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The electrochemical behaviour of the main components of the rinsing pickling solutions of the hot dip 

galvanizing industry, Zn
2+

 and Fe
2+

 in HCl, was studied by cyclic voltammetry. The effect of different 

variables (such as the scan rate, the inversion potential, the addition of zinc, stirring of the solution and 

the presence of iron) on the current-potential curves was studied. The electrochemical reduction of zinc 

proceeded by a typical nucleation process. Decreasing the HCl concentration enhanced the zinc UPD 

process because of the less influence of the hydrogen evolution reaction (HER), and a prepeak 

corresponding to the zinc UPD process was observed previously to the zinc OPD step. The effect of 

the scan rate on the OPD peak was studied and showed that the Zn
2+

 reduction was an irreversible 

process which was not only controlled by diffusion but also charge transfer kinetics. The diffusion 

coefficient of zinc was calculated (1.6610
-9

 m
2
s

-1
). In view of iron deposition, it was confirmed that 

the pH is an essentially important factor and at low pH values was virtually impossible to deposit iron. 

The electrochemical study of mixtures containing both zinc and iron showed that the presence of zinc 

produced an inhibition of the iron deposition process which was confirmed by the observation of the 

deposits. The SEM images revealed only the presence of zinc grains. However, if the ratio 

Fe(II)/Zn(II) was higher, the voltammograms main features were more similar to those obtained for 

pure iron solutions. 
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1. INTRODUCTION 

Every year the political economy suffers under the loss of money caused by atmospheric attack 

of steel construction parts. A simple and effective way for corrosion protection is the coating of the 

unalloyed steel with a thin layer of metallic zinc. The zinc coating is widely employed on steel to 

control the corrosion process [1]. Most of the treated material is coated with zinc by hot dip 
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galvanizing. This process consists of the following steps: alkaline or acidic degreasing, rinsing with 

water, pickling with dilute hydrochloric or sulphuric acid, rinsing with water, fluxing in aqueous 

ZnCl2/NH4Cl baths, drying and dipping into molten zinc at temperatures of about 450ºC for a defined 

period [2].  

In the case of the hydrochloric acid pickling at hot dip galvanizing plants, HCl is used to 

remove rust from the steel and this process results in large volumes of iron and zinc contaminated low 

acid wastes across the industry. As pickling proceeds, HCl reacts with iron and iron oxides to form 

ferrous chloride in solution.  

This continues until the acid concentration falls to give unacceptable pickling times. The 

remaining acid is then usually used for stripping zinc from rejected galvanizing work until the acid is 

deemed spent. Zinc may also enter the pickling line via hooks, jigs, etc., that are used to suspend the 

work during dipping. Spent pickling acid is, therefore, a solution containing various concentrations of 

HCl, FeCl2 and ZnCl2 [3] and its composition varies greatly depending on how long it has been used 

for pickling. Spent pickling liquors from treating common steels in metal working industries mainly 

contain 80-150 g/l FeCl2, 5-150 g/l ZnCl2 and 10-80 g/l HCl [2].  

The presence of these metallic ions decreases the efficiency of the process and the acid needs to 

be replaced by clean acid when a certain concentration of iron is reached in the bath. The spent bath 

thus becomes a residue with a high pollution potential, the management of which supposes important 

economic and environmental costs [4].  

Eliminating zinc from the solution by its cathodic electrodeposition should allow recycle of the 

residual solution, although small amounts of the metal is still contained. On the other hand, electrolytic 

recovery of zinc is one of the oldest industrial processes, whose importance lies in the great worldwide 

demand for this metal that currently reaches an overall production of 9 million tonnes per year [5]. 

In this way, the selective electrochemical separation of the metals present in a solution depends 

on their relative deposition potentials, so that if the deposition potentials are quite different then it will 

be possible to separate the metals.  

However, a previous study of the chemical and electrochemical behaviour of the metal ions 

must be done in order to examine the kinetic characteristics for the desired reactions and to take 

account of complexation of the cations and the irreversible nature of the electrodeposition processes 

[6]. 

