1 (2)

where Q is a constant with dimensions of �−1 cm–2 sN and
n a constant power, with –1<n < 1. According to the value
of n, Equation 2 accounts for an inductance (n = −1), a
resistance (n = 0), a Warburg impedance (n = 0.5) or a ca-
pacitance (n = 1). A Warburg element occurs when charge
carriers diffuse through a material. A rough or porous sur-
face can cause a double layer capacitance to appear as a
constant phase element with n varying between 0.5 and 1.

2.5. UV-visible reflectance spectroscopy
The film growth was also evaluated using reflectance
spectroscopy. The corresponding absorption spectra were
recorded in-situ. Baseline corrections were carried out by
polarizing two identical polished surfaces at –1.1 V dur-
ing 15 min to prevent oxide growth. Surface oxides were
grown holding aluminum brass, zinc and copper at OCP
for 30, 60, 90 and 120 min. Ageing was performed in the
samples compartment. The spectrum of each material was
recorded in aerated electrolyte.

The spectroelectrochemical measurements were car-
ried out using a commercial double-beam spectropho-
tometer (Shimadzu UV 160A), conveniently modified as
described elsewhere [25, 26].

3. Results
3.1. Characterization of copper and brass

surfaces by cyclic voltammetry
Fig. 2 shows the cyclic voltammogram of copper in deaer-
ated artificial tap water (ATW) and in borax buffer pH 7.8.

In the case of ATW, oxide growth starts at potentials
positive to –0.33 V. A sharp anodic peak (Ia) is evident
at –0.2 V and localized corrosion initiates at potentials
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Figure 2 Cyclic voltammogram of copper in deaerated artificial tap water
(ATW) (—) and in borax buffer pH 7.8 (- - -). Scan rate: 10 mV s−1.

positive to 0.05 V. Three cathodic peaks appear at −0.11
(Ic), –0.49 (IIc) and –0.9 V (IIIc). Cathodic peak Ic can
be assigned to the reduction of Cu(II) species while peak
IIc can be attributed to the reduction of Cu(I) species.
A third cathodic peak (IIIc) next to the beginning of the
hydrogen evolution region has been found before [10, 27,
28] and it has been associated to the reduction of soluble
Cu(I) species. The anodic sweep was reverted at various
different potentials so as to correlate anodic and cathodic
peaks. When the scan is reverted at –0.1 V the cathodic
peak Ic is no longer present, while the intensity of peaks
IIc and IIIc decreases. If the scan direction is inverted
at –0.3 V, only peak IIIc remains as a shoulder in the
voltammogram. No cathodic peak can be seen only when
the scan is reversed at –0.6 V.

In contrast, in the borax solution the anodic peak is
located at 0 V. A small anodic current at –0.45 V has been
attributed to the formation of a CuOH monolayer adsorbed
on the surface [16, 27, 29]. In the cathodic region two
peaks can be observed: Ic’ at −0.11 V and IIc’ at –0.44 V.
These have been attributed to the reduction of Cu(II) and
Cu(I) compounds respectively.

The voltammograms of pure Zn in ATW and borax
solution are presented in Fig. 3. In ATW, oxide growth
starts at potentials positive to −1.3 V. Peak Ia appears
at −1.15 V and the electrode presents localized corro-
sion at potentials positive to −0.81 V. The corresponding
cathodic peak (Ic) can be seen at −1.4 V.

