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Estudou-se ael etrodissol ugdo deum latdo comercial (60,8Cu-36,3Zn-2,9Pb) edo cobreem
HCI 0,1 M usando a técnica de voltametria ciclica e eletrodo rotatério de disco e anel. O
mecanismo de dissol u¢do deste latdo e do cobre apresentam diferentes par@metros cinéticos. O
mecanismo de dissolugdo do componente Cu daliga é andogo ao do cobre puro.

Theelectrodissol ution of commercial brass (60.8Cu-36.3Zn-2.9Pb) and pure copperin 0.1
M HCI were comparatively studied using cyclic voltammetry and a rotating ring-disk elec-
trode. The dissolution mechanism of both specimens presents distinct kinetic parameters.
However, the dissol ution mechanism of the Cu component of brassisthe same asthat observed

for pure copper.
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I ntroduction

The anodic dissolution of binary alloys in different
aqueous environments has been investigated under awide
range of experimental conditions®® mainly following adis-
pute between selective and simultaneous dissolution pro-
cesses of the components. In thiswork, the dissolution of
commercial brass (60.8Cu-36.3Zn-2.9Pb) in 0.1 M HCI
wasinvestigated. An understanding of thealloy dissolution
mechanism requires knowledge of such a process for pure
copper. Despite the number of publications on this sub-
ject>®, the dissolution of Cu-Zn alloys containing Pb has
not received much attention. The aim of this paper isto ob-
tain information on the electrodissolution mechanism of
commercial brassin 0.1 M HCl, using cyclic voltammetry
and arotating ring-disk electrode.

Experimental Method

A conventional three electrode cell has been used. The
el ectrochemical measurements were made using a Cu disk
(99.99% pure), and one of commercial brass
(60.8Cu-36.3Zn-2.9Pb) with a 0.2 cm? apparent areaas a
working electrode. Each electrode was polished with em-
ery paper up to grade 600, and rinsed with a cohol and dis-
tilled water. To detect the formation of soluble species,
during the voltammetric sweep of the working electrodes
(Cuandbrass) arotating ring-disk el ectrode (RRDE) witha

gold ring was used. The collection efficiency of the RRDE
is N = 0.50°. For the detection of the cuprous species the
ring potential wasfixed at 0.45V vs. SCE, inwhich oxida
tion to Cu(ll) takes place. To detect the Cu(ll) species, the
ring potential was set at -0.1 V vs. SCE. A saturated calo-
mel electrode (SCE) was used asthe reference, and all po-
tentialswerereferred tothiselectrode. A largeareaPt wire,
properly shielded, was used as the counter electrode. The
electrolyte solutions consisted of 0.1 M HCI prepared from
analytical grade reagentsand twicedistilled water. Experi-
mentswere carried out under Ar gas saturation at 298 K. A
bipotentiostat (EG& C, model 366) and a rotator (EG&C,
model 636) were employed for the measurements.

Results and Discussion

Thevoltammogramsof Cuand brassin till 0.1 M HCI
(Fig. 1), runfromEsc=-0.6 VtoEs3=0.8V ,at 0.002V/s,
show threeanodic peaksfor brass, between-0.6and-0.2V,
which are absent for Cu. At more positive potentials, two
anodic peaks (A1 and Ay) areobserved and thereverse scan
presentsacathodic peak (C) at morenegative potential sfor
both working electrodes. The height of peaks A; and C are
higher for brass. Thevoltammogramsof Cuand brassspec-
imens are qualitatively comparable. In the present study,
the current/potential curvefor brassisdividedintothreere-
gions according to the prevailing process. Thus, region |
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covers the potential range of -0.6 to -0.2 V, region Il in-
cludesthe potential rangefrom-0.2V uptopeak A1, andre-
gionlll correspondsto the peak A1 potential. Theregion of
higher anodic overpotentials was not examined in this

study.
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Figure 1. Voltammograms recorded at the pure Cu (...... ) and brass
(—) electrodesin 0.1 M HCI solution, at n = 0.002 V/sand w = 0.
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Figure2. Voltammogramsat the Au electrodein 10 M Pb*2+ 0.1 M

HCI, at n = 0.050 V/s (—) and n = 0.002 V//s (—-), w = 0.
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Pesk identification in region | was made by comparing

the voltammograms of a Au electrode in 0.1 M HCI solu-

tion containing Pb*? (Fig. 2) with the brass
voltammograms (Fig. 3) in 0.1 M HCI, runfrom E, =-1.2

