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Abstract. The pattern of the electrochemical ionization and passivation of Cu 62 Zn brass in chlo-
ride solutions with different compositions is studied. It is shown that the electrochemical dissolu-
tion of Cu 62 alloy in concentrated chloride solutions is controlled by ionization of the copper
component in the alloy. There was studied the selectiveness of Cu 62 Zn brass component dissolu-
tion and modification of the alloy surface at electrochemical dissolution in chloride solutions.
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Annomayus. Vzyuen mexanusm 1eKmpoxuMuyeckol uonuzayuu u naccusayuu aamynu JI-62 ¢ xuo-
PUOHBIX pACMBOPAX PA3IUUH020 cocmaga. Tlokazano, ymo 31eKmpoxumuiecKoe pacmeoperue cniasa
JI-62 6 KOHYEeHMPUPOBAHHBIX XJIOPUOHBIX PACMBOPAX KOHMPOIUPYEeMCa UOHU3AYUel MEeOHOU KOMNO-
HeHmyl CHAA6A. YCMAaHOBIeHo, Ymo pasHOMePHOe INEKMPOXUMUYECKOe PACEOpEHUe O-TamyHU npo-
mexaem 6 Kucnoii cpede 6 RPUCYMcmeull UOHOE Xaopa u okucaumens — Fe' ™.
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Anomayisa. Busueno mexamnizm enexmpoximiynoi ionizayii i nacusayii ramyni JI-62 y x10pudnux pos-
yuHax piznoeo ckaady. Ilokasano, wo enekmpoximiune posuunenHsa cniagy JI-62 6 konyenmposanux
XJIOPUOHUX DO3UUHAX KOHMPOTIOEMbCA [OHI3AYIEI0 MIOHOI KOMnOHeHmuU cnaagy. Bcmawnosneno, wo
pieHOMIpHEe eleKMPOXIMIYHe PO3ZUUHEHHS O-AAMYHI NPOMIKAE 8 KUCAOMY Cepedosulyi 3a HAABHOCMI
iOHI8 X10pY Ul OKUCHUKA — Fe''
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Introduction

The progressive application of microelectronic
components in electronic engineering expands
the spectrum of printed circuits used. Among
them are the standard printing boards for output
components, plates for surface mounted assem-
blies, modem boards for personal computers,
multichip modules, high frequency boards,
plates with an optical interface, etc. [1-5]. The
amount of electrical equipment has considera-
bly increased in modern vehicles. When manu-
facturing the equipment in question, etching of
printed circuit boards made of copper and its
alloys is required.

In the technologies for their manufacture, an-
odic processes with application of a metal,
namely, copper and its alloys, are of impor-
tance. It is necessary to study the mechanisms of
the processes of chemical and electrochemical
dissolution of copper and its alloys in order to
control the kinetics, the selectivity of the etch-
ing processes, and increasing their efficiency.

The mechanism of anodic dissolution of o brass
in chloride media was described in [4-6]. The
authors described the initial dissolution selec-
tivity of zinc, which created a surface layer
enriched with copper with nonequilibrium va-
cancies. The anodic dissolution both of pure
copper and that on the surface of brass was
found to occur with the formation of strong 1-n
from their dissociation, enter into a balanced
reaction with copper

Cut +e « Cu,

and determine its potential. In the case of
brass, the potential determining reaction is dif-
ferent

Cu+ + ¢ « Cu* (alloy),

where Cu* (alloy) are hyperactive copper at-
oms in the brass surface layer, which were
formed as a result of the dissolution selectivity
of zinc. Owing to the increased activity of Cu*
(alloy), the stationary potential of brass is more
negative than the stationary potential of copper
in its own phase at the same ion concentration
of the latter. In this case, Cu* ions that were
formed during the anode oxidation of brass are
reduced to their own phase. During the reduc-
tion, the concentration of Cu* ions decreases in
the near electrode layer of the solution; there-

fore, the stationary potential of the brass must
shift towards the negative side, which allows
us to infer the presence of dezincing of brasses
[7]. It is shown [8] that, at alternating current
polarization of o brass in a chloride media, the
first anodic half period of dissolution of the
alloy is controlled by
J’_

the diffusion of CuCl, complexes from the
electrode to the solution. Thus, the controlling
stage of the anodic dissolution of o brass is the
dissolution of the precious component.

