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ABSTRACT  

Zinc is common metal used for steel protection. In this work, an alloy Zn-1 % wt. Pb was 

prepared by fusion at 500°C. The analysis of the corrosion behavior was studied with pure Zn 

anode as control in aerated solution of 0.9 M ZnSO4.7H2O + 1.63 M H2SO4 at 38°C.The 

effect of lead impurity on corrosion resistance of zinc anode in zinc electrorefining process 

was investigated using open circuit potential (OCP), Tafel plots, chronoamperometry at 

imposed constant anodic potential and electrochemical impedance spectroscopy (EIS) 

techniques. Samples were characterized by chemical analysis, optic microscope (OM) and 

X-ray diffraction (XRD). The results show that the lead impurity leads to degradation of the 

behavior of the alloy due to negative effect on the microstructure. Lead increases the 

corrosion rate and decreases the corrosion resistance of Zn-1 % wt. Pb alloy.  

Keywords: Zinc electrorefining process, impurity, pure Zn and Zn-1 % wt. Pb anodes, acidic 

solution, microstructure, anodic corrosion behavior. 
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1. INTRODUCTION 

Zinc (Zn) is one of the most important non-ferrous metals in national economic development in 

Algeria with ALZINC society production capacity of 36850 tones/year in 2012 [1]. This metal 

is produced from its ores of sulfide, oxide and siliceous types via pyro-electrometallurgical 

route. 85-90% of the world's zinc are produced by hydro-electrometallurgical routes [2-4] and 

from zinc sulphate electrolyte refining [5,6]. Zn obtained by this route still contains a quantity 

of impurity of about 1% of lead. Zinc is globally the fourth most widely used metal after iron, 

aluminum and copper [7-11]. Today its annual production is worldwide approximately 13 

million tones per year and it is expected to continue growing at 2-3% per year [10,12].  

Electrorefining is one of the commonly practiced industrial process compared to 

electrowinning for the final recovery of zinc at 99.999%. Zinc consumption is classified as 

follows: 50% for steel galvanisation, 17% as alloying element in cast alloys, 17% in cast alloys 

of brass and bronze and 16% in chemicals [9,10,13]. For this reason, the zinc corrosion and 

electrochemistry has been studied extensively in the literatures [9,14]. In addition, zinc is an 

important component in building materials, paints, cosmetics, medicine, pharmaceuticals, 

energy storage batteries, electrical equipment, automotive and textile industry and other 

industries [14-17]. Zinc is very important for human health [12,16]. Zinc metal is widely used 

for casting industries because of its low melting point and excellent fluidity. The zinc dross 

consists mainly of zinc metal (as high as 95 %). This dross can be directly melted into impure 

anodes and electro-refined to produce high purity zinc (99.999 %) through electrolysis [18]. 

Electrorefining is an electrolytic process. In which direct current is applied and zinc ions 

dissolve from the impure zinc anode to the electrolyte before its deposition onto the zinc 

cathode. The best anode must meet the following characteristics as high conductivity, excellent 

activity, good mechanical intensity, anticorrosive properties in aggressive sulfate environments 

[19] and in highly concentrated H2SO4 at high temperature [20], because the rate dissolution of 

anodes is the main source of contamination to the final zinc product. The relatively short 

service time of the anode material is one of the factors that lead to the increasing production 

cost of pure zinc by electro-refining [20], nowadays, zinc sulfate baths were considered as 

alternative due to their low cost and eco-friendliness [21]. Usually, sulphuric acid is used as 
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leaching medium for the dissolution of zinc [15,22]. The anode impurities such as Pb, Si, Cu, 

Fe, Ni, S accelerate the passivation by slime forming and are removed. These impurities can 

either deteriorate or improve the anodic performance [23] and are involved either as an 

insoluble residue based on nobler metals than zinc and insoluble components which will not 

dissolve anodically and they will be collected as anode sludge (anode slime) or soluble ignoble 

species which are dissolved into the electrolyte [24,25]. Therefor impurities can be a primary 

source of surface roughness and can affect the physiochemical properties of the electrolyte and 

the deposit quality of zinc in the cathode. Pb is nobler than Zn and therefore will not dissolve 

anodically and remain in the anode slime, that contains a significant amount of zinc powder. 