The present work deals with the investigation of the electrochemical behaviour of the spent 

acid pickling baths. Cyclic voltammetry was used to characterize the kinetics of the electrodeposition 

of zinc in chloride-based acidic media, and the effect of iron on zinc electrodeposition. This 

information will be helpful for a further study about the feasibility of the recovery of zinc from the 

wasted pickling solutions or from the rinsing baths using an electrochemical reactor. Due to the great 

complexity of the acid pickling solutions and to the presence of different additives, solutions of Zn
2+

 

and Fe
2+

 in HCl, simulating the composition of the real baths, were firstly prepared and studied in the 

present paper as a previous step to the investigation of the wasted pickling solutions and the rinsing 

baths.  
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2. EXPERIMENTAL SECTION 

All solutions were prepared using analytical grade reagents. Electrolytes containing ZnCl2 in 

HCl with and without FeCl2·4H2O were used in a concentration range similar to that present in the 

rinsing pickling baths. All solutions were prepared with distilled water. 

The effect of different variables on zinc deposition, such as the scan rate, the inversion 

potential, the addition of zinc, stirring of the solution and the presence of iron, were investigated by 

cyclic voltammetry using a conventional three-electrode cell. The working electrode was a platinum 

disc of surface area 0.078 cm
2
 enclosed in Teflon. Prior to each experiment, the Pt surface was 

mechanically polished with emery paper down to 4000 grit. An Ag/AgCl saturated KCl electrode was 

used as the reference electrode and a platinum electrode was used as the counter electrode. All 

potentials reported here are expressed with respect to the Ag/AgCl electrode. Before each 

electrochemical experiment, the solution was deoxygenated for 10 minutes with ultrapure nitrogen. 

This inert atmosphere was maintained during the whole measurement. The electrochemical 

experiments were controlled using an Autolab PGSTAT20 potentiostat/galvanostat. The scan rate was 

varied from 5 to 100 mVs
-1

. The initial potential was the open circuit potential, and the polarisation 

was first in the negative direction. All experiments were carried out at room temperature. 

Zinc was deposited under potentiosotatic conditions (-0.5V and -1.4V) during 2 hours onto the 

Pt substrate. The structure, morphology and composition of the zinc coatings were examined by means 

of a JEOL JSM-3600 scanning electron microscope. 

 

 

 

3. RESULTS AND DISCUSSION 

3.1. Studies on Zn
2+

 solutions  

A typical cyclic voltammogram of platinum recorded in 0.055M ZnCl2, between the open 

circuit potential (0.43V) and -2V is shown in Fig. 1 (red line). The voltammogram main features are 

the sharp cathodic peak C1, and the corresponding anodic stripping peak A1. A shoulder C2 is 

observed between -0.3 and -1.25V. In what concerns to peak C1, centred at -1.5V, it corresponds to the 

zinc bulk deposition. In this potential region the hydrogen evolution also occurs, as detected by direct 

observation, and is reflected by the current oscillations present in Fig. 1. Upon the sweep reversal, two 

current crossovers appear indicating the formation of stable growth centres at the substrate surface [7]. 

The potential at which the more cathodic crossover occurs is known as the nucleation potential and the 

second crossover is known as the crossover potential. The presence of these two crossovers is 

characteristic of processes involving nucleation [7-9]. The anodic peak A1 centred at -0.6V is 

attributed to the oxidation of metallic zinc to Zn
2+

. Beyond peak A1 the current approaches to zero, 

indicating that the majority of the deposited zinc has been removed from the substrate surface. 

A voltammogram in the absence of zinc ions is also presented in Fig. 1 (green line). The 

comparison of the voltammograms obtained in the presence and absence of zinc ions suggests that 

shoulder C2 is due to hydrogen evolution since this reaction occurs significantly at these potentials 
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when the zinc ions are absent. Others authors have found similar results [10-12]. On the other hand, 

the presence of zinc in solution leads to a decrease in the hydrogen evolution rate. On the positive 

scan, no anodic peak related to C2 is observed, indicating that the hydrogen reduction process is 

irreversible.  
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Figure 1. Cyclic voltammogram obtained for a platinum electrode in a 0.055M ZnCl2 in 0.05M HCl 

electrolyte (red line) and in 0.05M HCl (green line). Scan rate 60 mVs
-1

. 

 

Both curves presented in Fig. 1 present common peaks (C3 and A3). The presence of the 

cathodic peak referred as C3 at 0.9V is attributed to the reduction of the chlorine bubbles adhered to 

the electrode. The reduction of chlorine gas is a well known phenomenon at platinised platinum 

electrodes [13, 14]. On the other hand, peak A3 placed at about 1.5V refers to the chloride to chlorine 

oxidation.
 

