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Attempts have been made to electrowin smooth and compact lead deposits from a medium 
containing glycine and hydrochloric acid, since this solution was recommended for its capacity to 
dissolve lead salts. Numerous factors such as electrolyte composition, current density, temperature, 
stirring and working electrodes were considered in the search for better quality deposits. Linear and 
cyclic sweep voltammetry, and potentiostatic and galvanostatic perturbations were employed in 
order to examine the processes at the cathode and to interpret the influence of some organic 
compounds added to the bath. Surface analyses of the lead deposit were performed by X-ray 
diffraction, scanning electron microscopy and Auger electron spectroscopy. 

1. Introduction 

The prospect of producing lead metal from its 
sulphide ores, mainly galena, through a direct 
electrowinning process from aqueous chloride 
solutions has recently attracted scientific and 
industrial interest. The incentive for the new 
trend is great since the traditional pyrometal- 
lurgical and fused salt processes require higher 
energy and tighter regulations to control the 
lead smelter environment. The process of elec- 
trodissolution of galena resulted in a precipita- 
tion of some residual products such as PbC12 [1]. 

MacKinnon [2] reviewed the present state-of- 
the-art of the electrowinning of lead from 
aqueous chloride electrolytes. He concluded that 
deposits obtained by different processes [3-6] 
are characteristically non-compact and pow- 
dery, even at low current densities. In previous 
trials [7, 8], electrodeposition of lead from 
aqueous solutions containing ammonium acetate 
and acetic acid was investigated. The studies 
revealed that ammonium acetate has a strong 
capacity in dissolving PbCI2, and compact 
deposits could be obtained for certain electrolyte 
compositions containing some additive agents. 

Glycine also showed a certain activity in dis- 

solving lead salts, especially PbC12 [9], and its 
addition to an acidic aqueous solution contain- 
ing chloride ions was found to be effective in 
preventing anodic passivation caused by PbC12 
during electrodissolution of galena [10]. It 
therefore seems pertinent to investigate the elec- 
trowinning process on the cathode and to seek 
better operating conditions for the electrowin- 
ning of compact and smooth lead deposits from 
an aqueous medium containing glycine and 
hydrochloric acid. According to the literature 
this system has not yet been studied. The addi- 
tion of organic compounds such as phenol, ethyl 
alcohol and gelatine was tried in order to obtain 
lead deposits which are more compact and 
smooth. The studies on the deposition process 
were carried out using different electrochemical 
perturbation techniques such as linear and cyclic 
sweep voltammetry, chronoamperometry and 
chronopotentiometry. The results were com- 
pared to those obtained from a fluoborate sol- 
ution which has important application in the 
lead industry. Surface analyses and the mor- 
phology of lead deposits were examined by 
X-ray diffraction analysis, scanning electron 
microscopy (SEM) and Auger electron spectros- 
copy (AES). 
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2. Experimental details 

Polycrystalline Teflon-embedded substrates of 
99.99% purity, i.e. lead, copper, silver, alu- 
minium and spectrographic graphite, were used 
as working electrodes with an apparent surface 
area of 5cm 2 for all electrodes except silver 
(0.129cm2). Graphite and saturated calomel 
electrodes served as auxiliary and reference 
probes respectively. The electrodes were rinsed 
and mechanically polished before being trans- 
ferred to the electrolytic cell. The experiments 
were conducted using BDH 'Analar' grade 
reagents of PbC12, glycine (CH2NH2COOH) 
and HC1, and were made up with bidistilled 
water. Oxygen was purged from the cell by bub- 
bling nitrogen through the electrolyte for 45 min 
before each experiment. Studies in the fluo- 
borate bath were carried out according to the 
method described by Blum et al. [11]. The elec- 
trolyte was prepared by slowly adding boric acid 
(74g1-1) to 50% HF (160g1-1). The solution 
was then allowed to cool and was stirred while 
basic 2PbCO3 �9 Pb(OH2) (129 g 1-1 ) was added. 

