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The stability of Al and Al—Pb coating obtained from ethylbenzene
electrolyte was studied in this electrolyte. The study was carried out by
comparison of chronopotentiometrically obtained cathodic and anodic
charge densities. It was observed that in electrolyte with lower AlBr; con-
centration around 1moldm™* both Al and Al—Pb coatings underwent
spontaneous chemical dissolution. At AlBr; concentration approx.
2 mol dm~? this effect was minimalized. At long enough electrolysis time the
anodic to cathodic charge density ratio approached one. The conditions
were found leading to the depression of the spontaneous dissolution of the
coating. Reactions explaining this effect were suggested.

VceroitunBocts Al 1 A—Pb nokpbITHii, NOJy4YeHHBIX U3 3THI0EH30JIb-
HOTO 3JIEKTPOJINTA, H3YYeHa B 3TOM 3jiekTpouTe. MccneqoBanue npoBoau-
JIOCh IIyTeM CPaBHEHHS XPOHOIOTEHIIMOMETPUYECKH ITOJTYYEHHbIX BEJIHYHH
KaTOOHOM M aHOOHOH IIoTHOCTH 3apsana. Ha6momamock, 4To B 3JIEKTpO-
JIMTE C HU3KO# KoHneHTpamueit AlBr; okoso 1 Mosnbs oM ~3 kak Al, Tak u Al
—Pb nokphITHA NOOBEPrajiuch CaMONPOU3BOJILHOMY XHMHYECKOMY pac-
TBOpenmo. IIpu konumenTpamum AlBr; oxomo 2 mMonbaM ™~ 3ToT 3ddekT
6bUT MUHHMaJTeH. IIpH 1OCTaTOYHO MPOJOJKUTEILHOM BPEMEHH 3JIEKTPO-
JIH3a OTHOLICHWE BEJIMYMH aHOJHOM M KaTOOHOM IUTOTHOCTEH 3apsnma mo-
CTHTaJIO equHHMIBI. OnpenesieHb! YCJIOBHSA, B KOTOPHIX MOAABJISJIOCh CaMO-
IIPOM3BOJILHOE PAacTBOPEHHE MOKpHITHA. [IpemnoxeHsl peakuuy, ¢ IoMo-
IO KOTOPBIX MOXKHO OOBACHUTH NaHHbIH 3ddekT.

In the preceding part of this contribution [1] the attention was paid to the
electrode reaction of aluminium and lead deposition from electrolyte consisting
of AlBr, + PbBr, + KBr in ethylbenzene (ETB) and to the accompanying
effects. The choice of electrolyte was given by its practical applicability for Al
or Al—Pb coating deposition [2]. The study of the stability of obtained coating
in the electrolyte used and of factors causing its worsening is important both
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from theoretical and practical standpoints. This is the subject of the present
paper.
Experimental

The chronopotentiometric measurements were realized on the GWP 673 Polarograph
(GDR) with a stainless-steel working electrode (surface area 0.102 cm?) in three-electrode
arrangement. All experiments were carried out in closed cells in inert atmosphere of dry
argon. Last traces of oxygen were removed by Cherox 4300 catalyst and those of
humidity by molecular sieves Nalsit A4. Purification and drying of other chemicals as
well as further experimental details are given in the preceding part [1].

Results and discussion

Typical chronopotentiomeﬁic (ChP) record of the AlBr; + KBr solution in
ETB is presented by curve I in Fig. 1. Aluminium is deposited on the working
electrode during the whole time #; of application of the cathodic current pulse.
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Fig. 1. Chronopotentiometric record of deposition and dissolution of aluminium (/) and lead (2).
Current density pulse: 0.59 mA cm~2; ¢(AlBr;): 1.86moldm™?; ¢(PbBr,): 3.13 x 10~*moldm™>.

Since the AlBr; concentration in the solution is remarkably high, the limiting
conditions are not reached as regards the depletion of diffusion layer by de-
polarizer. Consequently, the cathodic transition time for Al deposition 7x could
not be observed. After reversing the current polarity, anodic dissolution of the
deposited aluminium starts. The termination of this process in time 7, is ex-
pressed by change of the working electrode potential towards the more positive
values — to the steady potential of steel. If metal or other insoluble product is
deposited on the electrode, the anodic transition time equals the cathodic one
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provided that both current densities are identical [3]. If the product of deposi-
tion is engaged in some follow-up reaction, i.e. spontaneous chemical dissolu-
tion, the z,/t¢ ratio could not reach the value of unity. In Fig. 2 are shown the
statistically treated results of a great number of ChP measurements in the above
described solution. Curve I, corresponding to the lower AlBr, concentration
shows that the 7, to #, ratio is constant within experimental errors with chang-
ing the electrolysis time but differs remarkably from unity: it fluctuates around
the value 0.42. In more concentrated AlBr; solutions, the 7,/t; ratio increases
with increasing deposition time and approaches the value 1 as it is demonstrated
by curve 2 in Fig. 2.

