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Abstract 

The electrochemical behavior of tin electrode in H2SO4 and NaOH solutions is studied in 

details using open- circuit potential measurements and potentiodynamic polarization 

techniques. The identification of the elements present in the surface of specimen after 

immersion in the two test solutions is performed using an energy dispersive X-ray analysis 

(EDX).    

Open- circuit potential measurements show that for tin electrode in low concentrations of 

H2SO4 and NaOH solutions the passivity was increased with dilution. At higher 

concentrations, dissolution of the pre-immersion oxide film occurs in which the corrosivety of 

NaOH is higher than that of H2SO4 solutions. Passivation of tin in NaOH solutions appears to 

take place in two steps. The first involves formation of SnO or Sn(OH)2, in the second step 

oxidation to Sn(OH)4 takes place.   

Potentiodynamic polarization techniques illustrate that the dissolution of tin in sulphuric 

acid occurs through the participation of both OH¯ and SO4
2- ions through an intermediate of 

(SnHSO4OH) species.  The potentiodynamic curves for tin in sodium hydroxide solutions 

exhibits an active/passive transition. The active dissolution region involves two anodic peaks 

prior to permanent passivity. The first anodic peak is due to the formation of Sn(OH)2 while 

the second peak corresponded to the formation of Sn(OH)4 in addition to the formation of the 

soluble stannate ions. Dehydration of unstable Sn(OH)4 to the stable SnO2 can occur on the 

tin electrode during the potential  sweep to positive direction.  Increasing concentrations of 

H2SO4 and NaOH solutions led to enhance the corrosion current (icorr.), and corrosion 

potentials (Ecorr) shift towards more negative values. EDX analysis showed that Sn % present 

on the surface of tin electrode in 1M of each of NaOH and H2SO4 solutions was 91.82 and 

83.52 respectively. 

Introduction  

Tin is used to best advantage in combination with other metals, in alloys 
(1-4)

 or 

protective coatings 
(5-7)

. Bronzes, which are copper-tin-base alloys, are used in 

bearings, valves, and pipe settings as well as in traditional applications such as bill 

making 
(8,9)

.  Electrochemical techniques have brought valuable information on the 

growth kinetics and electronic properties of the passive oxide film. Particularly, 
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classical electrochemical techniques such as cyclic voltammetry, electrochemical 

impedance spectroscopy, potentiostatic, potentiodynamic, galvanostatic and 

galvanodynamic are still useful tools to investigate passive film formation, surface 

chemical equilibria as well as film electronic properties
 (10)

. The inhibitions of 

corrosion of Sn are the subject of tremendous technological importance due to the 

increased industrial applications of this metal.  The influence of some organic acids 

was studied 
(11-18)

. Inorganic and halogen acids such as HCl, HNO3, H2SO4 and 

H3PO4 are also studied. 
(19-21)

. A wide studied in different alkaline solutions had take 

place
(22,23)

. Anodic polarization in H2SO4 resulted in a dark-brown film on the Sn 

electrode (apparently SnO2)
(24)

. Primary passivity of tin is attained in NaOH 

solutions when the metal is covered with a film of Sn(OH)2 or SnO. Permanent 

passivity sets in when Sn(OH)4 forms as a continuous layer on the electrode 

surface
(25,26)

. The pitting sensitivity of tin in a synthetic medium similar to industrial 

water was not affected by pH variation 
(27)

. Addition of oxo-anions to the synthetic 

medium leads to retard a breakdown of passivation and the inhibition of pitting 

process of tin 
(28)

.   The object of the present work is to study the anodic behavior of 

tin electrode in H2SO4 acid and NaOH solutions by open-circuit potential 

measurements and potentiodynamic polarization method.  

Experimental  

Materials        

The electrical circuit, electrolytic cell and the details of the experimental 

procedures are essentially the same as those described elsewhere 
(17)

. The electrode 

used in the present study was spectroscopically pure tin rod electrode (99.999 % 

pure) with an apparent exposed area of 2 cm
2
. Tin rod was fixed to glass tubing with 

araldite adhesive. The electrical contact was made through a thick copper wire 

soldered to the inner side of the electrode. Prior to each experiment, the surface of 

the working electrode was performed by polishing with different grades emery 

papers, then diamond paste (1µm), washing by distilled water, drying and quickly 

inserted in the cell. The counter electrode was a platinum sheet. The potentials were 

recorded relative to a saturated calomel electrode (SCE).  

Adopted techniques 

Open-circuit potential measurements            

The potential of tin electrode was measured against saturated calomel electrode 

(SCE) in different concentrations of test solutions ranging from (10
-5 

- 2M). All 

measurements were carried out in conventional glass cell at (25±2˚C). The potential 
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was recorded as a function of time till steady - state values were reached by using 

electronic multimeter (Type E scord- EDM-2116). 