A Tacussel potentiostat (type PRT 20-2X) 
equipped with plug-ins (type TP PRT) as a 
waveform generator was used to monitor the 
desired potential and to vary the sweep rate. 
Linear potential sweeps and potentiostatic and 
galvanostatic transients were recorded on a 
Honeywell 540 X-YY recorder. The experi- 
mental set-up and cell design are described else- 
where [7]. The surface analyses were performed 
with a varian Auger microprobe, model Esca- 
lab-500 VG Scientific Ltd, to analyse the top 
layer of the lead deposits at normal incidence. 
The base pressure of the system was 10-STorr. 
The operating conditions are described later (see 
Results and Discussion). The morphology of 
lead crystal lattice were examined using an SEM 
model JEOL-2553. 

3. Results and discussion 

3.1. Choice of  bath and morphology of deposit 

3.1.1. Glycine medium. After a series of prelimin- 
ary investigations an optimum concentration of 
2.1 M glycine was chosen to dissolve 0.11 M 
PbC12. The quantity of lead chloride was fixed 

during the experiments, since some preliminary 
investigations showed that deposits obtained 
from electrolytes containing high concentrations 
ofPbC!2 (> 0.2 M) were of crystalline nature and 
showed a tendency to form trees, while lower 
concentrations (<0.05M) resulted in poor 
deposits. When high concentrations of glycine 
(> 2.5M) were tried, the pH of the electrolyte 
approached the range of neutrality, pH ~ 6, 
and recrystallization of glycine was observed 
due to the effect of the dipolar structure 

+ 

(CH2NH3CO 2). However, it was found that the 
deposition process in the latter case required 
imposition of a high current density (> 30 mA 
cm 2). It is possible that the species formed in 
the electrolyte are mainly Pb(glycine)2, Pb(gly- 
cine) 2+ and/or Pb(glycine) 2+ and are hardly 
dissociated. The evidence for the formation of 
lead-glycine species may be presented as 
follows. 

(i) If PbC12 were the only electroactive species 
in the solution (i.e. no lead-glycine formation) 
the deposition potential would have been 
observed at values more anodic to those found 
in our system. Harrison et al. [12] reported that 
lead chloride is reduced at -0.450 V. 

(ii) A literature survey confirmed the presence 
of such a complex formation between Pb 2+ ions 
and glycine. In this regard, Milazzo and Caroli 
[13] quoted from Monk [14] that the probable 
complex species are Pb(glycine) ~+ and Pb(gly- 
cine)~ + with reduction potentials of -0.288 and 
-0.388V vs NHE respectively. Monk also 
reported that at low pH values, PbR2 formation 
is very small (where R is the gtycine radical). 

Because of the poor quality of lead deposits, 
i.e. their dendritic nature on all the cathodes 
used, and the low current efficiency (65%), HC1 
was added to increase the conductivity of the 
supporting electrolyte. 

3.1.2. Gtycine-hydrochloric acid medium. Since 
the addition of 5 M HC1 to a solution of 2.1 M 
glycine was found efficient for the electrodissol- 
ution of galena [10], an attempt was made to use 
these concentrations to recover lead from 0.11 M 
PbC12 with a view to developing a new method of 
electrowinning lead directly from galena in 
aqueous solutions. The lead deposit obtained 
from this bath was adherent but of a dendritic 
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nature on lead, copper and silver substrates at 
45~ under both stirred and unstirred con- 
ditions at a current density of 20mAcm 2. 
Under the same conditions the deposit was of 
non-compact crystals on aluminium and carbon 
cathodes. The bath deteriorated after 15 min of 
electrolysis, a yellow colour being developed in 
the clear solution. A tendency to form dendritic 
lead, especially at the edges of the cathodes was 
observed after 20 rain of electrolysis. In addition 
to the presence of lead-glycine species as dis- 
cussed earlier z species of [CH~NH~CO2H]CI- 
[15], [CH2NH3COzCzHs]CI- [16] and lead 
chloride complexes such as PbC12, PbC1 +, 
PbC13 and PbC1]- [17] are also likely to form. 
The development of  the yellow colour during the 
electrolysis could be interpreted as a result of  
direct anodic oxidation of chloride ions. In an 
attempt to solve the problem of bath deteri- 
oration we attempted to neutralize the excess 
HC1 or to stabilize the pH by adding bases such 
as Na2CO3, NaHCO3, NaOH and triethanol 
amine, but the results were discouraging since 
high quantities were required to buffer the acid. 