The floating slime cause irregular growth on the cathode. When the sludge becomes thick and 

non-porous, the active surface of the anode and the electrolysis current decrease and we have 

passivation. Passivation is the inhibition of dissolution reaction caused by formation of 

non-dissolving films, usually ZnSO4. x H2O. This passivation causes real problems during the 

zinc electrorefining. An excessive current density increases impurity levels in the cathode 

deposit.  For the moment, refiners are trying to use low current densities imposed to the anodes 

to avoid rapid passivation and entrainment of the suspended particles towards the cathode, thus 

resulting in 99.999 % pure cathodic zinc. 

The main aim of this study is to investigate the dissolution process of the zinc anode in sulfate 

system and to study experimentally, the effect of lead as impurity on the anodic dissolution 

process and on the slime formation during the zinc electro-refining.   

    

2. RESULTS AND DISCUSSION 

2.1. Analysis per fluorescence X 

 The chemical composition of pure zinc used in this study is given in table 1. 
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Table 1. Chemical composition of pure zinc 

 

The result of this analysis is purely semi-quantitative. The zinc value given in the table 1 was 

calculated by difference. 

2.2. Characterization of the surface samples 

The XRD patterns of pure Zn and Zn-1 % wt. Pb alloy are shown in the figure 1. 

 

Fig.1. XRD patterns of pure zinc and zinc-1 % wt. lead alloy 

 

For pure Zn, only the peaks original from Zn matrix at 2Ɵ position of 36.29°, 38.994°, 43.221°, 

54.321° are detected [26-34]. For Zn-1 % wt. Pb, a small single peak at 2Ɵ position of 31.306° 

is identified, its low intensity is due to the low percentage of lead [35-37].       

The OM micrographs (Figure 2) of the surface of the samples of pure zinc and the Zn-1 % wt. 

Pb alloy, having undergone mechanical polishing followed by chemical attack in a solution of 

(5 ml HNO3 in 100 ml of deionised water for 5 seconds), show that the microstructure of this 

Chemical  

element  

Cr Mn Co V P Ti Al Mo Nb 

% 

Chemical  

element 

% 

<0.001 

S 

0.012 

<0.001 

Ni 

0.013 

<0.001 

Fe 

0.016 

<0.001 

Cu 

0.029 

<0.001 

Si 

0.140 

<0.001 

Ca 

Trace 

<0.001 

Mg 

Trace 

<0.001 <0.001 

Zn 

99.790 
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material is composed of a first zinc-rich phase (ƞ-Zn, compact hexagonal) and a second Pb- rich 

phase (α-Pb, face-centred cubic). 

 

Fig.2. OM micrographs of, a) pure zinc and b) zinc-1 % wt. lead alloy after mechanical 

polishing and chemical attack in a solution (5ml of HN03 in 100 ml of deionized water) during 

5 sec 

 

However, when iron is present as an impurity in zinc at levels greater than 0.001%, it 

precipitates as an iron-zinc intermetallic compound called the ɛ phase containing about 6% 

iron. This phase is in the form of islands with a diameter between 0.5 and 30 μm [38]. Adding 1 

% Pb to zinc changes its microstructure and causes evolution and degeneration of the eutectic. 

The lead-rich phase is in the form of small spherical particles of white colour distributed evenly 

in the zinc matrix. These small lead particles are torn off during polishing, due to their ductility, 

leaving behind them holes having the appearance of black spots in the microstructure [39,40]. 

Furthermore, porosity was observed in the structure of the Zn-1 % wt. Pb alloy [41]. 

