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Two peaks are observed on the anodic branch of cyclic voltammogram
during the study of anodic dissolution of binary metallic AI—Pb system in
organic electrolyte consisting of AlBr, + PbBr, + KBr in ethylbenzene. The
current, potential, and shape of both peaks are influenced predominantly by
the time period starting with the onset of cathodic deposition and ending
with the start of anodic dissolution of metallic phase. This time period is
given by the following parameters: rate of the voltage scan, potential of
reversing the polarity, i.e. switching potential, and time of retaining the
potential on the constant switching potential value, i.e. retention time. The
results point out the fact that at the sufficiently long time period both metals
interact and the product of this interaction dissolves in one single peak.

I1pyu u3yyeHnH aHOOHOTO pacTBOPEHHUS OMHAPHOH MeTaJIHYECKOH CHC-
TeMbl Al—Pb B opraHuieckoM 3JIEKTDOJIUTE, COCTOSAIUEM M3 pacTBopa
AlBr; + PbBr, + KBr B aTui6en3o0e Habnronanuch 1Ba NMMKa Ha aHOOHOHU
BETBH IIMKJIMYECKOH BOJIbTAMMOIPaMMBI. BennyuHBI TOKa M NOTeHNIHMaa,
a Takxke BUI 0OOMX IMKOB ONpPEAESIAIOTCS, INIAaBHBIM 00pa3oM, BpEMEHEM,
NpOLUEALINM C Havyajla KaTOAHOTO OCaXIeHHs A0 Hayaja aHOMHOTO pac-
TBOPEHHS MeTaJLIHYecKo ¢a3pl. DTOT NEpHO BPEMEHH 3a1aeTCsl CIEAYIO-
IIMMH NapaMeTpaMH: CKOPDOCTbIO CKaHMPOBaHUS HANPSDKEHHS, MOTEH-
HuajoM oOpalleHusi MOJSPHOCTH, T.6. IMOTEHIMaJIOM IEPEKIIOYCHHS,
U BPEMEHEM COXDAaHEHHS MOCTONHHOH BEJIMYMHBI MOTEHNIHMala, pPaBHOH
MOTEHIHAJy NEepEeKIIOYeHNs], T.e. BpeMeHeM ynepxuBaHus. IlomydeHHble
pe3yJIbTATHI CBUAETENBLCTBYIOT O TOM, YTO B T€YEHHE JOCTATOYHO MPOLOJI-
XHMTEJILHOTO IPOMEXYTKa BpeMeHH 06a MeTalijla B3aUMOJIEHCTBYIOT MeX-
oy coboi, M pacTBOpEHHE NPOAYKTa 3TOTO B3aUMOJEHCTBUS peEruc-
TPHPYETCsl B BUAE OJHOTO OJWHOYHOIO IHKA.

Aluminium belongs to the group of metals the deposition potential of which
is much more negative than that of hydrogen. Consequently, they cannot be
deposited in the form of coating from aqueous electrolyte since the deposition

Chem. Papers 42 (4) 457—465 (1988) 457



M. GALOVA, L. LUX

of hydrogen precedes. A medium hindering the hydrogen deposition must be
used, i.e. melt or organic aprotic electrolyte. Although lead may easily be
obtained as coating from aqueous medium, a binary coating consisting of both
lead and aluminium must be deposited from aprotic electrolyte. Solutions based
on aromatic hydrocarbons (benzene, toluene, their mixtures or derivatives) as
solvents proved to be suitable for preparing electrolyte for Al—Pb binary
coating deposition [1]. Owing to a very low relative permittivity of these sol-
vents, the solubility of commonly used ionic solutes suitable for basic electrolyte
preparation is also very low. Waterfree aluminium halides, however, are of
special importance in solving this problem due to unsaturation of their orbitals
leading to the formation of stable ionic compounds of the type M*AIX; or
M*ALX; with polar substances MX [2]*. Really, the conductivity values in the
solution AlBr; + KBr in ethylbenzene (ETB) are sufficiently high for the pur-
pose of using this system as basic electrolyte in electrochemical studies [3].

