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ABSTRACT 

 

   Electrochemical techniques have been applied to study the crevice corrosion 
behavior of 316L stainless steel in both 0.5 and 2 M    NaCl   solution with and 
without thiosulfate additions. In this investigation, the crevice corrosion of the 
tested material was studied in both bulk solution environment (0.5 M NaCl) as 
well as in chloride solutions simulating those formed inside crevices of stainless 
steels. A metal to non-metal assembly, in which disc type specimens were faced to 
a PTFE crevice former, is used for bulk solution tests. Crevice- free specimens of 
cylindrical shape were used for the determination of the composition of solutions 
formed inside crevices (known as CCS).  

 
    Potentiodynamic runs in extremely low pH solution (2M NaCl solution with 
and without 0.01 M Na2SO3 addition) were conducted to determine the pH at 
which the passive film breaks down (dpH). The dpH value was found to be a 
function of both chloride and thiosulfate ions.  

     
    Cyclic potentiodynamic technique was used in evaluating the electrochemical 
corrosion performance of the tested alloy in bulk 0.5 M NaCl solution with and 
without 0.01 M Na2SO3 addition. Results indicated that the presence of 
thiosulfate, combined with chloride ions led to a notable decrease in the corrosion 
resistance of the tested material. The deleterious effect of thiosulfates was 
discussed in terms of passivity breakdown and formation of reduced sulfur 
species within active crevices leading to the formation of H2S, which enhances the 
anodic dissolution of iron. 
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INTRODUCTION 

 
   Austenitic stainless steels are widely used as structural materials in the oil and gas refineries. 
They are also used in the nuclear fuel cycle installation as well as in chemical, petrochemical, 
seawater desalination, conventional and nuclear power industries (1, 2). 

 
   The role of thiosulfates ions on the localized corrosion resistance of stainless steels in chloride 
solutions has been extensively investigated (3, 4). Enhanced localized corrosion of stainless steels 
due to the presence of thiosulfate ion in chloride solution was generally observed. Earlier 
studies(5,6) showed that the enhanced crevice corrosion of stainless steels exposed to chloride 
solutions containing thiosulfate species resulted from the catalytic dissolution of the iron 
component by reduced sulfur species probably H2S. The presence of chloride ion was necessary 



to initiate the crevice corrosion. The decrease in pH within the crevice resulting from localized 
hydrolysis reactions with the decrease in potential that accompanied  the onset of crevice 
corrosion produced thermodynamic conditions within the crevice that were conducive to the 
reduction of S2O3

-2  to H2S. 
 

   At present, there are several proposed models (7, 8) discussing the types involved in the initiation 
of crevice corrosion process. These include, the passive dissolution model which involves the 
gradual acidification and general breakdown, the model involving the dissolution of sulfide 
inclusions leading to thiosulfate formation which assists also in the film breakdown. The third 
model is the IR drop within the crevice resulting in forcing the metal into active state. The last 
model is the stabilization of metastable pitting by occluded crevice geometry (8).However; the 
passive dissolution model is the widely accepted one for the initiation of crevice corrosion in 
stainless steels. This was first described quantitavely by Oldfield and Sutton (9). 

 
   The value of the depassivation pH, dpH is determined through conducting a series of 
potentiodynamic runs in extremely low pH and high chloride ion concentration solutions. This 
value corresponds to that pH at which the first peak disappears (Crolet criteorn, 10) or at which the 
peak current equals 104 NA/cm, (9). The dpH, an inherent property for each metal or alloy is that 
value below which extremely severe crevice damage is expected to proceed. It is generally 
accepted that the lowering of pH and increase in chloride ion concentration in the crevice are 
important in the start of the initiation phase of the process. pH values in the range 0-3 and 
chloride ion concentration up to 12 M NaCl have been reported for crevices and pits formed in 
common stainless steels(11).  

 
   The aim of the present investigation is to evaluate the crevice corrosion resistance of 316L 
stainless steel in bulk and crevice chloride-containing environment with and without thiosulfate 
addition.  

 
EXPERIMENTAL 

 
   The material used in this investigation is 316L stainless steel of composition : 0.03wt%C ,17.8 
wt% Cr ,11.00 wt%Ni,2.4 wt% Mo, 0.3 wt%Cu,0.003 wt%S,0.04 wt%P,1.5 wt% Mn and the 
balance is Fe. Cylindrical test specimens (12mm length and 9mm diameter) were used as 
electrodes with PTFE insulated rod made from the same alloy. These were used for the 
determination of the depassivation pH, dpH. Disc type specimens (12mm diameter and 5mm 
thickness) were used with an artificial crevice created between the flat disc and a PTFE Teflon 
washer in a special holder. This type of specimens was used to evaluate the susceptibility of the 
tested alloy to crevice corrosion under environmental conditions. Specimens were abraded 
manually up to grit 600 finish, rinsed by distilled water and ultrasonically cleaned in acetone.  