2.3. Electrochemical measurements 

2.3.1. Open Circuit Potential (OCP) 

Passivation of pure Zn and Zn-1 % wt. Pb alloy was studied by following the variation of open 

circuit potential (OCP) in the same conditions, when samples were immersed in aerated 1.63 M 

H2SO4+ 0.9 M Zn2+ (pH 0.5 at 38°C) according to immersion time of 7 min. Each measurement 

started immediately after the working electrode was immersed in an acidic solution. These 

curves can monitor the chemical stability and reflect the initiation and propagation of 

dissolution [42]. After immersion a Zn oxide passive film began to grow on the surface of Zn 

electrode [43]. The potential resulting from the electrochemical reactions at the anode/solution 

interface was then recorded [44]. The relatively stable value was attributed to the slow and 
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regular reaction in the electrolyte [45]. For Zn-1 % wt. Pb alloy, the initial open circuit potential 

was around of -1008 mV/ SCE, rose slowly, but then gradually reaching a relatively stable 

value of -1002 mV /SCE after the time of passive film stabilisation of 365 s, this will enhance 

the free potential of the alloy. For unalloyed Zn, the initial potential is approximately -1004 

mV/ SCE and the favour zinc deposition result in the shift of the potential towards the anodic 

direction [46-48]. This potential tends to become more noble with time stabilizing 

at-982mV/SCE after 312 s exposure. Lead had a very negative potential (-0.13 V/SHE) 

compared to that of zinc (-0.76 V/SHE), the measurement of the open circuit potential of Zn-1 

% wt. Pb alloy showed that the lead addition led to a significant decrease in the free potential of 

this alloy, so it can be observed that the free potential of the Zn-1 % wt. Pb alloy showed more 

negative value with addition of lead. This alloy has the lowest potential value and the longest 

time to reach stable value, indicating its great tendency for dissolution.   

 

Fig.3. Evolution of the free potential for pure zinc and zinc-1 % wt. lead alloy in aerated 0.9 M 

ZnSO4.7H20 + 1.63 M H2S04 at 38 °C 

 

2.3.2. Potentiodynamic polarization curves 

In Potentiodynamic polarization plots, the anodic polarization curve corresponds to the anodic 

dissolution of zinc and Zn-1 % wt. Pb alloy, while the cathodic polarization curve represents 

two possible reactions: the major zinc reduction reaction and the hydrogen evolution reaction 

through reduction of water. The hydrogen evolution reaction proceeds at significantly slower 
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rates, as compared to desired zinc reduction [49-51] The dissolution mechanism in zinc 

electrowinning electrolyte of 59 g.L-1 Zn2+ and 160 g.L-1 H2SO4 at 38 ℃ can be suggested as 

follows. 

The anodic dissolution of Zn,  

                                                                  (1) 

The main anodic reaction in sulfate electrolytes is the oxidation of water to oxygen 

                                                          (2) 

Basic reaction 

➢ Dissociated entities 

                                                              (3)                                           

                                                             (4) 

➢ Reacting ions 

                                                                  (5) 

                                                          (6) 

 

At the cathode 

                                                                  (7)                                                                                                                  

                                                                   (8)                                                   

➢ General reaction 

                                            (9) 



H. Kherrab-Boukezzata et al.      J Fundam Appl Sci. 2022, 14(2), 391-416       398 
 

 

 

Fig.4. Polarisation curves of pure zinc and zinc-1 % wt. lead alloy in aerated 0.9 M ZnSO4.7H20 

+ 1.63 M H2SO4 at 38℃ 

 

As shown the figure 4, the cathodic polarization curve of pure Zn shows the little inflection 

point with two different slopes at potential value more negative than the corrosion potential, 

this is due to the effect of barrier formed by the deposition of the slime constructive by 

ZnSO4.7H2O, ZnO2 and ZnO deposited on the surface of working electrode before and during 

immersion in the electrolyte [52]. The slime has a porous structure and consequently, the real 

passivation of Zn can’t be reached [53].  

Cathodic and anodic branches of the polarization curve of Zn-1 % wt. Pb alloy have shifted to 

higher current densities, compared with those of pure Zn. The dissolution process of Pb to Pb2+ 

ions in electrolyte is fast, accordingly lead exhibits low resistance in the acidic medium. 

This indicates that the rate of hydrogen evolution and the anodic dissolution are fast. So, it is 

assumed that the presence of Pb as a minor alloying element increases the density of active sites 

on the surface. 