Theoretical analysis

Each of the components of the alloys during
the dissolution displays its electrochemical
properties. The experimental studies of elec-
trochemical ionization of brasses [9] created a
foundation for the modern image of the anodic
dissolution of intermetallic phases. A.V. Ve-
denskii showed [10, 11] that the state of the
nonequilibrium layer that is formed during the
dissolution selectivity of a homogeneous sys-
tem determines the peculiarities of the ioniza-
tion, the electrochemical properties of the al-
loy, and the change of the electrocatalytic
activity of the alloys.

At present, despite the great variety of literary
data, there has not yet been developed a unified
theory on the chemical and electrochemical
dissolution of metals. The study of the pro-
cesses of electrochemical dissolution of copper
and its alloys is very important for the creation
of a unified theory to connect the processes
that occur in the liquid phase and on the sur-
face of the «metal-solution» for the de-
velopment of the theory on passivation and for
solving a number of application problems of
size etching of metals and alloys.

Purpose and tasks. The aim of this work is to
study the regularities of he electrochemical
dissolution of Cu62Zn brass in chloride solu-
tions and the topography of the surface of the
alloy.

Experimental

The electrochemical polarization meas-
urements were carried out using a PI 50 1.1
potentiostat with a PR 8 programmer. The cy-
clic voltammograms (CVA) were obtained dur-
ing the dissolution of Cu 62 Zn alloy in solu-
tions of NaCl, HCI, and FeCl; with various
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concentrations in the potential range of
E = -0,2-2,0 V with a potential sweep of
V=2 x 107 V/s. The reference electrode used
was a silver chloride electrode, and a platinum
plate served as the auxiliary electrode. The
auxiliary Pt electrode was kept for ten minutes
in concentrated nitric acid prior to the meas-
urements, after which it was rinsed thoroughly.
A standard initial treatment of the surface of
the disk electrode was selected that included
mechanical peeling and polishing, degreasing,
and chemical polishing in an H;PO,4 solution.
All the E values in this work are presented
with respect to the hydrogen electrode. The
accuracy of the maintenance of the potential is
+3 x107 V. The error of setting the polarizing
current is £2 %. The error of a B7 21 voltmeter
at the boundary of the measuring is
1 V0,7 %.

The measurements were performed at
25 £ 0,1 °C. Thermostating was carried out
using a YT 15 Y 42 thermostat. The working
cell was equipped with a casing through which
distilled water from the thermostat was con-
stantly pumped. The tests were conducted with
the lid closed, which was equipped with hold-
ers for the electrodes.

The Luggin—Haber capillary was brought to
the very surface of the working electrode. The
area of the brass surface of the electrode was
6,4 x10°> m®. The concentrations of Cu(II) and
Zn(Il) ions in the etching solutions were de-
termined by an atomic absorption method us-
ing a «Saturn» spectrophotome ter with wave
lengths of 213,9 nm for Zn and 324,8 nm for
Cu. The morphologic peculiarities of the sur-
face of the electrode were studied by the meth-
od of electron probe microanalysis (EPMA) on
a JSM 6390 LV electron microscope with an
INCA system of X ray microanalysis. An NT
206 scanning probe microscope equipped with
a CSC 37 probe cantilever was used to exam-
ine the roughness of the electrodes and the dif-
ference in the nanosize peculiarities of the
morphology of the electrode samples. The
mineralogical composition of the sediments
with low solubility compounds, which are
formed in the waste etching solutions, was de-
termined using X ray analysis on a Siemens
D500 powder diffractometer in copper radia-
tion with a graphite monochromator [12]. The
initial search of the phases was performed us-
ing a PDF 1 card file [13] followed by the cal-
culation of the X ray diffraction patterns veri-

fiedusing the Ritveld method according to the
FullProf program [14].