Fig. 2 illustrates the effect of the HCl concentration on the shape of the voltammograms in the 

0.055M ZnCl2 electrolyte. At 0M HCl (curve a)), no hydrogen evolution is observed, and a peak at -

1.4V (C1) is noticed, which corresponds to zinc bulk deposition.  

With the increase of the HCl concentration, hydrogen bubbles are visible with the naked eye 

from a potential value of -0.45V, due to the catalytic activity of platinum, and this is the potential 

region where the course of the voltammogram changes. With the decrease of the electrolyte pH, the 

rate of the overall cathode reaction increases, as observed by the increase of peak C2 related to the 

hydrogen evolution reaction. Moreover, as the HCl concentration is higher, peak C1 is shifted towards 

more cathodic potential values and an increase in area of the anodic peak related to zinc dissolution 

(A1) is also observed.  
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Figure 2. Cyclic voltammogram of a 0.055M ZnCl2 electrolyte as a function of the HCl concentration: 

a) 0M HCl; b) 0.01M HCl; c) 0.05M HCl; d) 0.1M HCl. Insets correspond to the SEM images 

of the zinc deposits obtained at -0.5 and -1.4V in presence of a 0.055M ZnCl2 in 0.1M HCl 

electrolyte.  

 

Zinc deposits obtained at -0.5V (peak C2) and -1.4V (peak C1) during 2 hours and under the 

experimental conditions presented in Fig. 2d) were analysed by SEM and are shown in the insets of 

Fig. 2. The zinc percentage in the deposit obtained at -0.5V is negligible, since the HCl concentration 

in solution is quite high and this potential value belongs to the hydrogen evolution range. On the 

contrary, when the potentiostatic experiments are performed at -1.4V, the typical morphology of a zinc 

deposit [15] is obtained.  

Fig. 3 shows the voltammograms obtained in a 0.055M ZnCl2 in 0.05M HCl electrolyte at 

different switching potentials (E). As expected, changes on the inversion potential to less negative 

values lead to a decrease of the anodic peak size, accompanied by a negative shift of the peak potential 

due to an easier dissolution of the deposit. If the switching potential E is less cathodic than -1V, no 

anodic peak is observed, since under these potential values the contribution of zinc reduction to the 

overall cathodic current is very low.  

Fig. 4 presents the effect of zinc concentration on the cyclic voltammograms obtained at 0.05M 

HCl and a scan rate of 60mVs
-1

. An increase in the zinc concentration leads to a rise in the rate of 

deposition of this species which is reflected by an increment of the cathodic peak (C1) and its 

corresponding counterpeak (A1). On the other hand, as the zinc concentration increases, peak C1 shifts 

towards more cathodic values, and consequently, peak A1 moves to less cathodic potential values. The 

current oscillations observed reflect the strong influence of the hydrogen evolution under static 

conditions. 
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Figure 3. Cyclic voltammograms obtained for a platinum electrode in a 0.055M ZnCl2 in 0.05M HCl 

electrolyte as a function of the inversion potentials. Scan rate 60 mVs
-1

. 
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Figure 4. Cyclic voltammograms obtained in 0.05M HCl at different zinc concentrations: a) 0.055M 

ZnCl2; b) 0.073M ZnCl2; c) 0.09M ZnCl2; d) 0.106 ZnCl2; e) 0.12M ZnCl2. Scan rate 60 mVs
-1

 

 

Fig. 5 illustrates the effect of the stirring velocity on the zinc deposition. When the supporting 

electrolyte is absent, Fig. 5a), a rise in the rotation rate leads to an increase in peaks C1 and A1, and a 
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displacement to more and less cathodic potential values, respectively. This behaviour is characteristic 

of electrochemical processes under mass transfer control, which have been demonstrated in previous 

studies [16]. When the HCl concentration in solution is 0.05M, Fig. 5b), peak C2 related to the 

hydrogen evolution reaction (HER) remains constant as expected for an irreversible process under 

charge transfer control. Moreover, peak C1 associated with bulk zinc deposition shifts towards less 

negative potential values as the rotation rate is higher. Therefore, an increase of the rotation speed 

leads to an increment of the cathodic peak C1, proving that bulk zinc deposition process is dominated 

by the mass transfer phenomenon [17, 18]. 

 

 
 

Figure 5. a): Cyclic voltammograms of a 0.055M ZnCl2 solution at different rotation rates: a) 0rpm; b) 

500rpm; c) 1000rpm; d) 1500rpm; e) 2000rpm; f) 2500rpm. b): Cyclic voltammograms of a 

0.055M ZnCl2 in 0.05M HCl solution at different rotation rates: a) 0rpm; b) 500rpm; c) 

1000rpm; d) 1500rpm; e) 2000rpm; f) 2500rpm.  