Several kinetic parameters were determined from the extrapolation of Tafel curves. Results of 

corrosion current density (icorr), corrosion potential (Ecorr), anodic and cathodic slopes (ßa and 

ßc) are obtained by the use of EGG.PAR M 352 Software and are summarised in table 2.  
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Table 2. Electrochemical parameters obtained from Tafel curves for pure zinc and zinc-1 % wt. 

lead alloy electrodes in aerated 0.9 M ZnSO4.7H2O + 1.63 M H2SO4 at 38 °C 

 

For pure Zn, The Tafel slopes (ßa and ßc) are smaller than the Tafel slopes (ßa and ßc) of the 

alloy Zn-1 % wt. Pb, these observations are correlated with the fact that the cathodic and the 

anodic exchange- current density values of the pure Zn are smaller than those of the alloy                        

Zn-1 % wt. Pb. The corrosion potential Ecorr, for pure Zn in absence of lead is more positive and 

reaches the value of -978.58 mV/ECS.  This result was consistent with OCP-time curve 

measurements in figure 3. In the same time, pure Zn anode shows the lowest corrosion current 

density (0.05781 mA.cm-2) and exhibits the best corrosion resistance among Zn-1 % wt. Pb 

alloy. So cathodic and anodic reactions are affected by the composition. The addition of 1% wt. 

Pb to Zn increases the corrosion rate 20.37 times indicating an increase in anodic dissolution. 

2.3.3. Chronoamperometry 

In order to accelerate the anodic process of dissolution of the zinc and its alloy and on the basis 

of the current-potential curve of figure 4, a potential of Ecorr +10 mV vs saturated calomel 

electrode SCE, in the active zone was selected and applied to two electrodes pure Zn and Zn-1 

% wt. Pb alloy at 38 °C for 3600. The behavior of dissolution for the two anodes was 

investigated by chronoamperometric curves reported in figure 5, enable to compare the activity 

of anodic dissolution during 1 hour. As shown in figure 5 the pure anode and the impure anode 

characterize the formation and the growth of a layer of sludge. The formation of sludge layer on 

the surface of the pure Zn causes a rapid decrease in current density and notice that its 

passivation is reached after 1630 s of polarization at Ecorr +10 mV. The table 3 gives the 

characteristic parameters taken from the curve i-t of figure 5. 

Samples OCP 

(mV/SCE) 

Ecorr 

(mV/SCE) 

icorr 

(mA/cm2) 

Corr rate 

(mm/y) 

ßc 

(mV/dec) 

ßa 

(mV/dec) 

Pure Zn 

Zn-1Pb 

-982 

-1002 

-978.58 

-984.70 

0.05781 

1.17770 

0.8655 

17.6319 

73.598 

94.469 

45.817 

62.860 
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Fig.5. Chronoamperometric curves of two anodes of pure Zn and Zn-1 % wt. Pb                  

alloy polarized at E = Ecorr +10 mV during 1 h recorded in aerated solution of 0.9 M 

ZnSO4.7H2O + 1.63 M H2SO4 at 38℃ 

 

Table 3. Characteristic parameters obtained from chronoamperometric curves of anodes of 

pure Zn and Zn-1 % wt. Pb alloy in aerated solution of 0.9 M ZnSO4.7H2O + 1.63 M H2SO4 at 

38℃ 

 

i-t curves show that at the beginning, a high current density is observed for two anodes, and it is 

followed by fast current decay which characterize the accumulation of the corrosive products 

and sludge formed on the active surface sites of two electrodes [54]. Stabilization time is 

characterised by very slow decrease in the current and correspond to the formation of the 

passive layer and its resistance. In the first 538 s, curve pure Zn presented the fluctuations, 

which can be interpreted as competitions between the initiation and ceasing in various areas. It 

is possible that corrosion stops in a corroded area but initiated in a new area [55]. istab gives 

information on the quality of the passivation film. As shown in table 3, the istab increased with 

Anode imax 

(mA/cm2) 

istab 

(mA/cm2) 

tstab 

(seconds) 

Pure Zn 

Zn-1Pb 

4.016 

4.979 

0.534 

3.584 

1630 

913 
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the lead impurity in the zinc anode. The current density of Zn-1 % wt. Pb alloy was higher than 

that of pure Zn at all the time, which confirm the high corrosion rate of Zn-1 % wt. Pb alloy and 

higher corrosion resistance of pure Zn [56]. The results of this part were in good agreement with 

Tafel results. 