V toExa=0V, a w =0 and different scan rates. The peaks
Ao1, Agz, and Agz are associated with the presence of Pbin
the alloy. This fact has been further confirmed by X-ray
diffraction analysis of the brass sample' before and after
the anodic polarization up to the Ap peak (not shown). As
can be observed, the Pb reactionisespecially significant at
high sweep rates (Figs. 2 and 3), indicating afast reaction.
Selective dissolution of Zn was not observed (Fig. 3), ac-
cording to thermodynamic data?. However, b phase dis-
solves selectively in this media, which shows up in the
voltammetric curve as a shoulder, labeled as Ay (Fig. 3).
These results are consistent with what has been reported
previously’, which allows the characterization of the brass
specimen employed in this study asa (a+b)-brass contain-
ing Pb!. Theinfluence of w on the brass voltammograms
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Figure 3. Voltammograms at the brass electrode in 0.1 M HCI at
n=0.05V/s(—) and n = 0.002V/s, w = 0.
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Figure4. Theinfluence of w on the brass voltammogramsrun in 0.1
M HCI, at n=0.002 V/s.
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at n=0.002V/scan beseeninFig. 4. Theincrease of wre-
sultsinamarked increasein height for theanodic peaks (A1
and Ay). The reverse scan exhibits an anodic reactivation
process, which increases under stirring. This behavior is
similar to that obtained with pure Cu (datanot shown). Ap-
parently the rotation of the working electrodes favours the
removal of part of theanodiclayer, whichispoorly adhered
to the electrode surface. Region |l is characterized by a
mixed mass transfer and activation control . Plots of i vs.
w2 (Fig. 5) arestraight lineswith positiveintercepts, and
theslopesarehigher for pure Cu. Theseresultsindicate that
the current of the Zn component is less influenced by the
masstransport effect, and are consi stent with what hasbeen
previously reported for a Cu-NI aloy*2. Furthermore, the
value of therelation (ig brass - ie,cu)/ iE,cu Was calculated for
various potentials resulting in values greater than 1 in al
cases. Thisfact suggeststhat the preferential dissolution of
Zn aso takes place in this potential range?*’. Region 111
corresponds to the peak A1 potential and presents mixed
control kinetics (data not shown) for both working elec-
trodes. Table 1 showstherelation (ip,brass - ip,cu) /ip,cu at dif-
ferent sweepratesat peak A1. Thealloy componentsappear
to dissolve at ratesthat are in accordance with their chemi-
cal composition. Once more, uniform dissolution takes
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Figure5. Plot of 1/i against /w2 for different potentials, for the Cu
(....) and brass (—) electrodesin 0.1 M HCI.

Table 1. Dependence of the sweep rate (n) on therelation ip brass - ip,cu
lipcuin 0.1 M HCI

Sweep rate (V/s) [ipbrass -ipcd] /ip,.cu
0.002 0.60
0.005 0.66
0.010 0.65
0.020 0.65
0.030 0.66
0.050 0.67
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place at this peak, and the Zn dissolution increases at a
higher sweep rate.

Therate of cuprous speci esformation during the disso-
[ution of Cu and brasswas monitored withthe RRDE (Fig.
6b). Thedisk and thering currentsdo not coincideintheas-
cending part of peak A1 for both disks employed. For the
Cu disk, this means that not &l the cuprous species pro-
duced are detected by thering, whichindicatesaCuCl film
formation'®*315 which presented a maximum thickness at
the potential corresponding to peak Aj. For brass, it is not
possibleto makesimilar commentssincetheZn partial cur-
rent was not determined. Cupric species were detected for
pure copper and brass (Fig. 6¢) only at higher anodic
overpotentials, after exceeding the potential value of peak
A1. These findings agree with those previously re
ported1,10,12-14_

The main feature of the overall process which can be
derived from the RRDE data is the relation E/logig, ob-
tained in region 11, and resulting in 85 mV/dec for the Cu
disk and 104 mV/dec for the brass one. Cal culating TE/1iir,
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Figure 6. RRDE data. The disk current (&) and ring current at (b)
Er=0.45V and Er =-0.1V (c) vs. disk potential run at n =0.002 V/s
and w = 1000 rpmin 0.1 M HCI.
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whentheringisset at 0.45V (thecurrent dueto the cuprous
species only), a value of 96 mV/dec was found for both
working disk electrodes. Again, thisisaindication that al-
though the dissolution mechanism of brassis quite differ-
ent from that of copper, the dissolution mechanism of the
Cu component of thealloy isthe sameasthe onewhichwas
observed for pure copper. These results are qualitatively
consistent with those reported by Costaet al.** and Leeand
Nobe!* for other Cu-Zn alloys.

Conclusions

The results of this study indicate that the
electrodissolution of a (a+b) brass containing Pb and of
pure copper in 0.1 M HCI areinfluenced by the masstrans-
port effect. The dissolution mechanisms of both specimens
present distinct kinetic parameters. During the
electrodissolution of commercial brass, preferential disso-
[ution of Zn occurredintheascending part of peak A; andis
favoured at high scan rates. The simultaneous dissolution
of Cu and Zn components takes place at anodic peak Aj.
The Cu component of brass behaves like pure copper dur-
ing the dissolution process.
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