0.2 - .

Fig. 2. Change of the ratio of dissolution
time 7, to deposition time r; with the
duration of electrolysis.  ¢(AlBr;):

1. 1.27moldm™3; 2. 1.86moldm™>. ty/s

0.0

The calculation of the formal value of current density jy corresponding to the
follow-up chemical reaction is based on the assumption that the follow-up
process proceeds during the whole time of ChP experiment, i.e. during the
cathodic as well as anodic current pulse application. The appropriate charge
densities balance equation can then be written as follows

QK_QA=QN (1)

Ok = I -jk is the cathodic charge density,
O = Ta-Ja Is the anodic charge density,
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On = (tx + 74)-Jjn is the formal charge density corresponding to the follow-
-up process,
Jk» Ja, and jy are the respective current densities.
Provided that ji = j, = j, the relationship (/) may be written in the form

LA_ = 1 _jN(tK + ‘[A) (2)
Ik Jot

The 7,/t ratio differs the more from unity the higher is the rate of the follow-up
reaction formally expressed by the j value. In order to calculate the jy value,
the following relationship was used

== 3
tx + Ta

The rate of the follow-up reaction is thus proportional to the current density
used. The rate of the spontaneous dissolution of Al metallic coating, i.e. cor-
rosion as follow-up reaction in ETB electrolyte was calculated according to eqn
(3). The statistically treated results for ETB electrolyte with lower AlBr; con-
centration are summarized in Table 1. The rate of chemical dissolution of Al was
calculated from the formal jy values by Faraday’s law. The results obtained are
given also in Table 1.

Table 1

Values of the current density corresponding to the spontaneous chemical dissolution of the Al
coating (corrosion) and rate of this chemical reaction in ETB electrolyte
¢(AlBry): 1.27 moldm~3; current density applied, j: 9.82 mA cm 2

Electrolysis time ¢ /s 10 20 50

Number of experiments 12 11 . 17 %)

Mean corrosion current

density fi /A 462+026 3.73+0.68 4.00+0.17 4.12+0.37

Ratio 2% 047 +£0.03 0.38+0.08 0.41+0.01 042 +0.04

J
Mean value of the corrosion

reaction rate
t,-10°/(gem~2s7") 439+25 354+64 381116 39.1+3.5

v, 10°/(molem~s~") 162 +0.10 1314024 1414005 145+0.13

Similar effect in molten salts electrolyte AlCl,—butylpyridinium chloride at
ambient temperature was observed on tungsten [4] as well as glassy-carbon [5]
electrodes; the corrosion reaction rate values in these cases were even higher
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than those given in Table 1. The authors [4, 5] agree in the statement that the
observed Al corrosion effects may be ascribed to the impurities present in the
melt.

In electrolyte containing higher AlBr; concentration the.situation is rather
different. Curve 2 in Fig. 2 shows that at longer cathodic deposition times # the
7, /1 ratio approaches unity, i.e. the spontaneous corrosion reaction is suppres-
sed under the condition of high metal concentration in the electrolyte. The
difference from unity at shorter deposition times may be caused by yet another
effect, for instance by formation of non-adherent aluminium coating in the early
stages of electrolysis. Such effect, however, seems not to play a decisive role in
the electrolyte with lower AlBr; concentration. The possibility of forming
non-adherent coating at the beginning of electrolysis in electrolytes with high
metal concentration is known from the galvanotechnic praxis. Thus, for practi-
cal purposes it is necessary to find the proper AlBr; concentration in order to
form well adherent coating on the one hand and to avoid its spontaneous
dissolution on the other.

Spontaneous dissolution of Al coating was observed also by the ChP meth-
od: after applying a certain cathodic current pulse the working electrode was left
on zero current density and yet, the anodic transition time 7, denoting the end
of dissolution of the deposited aluminium appeared. Such anodic ChP curve was
logarithmically analyzed and the result is shown in Part 7 of this contribution
— curve [ in Fig. 2 [1]. Further effect confirming the spontaneous dissolution of
aluminium in ETB electrolyte was observed when leaving the aluminium coun-
ter-electrode in the electrolyte for several weeks: its corrosion was obvious and
at long enough time its complete dissolution took place. Another important
practical conclusion may be drawn from this effect: in the aluminium coating
process from ETB electrolyte, the coated parts must be taken out from the
electrolyte as soon as possible after the end of electrolysis.