2.3.4. Electrochemical impedance measurements 

Electrochemical impedance spectroscopy is a no destructive technique [53]. It has been applied 

for characterisation of the dissolution and the passivation of metals [14]. In order to describe the 

evolution of impedance, selective impedance spectra at different immersion times have been 

analysed using ZView 2 software. Impedance spectrums in the representation of Nyquist and 

Bode plots recorded during five hours of immersion in the solution of 0.9 M ZnSO4.7H2O + 

1.63 M H2SO4 at 38℃ are shown in figure 6 for the pure Zn and in figure 7 for Zn-1 % wt. Pb 

alloy. The measurements were performed by applying an AC amplitude of 10 mV in the 

frequency range comprised from 100 KHz to 10 mHz at open circuit potential [57]. 

 

Fig.6. Electrochemical impedance spectroscopy diagrams of pure Zn at OCP in aerated solution 

of 0.9 M ZnSO4.7H2O + 1.63 M H2SO4 at 38 ℃, (a) Nyquist plots (b) Bode magnitude  
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plots (c) Bode phase plots. 

Fig.7. Electrochemical impedance spectroscopy diagrams of Zn-1 % wt. Pb alloy at OCP in 

aerated solution of 0.9 M ZnSO4.7H2O + 1.63 M H2SO4 at 38 ℃, (a) Nyquist plots (b) Bode 

magnitude plots (c) Bode phase plots 

 

The quantitative analysis was made by fitting the data using equivalent circuit model presented 

in figure 8 as model for the corrosion system on basis of the literature [56-62]. The fitted results 

are shown in Table 4 In the equivalent circuit, Rs represents the solution resistance between the 

reference electrode (RE) and working electrode (WE), Rct and Cdl represents the charge transfer 

resistance, in parallel to the double-layer capacitance of electrode/electrolyte interface. 

 

Fig.8. Equivalent circuit of two interfaces: pure Zn and Zn-1 % wt. Pb alloy / aerated solution 

(0.9 M ZnSO4.7H2O + 1.63 M H2SO4) at OCP and at 38 ℃ 
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Table 4. Electrochemical impedance parameters obtained for pure Zn and Zn-1 % wt. Pb alloy 

as a function of immersion time at OCP in aerated solution of 0.9M ZnSO4.7H20 + 1.63M 

H2S04 at 38 °C 

Material Immersion 

time 

(h) 

Rs 

(Ω.cm2) 

Cdl 

(μF/cm) 

Rct 

(Ω.cm2) 

Pure Zn 

 

 

 

Zn-1Pb 

1/2 

1 

3 

5 

1/2 

1 

3 

5 

1.256 

1.098 

0.931 

1.167 

0.855 

0.772 

0.773 

0.838 

20.943 

55.462 

120.760 

103.900 

3146.000 

4921.200 

1267.500 

984.050 

2.902 

1.063 

0.483 

0.542 

0.028 

0.024 

0.123 

0.216 

 

Table 4 shows the fitted electrochemical impedance parameters of pure Zn and its alloy at OCP. 

The best fitting equivalent electrical circuit is realized with relative error less than 10 %. The 

calculation of the kinetic and electrical parameters of RC circuit is a simple way of 

understanding the medium effect on the anodic dissolution of zinc. 

It can be observed that there is one perfect semicircle on both complex plane plots for each 

sample which means that the passive films are compacts [63]. The semi diameter is directly 

related to the property of corrosion resistance (Rp), a bigger semi diameter represents a better 

corrosion resistance property of the electrode. Cp values are extracted by using equation (10) to 

the frequency at the maximum of the semicircle. 

    ωmax.Rp.Cp =  1                                                                  (10) 

The Niquist plots exhibited only one complex capacitive loop at high frequency range, and the 

Bode plots suggest one time constant well distinguished between 100 KHz and 10 mHz. This 

time constant at high frequencies (Rct and Cdl) is attributed to the charge transfer layer, and is 

relative to properties of the corrosion product layer [23,64]. Theoretically, corrosion rate is 
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inversely proportional to the polarization resistance, which may be related to the processes of 

charge transfer and protective films.  

