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STRESS CORROSION ON AUSTENITIC STAINLESS STEELS 
COMPONENTS AFTER SODIUM DRAINING 

L. CHAMPEIX - P. BAQUE - C. CHAIRAT 

The damage study performed on 316 pipes of a loop after 
two leakages allows to conclude that a stress corrosion 
process in sodium hydroxide environment has induced trans-
crystaline cracks. 

The research of conditions inducing such a phenomenon 
is developed, including parametric tests under uniaxial load 
ans some tests on pipe with welded joints. 

In aqueous sodium hydroxide, two corrosion processes 
have been revealed : a general oxidization increasing with 
environment aeration and a transcrystalline cracking appea
ring for stresses of the order of yield strength. 

Other conditions such a temperature (upper than 100°C) 
and time exposures (some tens of hours) are necessary. 
Cautions in order to limit introduction of wet air into 
drained loop and a choice of appropriate preheating condi
tions when restarting the installation must permit to avoid 
such a type of incident. 
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CORROSION SOUS CONTRAINTE DE COMPOSANTS 
EN ACIERS INOXYDABLES AUSTENITIQUES APRES 

VIDANGE DU SODIUM 

L'expertise métallurgique effectuée sur des canalisa
tions d'une boucle en acier austénitique après deux fuites 
de sodiua pemet de conclure qu'une corrosion sous tension 
en milieu soude a produit des fissures transgranulaires. 

La recherche des conditions produisant ce type de 
phénomène est entreprise, elle comprend des essais paramé
triques sous contrainte uniaxiale et quelques essais sur 
tubes soudés. 

En soude a)(queuse, deux processus de corrosion sont mis 
en évidence : 

. une oxydation généralisée dont l'importance croît 
avec l'aération du milieu, 

. une fissuration transgranulaire pour des contraintes 
de l'ordre de grandeur de la limite d'élasticité. 

D'autres conditions, comme une température (supérieure 
à 100°C) et un temps d'exposition (quelques dizaines d'heu
res) sont nécessaires. 

Des précautions, capables de limiter l'introduction 
d'air bymide dans une boucle vidangée et le choix d'une 
procédure appropriée de préchauffage, au moment de la remise 
en service de l'installation, doivent permettre d'éviter ce 
type d'incident. 
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INTRODUCTION 
Twice in one yean , a sodium leak occu-

red in two different points of the same test 
loop. This paper wi l l aim : a/ to describe 
these two incidents, b/ to examine the dif 
ferent possible causes, c/ to describe the 
experiments made to reproduce this kind 
of phenomenon, d/ to set forth the f i rs t re 
sults of these experiments, e/ to discuss 
the influence of the various factors invol
ved, f / to suggest ways of minimizing the 
risk such incidents happening. 

DESCRIPTION OF THE TWO INCIDENTS 
The damaged loop that is composed of 

vessels and piping made from austenitic 316 
or 316 Ti stainless steels has been in ope
ration since the beginning of 1969 without 
any major trouble. 

1 . CIRCUMSTANCES 
Both leaks happened during sodium re

f i l l ing of parts of the loop that had been 
opened for maintenance operations or on 
account of a change of experiment, and at 
the end of periods (respectively of 6 and 
2 Months) during which the damaged pipes 
had remained empty and at low temperature. 
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2. POSITION OF THE LEAKS 3. NATURE OF THE FAILURES 
The cracks were located either in non The leaks were due to transgra jlar 

welded sections of piping or alcng the heat cracks.The cracks seem to have begun insioe 
affected 2ones of the welding. the pipes and in the inferior part of their 

circonférence.No sign of oxidation was visible 

Figure 2. Typical micrograph of cracks 

Table 1. INCIDENTS CONDITIONS 

Date Temperature Time of preceeding 
stoppage 

Stress Position 
of crocks 

Observations 

sept.77 220°C 6 months 
Heavy 
but 

admissible 
-JN limmJL m J K s i — sept.77 220°C 6 months 

Heavy 
but 

admissible JxLjU M-

oct.78 ? 2 months 
Heavy 
but 

admissible 

pxt 
May possibly 
have been hea
ted by conduc
tion 1n the 
Une 
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EXAMINATION OF POSSIBLE CAUSES 
Several hypotheses were considered-

1. Excessive mechanics! stress 
Calculations shows that the stresses 

were quite heavy but mechanically admissible. 
But 1n any case an excessive load would have 
Induced a phenomenon of stricture and the 
cracks would have had a characteristic pro
file. 

2. Chloride stress corrosion 
Chemical analysis of sodium sampled 

near the cracks did not reveal more chloride 
than in usual sodium samples. 

3. Sodium-sodium hydroxide stress corrosion 
This sort of corrosion does not affect 

stainless steels at such low temperatures. 

4. Caustic stress corrosion 
This type of corrosion can occur at 

low temperatures and induce transgranular 
fissures. 

EXPERIMENTS IN REPRODUCING THE PHENOMENON 
Five test series mainly on 316 L S.S. 

were made and can be classified as follows 

Figure 3. 8, C, 0 tests apparatus 
i. In open conditions 

a/ The caustic solution 1n which a ten
sile specimen supporting uniaxial stress was 
immersed, was evaporated in a few hours by 
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a decarbonated air stream (A type tests) 
0/ the t.nsile specimenswere immersed in a 
sodium hydroxide solution boiling under at
mosphere pressi- -e, the cover gas being air 
or air polluted argon (B type tests), c/ 
Inversion of welded joints, the only stres
ses applied being residual shaping, and Mel
ding stresses (C. type tests). 