3.1.3. Additive agents. In a previous study [7], a 
good quality lead deposit was successfully 
obtained by adding a combination of phenol, 
ethyl alcohol and gelatine to a bath composed of 
PbC12 and CH3COONH 4. Similar results were 
obtained when these additives were added to the 
glycine-HC1 bath, where the deposits became 
more compact and smooth on the lead and cop- 
per substrates. A tendency to form dendrites was 
observed on the silver cathode. The results were 
not encouraging enough on the carbon and alu- 
minium substrates, where no improvement in 
the quality of  the deposit was shown. It was also 
found that the presence of these additives helped 
solve the problem of bath deterioration. The 
optimum operating conditions of the bath were: 
30gl  1 PbCI2, 160g1-1 glycine, 5M HC1, 
20roll I phenol, 40roll  ~ ethyl alcohol and 
0.3 g 1-1 gelatin, 45 ~ C, 20 mA cm 2 at moderate 
stirring conditions. The current efficiency was in 
the 90-95% range for the electrodes selected, 
i.e. lead, copper and silver substrates. X-ray dif- 
fraction patterns for the deposits obtained from 
the glycine-HC1 media in the absence and in the 
presence of the organic additives showed a pure 

lead deposit, while in the glycine medium alone 
the deposit was contaminated by PbC%. The 
scanning electron micrographs (Fig. 1) show the 
effect of the organic additives on the morphol- 
ogy of  the lead deposit. The crystals become 
more dense and of fine structure. 

3.1.4. Factors affecting deposit quality. Different 
studies were carried out to show the effect of 
different parameters on the deposit obtained 
from the bath containing glycine-HC1 in the 
presence of organic additives. Dendritic lead was 
formed when a current density in a range of  
25-  50 mA cm- 2 was imposed, especially at high 
temperature (>  50~ and in unstirred sol- 
utions. In the range 10-20mAcro  -2, a smooth 
and compact deposit was formed at 45 ~ C under 
moderate magnetic stirring. At higher current 
density ( > 50 mA cm 2) a powdery lead deposit 
was obtained. Moderate stirring (magnetic) was 
found necessary to obtain a good quality lead 
deposit. The effect of substrate was also import- 
ant. A smooth and compact deposit was obtained 
when silver, copper and lead substrates were 
used at 45 ~ C in a moderately stirred solution at 
current densities of 10-20 mA cm -2. When alu- 
minium and carbon electrodes were used the 
tendency to form dendrites and large non- 
compact crystals was observed at all tem- 
peratures used and in both stirred and unstirred 
solutions. The deposition process on the surface 
of aluminium and carbon was obviously slow 
and hydrogen evolution was vigorous on the 
surface of the aluminium electrode, possible due 
to retardation of  lead deposition. 

3.2. Electrochemical investigation 

Further insight on the mechanism of the deposi- 
tion process and on the role of  the organic addi- 
tives was achieved by employing different elec- 
trochemical techniques. Only the results 
obtained when silver, lead and copper electrodes 
were used are discussed in this communication, 
since on both the aluminium and carbon sub- 
strates the deposit was not adherent and was 
spongy. We will refer to the media under study, 
i.e. glycine-HC1, glycine-HC1 in the presence of 
organic additives, and fluoborate as baths 1, 2 
and 3 respectively. 
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Fig. l. SEM pictures of lead deposits on silver electrode at 45~ and 20 mA crn -2 after 20 min of electrolysis from stirred 
solutions of (A) glycine HCI and (B) glycine-HC1 in the presence of the organic additives. 