In all electrochemical investigations in the present and preceding works [4, 5]
the aluminium halide played two roles: as a component of basic electrolyte and
as electroactive substance for aluminium deposition. The foregoing parts of the
contribution were devoted to the study of cathodic deposition of aluminium and
lead from ethylbenzene electrolyte [4] and to the study of stability of the
deposited coating in this electrolyte [S]. In the present part, the attention is paid
to the effects occurring during anodic dissolution of the Al—Pb binary system
which may serve as indirect information source about the situation in the
metallic coating.

Experimental

Cyclic voltammetry (CV) on a solid stainless steel electrode with 0.102 cm?® surface
area was used for the study. Other two electrodes of the three-electrode system were
aluminium wires with a diameter of 3mm. Measurements were carried out in inert
atmosphere on a GWP 673 Polarograph. Further experimental conditions as well as
experimental details on chronopotentiometric measurements were described in [4] and

[5].

Results

The CV record of the basic electrolyte, i.e. AlBr; + KBr solution in ETB has already
been described [4]. Assuming that the switching potential is sufficiently negative, the
anodic branch of the cyclic voltammogram in basic electrolyte consists of one peak only
corresponding to the dissolution of deposited aluminium. In the presence of PbBr, the

*X~ — halide anion, M* — potassium, sodium or other suitable cation.
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situation is more complicated. First of all, the anodic part is obviously influenced by the
cathodic switching potential value. With switching potential value equal to zero or
—0.1V (vs. aluminium reference electrode — AIRE) the deposition potential of alumi-
nium is not yet reached. Evidently only one peak would be expected on the anodic branch
under these conditions. Fig. 1 shows that this peak appears only when the potential is
kept for a certain retention time on the constant switching potential value — ¢f. curves
I and 2 with no retention time applied with curves 3 and 4 with retention time 10 and
50s, respectively. With switching potential value — 0.2V the deposition of aluminium
has already begun — see curves 5 and 6 in Fig. | — thus, on the anodic side two peaks
would normally be expected but only one peak appears although higher than in the
previous cases of curves 3 and 4. (Note: As to the retention time, curve 3 should be
compared to curve 5 and curve 4 to curve 6.)

-0.3 mA

-0.5vVv

Fig. 1. Cyclic-voltammetric records of deposition and dissolution of lead in ethylbenzene electrolyte.

¢(AlBr;) = 1.82mol dm™%; ¢(KBr) = 0.8 mol dm~3; ¢(PbBr,) = 3.13 x 10~>moldm™>. Scan rate

v=0.166 Vs Switching potential E,: 1.0 V; 2, 3, 4. — 0.1 V; 5, 6. — 0.2 V. Retention time:
1,2.0s;3,5.10s;4,6. 50s.

Two peaks on the anodic branch of CV record appear only when the switching
potential overreaches the aluminium deposition potential of at least 0.2 V negatively. The
current, potential and shape of these peaks are influenced, in addition to the switching
potential and retention time values also by the rate of the voltage scan. This is clearly seen
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by comparison of Fig. 2 recorded with low scan rate 0.0166 Vs~' and Fig. 3 recorded
with higher scan rate 0.25V s™'. (Note: The anodic peaks are marked in the direction of
polarization, A, — negative peak, A, — positive peak.) Fig. 2 shows that at a low rate
of voltage scan mainly the negative peak A, increases with the cathodic shift of the

-0.3 mA

-0.5V

Ay

Fig. 2. Cyclic-voltammetric records of deposition and dissolution of lead and aluminium in ethyl-
benzene electrolyte for various switching potential values at scan rate 0.0166 Vs~'.
¢(AlBr;) = 1.82mol dm ™% ¢(KBr) = 0.8 mol dm~%; ¢(PbBr,) = 8.65 x 10~*mol dm™>. Switching

potential E;: 1. — 02 V; 2. — 04V;3. — 06 V.