According to figure 6, Rct of pure Zn keep decreasing as the immersion time increases revealing 

that the corrosion resistance of pure Zn degrades with time. This may be ascribed to the gradual 

destruction of the film. After 3 h of immersion, the shape of impedance diagram become 

practically independent of time and the value of transfer resistance become nearly constant. The 

double layer capacitance was also unchanged. One can assume that in this case, an equilibrium 

between the dissolution of the material and the development of the protective layer is reached. 

Such impedance spectra appear in materials exposed to aggressive media when they become 

severely corroded. This evolution of impedance is revealed in the Bode plots as an important 

decrease of the phase angle and impedance modulus with the immersion time due to the damage 

of the barrier as shown in figure 6. It is clear that phase angle maxima corresponding to pure Zn 

is large at high frequency compared to the alloy and its impedance modulus at a low frequency, 

lZl value is the highest which is an indication of a good barrier protection because Zomorodian 

and al [65,66] reported that the low frequency modulus could be used as an indicator of the 

coating protective effect. At low frequency, frequencies are independent of phase angle. It will 

be noted for Zn-1 % wt. Pb alloy in figure 7 (b) that the band is quite narrow except at the lowest 

frequencies.  

With prolonged electrolysis, table 4 lists parameters deducted from EIS spectrums, the Rs 

values of two samples are similar because the electrolyte is the same. For pure Zn the 

charge-transfer resistance Rct decreases, whereas Cdl increases. On the other hand, for Zn-1 % 

wt. Pb alloy the charge transfer resistance decreases until 1 h, after which it increases, at the 

same time the capacity increases until 1 hour after it decreases. Pure Zn has a high value 

resistance (2.902 Ω.cm2) and low value capacitance (20.943 μF/cm) therefore pure Zn had a 

better comprehensive protection than Zn-1Pb alloy. Lead addition decreased the charge transfer 

resistance further and increased the double layer capacitance, which can be used as an indicator 

for the change of the passive film thickness [43,67].  
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Fig.9. Charge transfer resistance Rct of pure Zn and Zn-1Pb alloy at different immersion time in 

aerated solution of 0.9 M ZnSO4.7H2O +1.63 M H2SO4 at T=38 ℃ 

 

From the curves of the figure 9, the charge transfer resistance is a function of immersion time, 

figure 9 shows that the resistance of pure Zn decreases in two distinct periods. Firstly, 

between 1/2 and 1 hour, the Rct decreases due to the rapid degradation of the layer. Secondly, 

between 1 and 3 hours, the Rct loses about 1/2 factor of its second value then tends to level 

off. Such stabilization may be due to build-up of stable layer of slime products [68]. 

Comparing with Zn-1 % wt. Pb alloy, the values of Rct of pure Zn is larger during the entire 

immersion indicating that pure Zn without lead addition is conductive to form a higher 

thickness, more homogenous and compact slime product layer [63,69-71]. Zn-1 % wt. Pb 

alloy exhibit lower Rct in the same time of immersion, this implies that the film formed on 

Zn-1Pb alloy is less compact and less resistant than that formed with pure Zn. The presence of 

1% of lead in the alloy can change the dissolution behavior of pure zinc. Pb2+ may penetrate 

the passive film on zinc surface or incorporate in the film as an impurity, thus altering its 

physical and electrical properties. As a result, lead ions (Pb2+) will lead to breakdown the 

passive film and active dissolution at many local sites on zinc surface. Pb addition plays the 

important role in increasing the dissolution rate of the alloy in the acidic solution. 

The results of the Rct confirm for the two anodes the same trend by Tafel results (Tables 2 and 

4). Indeed, we note that Rct for pure zinc is high (between 0.483-2.902 Ω.cm2), which is 

consistent with the lowest value of icorr (0.057 mA/cm2) of the same Rct for Zn-1Pb alloy is 
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low (between 0.024-0.216 Ω.cm2), which is consistent with the high value of icorr (1.177 

mA/cm2).  