The effect of the composition of the
electrolyte on the electrochemical
dissolution of the Cu 62 Zn alloy

The effect of chloride ions on the elec-
trochemical dissolution of the Cu 62 Zn alloy
was studied. Figure 1 shows the anodic polari-
zation curves for the Cu 62 Zn alloy in NaCl
solutions of various concentrations. With the
shift of the potential towards the anodic area,
the current density increases, and the slope of
dj/dE > 0 (Fig. 1, curves /-5). The active dis-
solution of brass in NaCl solutions of 0,5-
2,0 mol/L (Fig. 1, curves 3-5) is observed in
the range of potentials of 0-0,8 V.

2EV

Fig. 1. Anodic polarization curves for the Cu
62 Zn alloy in NaCl solutions with the
following concentrations, mol/L: (1) 0,1,
(2) 0,25, (3) 0,5, (4) 1,0, and (5) 2,0 at
V=2x10"7V/sand ® =0 rot/s

For the diluted solutions (Fig. 1, curves 1, 2),
the Tafel fractions of the curves have a longer
range of potentials. The medium of the NaCl
solutions is neutral; therefore, there is an in-
crease in the angle of the j slope; the £ curves
result only from the activating effect of the
chlorine ions. A similar effect of anions on the
electrochemical dissolution of metals is de-
scribed in [15], namely, the increasing con-
centrations of CI", Br, and I” ions in the solu-
tion is accompanied by an increase in the rate
of the process of dissolution of the metal
phase. The observed maximum of the current
density j is indicative of the onset of the pas-
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sivation of the surface of the alloy. The maxi-
mum of j increases with an increase in Cg.
Thus, the activating effect of chlorine ions
manifests itself.

In the inactive region, the rate of dissolution of
the alloy is almost independent of the potential
(Fig. 1, curves 1-4), which is connected with
an increase in the amount of the inactive com-
pounds on its surface. The potential of the pas-
sivation Ep is in the range of 0.8-0.9 V (Fig.1,
curves 3-5), at which the transition of the met-
al from an active to a passive state starts. For
curves I and 2, the passivation starts at higher
values of the anodic potential. The occurrence
of passivation at lower Ep with a growth in the
concentration of the chlorine ions can be ex-
plained by the easier deposition of CuCl from
the near electrode layer due to the parallel pro-
cess of the chemical dissolution of copper.
However, the range of passivation in the area
of high C¢  is short (Fig. 1, curve 5), and the
inactive state of he metal or the alloy is dis-
turbed either partially or entirely owing to the
introduction of CI', Br, and I" anions into the
solution [15]. A new increase in j with the
growth of the potential is observed in a 2.0 M
solution of sodium chloride. The process of the
disturbance of the passivity near the potential
of complete passivation Ecp is considered by
the authors [16] as resulting from the appear-
ance in unsound sites of an inactive layer with
zones of rapid dissolution, which then turn into
pittings. A crucial factor for the appear ance of
the pittings is the rivalry between the passive
action of the water and the activating action of
the chlorine anions.

The shape of the j and E curves is affected by a
number of factors, one of which is the pH of
the medium [16]. In the region of low pH,
where the concentration of OH™ ions is low and
the share of the surface occupied is insignifi-
cant, CI" anions can be adsorbed on a vacant
surface. Under these conditions, the rate of dis-
solution increases with an increase in the over-
all concentration of anions [17]. In order to
reveal the effect of the acidity of the solution
on the electrochemical dissolution of the alloy,
we obtained the anodic polarization curves for
Cu 62 Zn in HCI solutions with various con-
centrations. For curves /-5(Fig. 2), a large an-
gle of slope is observed for the fraction of the
active dissolution of the alloy and an increase
in the j maxima compared to the NaCl solu-
tions, which can be associated not only with

the effect of the chlorine ions on the electro-
chemical dissolution of the alloy but also with
the effect of the H+ ions. In an acidic medium,
the chemical dissolution of the Zn component
of the alloy occurs more easily.