3.2.1. Linear sweep voltammetry. In all the media 
studied, the cyclic vol tammograms recorded for 
both copper and silver electrodes were charac- 
terized mainly by two main ranges of  potential 
over which distinguishable cathodic processes 
occur, i.e. UPD and bulk deposition regions, 
respectively, followed by an anodic peak upon 
scan reversal. The absence of an anodic peak 
when the lead electrode was used is evident 
(Fig. 2) due mainly to the irreversible nature of  
the reaction mechanism. The deposition poten- 
tial did not differ from bath 1 to bath 2 
( - 0 . 6 1 V ) ,  thus indicating that the reduced 
species are the same and are most  likely Pb(gly- 
cine) 2+ and/or Pb(glycine)~ +, as mentioned 
earlier. Only a slight difference in the case of  the 
silver electrode was observed for bath I 
( - 0 . 6 1  V) and bath 2 ( - 0 . 6 3  V) and this was 

confirmed by repeating the experiment many 
times. The deposition potential in the case of  
bath 3 was the same for the three substrates 
( - 0 . 3 8 V ) ,  due probably to reduction of 
Pb(BF4)2 to Pb metal and 2BF4. The latter 
might form fluoboric acid and some of il;s 
hydroxy derivatives, e.g. HBFs(OH ) and 
HBF2(OH)2. 

3.2.1.1. UPD region. It was difficult to deter- 
mine the exact deposition potential in the UPD 
region, but it had approximate values of  
- 0 . 4 7 V  for baths 1 and 2 and of  - 0 . 2 V  for 
bath 3, as shown in Fig. 3. 

The total cathodic charge in the UPD region 
was dependent on the medium and on the sub- 
strate. The data in Table 1 demonstrate that the 
presence of the organic additives resulted in 
lowering the cathodic charges calculated for 
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Fig. 3. Cyclic voltammograms of lead deposi- 
tion on (A) copper and (B) silver substrates in 
the underpotential range from bath 1 ( - - ) ,  
bath 2 @ - - )  and bath 3 @ . . . .  ) at 45 ~ C under 
unstirred conditions (v = 50 mV s-  l ). 

bath 2, in comparison to bath 1. Considering 
that the theoretical value for a close-packed lead 
monolayer is 302#Ccm -~-, we may emphasize 
that different factors play an important role in 
the UPD region, C1-/substrate effect or Pb/ 
substrate effect and/or both. In the literature, 
Kolb [18] quoted from Schmidt and Wiithrich 
[19] and Stucki [20] that the C1 ion is not 
adsorbed as an ion but obviously forms a com- 
pound with silver and gold electrodes. Also, 
Westall et al. [21] reported that copper has a 
tendency to form a stable complex with C1 ions 

Table 1. Calculated charges in the UPD region 

Electrode Charge, Q (#C cm -2) 

Bath 1 Bath 2 Bath 3 

Copper 131 93 207 
Silver 7811 5620 237 

of type (CuC1 + ). In view of the above statements 
we can assume that this effect of the CI ion on 
the substrate in our study might enhance the 
formation of monolayers in the case of silver 
electrodes, while lowering its formation rate in 
the case of copper electrodes. The high values 
for the total charge passed before the onset of 
the bulk deposition for the silver electrode can 
also be attributed to the commencement of lead 
deposition on the top of the close-packed mono- 
layer. From the above observation, the lower 
values of the UPD cathodic charges in bath 2 
compared to bath 1 can be attributed to the 
direct effect of the organic additives in hinder- 
ing, to a certain extent, the integration of the C1 
ions on the substrate surface, thus decreasing 
any kind of effect that might be exerted by these 
ions. 

The theoretical approach to investigate in 
more detail the effect of various parameters on 
the behaviour in the UPD region is beyond the 
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scope of this paper, but further studies are cur- 
rently in progress. 

3.2.1.2. Bulk deposition region. The depen- 
dence of the cathodic peak current (ip) on the 
square root of potential sweep rate (v ~/2) was 
observed for the silver electrode in the absence 
and in the presence of the additives (Fig. 4) and 
this suggests that the reaction is under diffusion 
control according to the equation [22]: 

[p = 3.67 X lOSn3/2A1)l/2Co v~/2 

where Ip is the peak current (Acm-2), D is the 
diffusion coefficient (cm 2 s ~), v is the scan rate 
(Vs J/2), n is the number of electrons, and Co is 
the concentration of the electroactive species 
(mole cm-3). 