 

Fig. 6 shows a set of cyclic voltammograms obtained in the 0.055M ZnCl2 solution as a 

function of the scan rate (). During the direct scan it is possible to note the formation of two peaks C1 

and C’1 placed at potential values of -1.25 and -0.2V, respectively. Upon reversing the scan, their 

respective anodic counterpeaks at -0.8V (A1) and -0.1V (A’1) are observed. The potential of peak C’1 

(-0.2V) is located at more positive potential values than the equilibrium potential of the zinc system (-

0.99V vs. Ag/AgCl), which is characteristic of an underpotential deposition process (UPD). In this 

potential region, it may be possible to get zinc monolayers accordingly with the characteristics of the 

deposits obtained within the underpotential condition [19]. Peak C1 observed at about -1.25V 

corresponds to a tridimensional nucleation and growth of the zinc deposits in the overpotential 

deposition region (OPD zone). Under these conditions, zinc deposits are massive and random as shown 

in the inset of Fig. 2 that corresponds to a zinc deposit obtained at -1.4V. It is important to mention that 

the magnitude of the integrated charge under the UPD region is found to be 261C·cm
-2

 and the 

theoretical charge for a zinc monolayer on Pt [20] corresponds to 294 C·cm
-2

. This evidence also 

supports the existence of a zinc UPD process onto the platinum electrode. The UPD of zinc on 

platinum has been studied extensively over recent decades, since it can give wide changes in the 

electronic and electrocatalytic properties of the metal surface [18, 20-25]. 
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Figure 6. Cyclic voltammograms of a 0.055M ZnCl2 solution at different scan rates: a) 5 mVs

-1
; b) 10 

mVs
-1

; c) 20 mVs
-1

; d) 40 mVs
-1

; e) 60 mVs
-1

; f) 80 mVs
-1

; g) 100 mVs
-1

. 

 

According to some authors, the potential shift for Zn UPD on platinum, i.e. the potential 

difference between bulk zinc deposition (OPD) and UPD ranges from 1.04 to 1.19V [22], which is in 

accordance with the data presented in Fig. 6. The process of zinc UPD occurs simultaneously with 

hydrogen adsorption, thus the integration of the charge for the zinc UPD layer is difficult and it is not 

clear to what extent zinc UPD forms preferentially with respect to hydrogen adsorption. This is the 

reason why when the HCl is present in solution, the peak corresponding to the zinc UPD (C’1) is 

masked by the HER (Fig. 1).  

In order to determine the type of control limiting the UPD and the OPD processes, the current 

associated with both peaks C1 and C’1 (Ip) is plotted as a function of 
1/2

 in Fig. 7a) and 8a), 

respectively. The variation is linear in both cases but the line does not pass through the origin in the 

case of peak C1. The linearity is expected for a reduction process that occurs under diffusion control, 

however, the intercept higher than zero in the case of peak C1 indicates that an additional process other 

than diffusion occurs [16] during the process of zinc OPD.  

Figures 7b) and 8b) present the dependence of both peak potentials (Ep) on the logarithm of the 

scan rate. Note that in Fig. 8b), the potential related to peak C’1 does not change appreciably with . 

Last behaviour is typical of the reversible underpotential deposition process. In what concerns to the 

peak potential of C1, it does change appreciably with  as shown in Fig. 7b). In this latter case, the 

difference in the value of |Ep – Ep/2| is much larger than the value required [26-28] for a reversible 

process (24.7 mV at 373K) [29] indicating that the bulk reduction of Zn
2+

 at a Pt electrode is not only 

controlled by diffusion but also charge transfer kinetics.  
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Figure 7. a): Plot of the current of peak C1 against the square root of scan rate. b):  Plot of the 

potential of peak C1 versus the logarithm of the scan rate.  

 

 
 

Figure 8. a): Plot of the current of peak C’1 against the square root of scan rate. b): Plot of the 

potential of peak C’1 versus the logarithm of the scan rate.  

 

The potential of peak C1 shifts negatively by 170 mV per 10-fold increase in the scan rate (Fig. 