The voltammograms of Zn in the borax buffer solu-
tion shows an anodic peak (Ia′) at −0.86 V that can be
attributed to ZnO formation, while the corresponding re-
duction peak (Ic′) appears at −1.3 V [16, 28, 29]. The
peak related to the Zn/ZnO equilibrium should appear at
−1.09 V vs. SCE at pH = 7.6. The positions of the peaks
in Fig. 3 are in agreement with the predicted value. ZnO
can dissolve to form zincates only at pH values higher than
10 [30]. In the case of brass (Fig. 4), the cyclic voltam-
mogram in ATW shows an anodic peak IIa at –0.80 V
and a shoulder (Ia) for potentials higher than –0.25 V.
Localized corrosion initiates at 0.05 V. The cathodic peak
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Figure 3 Cyclic voltammogram of zinc in deaerated artificial tap water
(ATW) (—) and in borax buffer pH 7.8 (- - -). Scan rate: 10 mV s−1.
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Figure 4 Cyclic voltammogram of brass in deaerated artificial tap water
(ATW) (—) and in borax buffer pH 7.8 (- - -). Scan rate: 10 mV s−1.

Ic at –0.3 V can be attributed to the reduction of cuprous
compounds, while peak IIc at –0.99 V appears to be re-
lated to the reduction of Zn(II) species [10]. The potential
where the scan is reverted was progressively moved in the
negative direction. If the limit is between –0.2 and –0.8 V
only peak IIc remains in the voltammogram.

When the cyclic voltammogram of brass is carried out
in the borax solution, two anodic peaks can be seen at
–0.04 and –0.7 V, labeled Ia’ and IIa’ respectively. The
three cathodic peaks are located at –0.2, –0.38 and –0.84 V
and labeled Ic’, IIc’ and IIIc’, respectively. The first one
has been attributed to Cu(II) compounds, the second to the
reduction of Cu(I) species while the third one corresponds
to Zn(II) reduction [28, 29].

3.2. Characterization of the surface films
formed at open circuit potential
by reflectance spectroscopy
and potentiodynamic reduction curves

In ATW, both copper and brass reach the steady-state open
circuit potential (OCP) after 2 h of immersion. The OCP
stabilizes at around –0.017 V in the case of copper and
−0.912 V in the case of zinc, while in the case of brass
the OCP is –0.006 V (average of over 25 measurements).

Fig. 5 presents the reflectance spectra typical of cop-
per, brass and zinc electrodes held at OCP for 2 h. In
the case of copper, the absorbance peaks at 237, 314 and
380 nm together with shoulders at 462 and 550 nm are
characteristic of Cu2O [25, 31]. Their presence points
at cuprous oxide as the main component of the surface
film. As for brass, the main peaks are again present but
with different intensities. A peak at 462 nm suggests
the presence of Cu2O. There is also a peak at 260 nm,
which corresponds to the main feature of the Zn surface
spectrum. This can be ascribed to zinc oxo-hydroxides
[32].

When the copper film that grows after two hours
at OCP is potentiodynamically reduced, two cathodic
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Figure 5 Reflectance spectra typical of copper, brass and zinc electrodes
held at open circuit potential (OCP) for 2 h.
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Figure 6 Potentiodynamic reduction of the surface film grown on (a) copper
and (b) brass after holding the electrodes for 2 and 192 h at open circuit
potential (OCP). Scan rate: 1 mV s−1.

peaks appear at −0.61 and −0.85 V (see Fig. 6), in good
agreement with those found in the voltammogram shown
in Fig. 2. A new spectrum recorded after the reduction
process shows no evidence of surface films. The reduc-
tion current for a film grown during 192 h at OCP is also
presented for comparison.
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In the case of brass, when the film is potentiodynam-
ically reduced, two cathodic peaks appear at −0.65 and
−0.88 V (Fig. 6), again in good agreement with those
in the cyclic voltammogram (Fig. 4). After 192 h, it can
be observed that the intensity of the peak attributed to
the reduction of Zn(II) species increases markedly when
compared to the intensity of the Cu2O reduction. The to-
tal charge associated to the reduction processes decreases
when the materials are aged for longer times (Fig. 6a
and b).