-0.3 mA
N

-05V

Fig. 3. Cyclic-voltammetric records of deposition and dissolution of lead and aluminium in ethyl-
benzene electrolyte for various switching potential values at scan rate 0.25V s~'. Electrolyte com-
position and switching potential values are the same as in Fig. 2.
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switching potential E;. The positive peak A, appears only when reaching the E, value
—0.5V. At higher scan rates the anodic peak A, is observed already at E, = —0.3V
(Fig. 3). Both peaks increase with the cathodic shift of E, but entirely differently: whereas
at a low scan rate the peak A, shows remarkable increase, at higher scan rate it is the peak
A, increasing with the cathodic shift of E,. Fig. 4 presents the dependence of both anodic
peak heights on the square root of the scan rate.

1fJ.3 . .
VYV ST

Fig. 4. Dependence of the anodic peak currents during dissolution of the AI—Pb binary system in
ethylbenzene electrolyte upon the scan rate.
¢(AlBr;) = 1.82mol dm~%; ¢(KBr) = 0.8 moldm™>; ¢(PbBr,) = 6.75 x 10~*mol dm~>. Switching
potential E, = —0.6 V. 1. i(A)); 2. i(A,); 3. i(A)) + i(A,).

Figs. 5 and 6 represent the dependence of anodic peak heights upon the switching
potential value E; and PbBr, concentration, respectively. The negative shift of E, (Fig. 5)
causes at first remarkable increase of the A, peak current up to the value of E, = —0.4V;
beyond this value the A, peak current remains roughly constant. The A, peak current
changes very slightly up to £, = —0.4V but beyond this value it increases remarkably.
The sum of both peak currents increases, as can be expected, linearly with the negative
shift of the switching potential. Fig. 6 shows that the increase of the PbBr, concentration
in the electrolyte results in almost linear increase in the A, peak current whereas the A,
peak current is influenced only slightly by this parameter.

As to the shift of potential of both peaks A, and A, the following may be stated: with
increasing scan rate and negative shift of the switching potential both anodic peaks shift
positively. The effect is, however, almost negligible for peak A, but quite remarkable in
case of peak A,. Actual values are given in Table 1.

Discussion -

The experimental results point out the fact that dissolution of binary Al—Pb
system in ETB electrolyte is significantly influenced by the time period from the
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beginning of deposition to the beginning of dissolution of the metallic phase
which, in turn, is given by the following experimental parameters: scan rate,
switching potential, and retention time. The effect of this time period which
represents the duration of deposition process, however, is not entirely faradaic,
i.e. longer time means larger charge passing and thus higher amount of
deposited material. The faradaic influence of the time period is the most decisive
as to the sum of both anodic peak currents. But another effect appears, too: at
sufficiently long time period mutual interaction occurs between both metals in

0 I | ] | |
-01 -0.2 -0.3 -0.4 -05 E,/V

Fig. 5. Dependence of the anodic peak currents during dissolution of the Al—Pb binary system in
ethylbenzene electrolyte upon the switching potential.
Electrolyte composition as in Fig.4. Scan rate v = 0.25V s™'. I. i(A}); 2. i(A,); 3. i(A)) + i(A,).
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Fig. 6. Dependence of the anodic peak currents during dissolution of the Al—Pb binary system in
ethylbenzene electrolyte upon the PbBr, concentration.
Basic electrolyte composition: c(AlBr;) = 1.92moldm™3 ¢(KBr) = 0.8moldm™>. Scan rate
v=0.25Vs~'. Switching potential E, = —0.6 V. 1. i(A)); 2. i(A,).
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Table 1

Shift of potential of the CV anodic peaks A, and A, during the dissolution of the Al—Pb binary
system in ETB electrolyte with increasing scan rate and with negative shift of the switching potential

Switching potential E, = —0.6 V

Scan rate Peak potential
v/Vs! E, IV E\/V
0.0167 0.079 0.453
0.0833 0.081 0.471
0.167 0.095 0.495
0.250 0.100 0.546