The stability of the AI—PDb coating was also studied chronopotentiometri-
cally by comparing the total deposition time #¢ for both metals with the anodic
transition time 7,, as well as by comparing the corresponding charges Oy and
Q.. The ChP record changed after adding PbBr, to the electrolyte: a cathodic
transition time 7z appeared corresponding to the deposition of Pb. On the
anodic part of the ChP curve, mainly at longer deposition times, only one
transition time appeared in most cases. This effect will be discussed in Part 117
of this contribution.

Table 2 shows that the Al—Pb coating also undergoes spontaneous dissolu-
tion. Rate of this process is independent within the experimental error of the
PbBr, concentration in the electrolyte, as it is shown in part a) of the table. The
ratio of the apparent current density corresponding to the rate of spontaneous
corrosion process to the current density used degreases with the time of elec-
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Table 2

Values of the corrosion current density for Al—Pb coatings in ETB electrolyte in dependence on
PbBr, concentration, time, and current density of the coating deposition
c(AlBr;): 1.84moldm™?

a) Current density j: 0.98 mA cm 2

Deposition time #; : 20s

¢(PbBr,)- 10*/(mol dm~3) Jn/(mA cm™?) J—N
J
3.13 0.324 0.33
5.10 0.478 0.49
6.75 0.422 0.43
8.67 0.520 0.53

b) Current density j: 0.98 mA cm ™2
c(PbBr,): 5.1 x 10~*moldm™?

Deposition time t, /s Jn/(mA cm™?) j-N
J
10 0.634 0.646
20 0.478 0.487
50 0.416 0.424
¢) ¢(PbBr,): 5.1 x 10~*moldm™?
Deposition time # : 50s
Deposition current density f JomA cm™=%) N
Jl(mA cm~?) 5 J
0.393 0.321 0.816
0.786 0.393 0.500
0.982 0.416 0.424

trolysis — see part b) of the table, and with the applied current density — part
c¢) of Table2. Thus, the more the electrolysis conditions prefer or fasten the
electrode process itself, the less chances there remain for the proceeding of the
spontaneous chemical dissolution.

The effects described may no doubt be ascribed mainly to the presence of
impurities in the electrolyte. They may, however, occur also in pure electrolyte
in case that an oxidizing agent is formed during the electrode process. For
instance, Br, may be formed in consequence of the counter-electrode passivation
or during the anodic polarization of the working electrode. The anodic dissolu-
tion of Al and Pb proceeds according to the following summary equations
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2A1 = 2AP* + 6e (Aa)

2AP* + 6ALBr; = 7AlBr, (4b)
Pb = Pb%* +2e (Ba)

Pb2* + ALBr; = PbBr* + AlLBr, (Bb)

If, in consequence of low electrolyte concentration or unsuitable Al,Br, to
KBr ratio, the Al,Br; concentration at the electrode is insufficient, concentra-
tion polarization of the electrode occurs and the process (4) cannot proceed.
The electrode is passivated for Al dissolution but, for Br, formation in the
reaction

2ALBr; = 2AlBr, + Br, + 2e (C)

the Al,Br; concentration in the electrolyte may suffice. The reaction (C) pro-
ceeds also at the counter-electrode if the Al dissolution reaction cannot proceed.
The Br, formed passes to the working electrode by diffusion or convection.

The main impurities in the electrolyte causing the same efféct of spontaneous
dissolution of aluminium coating are oxygen and water molecules. Oxygen
causes passivation of the aluminium electrode by forming insulating Al, O, layer
not to mention the possibility of direct oxidation of Br~ or Al,Br; ions to Br,
in solution. Water molecules react with Al,Br, forming HBr which may attack
the aluminium coating directly

ALBrg+ H,0 = AlBr,OH + HBr (D)
2Al + HBr = AlBr, + 3H, (E)

The most important conclusions that may be drawn from the results
presented for practical application of the process can be summarized as follows:
in order to obtain the best coating and to avoid its spontaneous chemical
dissolution it is necessary to keep the electrolyte concentration sufficiently high
(AlBr; at least 2 mol dm—?), the mole ratio of the components suitable (AlBr; to
KBr not higher than 2), and the inert atmosphere and purity conditions rigo-
rous. These experimental requirements were already listed in an earlier publica-
tion [6] without explaining the chemical and electrochemical nature of the
corresponding processes.
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