Linearity was also achieved for the copper 
electrode but the curves did not intersect the 
origin. This implies that lead deposition in this 
case is controlled by electrocrystallization [23]. 

In the case of the fluoborate bath, the voltam- 
mogram showed no diffusion peak around the 
deposition potential. Instead, an inductive cur- 
rent loop was observed; this made it difficult to 
calculate Ip. 

Sweeping the scan to a more cathodic poten- 
tial limit for the three media resulted in a current 
loop at - 0 . 8 V  for bath 1 (Fig. 2) and at 

0.93V for baths 2 and 3 (not shown in the 
figure). The formation of this loop is probably 
due to the rapid growth of the surface in the 
form of dendrites and the reaction is then 
characterized by spherical diffusion rather than 
linear diffusion [24]. This observation leads to a 
general conclusion that dendritic lead formation 
is retarded in the presence of addition agents. 

The effect of successive sweeps on the voltam- 
mograms was similar for both copper and silver 
electrodes but dependent on the potential 
region. Quasi-steady-state profiles in the UPD 
region were achieved for the three media after 
the first five cycles, indicating a complete adsorp- 
t ion-desorption process. In the potential 
region (between - 0 . 2  and - 0 . 7  V), the voltam- 
mograms exhibited a continuous increase in 
cathodic peak current (in the deposition region 
- 0 . 6  to - 0 . 7  V) for bath 1, while steady cur- 
rent-voltage profiles were recorded for baths 2 
and 3 after certain successive cycles. This 
phenomenon could be attributed to an inef- 

ficient dissolution process for bath 1 during the 
anodic sweep and this might have resulted in an 
increase in the cathode surface area every cycle, 
thus causing an increase of the cathodic current. 
For baths 2 and 3 a complete dissolution- 
deposition process could provide an expla- 
nation for the achievement of steady-state 
profiles. It is worth mentioning that the cycling 
effect in the potential region - 0.2 to - 1.0 V was 
similar for all the substrates and independent of 
the medium, and resulted mainly in a continuous 
increase in the deposition current due to a steady 
roughening of the substrate which may acce- 
lerate the nucleation centres, thus promoting 
dendritic growth. From the above observations 
we can conclude that the presence of addition 
agents has the effect of decreasing the possibility 
of the formation of surface defects (steps, kinks, 
etc.) which is favoured in media that contain 
surface-active anions such as C1 ions. 

3.2.2. Potentiodynamic studies. In unstirred sol- 
utions of baths 1 and 2, the potentiodynamic 
curves for the three electrodes were charac- 
terized by a peak which has the morphology of 
a diffusion-controlled process around the 
deposition potential, followed by an increase in 
the cathodic current (Fig. 5). Under stirred con- 
ditions this peak was less well observed. In bath 
3 it was hard to observe this peak under either 
condition. The curves demonstrate clearly that 
bath 2 is characterized mainly by low current 
density and high overpotential in comparison to 
bath 1. This may be the reason for improving the 
quality of lead deposit to a more dense and 
compact form. Tafel slope values were calcu- 
lated for baths 1 and 2 under stirred conditions, 
where the effect of diffusion is minimized. The 
values were slightly high for bath 2 and this may 
be as a result of the additional overpotential 
created in the solution in the presence of the 
additives. The values of Tafel slopes as indicated 
on the q- log (i) curves (Fig. 6) for baths 1 and 
2 demonstrate that unipositive lead ions, Pb +, 
are formed during cathodic deposition. Similar 
results were interpreted for zinc deposition by 
Jung and Jorn6 [25] who confirmed that cathodic 
deposition from a chloride medium was first 
order and postulated that the cathodic mechan- 
ism consists of two consecutive one-electron 
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tion process. The starting potential was always 
slightly anodic to the reversible potential of the 
Pb/Pb 2+ redox couple as observed from the 
cyclic voltammetry studies ( - 0 . 6 V ) .  Fig. 7 
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shows growth transients for the various station- 
ary electrodes in baths 1 and 2. In all cases, 
the transients exhibited a current peak at poten- 
tials corresponding to the deposition voltages 
(range - 0.61 to - 0.63V) due mainly to the 
start of lead nuclei formation. As imposed 