Reflectance spectroscopy can also be used to evaluate
the rate of growth. Reflectance spectra were recorded at
30, 60, 90 and 120 min. No differences could be found as
regards the amount and the position of the peaks, when
both materials are compared to the corresponding 24-h
spectrum [9]. Fig. 7a and b present the semi-logarithmic
relationship between absorbance and time for copper and
brass respectively. The wavelength corresponds to the
peak of maximum intensity for each spectrum. As can
be seen, the absorbance follows a linear relation with log
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Figure 7 Semi-logarithmic relationship between absorbance and time for
(a) copper and (b) brass. λCu = 380 nm and λbrass = 450 nm.

(t) for both materials. In addition, the slopes present sim-
ilar values, being 0.0030 for copper and 0.0027 for brass
(average of 5 independent measurements). This can be
taken as an indication of the fact that the surface oxides
on both materials grow at the same rate.

3.3. Characterization of the surface films
formed at open circuit potential
by electrochemical impedance
spectroscopy

Impedance spectra were recorded in the form of Nyquist
and Bode plots, on copper and brass electrodes held
for 2 and 192 h at OCP. The results are shown in
Figs 8 and 9 for copper and brass respectively. As can
be seen, the impedance spectra present two time con-
stants. An schematic representation of the structure of
the surface film present on the metallic surfaces after
ageing in ATW as well as the corresponding equivalent
circuits are presented in Fig. 1. EIS data fit results are
shown in Figs 8 and 9, together with the recorded data.
Rs represents the solution resistance, Qo a constant re-
lated to the surface oxide, Ro the resistance to current
flow through defects in the surface oxide, Qdl a con-
stant related to the double layer and Rdl the polarization
resistance.

The experimental data were found to fit reasonably the
proposed equivalent circuit. In the case of electrodes aged
for 192 h, ndl was fixed at 0.5 during the fitting procedure
to simulate a Warburg element. The optimised parame-
ter values are presented in Table I. From the polariza-
tion resistance values, the corrosion current density was
calculated using Equation 1. The results are shown in
Table II.

3.4. Corrosion resistance of the surface films
formed at open circuit potential

Anodic and cathodic polarization curves for copper and
brass are presented in Fig. 10a and b, respectively. The
results are shown superimposed for electrodes aged during
2 and 192 h. For each curve, the potential sweep started at
the OCP and was then scanned either in the negative or in
the positive direction, in independent experiments using
two different electrodes. The corrosion current can be
determined from the intercepts of the polarization curves
(see Table II). Also, Tafel slopes can be evaluated from
the linear portion of E vs. log (i) curves. Tafel slopes,
together with the value for the coefficient B in Equation 1
are summarized in Table III. The anodic Tafel slopes are in
excellent agreement with those calculated by Feng et al.
for copper at different immersion times in neutral tap
water [13]. Thus, if a one electron exchange is assumed
[33], the deviation from the theoretical 60 mV/decade can
be attributed to imperfections in the film structure, such
as porosity. In the case of copper, the calculated value for
the parameter B (involving the cathodic Tafel slope, as
well) is also in good agreement with the value 0.0245 V
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Figure 8 Impedance spectra recorded on copper electrodes held for 2
and 192 h at OCP. The symbols represent the data and the lines the
fitting results. During the fitting procedure, the equivalent circuit pre-
sented in Fig. 1 has been employed. (a) Nyquist representation; (b) Bode
representation.

proposed by Feng and col. [13]. In the case of brass,
experimental Tafel slope values have not been reported in
the literature. Badawy and col. [15] assumed Tafel slopes
of 0.12 V and B = 0.026 V for a lead-brass alloy in neutral
solutions.

The corrosion current can also be calculated from polar-
ization resistance measurements carried out by potential
sweeps in the vicinity of the OCP, as described in Section
2.3 for copper and brass electrodes held for 2 and 192 h at
OCP in ATW. These values can be seen in Table II, where
they are compared with corrosion current density values
calculated employing various experimental techniques.
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Figure 9 Impedance spectra recorded on brass electrodes held for 2 and
192 h at OCP. The symbols represent the data and the lines the fitting results.
During the fitting procedure, the equivalent circuit presented in Fig. 1 has
been employed. (a) Nyquist representation; (b) Bode representation.