7b)), which is characteristic of an irreversible electrode process [26], since in these processes Ep shifts 

-30/α·nα mV for each decade increase in  [30]. The value of α·nα can be determined [26] from the 

shift in Ep per 10-fold increase in scan rate by the following equation:  
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where α is the charge transfer coefficient and represents a measure of symmetry barrier in a 

non-reversible electrode process, nα is the number of electrons involved in the rate determining step, F 

the Faraday constant and T is the absolute temperature in K. The value of α·nα was found to be 0.174 

for the experimental data presented in Fig. 7b).  

A relation between the cathodic peak current (Ip) and the scan rate () for an irreversible 

process leading to the formation of insoluble product is given by the following equation [26, 27]: 

 

  2/1
2/1496.0 







 


RT

Fn
nFCADI p

            (2) 

 

where n is the number of electrons transferred, A is the electrode area in cm
2
 (0.08 cm

2
), D is 

the diffusion coefficient of the species being reduced in cm
2
s

-1
, C is the zinc concentration in the bulk 

solution in mol/cm
3
 and  is the scan rate in V/s. From the slope of the straight line corresponding to 

the linear fit of the experimental data presented in Fig. 7a) and using equation (2), the diffusion 

coefficient of the zinc OPD process is determined, which gives a value of 1.66·10
-9

 m
2
 s

-1
. The latter 

value is very similar to other reported values [20, 31]. 

 

3.2. Studies of mixtures containing Zn
2+

 and Fe
2+

 

Previously to the study of mixtures containing zinc and iron in a composition similar to that 

present in the real pickling baths, it is necessary to perform an electrochemical study of solutions 

containing Fe
2+

 in HCl. Fig. 9 shows a set of cyclic voltammograms corresponding to iron deposition 

for different HCl concentrations. In view of iron deposition, it is confirmed that the pH is an essentially 

important factor as this deposition is accompanied by the simultaneous evolution of hydrogen from the 

very beginning of the metal deposition [32]. When the supporting electrolyte is absent, the 

predominant cathode reaction is the reduction of Fe
2+

 to metallic iron, which is represented in curve a) 

by the peak C1 placed at -1.25V. By setting the HCl concentration in 0.01M, the predominant cathodic 

reaction is the reduction of iron as well, but the presence of a prepeak (C2) at about -0.5V, 

corresponding to hydrogen evolution, is observed. On reversing the scan, a complex anodic peak (A1) 

is present in the voltammograms obtained for HCl concentration values lower than 0.05M. Peak A1 is 

attributed to the dissolution of the different iron phases deposited during the reduction process. On the 

contrary, if the HCl concentration is higher than 0.05M, curve c) of Fig. 9, hydrogen evolution 

becomes excessive and the voltammogram main cathodic feature is the hydrogen evolution peak (C2). 

In the reverse anodic scan, different anodic peaks may be detected: a big peak centred at about 0V 

(A2) which is associated with hydrogen oxidation and peak (A’1) related to the oxidation of Fe
2+

 to 

Fe
3+

. Note that the complex anodic peak (A1) is absent, because at this low pH it is virtually 

impossible to deposit iron [33]. The micrograph of the deposit obtained at -1.4V (not shown) for a 

solution composed of 0.11M FeCl2 in 0.05M HCl did not show any iron crystallite, which supports the 

previous statement.  
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Fig. 10 compare the voltammetric response obtained for a zinc solution, curve a), an iron 

solution, curve b), and a solution containing a mixture of zinc and iron at the same concentration value 

as that present for the individual species, curve c).  
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Figure 9. Cyclic voltammogram of a 0.055M FeCl2 electrolyte as a function of the HCl concentration: 

a) 0M HCl; b) 0.01M HCl; c) 0.05M HCl. Scan rate 60 mVs
-1

. 
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Figure 10. Cyclic voltammograms obtained for different solutions: a) 0.055M ZnCl2; b) 0.11M FeCl2; 

c) 0.11M FeCl2 and 0.055M ZnCl2. Scan rate 60 mVs
-1

 

 

 

The potential necessary to begin the alloy deposition is shifted to more negative values if compared to 

the individual iron behaviour. This suggests an inhibition of the iron deposition in the presence of zinc 

in solution and can be related to the electrodeposition of zinc-rich alloys [34]. A reduction peak (C) at 
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a potential value close to -1.5V is observed in curve c) of Fig. 10, which refers to the reduction of the 

zinc-iron alloy [35] and moves in the same way as the onset of the voltammetric process. In the reverse 

scan, a complex anodic peak (A) is present, which is attributed to the dissolution of the zinc-iron alloy, 

and its complex shape reveals the presence of iron in the alloy.  