potential increased, the width of  this peak (maxi- 
mum) decreased and /max and tm~x shifted to 
shorter times due to rapid growth of the nuclei. 
When the system was pulsed to high negative 
potentials, i.e. - 0 . 8  V, where dendritic lead is 
expected to form, a rapidly falling transient was 
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Fig. 9. Galvanostatic potential- t ime transients for lead deposition from unstirred solutions of bath 1 ( 
at 45~ at different imposed current densities. Substrates: (a) silver, (b) lead, (c) copper. 

) a n d  b a t h  2 ( - - - )  

observed, followed by a gradual increase in cur- 
rent with time, as expected for multilayer nuclei 
growth. The three substrates showed the same 
behaviour. 

An analysis of the rising portions of the tran- 
sients revealed that cathodic currents are linear 
in t m as given by the equation [26]: 

Z F N o  ~(  2 DCo )3/2 MI/Z t 1/2 
i = Ql/2 

where Z is the number of electrons, F is the 
Faraday constant, No is the total number of the 
nucleation sites, D is the diffusion coefficient, Co 

is the concentration of the electroactive species, 
M is the molecular weight, r is the density, and 
t is the time. This indicates that the reaction is 
proceeding via an instantaneous three-dimen- 
sional nucleation, followed by hemispherical dif- 
fusion-controlled growth of the nuclei. This 
phenomenon was independent of medium and 
substrates. Fig. 8 shows the i - t  ~/2 plot for the 
silver electrode in both media, i.e. in the absence 
and in the presence of organic additives. A simi- 
lar phenomenon was observed for bath 3, but 
only at potentials higher than - 0 . 9 5  V. 

Similar to the behaviour in the polarization 
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curves, the current density was lower in bath 2 
than bath 1, due probably to the passivation. 
phenomenon caused by the organic additives. 
The characteristic features of the i - t  curves did 
not change much upon application of stirring 
conditions to both baths, but the current density 
was higher than that obtained in unstirred sol- 
utions. Also, the rising transient was at times 
observed to be shorter than that obtained in 
unstirred solution, thus confirming that the 
reaction is not controlled as much by diffusion 
when a stirring is applied. 

The potentiostatic transients suggest that the 
lead growth process is independent of the 
medium and this leads to a general conclusion 
that the role of the additives is confined to the 
effect of forming a barrier layer near the 
cathode. This decreases any kind of anion 
adsorption on the surface (mainly C1), thus dimi- 
nishing its deleterious effect in creating atom 
defects at the cathode surface which promote 
dendritic growth. Such effects enhance forma- 
tion of new crystal nuclei and, thus, a finer sur- 
face structure [27]. 

The passive layer formed by the organic addi- 
tives may also result in the presence of high 
overpotentials. This fact is presented in the gal- 
vanostatic V-t curves. The potential was higher 
in bath 2 than in bath 1 for the same current 
density. Imposing a high current density, i.e. 
75 mA cm 2 (Fig. 9), resulted in the presence of 
a high overpotential which remained steady with 
time, followed by a drop in potential probably 
due to H2 evolution. The effect of stirring led to 
the elimination of the polarization peak and a 
steady overpotential was observed as a function 
of time. A similar steady relationship between 
potential and time was observed for bath 3 
under unstirred and stirred conditions. 

3.3. Purity of  deposit obtained from baths 1 
and 2 

Better understanding of impurity behaviour and 
the role of organic additives was achieved by 
analysing the deposit using Auger electron spec- 
troscopy. Specimens to be analysed were selected 
through SEM observations at an electron gun 
voltage of 10keV and a current density of 
40mAcm 2. For N(E) spectrum, the step size 

was eV per channel and for dNE/dE spectra, the 
numerical data handling were 21 point smooth + 
numerical differentiation. The Auger spectra for 
both cases, i.e. in the absence and in the presence 
of the organic additives, showed some impurities 
with the deposit, such as C1, N and O. The initial 
spectra before any sputtering with assignment of 
each peak are shown in Fig. 10. The spectra were 
also characterized by a large peak in the 250- 
300 eV region, due probably to an overlapping 
of lead and carbon since both emit signals in this 
region (lead at 245,263 eV and carbon at 263 eV) 
[281. 