Potentiodynamic polarization measurements  

The polarization scans were performed with electronic potentiostate (Volt Lab 

PGZ 301Dy-namic EIS Voltammetry). The anodic E/I curves for all solutions were 

swept from -1.5V to +1.5V at scan rate 20 mV/s. All measurements were performed 

in freshly prepared solutions at room temperature (25 ± 2˚C). 

Energy dispersive X-ray analysis (EDX). 

The apparatus is model Brukey axs - Δ8 Advance and having time constant 2 

seconds, and the range count per second is 2x10
3
. During X- ray diffraction analysis, 

the X- ray beam falls on the plane of the crystal, after reflection, the beam can be 

detected and converted to peaks. The intensity of the peaks can give an idea about 

the percentage abundance of the different compounds.   

Results and Discussion  

Open-circuit potential measurements: 

The behavior of tin electrode in different concentrations of H2SO4 and NaOH 

solutions was studied (Figures 1and 2). In low concentrations of H2SO4 (10
-5 

to 

5x10
-4

M) and NaOH (10
-5 

and 10
-4

M), the potential was shifted with time towards 

more positive values. This was in accordance with   Evans
 (29) 

where the oxide film 

was self- healing. Thus at low concentrations, the passivity increased with 

decreasing concentration, and the potential- time curves are characterized by a rapid 

rise in potential followed by steady state potential values (ESS). The steady state 

portion at these low concentrations might be attributed to the formation of stannic 

oxide (SnO2) on the electrode surface. This increases the resistance of anodic area 

and led to passivation. However, at higher concentrations  of acid(10
-2

 to 2M)  and 

base (5x10
-4 

to 2M)  solutions, the potential drifted with time towards more negative 

values denoting the destruction of the pre-immersion oxide film formed on the 

surface of the electrode.  

Within the whole test solutions and concentrations, the immersion potential 

values lay negative side of the hydrogen/ hydrogen ion electrode system. This may 

indicate that the nature of the cathodic reaction occurring at the electrode surface is 

mainly hydrogen ion discharge (Equation 1) and the depolarization effect of oxygen 

was less manifested.  
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Figure (1): Variation of  open– circuit  potential of  tin  electrode in  H2SO4  

solutions  of various  concentrations  as  a  function  of  time  
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Figure (2): Variation of open–circuit potential of tin electrode in NaOH   

solutions of various concentrations as a function of  time   

 

2H
+
 + 2e¯         H2          …………………………………………… (1) 

 

Figure 3 demonstrated the variation of the steady state potentials, ESS, with the 

logarithm of the molar concentration of test solutions. Invariably straight lines are 

obtained satisfying the equation:  
ESS = (a) – (b) log C          ……………………….….…………………   (2)  
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where; (a) and (b) are constants depending on the type of test solutions.  In equation 

2, (a) represented the potentials of 1 M concentration, being  -403 , and -1269 mV 

for H2SO4 and  NaOH solutions respectively.  
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Figure (3): Ess- logC relations for: ▪ H2SO4 and ▫ NaOH solutions 

According to the change of the steady state potentials with the logarithmic 

concentration, the studied solutions retarded the corrosion of tin electrode as the 

concentration decreased. The more negative values of steady state potential, the 

more aggressive is the corresponding solution. Subsequently the corrosivety of 

NaOH solution is assumed to be higher than that of H2SO4 solution. 

Tin will resist corrosion perfectly in slightly alkaline solutions, while it will be 

corroded in highly alkaline solutions
(30)

. However, tin begins to corrode in alkaline 

solutions only when the pH is sufficiently high to dissolve the oxide film (SnO2)   

already existing on the metal 
(24)

. 

A plot of steady - state potential values ESS as a function of pH of the alkaline 

solution shows a straight line and ESS shift to more negative values by increasing the 

pH of solution (Figure 4).   The straight line was found to follow the following 

relationship:  

ESS   = α – β pH                             ………………………………… (3) 

Where α is the pH independent potential value of ESS obtained by the extrapolation 

of the linear relation to pH = 0.  β is the slope of the linear relation presented in the 

Figure. The value of α was found to be equal to 1.1 V for Sn electrode. This 

extrapolated value of the constant α is an indication that the metal surface is covered 

by a barrier film which consists most probably of a mixed oxide.   
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According to the familiar Nernst equation, a pH indicator electrode will have a 

potential, which would be given by:                         

n

pH059.0
EE o  ………………………………..…………..(4) 