 
   Test solutions were prepared from analytical grade chemicals and double distilled water. The 
thiosulfate was added to the test solution in concentrations of 0.01M. The electrolyte pH was 
adjusted by the addition of either diluted sulfuric acid, hydrochloric acid or sodium hydroxide 
solutions depending on the test solution and the pH required. All potentials were measured 
against Standard Calomel Electrode, SCE. A graphite electrode was used as the counter electrode. 
The electrochemical equipment was EG&G PARC model 350A, Electrochemical Corrosion 
System. The potential was swept in the anodic direction from-250mV (Vs. SCE) negative to Ecorr 
at a scan rate of 0.5mV/sec to a pre-selected final value. Specimen surface was examined after 
tests by SEM (Jeol, JSM-5400) equipped with an Energy Dispersive X-Ray Analysis (EDXA) 
attachment. 



 
RESULTS AND DISCUSSION 

Potentiodynamic Scans 
    

   Figure (1) shows a series of potentiodynamic runs conducted in 2M NaCl solutions at different 
pH value, ranging from 3 to 1.5. It is clear that there is a clear transition from active to passive 
state at pH of 2.5. By applying the Oldfield and Sutton (10) criterion on the behavior of the tested 
alloy it could be seen that the dpH lies between 2.5 and 3 while the corresponding one according to 
Crolet (9) criterion is 3.  

 
   These finings are in good agreement with those  reported earlier (11-13).On  the onset of a distinct 
peak in the active-to- passive transition anodic  arrive corresponding to dpH values. Turnbull (12) 
has found, for common austenitic stainless steels, that the dpH lies in the range 0-3 and the 
chloride ion concentration may reach a value of 12M. It is clear that the dpH value in the present 
investigation lies in the range reported by Turnbull (12) ,however, the chloride ion concentration is 
fairly lower .  

 
   Figure (2) shows other runs conducted in the same test solution (2MNaCl) + 0.01M Na S2O3

-2. 
The pH of the electrolyte was adjusted to the desired value either by hydrochloric acid or by 
sodium hydroxide. The purpose of such runs is to follow the role of thiosulfate on the dpH values.  

 
   It is clear that the behavior of the tested alloy shows a trend (generally) similar to that observed 
in thiosulfate free chloride solution. However, there is a sensible difference in the magnitude of 
the current and consequently the dpH values. Following the same concept of Oldfield and Sutton 
(10), the defined dpH value is almost higher than 4. On the other hand, applying the Crolet (9) 
criterion yields a dpH value of 4. The addition of thiosulfate resulted in higher dpH values 
indicating a lower resistance to crevice corrosion initiation.  

 
   It was cited in the literature (11, 14, 15) that the onset of crevice corrosion in chloride solution is 
associated with a lowered crevice solution pH, resulting from hydrolysis effects, and electro 
migration of anions(Cl- ions) into the crevice to maintain electrical neutrality as described in 
detail by Oldfield and Sutton (10). In the presence of thiosulfate S2O3

-2   anions are also expected to 
undergo electrical migration into the crevice as suggested by Newman et al (14) in their studies on 
the pitting of stainless steels. The combined presence of thiosulfate and chloride led to further pH 
decrease inside the active sites and consequently sever crevice corrosion (15).  

 
Cyclic potentiodynamic scans 
 
    Cyclic potentiodynamic polarization test results in 0.5MNaCl solution with and without 
thiosulfate addition were displayed in Figure (3). Results showed that the tested alloy exhibits 
conventional hystersis loops in both solutions. The electrochemical parameters characterizing the 
crevice corrosion resistance in terms of passivity breakdown could be detected and summarized 
in Table (1).  

 
Table1: Electrochemical parameters extracted from cyclic potentiodynamic runs conducted 

on 316L alloy in both test solutions  
Parameter    * 3% NaCl solution 3% NaCl + 0.01 M Na2 S2O3 

 Corrosion potential, Ecorr      -480 -700 
Breakdown potential, Eb 90 -290 
Protection potential, Ep -350 -600 



• Values in mV, vs. SCE 
 
The thiosulfate ion was found to have a remarkable effect on the breakdown of passivity in 

terms of local breakdown of the passive film. This is clear and obvious from the breakdown 
potential values, Eb 

 



 
 

Figure (1): Potentiodynamic scans for 316L stainless steel tested in 2M NaCl solution       
(crevice-free specimen) 

 
Figure (2): Potentiodynamic scans for 316L stainless steel tested in                                               

2M NaCl + 0.01 M Na2S2O3Cl solution (crevice-free specimen) 
 
 
 
 
 
 



 

 



 
From Figure (3) and Table (1), a shift of about 200mV in the active direction is clear as a 

result of thiosulfate addition. Not only the breakdown potential is shifted to more active values by 
S2O3

-2 addition, but both the corrosion potential, Ecorr   and the protection potential, Ep have also 
shown an active shift by about 220mV and 250mV vs. SCE for Ecorr   and Ep, respectively.  
Moreover, it is clear that the addition of  S2O3

-2 to 0.5M NaCl solution resulted in severe crevice 
corrosion characterized by a noisy current increase in the potential range from -600 to   Eb value(-
290 mV) ,Figure (3), curve 2. This might be due to the initiation and spontaneous repassivation of 
microcrevices. It is interesting to note that the hysterisis loop formed in 0.5 MNaCl solution with  
S2O3

-2 addition (curve 2) was enlarged and shifted to the right direction ( higher current values) 
compared to that formed in the same test solution without S2O3

-2 addition (curve1).  
 

