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I. INTRODUCTION 

It is well known that depassivation and repassivation play an 
important part in localized corrosion processes. 

The study presented in this paper concerns the stress corrosion 
cracking of austenitic stainless steels in hot chloride medium. 

The samples are made of thin steel wires, 1.5 mm in diameter and 
360 mm long. 

The tests are performed in concentrated magnesium chloride solu
tions at various boiling temperatures (160°C, 153°C, 140°C, 130°C, 125°C, 
110°C, !02°C) to which potassium dichromate is added in some cases. 

In this paper are presented the influence of strain rate and so
lution temperature on depassivation and repassivation processes, and the 
consequences on stress corrosion cracking phenomenon. 

II. EXPERIMENTAL METHODS 

Tie depassivation and repassivation of the tested wires are ana
lysed in term of current-time curves at fixed potential. The wire is placed 
into a "corrosion cell" with the boiling chloride solution on a tensile 
testing machine. The potential is fixed and the tensile strength is applied 
for approximatively five seconds, then suppressed. 

The current-time curve obtained is shown on figure 1 for an 304L 
stainless steel in 153°C boiling magnesium chloride, at corrosion potential. 
In a first time, the anodic current rises linearly till it reaches a maxi
mum. This corresponds to the depassivation of the wire, due to mechanical 
breakdown of the passive layer. 

The decreasing part of the curve indicates the repassivation of 
the steel. The fact that the current peak does not correspond to the end 
of the straining period shows that repassivation processes become predomi
nant long before the complete breakdown of the passive layer. The competi
tion between repassivation and depassivation depends on many factors. In a 
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previous study, the influence of 
alloying elements has been poin
ted out ' . In th is paper, solut ion 
temperature and strain rate i n f l u 
ence i s analysed. 

I II . INFLUENCE OF STRAIN RATE (c) 

The re lat ive t e s t s are 
made on the t ens i l e tes t ing machi
ne, in boil ing I53°C magnesium 
chloride, on a 304L s t a i n l e s s 
s tee l at corrosion potent ia l . The 
results show that competition 
between depassivation and repas-
sivation depends on applied s tra in 
rate 
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Mechanic depassivacion test at fixed 
pocencial (E - E _ ) . Currenc-cime 
and ttlongacion-Cine curves 

This seems to induce 
a strong dépendance of localized 
corrosion processes on strain ra
te value. To point out this fact, 
corrosion tests (S.S.R.T.) 3 have 
been made in boiling 153°C magne
sium chloride (SCHEIL reagent) on 
a 309L stainless steel, cathodi-
cally polarized to improve its corrosion resistance. The experimental mode 
is the same than in depassivation-repassivation tests but the tensile 
strength is maintened until wire rupture. The results are analysed in 
terms of maximal stress and S.E.M. micrographs of the tested wires. 

Three strain rate ranges are pointed out : at low strain rates, 
the stress corrosion cracking does not appear and the rupture of the wire 
is mainly due to mechanical stress. At high strain rates, the wire shows 
tracks of general corrosion and the rupture is also a ductile one. 

Between these two ranges, the susceptibility oi L'i2 steel to 
stress corrosion cracking presents a maximum, in this case, thd rupture 
is mainly brittle, typical of cracks propagation. 

IV. INFLUENCE OF SOLUTION TEMPERATURE 

The depassivation-repassivation tests show the existence of a 
transitional temperature (130°C for a 304L) *. Above this point, the cur
rent-time curve presents a marked peak separating the depassivation phase 
from the repassivation one. Below this transitional temperature, the ano
dic current increases non-linearly and ends with a plateau. 

The behaviour is similar to this observed when studying strain 
rate influence. This transitional temperature also appears in corrosion 
tests performed on a constant load testing machine (creep tests). These 
tests have been analysed in terms of induction time, propagation time and 
cracking velocity (cracked area divided by propagation time). The adding 
of potassium dichromate to the magnesium chloride solution strongly modi-



fies both electrochemical and mechanical properties of the passive layer. 
In this case, it is more difficult to obtain a frank depassivation and the 
repassivation rate is higher than in magnesium chloride alone. 

V. CONSEQUENCES ON STRESS CORROSION CRACKING 

S.E.M. micrographs show that cracks morphology depends on com
parative depassivation and repassivation rates. For high repassivation rate 
(compare to depassivation one) the cracks are thin and sharp, only the tip 
is subjected to anodic dissolution. In the opposite case, cracks are large, 
sometimes branched and blunt-edged. At temperature influence level, it has 
been found that below 130°C the cracking mode was mainly intergranular, 
and transgranular above $. The cracking velocity is one hundred times hi
gher above 130°C than below. The stress corrosion cracking phenomenon is 
also strongly related to strain rate. This is pointed out by the existen
ce of a specific strain rate range allowing stress corrosion cracking to 
appear. 

VI. CONCLUSION 

The results obtained show that stress corrosion cracking depends 
on depassivation and repassivation processes. This phenomenon is then rela
ted to both solution temperature and strain rate value. The influence of 
these electrochemical and mechanical parameters strongly submits that 
stress corrosion cracking phenomenon is controlled by anodic dissolution 
of mechanically depassivated areas . 
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