Scan rate v = 0.25V 57!
Switching potential Peak potential
EJV Ey/V Ex/V
-0.2 0.027 0.323
-0.3 0.054 0.477
—-0.4 0.077 0.518
—0.6 0.100 0.546

the surface. The interaction seems to be in fact a diffusion process of one metal
into the other resulting in formation of homogeneous solid solution, alloy or
intermetallic compound which dissolves in a single anodic peak. For instance,
curves 5 and 6 in Fig. 1 present the CV record of deposition of both metals at
—0.2V with 10 and 50 s retention time, respectively; the anodic part of the
record consists of one A, peak only, increasing with the increase of the retention
time. Similarly, Fig. 3 recorded at a low scan rate shows the increase of peak A,
with negative shift of the switching potential. When the experimental conditions
allow deposition of both metals but on the anodic side only one peak appears
then it is obvious that mutual interaction between the metals in the surface has
taken place and the product of this interaction dissolves in one peak.

It is necessary to consider the possibility of such interaction occurring in the
surface within a still relatively short time period. The situation at the electrode
during the electrolysis of the binary Al—Pb system may be outlined as follows:
during cathodic scan the deposition potential of lead is reached first and metallic
lead is being deposited. The rate of this process reaches its limit after depletion
of the diffusion layer. Then it proceeds further with constant diffusion-control-
led rate also during the deposition of aluminium. The first layer of Pb metallic
deposit is thus covered by a layer of metallic aluminium containing certain
amount of lead. The lead/aluminium ratio in this layer decreases with negative
shift of the cathodic potential. It is however, quite overestimated to speak about
compact separated layers; at the lowest scan rate 0.0166 Vs~' the amount of
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charge needed for deposition of the Pb layer is less than 1 mC, which on the
electrode applied with the given surface area represents a layer of about 10 nm
thickness with roughly 10—50 atomic plates. Although the diffusion coefficients
of metals in solid state are rather low, the diffusion routes are also very short.
In addition to this, the extremely high electric field conditions in the surface play
a great role. It is known, for instance, that hardness of electroplated chromium
is many times higher than that of ordinary metallic chromium [6]. All this may
lead to the fastening of surface diffusion by as much as two orders of magnitude
and result in formation of homogeneous solid solution or even alloy formed by
lead and aluminium in the surface if long enough time period is available. Table
2 shows the measured time periods of metal deposition for the lowest and
highest scan rates used; the difference is rather remarkable and, consequently,
the assumption about interaction of metals in the surface may obviously be
accepted. Comparison of the CV records in Figs. 2 and 3 confirms this hypoth-
esis: In Fig. 3 CV record is presented with time period ranging from 1.6s to
4.8 s; on the anodic scan both peaks A, and A, are equally developed whereas
in Fig. 2 with time period ranging from 24 s to 72 s peak A, corresponding to the
dissolution of binary phase, if not entirely single, is obviously dominant. Fig. 4
summarizes these results.

Table 2

Measured time period from the beginning of metallic phase deposition to the beginning of metallic
phase dissolution for various scan rates and switching potential values

Scan rate Switching potential Time period
v/Vs! E,/V ts
0.0167 -0.2 24

-0.3 36
—-04 48
-0.5 60
—0.6 72
0.25 -0.2 1.6
-03 2.4
—04 3.2
—-0.5 4.0
—-0.6 4.8

The results of chronopotentiometric study of the deposition and dissolution
of the Al—Pb binary system in ETB electrolyte partially presented in [5] point
to the same effect: although during the cathodic current pulse two reduction
processes may be identified corresponding to the deposition of Pb and Al, the
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anodic part of ChP record differs according to the duration of cathodic pulse.
If long enough cathodic electrolysis time is applied (20 s or 50 s), only one anodic
process is observed corresponding to the dissolution of the homogeneous binary
phase; the constant potential of this process is approximately the same as the
potential of the A, peak in cyclic voltammetry. With shorter cathodic pulse
duration — 5s or 10s — two transition times are observed on the anodic scan,
which again points to the separate dissolution of both metals.
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