In order to obtain in-depth information, i.e. to 
examine the distribution of each element as a 
function of depth from the original surface, 
sputter etching using argon ion (5keV, 
10 -8 Torr) was conducted. The time required to 
sputter through the deposit was 15 rain. Typical 
Auger spectra of the composition profiles of lead 
deposits electrowon from baths 1 and 2 are 
shown in Fig. 10. The spectra reveal that tlhe 
intensities of the peaks corresponding to tlhe 
impurities decreased with the etching process, 
while that of lead increased. The peaks corre- 
sponding to nitrogen were of much lower inten- 
sity than the other elements and disappeared 
completely after 2min of sputtering. A slight 
effect of the sputtering process on lead deposit 
was observed in the case of the silver electrode, 
even after 4 h. The initial rise in the lead signLal 
was remarkable after 25 min of sputtering. This 
could be attributed to the sputter removal of the 
adsorbed layers of the impurities. The intensity 
level was noticeably higher in bath 2. The peaks 
corresponding to the other elements behaved 
differently to those of lead. The height of the 
zero Auger peaks decreased with sputter tirae 
and disappeared after 20 min in bath 2, while 
traces of this peak were still observed for bath. 1 
even after 1 h. The same behaviour was observed 
for the peak intensity of Cl, but the spectra 
revealed traces of C1 in both baths after 1 h (for 
lead and copper electrodes) and 4 h (for silver 
electrode), although the intensity was much lower 
in bath 2. The strong influence of aluminium ions 
on the substrates, as shown qualitatively from 
the AES studies, was in the order of Ag >> 
Cu > Pb. We can state then that the effect of Cl 
is strongly dependent on the substrate. 
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Fig. t0. AES spectra of  depth profile of  
lead on a lead substrate f rom stirred sol- 
utions of  bath 1 ( - - )  and bath  2 ( - - - )  at 
45 ~ C and 20 m A  cm 2. 

In the 250-300eV region, the height of the 
peak decreased and levelled off after 20 min of 
sputtering in bath 2, while in bath 1 the intensity 
was still high even at a sputtering time of 1 h. 
This phenomenon could lead to the interpreta- 
tion that the broad peak in the 250 300eV 
region corresponds to both carbon and lead and 
that carbon is eliminated after 20 min of sputter- 
ing in bath 2, while traces of carbon are still 
observed in bath 1. 

In view of these observations, it can be 
assumed that the organic additives in bath 2 
form a passive layer near the cathode which 
hinders, to a certain degree, the adsorption and 
the integration of the foreign elements during 
lead deposition. This assumption is supported 
by the fact that in the absence of organic addi- 
tives, elements such as C1, C and O were still 
present even after a long sputtering time, thus 
indicating that these impurities were trapped 
within the deposit. 

4. Conclusions 

1. Lead deposits obtained from glycine HCI 
were rough and of the dendritic type on all the 
cathodes used. 

2. The addition of some organic compounds 
and of gelatine lowered the current density, 
increased the overpotential and improved the 
quality of the deposits so that they were smooth, 
dense and compact in shape. 

3. Dendrite formation was promoted in the 
absence of organic additives in the bath, and a 
marked deviation from the calculated Tafel 
slope values for unstirred solutions was 
observed. 

4. Impurities such as C, N and O disappeared 
quickly as a function of sputtering time for 
deposits prepared in the presence of organic 
additives, as indicated by Auger electron spec- 
troscopy studies for both lead and copper elec- 
trodes, while these peaks were still shown in the 
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case o f  the silver e lec t rode  even  af ter  4 h  o f  

spu t te r ing .  
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