Where E is the steady state potential of that electrode at    25ºC, E is the pH 

independent standard electrode potential of the electrode reaction. The value of n 

corresponds to the number of electrons involved in the electrochemical process. For 

Sn electrode the slope of the ESS vs. pH linear relation amounts to 0.182 V/pH. In 

regions where the OH¯ ions are accessible to the electrode surface, solvation of the 

electrode occurs and deviation from the n = 1 process is observed. Substituting the 

values obtained from the linear relation in Figure 4, then  

                   ESS= 1.1 –  0.182 pH    ………….…………………………………..(5) 

This means that the number of electrons n is equal to ~ 0.3. Equation (5) is not 

identical with any of the equations given in the literature for the Sn /aqueous 

solution system. Most likely the electrode potential represents a mixed potential. 
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Figure (4): Steady state potential of Sn electrode as a function of pH of the 

NaOH solutions 

The passivation of tin in slightly alkaline solutions appears to take place in two 

steps. The first step undoubtedly involves SnO or Sn(OH)2 (black in color) but from 

the available thermodynamic data it was not possible to distinguish between the two 

reactions.  In the second step oxidation to Sn(OH)4 take place which remains stable, 

until it probably breaks down into metastannic acid just prior to the commencement 

of oxygen evolution. The proposed mechanism may be
 (31)

: 
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Sn + 2OH¯        SnO + H2O + 2e¯
    

 

SnO + 2OH¯ + H2O     Sn(OH)4 +2e¯      
or  

Sn + 2OH¯       Sn(OH)2 + 2e¯ 
Sn(OH)2 + 2OH¯          Sn(OH)4 +2e¯     

Potentiodynamic polarization measurements 

Potentiodynamic behavior of tin electrode in sulphuric acid solutions  

The E– I curves of Figure (5) illustrated clearly that the current increased sharply 

by increasing the potential at high concentrations of acid. In low concentrations, the 

current increased smoothly by increasing potential to the limiting current 

corresponding to the passive region. With respect to (H
+
) and (SO4

--
) ions, it was 

suggested that (SO4
--
) ion participated in the tin dissolution reaction.    

 
 

Figure (5): Potentiodynamic anodic and cathodic polarization curves of tin electrode in 

different concentrations of H2SO4 acid solutions    

In sulphuric acid solutions, the Sn
2+

 ion may forms complex anions. There is 

some dispute about the nature of these anions. Both Sn[Sn(SO4)2] and H2Sn2(SO4)3 

groups have been proposed 
(32)

. Another authors 
(33)

 proposed Sn(OH)
+
 ion and 

[Sn(OH)SO4]
–
 complexes. There are an equilibrium between Sn

2+
 and [Sn(OH)4]

2-
 in 

dilute sulphuric acid 
(32)

. These results indicated that both OH
¯
 and sulphate groups 

could interfere with the electrode reaction.  

The reaction scheme for anodic tin dissolution can be given as
(34)

:
 

SnHSO4OH¯ads+ H
+
+ e¯       Sn + H2O+ HSO4¯

  
SnHSO4OH¯ads 

     SnHSO4OH + e¯            

SnHSO4OH     SnSO4 + H2O                        

SnSO4 
  Sn
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From the above reactions, it can be concluded that the tin dissolution in sulphuric 

acid occurs through the participation of both OH¯ and SO4
2- 

ions through an 

intermediate of (SnHSO4OH) species
 (34)

. Table 1 illustrated the electrochemical 

parameters calculated from Tafel relations in sulphuric acid solutions. Decreasing 

concentration led to decrease of the corrosion rate. Also the corrosion potential 

shifted to more positive values indicating passivation with dilution. 

Table(1): The electrochemical parameters of tin electrode in different 

concentrations of H2SO4 solutions. 

Conc. 

M 

Ecorr. 

mV(SCE) 

icorr. 

mA/cm2 

Tafel Slopes (mV/ 

decade) 
Corrosion 

rate mm/y 
Ba Bc 

2.0 -979.0 0.700 153 -104 7.98 

1.0 -970.6 0.660 426 -123 7.92 

5x10-1 -843.4 0.300 131 -114 3.56 

3x10-1 -824.0 0.300 274 -125 3.40 

1x10-1 -563.4 0.330 63.0 -685 3.92 

1x10-2 -517.0 0.310 125 -420 3.68 

1x10-3 
-486.9 

0.274 292 -113 3.63 

1x10-5 -474.0 0.195 400 -328 2.32 

 

Potentiodynamic behavior of tin electrode in sodium hydroxide solutions  

Figure 6 represents typical potentiodynamic E/I response for a tin electrode in 

different concentrations of NaOH (1x10
-5

 - 2 M) solutions. The active dissolution 

region involves two anodic peaks prior to permanent passive region. 