The absence of Pb in Zn was found to refine the effective grain size, consequently, to improving 

the barrier performance. By correlating the two microstructures in figure 2 with the 

corresponding EIS results, it is also possible to observe a trend for better dissolution resistance 

related to more refined sample [53,72]. 

 

3. EXPERIMENTAL METHODS 

The electrochemical properties of pure Zn and Zn-1 % wt. Pb alloy were studied in acidic 

sulfate electrolyte at T=38°C and were measured by quasi-stationary Tafel polarization, 

chronoamperometry and electrochemical impedance spectroscopy (EIS) in order to evaluate 

the electrochemical performance, the passivation and the activation of these two anodes. 

3.1. Preparation of electrodes 

Electrodes from pure zinc (purity of 99.79%, METANOF, El Ghazaouat, Algeria) and Zn-1 % 

wt. Pb alloy (Pb purity of 99.99%), were melted in carbur silicium crucibles using a muffle 

furnace (type CONTROLABO) heated under a speed of 5°C/min up to 500°C, under Argon 

flow (to prevent oxidation) and under a pressure of 10-2 bar. 

The cast alloys were cooled down in air on graphite crucibles. The cylinders obtained of 6 cm in 

length and 1.36 cm² of surface area were transversely cut with a laboratory saw (type BROT) 

into small cylinders of 1 cm length, connected to a copper wire isolated with plastic and cast in 

transparent (Araldite cy 230 and 10% of hardner hy 951) with an exposed area of 1.36 cm².  

All working surfaces of the anodes and cathodes were mechanically polished under water with 

SiC abrasive paper from 180, 600, 800 to 1200 grit. The obtained mirror-smooth surface must 

be ultrasonically washed, degreased in acetone to eliminate dirt on the surface of the electrodes, 

rinsed with bidistilled water and finally dried by hot air (compressed air). After that, the 

electrode was immediately transferred into the electrochemical cell. 

3.2. Electrochemical cell and electrolyte 

       The working electrodes were pure Zn and Zn-1 % wt. Pb alloy cylinder of 1.36 cm in diameter. 

The auxiliary electrode is pure Zn cylinder of 2 cm in diameter, the two electrodes were 
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mounted in Bakelite sample port fixed to the lid of a 1000 cc beaked cell by plastic bats. The 

distance separating the anode from cathode was 22 mm. Hg/Hg2Cl2/Cl- (0.24V (vs NHE)) a 

saturated calomel electrode (SCE) was employed as the reference electrode. 

       Experiment was carried in naturally aerated while the zinc electrolyte used in electrolysis was 

prepared from analytical sulphuric acid (98%), salt zinc sulphate ZnSO4.7H2O, and bidistilled 

water. This electrolyte had 6g/L (=1.63 M) H2SO4 + 60 g/L (=0.9 M) Zn2+which was the same 

as the industrial electrowinning electrolyte. The temperature of the solution was controlled at 

(38 ± 0.2) °C by a thermostatic water bath (LAUDA) and the pH value measured was about 0.5. 

3.3. Experimental measurements 

3.3.1. chemical analysis 

       The analysis was carried out directly on the sample which was cut into a cylindrical shape of 3 

cm in diameter and 0.5 cm in thickness, the sample surface undergoes a high polishing. This 

analysis has been carried out using a spectrometer (Bruker-Axs: SRS3400) equipped with X ray 

tube with rhodium anode. Data was processed by software (Spectra 3000 AT). The 

concentration of an unknown sample was determined by the calibration curves that are plotted 

for each element after setting the measurement parameters (kV-mA, crystal analyser, 

collimator, emission wavelength, measurement time and detector). 