4. Discussion
This investigation aims at studying the composition and
the protectiveness of surface oxide films naturally grown
on copper and brass in contact with artificial tap water
during 2 and 192 h.

By comparing the cyclic voltammograms of copper,
zinc and brass in borax and in ATW, the different peaks
could be assigned to Cu(I), Cu(II) and Zn(II) species. Tak-
ing into account the OCP potentials reported in Section
3.2., it can be suggested that the surface film is mainly
composed by cuprous oxide. This can be confirmed by
the results from the reflectance spectra registered for
both materials, which were also described in Section 3.2.
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T AB L E I Optimized values for the parameters employed in fitting the
data in Fig. 8 using the equivalent circuit proposed in Fig. 1

Element Brass 2 hs Copper 2 hs
Brass
192 hs

Copper
192 hs

Rs/�cm2 208 192 217 166
Qo/�−1 cm−2SN 3.1×10−5 1.2×10−5 2.8×10−5 6.6×10−6

no 0.81 0.85 0.87 0.86
Ro/�cm2 767 809 33382 21858
Qdl/�−1 cm−2 SN 3.3×10−4 5.6×10−4 3.5×10−5 4.88×10−5

ndl 0.57 0.66 0.5 (fixed) 0.5 (fixed)
Rdl/�cm2 29891 24739 339966 193347

T AB L E I I Corrosion current density values determined for copper
and brass held for 2 and 192 h at OCP, using different techniques. icorr EIS

is calculated after fitting EIS results with the equivalent circuit in Fig. 1.
icorr pol is calculated from the interception of the polarization curves in
Fig. 10. icorr Rp is calculated from the polarization resistance measurements
using Equation 1

Time (h)
icorrEIS

(A cm−2)
icorr pol

(A cm−2)
icorr Rp

(A cm−2)

Copper 2 8.1×10−7 3.5×10−7 8.6×10−7

192 1.4×10−7 1.6×10−7 1.9×10−7

Brass 2 3.7×10−7 2×10−7 4.5×10−7

192 4.7×10−8 5×10−8 6.8×10−8

T AB L E I I I Tafel slopes evaluated as the slope of the linear portion
of the E vs. log (i) curves shown in Fig. 10. Coefficient B is defined in
Equation 1. B = βaβc

2.303 (βa+βc)

βc/V βa/V B/V

Copper 2 hs 0.104 0.079 0.020
192 hs 0.123 0.093 0.027

Brass 2 hs 0.054 0.045 0.011
192 hs 0.064 0.086 0.016

However, Zn(II) species are incorporated in the surface
film grown on brass, as detected by the corresponding
peak in the reflectance spectra (Fig. 5). The composition
of the surface films grown at OCP was finally confirmed
by potentiodynamic reduction of the oxide layer.

On brass, the composition of the passive film is clearly
influenced by the presence of Zn as alloying element, in
agreement with previous findings in different electrolytes
[14, 28]. When reflectance spectra are registered progres-
sively in time, it was observed that only the intensity
increases in time, indicating that merely the thickness is
changing, without affecting the composition of the surface
films. Also, from the slope of the curve in Fig. 7 it can be
argued that the surface film on both materials grows at a
similar rate.

When the oxides grown at fixed times and character-
ized by reflectance spectroscopy are potentiodynamically
reduced, it can be seen that the resulting currents on brass
are much lower than on copper (Fig. 6). This can suggest
that the surface film that grows on brass is much more
difficult to reduce than the one that grows on copper.
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Figure 10 Anodic and cathodic polarization curves for (a) copper and (b)
brass. The curves were recorded after holding the electrodes 2 and 192 h
at open circuit potential (OCP). Each curved started at OCP. Scan rate:
0.1 mV s−1.