The first anodic peak which located at ≈ -900 mV is due to the formation of 

Sn(OH)2 according to the reaction(
35)  ::  (1a  aa01):                                         

Sn  + 2OH¯     Sn(OH)2 + 2e¯ 

Two further reactions may take place within the potential range of the first peak; 

one yielding dehydration of Sn(OH)2 and formation of SnO :  

Sn(OH)2     SnO  +  H2O 

and the other involving the formation of soluble stannite species,  

Sn  + 3OH¯  HSnO2¯  +  H2O + 2e¯ 

Potential, V 

C
u

rr
en

t 
d

en
si

ty
, 

m
A

cm
-2

 

C
u

rr
en

t 
d

en
si

ty
, 

m
A

cm
-2

 



OPEN-CIRCUIT AND POTENTIODYNAMIC STUDY …… 077 

 
                                                 

 

 
Figure (6): Potentiodynamic  anodic  and cathodic polarization curves  of tin Electrode  

in different concentrations of NaOH solutions 
 

The second anodic peak located at ≈ -730 mV corresponding to the formation of 

Sn(OH)4 according to the following reactions 
(35)

:  
Sn(OH)2  + 2OH¯    Sn(OH)4 + 2e¯

   

and/or  

SnO +2OH¯
  
+ H2O

 


  
Sn(OH)4 + 2e¯

                
in addition to the formation of the soluble stannate ions,  

Sn  + 5OH¯  HSnO3¯ + 2H2O + 4e¯
                    

Dehydration of the thermodynamically unstable Sn(OH)4 to the corresponding 

stable SnO2 can occur on the tin electrode during the potential  sweep to positive 

direction(
30).  

When the surface is covered with the passive film, the dissolution current falls to 

a small value, denoting the onset of permanent passivity. Previous works confirmed 

the duplex nature of the passive film which consisted of both SnO and SnO2
(36).   

From the relation between the potential and log i (Tafel relation), the 

electrochemical parameters are reported in Table 2.  
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Table (2): The electrochemical parameters of tin electrode in different 

concentrations of NaOH solutions  
 

Corrosion 

rate 

mm/y 

Tafel Slopes 
icorr. 

mA/cm2 

Ecorr. 

mV(SCE) 

Conc. 

M 
Bc(mV/ 

dec.) 

Ba(mV/ 

dec.) 

14.03 -381.3 68.0 1.183 -1194 2.0 

12.12 -314.0 61.4 1.022 -1163 1.5 

6.51 -362.8 66.6 0.549 -1158 1.0 

4.42 -449.8 85.3 0.370 -1145 5x10-1 

1.08 -333.6 64.0 0.091 -1137 1x10-1 

0.50 -293.0 66.0 0.042 -1093 1x10-2 

0.44 -313.0 217.0 0.037 -846 1x10-3 

0.06 -  347.0 0.3 0.005 -797 1x10-5 

From the curves and Table 2 we can concluded that: increasing the concentration 

of NaOH solutions enhances the peaks current (corrosion current, icorr.), and the 

corrosion potential, Ecorr., shift towards more negative values. Also corrosion rates 

were increased by increasing NaOH concentration. 

By comparing the corrosion rates of the two test solutions it was illustrated that 

NaOH solutions are more corrosive than H2SO4 solutions (Figure 7). These results 

are in good agreement with those obtained in O.C.P. measurements. 
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Figure   (7):   Corrosion    rates     vs.     concentration    for:   

▪ H2SO4    and   ▫ NaOH solutions 
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Energy dispersive X-ray analysis [EDX]: 

It is important to take into consideration the percentages of elements present on 

the surface of the tin electrode. This was obtained from energy dispersive X-ray 

analysis (EDX) on Sn electrode in 1M of each of H2SO4 and NaOH solutions 

(Figures 8 and 9). The spectra showed that the percentages of elements present on 

the surface of tin electrode are as tabulated in Table (3). 

 
 

     Figure (8): EDX spectra of Tin electrode in 1 M NaOH 
 

 
         

Figure (9): EDX spectra of Tin electrode in 1 M H2SO4 
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        Table (3): The elements present on the surface of tin electrode 

Na % S % O2 % Sn % Media 

0.44 — 7.74 91.82 1 M NaOH 

— 0.15 16.33 83.52 1 M H2SO4 

Conclusion  

Tin is passivated in low concentrations of H2SO4 and NaOH solutions while at 

high concentrations, dissolution occurs in which the corrosivety of NaOH is higher 

than that of H2SO4 solutions. The studied solutions retard the corrosion of Sn as the 

concentration decreased and increase in concentration led to increasing the corrosion 

rates. 
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