3.3.2 Surfaces characterization 

       The microstructure of pure Zn and its alloy were examined first by metallographic optic 

microscope (OM) (Zeiss, AXIOTECH HAL 100, AXIO CAM MRC 5). Samples for OM were 

polished by a standard metallographic procedure and etched in a solution (5 ml of HNO3 in 100 

ml of deionized water) during 5 seconds, rinsed with ethanol then dried with hot air 

(compressed air). The diffractograms of samples were obtained using the conventional X-ray 

diffractometer (XRD, PANALYTICAL: XPERT-PRO) using CuKα monochromatic radiation 

(λ= 1.5418 Å) with an acceleration voltage of 45 kV and a filament current of 40 mA at 298 K 

with the angle range of 2Ɵ=2 to 70 degree (scan step size 0.0170°, time per step 87.2256 s and 

scan type was continuous). The diffraction patterns were recorded for the identification of 

constituent phases of Zn and its alloy Zn-1 % wt. Pb. 
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3.3.3. Electrochemical measurements 

       The corrosion properties of all samples were evaluated by Tafel Potentiodynamic polarisation, 

chronoamperometry and EIS techniques. 

A Princeton Applied Research Potentiostat-Galvanostat EG & G PARC model 273 A (Speed 

Control Unit CTV 101 Radiometer Analytical, Shlumberger SI 1260 Impedance Gain-Phase 

Analyser) was used to apply perturbation and to acquire the response. The measurements were 

controlled by an HP BRIO computer.  

Prior to the electrochemical measurement, the working electrode was maintained at free 

potential during 7 minutes and the open-circuit (OCP) was monitored. All measured potentials 

were reported versus the SCE reference electrode. After wards, Potentiodynamic polarisation 

curves were recorded at a potential scan rate of 1.016 mV/s. Corrosion parameters including 

corrosion potential (Ecorr) and corrosion current density (icorr) were recorded from Tafel plots, 

analysed by auto fitting. The formation and evolution of dissolution and slime forming on pure 

Zn and Zn-1% wt. Pb anodes during Potentiostatic control was realised by applying a constant 

potential (Ecorr+10mV). After 2000 s of anodic control, polarisation curves were recorded. During 

EIS measurement, an AC amplitude of 10 mV was applied, at the free potential. The impedance 

spectra were recorded in the frequency range from 100 kHz to 10 mHz. Impedance data were 

recorded by the use of the ZView software of Solartron, the same software was used to select 

the equivalent electrical circuits. 

       An equivalent circuit model was proposed to characterize Zn/slime and slime/solution 

electrochemical interface. The electrochemical behaviour of the anode during the zinc 

electro-refining is very important for the anodic reactions as well as for the quality of zinc 

deposit. 

 

4. CONCLUSIONS 

In zinc electrorefining process, the effect of minor lead (Pb) alloying with zinc on the anode 

dissolution of zinc in aerated acidic zinc sulphate solution at 38 °C was investigated by different 

techniques. Based on the results above, the conclusion can be summarised as follows: 
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✓ Pure zinc and Zn-1 % wt. Pb alloy anodes were characterized using XRD. The addition of 

1% to lead changed as cast microstructure. 

✓ Passivation of pure Zn and its alloy was studied by following the variation of open circuit 

potential (OCP). The Zn-1 % wt. Pb alloy has the lowest potential value and the longest time 

to reach stable value indicating its big tendency to dissolution. 

✓ The data of Tafel plot showed that the cathodic and anodic branches shift to higher current 

densities on the alloy surface compared with those of pure zinc. Positive shift in corrosion 

potential (Ecorr) with simultaneous increase in the dissolution rate of the alloy compared with 

the pure zinc are obtained. This indicates that the presence of impurity of Pb increase the 

anodic dissolution current of the alloy, and improves its instability against activity. 

✓ Potentiostatic measurements reveal that, the current density decreases with the increase of 

time. This may be attributed to the formation of thick barrier layer at applied potential 

(Ecor+10mV). 

✓ The EIS results, very well fitted using a simplified Randles standard equivalent circuit 

model (Rs (Cdl Rct)), assumes that the charge transfer resistance (Rct) is lower and the 

capacity of the double layer (Cdl) value is higher for Zn-1 % wt. Pb alloy compared with 

those of pure zinc during 5 hours of immersion. This behaviour is in good agreement with 

that obtained from Tafel plot and potentiostatic measurements. 

✓ Taking into account the previous points, it is confirmed that the addition of lead to the zinc 

anode as an impurity accelerates its degradation. 
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