As regards EIS fitting results (Table I), it can be ob-
served that all of the parameters calculated by fitting the
experimental data with the equivalent circuit proposed in
Fig. 1 present reasonable values. Furthermore, in the case
of copper, the values are in excellent agreement with those
presented by other authors for similar environments [1, 2].

A surface film can be considered stable and passivating
if Qo shows little change in time, along with a correspond-
ing increase in Rdl. This is the case for both materials, with
the effect of time being slightly more evident for brass.
At 192 h the results also suggest a better performance of
brass, which is supported by field experience.

The oxide surface film is characterized by the parameter
no. Values close to 0.9 are typical of porous films [23, 34].
As discussed above, the film on the substrates under study
is mainly composed by Cu2O, with the incorporation of
Zn(II) species in the case of brass. The resistance associ-
ated to this layer (Ro) increases with time suggesting that
the film becomes more compact [2]. Both the increase and
the absolute value of Ro are higher in the case of brass,
which can be associated to the incorporation of Zn(II)
oxo-hydroxides detected by reflectance spectroscopy.
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Finally, for those surfaces aged during 192 h, the pres-
ence of a constant phase element where n has been fixed to
0.5 in the fitting process, can be associated to the diffusion
of a charged species through the surface layer. Diffusion
processes in surface films on copper have been found be-
fore by other authors [3, 12, 34, 35].

Due to the low solubility of Cu(I) at neutral pH values,
copper oxidation could be represented by:

Cu + OH− → Cu(OH)ad + e (3)

The corrosion process on brass has been related before
to non-steady state volume diffusion of zinc in the alloy
[36].

The effect of ageing the electrodes for 192 h can also
be appreciated in the polarization curves, particularly in
the anodic one. There is almost no effect on the cathodic
current, which can be attributed to oxygen reduction. Si-
multaneously, the anodic current is markedly reduced in
the presence of a more compact and dense film. This den-
sification process of the surface film apparently increases
the resistance to diffusion imposed to charged species
within the oxide layer (most likely Cu(I) species for cop-
per and Cu(I) and Zn(II) species for brass). Diffusion of
species associated to the cathodic hemi-reaction could be
disregarded. This change in the structure of the film can
also be related to the increase of the Tafel slopes with
immersion time, which is stronger for the anodic branch
(see Table III). Similar results for copper corrosion in tap
water have been found before by other authors [12].

The corrosion current for both materials was calculated
using various techniques: interception of the polarization
curves and polarization resistance (which, in turn, can
be evaluated from potential sweeps and from impedance
spectroscopy). The results are compared in Table II. The
values calculated form the different techniques are in rea-
sonable agreement, both among themselves as in com-
parison with previously reported weight loss data for the
same system [10] as well as with values from other au-
thors [13]. As can be seen, the corrosion current density
decreased in time, particularly in the case of brass. In this
alloy, prolonged immersion improves the corrosion resis-
tance, as found before by Ismail et al. in borate solution
[16].

5. Conclusions
The composition of the surface film that grows at open
circuit potential on copper and brass in artificial tap water
was analyzed using in-situ techniques. The experimen-
tal system simulates a situation of practical interest, tak-
ing into account that brass is frequently chosen to build
potable water distribution systems.

The electrical and spectrochemical features revealed
that the oxide layer is mainly composed by cuprous ox-
ide and that Zn(II) compounds incorporate into the brass
film structure. As demonstrated by reduction curves and
reflectance spectroscopy, the composition of the film is

not influenced by the ageing time. Furthermore, the film
grows at the same rate on both materials.

The film grown for 192 h becomes more compact and
dense. It presents higher Tafel slopes and lower charge
when potentiodynamically reduced.

Lower corrosion currents and lower anodic currents
in the polarization curves are evident for brass after
192 h in contact with ATW. This improvement in the
performance of the film on brass can be attributed to
the larger incorporation of Zn(II) species into the sur-
face layer, particularly as the film consolidates at longer
times.
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