    According to the competitive adsorption mechanism proposed in the literature (16, 17), S2O3
-2 ion 

might compete with Cl- ions to the surface site. At low concentration of S2O3
-2  ions ,the surface 

sited were mainly occupied by Cl- ions and localized corrosion was initiated. Under such 
condition, the formation of sulfur due to the reduction of S2O3

-2 occurred, which was subsequently 
reduced to form H2S on the metal surface could cause an increase in metal dissolution. If H2S was 
adsorbed on the fresh attacked surface, enhanced localized corrosion would be possible. 
Accordingly, a decrease in it is probable that there are secondary complicating effects related to 
the chemical instability of thiosulphate ions while they are stable in neutral solutions, they may 
disproportionate at pH<5 to yield elemental sulfur according to the following equation: 

S2O3
-2 + H+ →S+ + HSO3

-  
 

    Thiosulphate disproportionation may occur in the crevice when the pH just begins to decrease. 
Sulfur atoms may be then adsorbed on the surface of stainless steel alloy and promote passivity 
breakdown. Such events will contribute to the decreased crevice corrosion resistance in Cl- 
solutions containing-thiosulfate (18).  

 
Surface Morphology 
 
    Electrochemical findings were further supplemented by SEM surface investigation of the 
corroded surfaces. EDX analysis has been carried out to illustrate the effect of thiosulfate 
addition. Most frequently, 5 active crevice corrosion sites (from12 sites) occurred on specimens 
tested in sodium chloride solution free of thiosulfates. A typical appearance is shown in Figure 
(4-a). At higher magnification for one active corroded site Figure (4-b), heavy pits were formed 
and coalescenced. These formed pits reflected the deleterious effect of chloride ions on passivity 
breakdown and severity of attack.  

 
   Several active corroded sites occurred on specimens tested in 3% NaCl + 0.01 M Na2 S2O3

 

solution. These corroded sites formed together a continuous active area larger than that formed in 
sodium chloride solution free from thiosulfate ions. These sites formed beneath the PTFE former 
near the crevice mouth. Pitting corrosion was found to take place on the remaining exposed area 
of the specimen surface far from the crevice former. A typical appearance is shown in Figure (5-
a). The crevice corrosion occurred on specimens tested in chloride solution containing thiosulfate 
takes the form of general corrosion under the PTFE former. The exact form is shown in Figure (5-
b).  

 
   Comparing the chemical composition of the tested alloy  with  EDX analysis results of the 
produced corrosion products formed in 3% NaCl + 0.01 M Na2 S2O3 showed no significant 
changes in the relative proportions of the principal alloying elements in regions far from the  



crevice former Figure (6-a). However, EDX analysis obtained for the corrosion products formed 
inside both pits and crevices in the same test solution Figure (6-b and 6-c) contained several 
peaks of some of the alloying  



 
Figure (4): SEM Micrographs for 316L stainless steel tested in 0.5 M NaCl solution          

(creviced specimen) 
(a) Crevice corrosion site 
(b) Magnified crevice corrosion site 



 
 

Figure (5): SEM Micrographs for 316L stainless steel tested in 0.5 M NaCl +0.01 M Na2S2O3 
solution (creviced specimen) 
(a) Pitting sites away from crevice former  
(b) Crevice corrosion under former 



 
 
 

Figure (6): SEM Micrographs and EDX analysis for 316L stainless steel tested in                       
0.5 M NaCl +0.01 M Na2S2O3 solution  

      Regions denoted A, B, C in Figure (5 a)   
      A: in bulk solution           B: inside pits             C: inside crevices 



 
elements along with sulfur peak in some instances. It is interesting to note that there is a sensible 
change in the percentage of the main alloying elements such as chromium, nickel and iron. The 
presence of elemental sulfur supplement the disproportion of thiosulfate ions to sulfur which has 
a deleterious effect on the crevice corrosion resistance of the tested alloy . 

 
CONCLUSION 

 
    Electrochemical studies on the crevice corrosion behavior of 316L alloy in 0.5MNaCl solution 
with and without thiosulfate addition led to the following conclusions:  

1. The value of the dpH of the crevice solution is dependent on both the electrolyte 
type and the criterion used for evaluation. The dpH value goes to higher values 
by thiosulfate additions. 

2. In 2M NaCl solution and according to Oldfield and Sutton criterion, the dpH 
value lies between 2.5 and 3; however, it was 3 according to Crolet concept. 

3. In 2 M NaCl + 0.01 M Na2 S2O3 solutions, the dpH value was 4 according to 
Crolet criterion. However, it is higher than 4 according to Oldfield and Sutton 
concept. 

4. The presence of S2O3
-2 combined with chloride ions caused easier initiation of 

crevice corrosion resulted in a shift of the breakdown potential by about 200mV 
in the active direction.  

5. The initiation effects were attributed to the effect of S2O3
-2 ions on the 

breakdown of   passivity in the presence of chloride ions.  
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