The ratio Fe(II)/Zn(II) in solution has a strong influence on the composition of the alloy. Fig. 

11 plots the effect of the iron concentration in solution on the cyclic voltammograms, where the cyclic 

voltammograms of zinc, curve a), and iron, curve b), are also included to facilitate the interpretation of 

the data. An increase of iron in solution promotes the deposition of the alloy as shown in Fig. 11 by the 

displacement of the potential necessary to begin the alloy deposition towards less cathodic potentials, 

and by the increment of the cathodic peak of the alloy (C) and its corresponding counterpeak (A) when 

comparing curves c) and d). On the other hand, the increase of zinc concentration (not shown) also 

leads to an increase in the alloy deposition process, although the observed onset of voltammetric 

potential does not reach the potential corresponding to the pure-iron deposition process.  

 

-150

-100

-50

0

50

100

150

-2 -1.5 -1 -0.5 0 0.5 1

E / V vs. Ag/AgCl

i 
/ 
m

A
 c

m
-2

C

A

a)

b)

c)

d)

 
 

Figure 11. Cyclic voltammograms obtained for different solutions: a) 0.055M ZnCl2; b) 0.125M 

FeCl2; c) 0.11M FeCl2 and 0.055M ZnCl2; d) 0.495M FeCl2 and 0.055M ZnCl2. Scan rate 60 

mVs
-1

 

 

For a Fe(II)/Zn(II) ratio of 2:1 in solution, curve c) of Fig. 11, the oxidation current of peak A 

appears at similar values to that observed for the oxidation of the zinc deposited from an iron-free 

solution [36]. These results are consistent with anomalous codeposition and with the inhibition of iron 

electrodeposition observed in the presence of zinc in solution which is related to the electrodeposition 

of zinc-rich alloys. The micrograph of the deposited obtained for mixtures zinc-iron in a Fe(II)/Zn(II) 

ratio of 2:1 and 0.1M HCl, only showed the typical morphology of the zinc deposits which confirms 

the anomalous deposition of zinc and the inhibition of the iron deposition at low pH.  
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An increase in the Fe(II)/Zn(II) ratio of 9:1, shifts the onset of the cathodic potential towards 

less negative values which gets closer to the onset of the cathodic curve for the pure-iron solution, 

curve b). This fact causes an iron enrichment of the alloy, which is also manifested by the big anodic 

peak (A) observed in curve d), whose potential range is similar to that obtained for the oxidation peak 

of the zinc-free solution, curve b).  

 

4. CONCLUSIONS 

An electrochemical study of solutions containing zinc and iron in HCl electrolyte in a 

concentration range similar to that found in the pickling spent baths of the galvanizing industry was 

carried out. Zinc deposition took place by direct formation of metallic zinc and the characteristic 

features of a process involving nucleation were shown in the voltammograms. Decreasing the HCl 

concentration enhanced the zinc UPD process because of the less influence of the hydrogen evolution 

reaction, in this case, a prepeak corresponding to the zinc UPD process was observed previously to the 

zinc OPD step. The variation of the cathodic current of the OPD peak with the scan rate showed that 

the bulk zinc deposition was not only controlled by diffusion but also by charge transfer kinetics. The 

theoretical expression for the variation of the peak current corresponding to the zinc OPD step with 
1/2

 

for an irreversible reduction process, served us to calculate the diffusion coefficient of zinc, which had 

a value 1.6610
-9

 m
2
s

-1
.  

An study of the influence of the inversion potential (E) revealed that the anodic peak 

corresponding to the bulk zinc oxidation was absent when E was less cathodic than -1V and under low 

pH. This fact was confirmed by the SEM observation of the deposits obtained at -0.5V and is a 

consequence of the strong influence of the hydrogen evolution reaction in the potential region more 

positive than -1V.  

At low pH is virtually impossible to deposit iron. The electrochemical study of mixtures 

containing both zinc and iron showed that the presence of zinc produced an inhibition of the iron 

deposition process. If the ratio Fe(II)/Zn(II) was low, the shape of the voltammograms was more 

similar to those obtained for an iron-free solution. This fact was confirmed by the observation of the 

deposits obtained under these experimental conditions and at low pH values. The SEM images 

revealed only the presence of zinc grains. However if the ratio Fe(II)/Zn(II) was higher, the 

voltammograms main features were more similar to those obtained for pure iron solutions. 
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