2. In confined conditions 
a/ on tensile specimens, the water 

steam pressure over the solution containing 
the tensile specimens was inferior to 4 at
mospheres (0 type tests), b/ C bend speci
mens were placed in a autoclav with water 
steam pressure of 15 or 85 atmospheres 
(E type tests) (tests made by Mr. BLANCHET 
Service de la Corrosion d'Electrochlmie et 
de Chimie des Fluides - CEA). 

EXPERIMENTAL RESULTS 
A type tests did not produce any crac

king in specimen because of the short time 
of contact between specimen and solution. 

In the tests of all other types there 
occured the same sort of cracks that were 
observed on the damaged loop. 

The results of tests carried out to 
date are summarized by figures 4 and 5 
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Figure 4. Caustic stress corrosion crac
kings - function of hydroxide 
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Figure 5. Caustic stress corrosion crac
kings - function of stress 



5 

DISCUSSION 
The results of these tests may be de

tailed with respect to the parameters appea
ring to be the most important ones. 

1. Fictors Influencing the chemical environ
ment 

a/ Caustic concentration (fig. 4) : 
our tests tried to establish the precise 
limits of the stresr corrosion zcne for 
316 I mentioned by SWANBY r . In the caus
tic concentration range (36 to 75 wt X), 
it seems that concentrations between 50 
and 60 3 produce most rapid cracking. On 
the other hand, solutions containing 65 or 
75 % of sodium hydroxide induce generalized 
and pitting corrosion as pointed out by 
AGRAWAL and STAEHLE 2 .this type of cor
rosion does not exclude mixed cracking 
(figure 6) 

iil& 

Figure 6. B, type test - 75 % NaOH - 20X 
argon, stress 300 MPa 

These observations tend to push the 
limit of the stress corrosion zone mentio
ned by SWANBOY l and HOFFMAN 3 towards 

the upper concentrations. b/Solution aera
tion : the aeration of the solution by modi
fying its oxidizing power, changes the elec
trochemical potential between the specimen 2 - 4 and environment . We observe that : 
with an aerated environment, generalized 
oxidation of the specimen takes place. 
this oxidation involves ferric ionic species 
and occurs simultaneously with either trans-
granular or intergranular cracking (figures 
7 and 8) 

Figure 7. B, 50 I NaOH - 150*C air 245 MPa 

Figure 8. B, 65 * NaOH - 170°C air 200 MPa 
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In unareated conditions, oxidization is 
always weaker, involves ferrous ions and 
the main phenomenon is transgranular crac-
ki- (figure 9). 

Figure 9. 0, 50 % NaOH - 140*C 310 HPa 

c/ Total pressure of the cover gaz does not 
seem to be an important factor for the crac
king process, d/ Position of the cracks 
with regard to the surface of the solution: 
D type tests show that cracks located on 
the emerged part <$f the specimen, near the 
surface of the solution, are transgranular, 
penetrate deeply into the steel and genera-
ly induce rupture, (figure 10). Cracks on 
the immersed zone are generaly less deep 
and can present a mixed fracture mode • A 
slight superficial oxidation can be obser
ved on the specimen walls and extends along 
the cracks (figure 11). This result may be 
compared with the phenomenon noticed by 
C0RI0U 1ri autoclav experiments. 

2. Applied stress (figure 5) 
Pulling stress 1s necessary for crack 

initiation. Compression stress, however 
protects the specimen against this . 

Figure 10. 0, 50 % NaOH, 140°C 220 MPa 
Emerged zone 

In our experiments, virtually the rup
ture occured for stresses about yield 
stress, but a certain number of specimens 
cracked with'only 50% of the yield stress. 
Our tests did not allows us to determine 
wether there is a minimum stress for corro
sion cricking, a possibility, which is far 
from being universaly admitted. Hint stres
ses naturally induce rapid cracking and rup
ture. 

Figure 11. D, 50 % NaOH, 140°C , 220 MPa 
Immersed zone 

In welded joints (C tests) for which it is 
impossible to determine the nature and in
tensity of stresses, we observed 4 cracked 
pipes of the 15 tested. 

3. SOLUTION TEMPERATURE 
A minimum temperature ranging from 100 

or 120°C approx. seems to be necessary for 
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crack Initiation. At uniform concentration, 
high temperature induces rapid cracking or 
incertain cases, rapid oxidation. 

4. Length of time spent by specimens in caustic 
For temperatures between 100 and 200°C 

20 or 30 hours only are necessary for crack 
initiation. 

CONCLUSIONS ^ 
1. Stress corrosion cracking of auste-

nitic stainless steels in a sodium hydroxide 
environment proves beyond doubt to be res
ponsible *or the cracking that occured on 
the loop. 

Some of the cracks produced in the 
laboratory are very similar to those of 
the damaged pipes (compare micrographs 
figures 2 and 9). 

Such corrosion must be considered 
as a potential danger for any sodium loop 
that 1s likely to remain drained and in 
contact with atmospheric air. 

2. Some practical suggestions for 
minimizing risks of corrosion : 

with argon as thoroughly as possible. 

If one of those precautionary measures 
cannot be taken, a rapide preheating of the 
circuit (25°C/hour) 3 u p to 300 or 400*C 
together with a strong argon purge, followed 
as quickly as possible by sodium refilling 
should avoid such incidents. 
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I t is evident that the best means of 
avoiding cracking of drained and opened 
loop 1s to limit the Introduction of m îst 
air 1r,tJ the pipes. 
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This implies : that any opening of 
loops be limited str ict ly to the time neces
sary for repair, the use of temporary clo
sing devices, the purge of the opened Unes 