Two j extreme points were registered on
curves 1-3 (Fig. 2). In [18], the appearance of
two peaks on the Cu polarization curves was
shown to be connected with the change in the
structure of the passive layer of CuCl from
spongy to dense packed as the anode potential
grows.

X102 AMm?
1

Fig. 2. Anodic polarization curves for the Cu
62 Zn alloy in HCI solutions with the fol-
lowing concentrations, mol/L: (1) 0,1, (2)
0,25, (3) 0,5, (4) 1,0, and (5) 2.0 at
V=2x107V/sand ® = 0 rot/s

At high concentrations of chlorine ions, the
second peak of the anodic dissolution of cop-
per disappeared owing to the formation of the
spongy surface phase of CuCl. As the con-
centration of the HCI solutions grew, a second
maximum of the current during the brass dis-
solution is produced to a lesser degree, and, at
curve 3, it is in the shape of a bend of the
curve. The reason for this is that both the pas-
sivation of the Cu 62 Zn alloy and the distur-
bance of the passivity by CI” ions can occur in
the region of potentials of £ > Ep. Note that,
with an increase in the concentration of HCI in
the solution, the second process predominates.

The passivation of brass can take place not on-
ly due to the anodic polarization but also dur-
ing the introduction of an oxidizing component
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into the solution. In [15], the intensity of the
pitting corrosion of metals is found to increase
in the presence of dissolved oxygen and Fe'
ions. The introduction of iron(IIl) ions into the
chloride solution caused a shift of the potential
of the metal up to a critical value and to the
formation of pittings [15]. The activity of the
oxidizing agent is determined by the nature of
the metal, the pH value, the nature and concen-
tration of the corrosion active anion, and the
temperature and rate of mixing of the solution.

To study the influence of ions of the oxidizing
agent on the shape of j of the £ curve, we ob-
tained the anodic polarization curves using the
Cu 62 Zn alloy in solutions of ferric (II) chlo-
ride with various concentrations (Fig. 3). For a
0,1 M FeCl3 solution, the anodic polarization
curve is characterized by a region of active dis-
solution of the alloy (Fig. 3, curve 1) and the
preservation of the passivation of the brass
electrode.

The extremum of j is observed at Ep = +1,1 V.
As E increases, the passive region passes to the
region of repassivation. With an increase in the
FeCl; concentration, the slope of the activation
branch grows (Fig. 3, curves 2, 3). Onj of the
E curves, a second j; maximum is also ob-
served, which disappears with an increase in
the concentrations of the solutions (Fig. 3,
curve 4).

2 2
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Fig. 3. Anodic polarization curves for Cu 62
Zn alloy in FeCl3 solutions with the fol-
lowing concentrations, mol/L: (1) 0,1, (2)
0,25, (3) 0,5, and (4) 2,0 at ¥ =2 x 10°*
V/s and o = 0 rot/s

The anodic j of the E curves for the Cu 62 Zn
alloy in the solutions of ferric(IIl) chloride are

similar to those for copper. It was shown in
[18] that the formation of a CuCl compound
with low solubility on the surface of copper
corresponds to the region of the minimum of
the current, while, in the region of high anodic
polarizations, CuO is found to form.

With a further increase of the potential, a new
rise in the current is observed, which cor-
responds to the dissolution of the manufactured
layer and the formation of Cu*" and CuCl" ions
and a CuCl, compound. The copper dissolution
continues up to the beginning of a new pas-
sivation by copper (II) compounds.

Conclusions

Thus, the dependence of the pattern of the elec-
trochemical dissolution of the Cu 62 Zn alloy
on the composition of the electrolyte, the anion
concentration, the acidity, and the presence of
an oxidizing agent was justified. Chlorine ions
in the region of high concentrations were
shown to activate the process of the electro-
chemical dissolution of the Cu 62 Zn alloyand
disturb the passivation of its surface.
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