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FAILURE OF STAINLESS STEELS BY CORROSION-FATIGUE

C. Amzallag*, P. Rabbe* and M. Truchon**

ISTRODUCTION

torrosion-fatigue is often met in work pieces used in conditions which do
not appear very aggressive: 1in this respect, corrosion-fatigue is
imalogous to, and as pernicious as, pitting corrosion or stress-corrosion.

Une cannot help being struck by such close analogies, at least in appear-
ance, which exist between corrosion-fatigue cracks and those of stress-
corrosion, or again between corrosion-fatigue and pitting corrosion:
tiiese analogies have strongly attracted the attention of researchers who
wero interested in these various aspects [1], so that it seems impossible
to study one of tnese three aspects in isolation, neglecting their ana-
logies.

The aim of this study was to specify or determine the mechanisms leading
to the failure of stainless steels by corrosion-fatigue in a chlorinated
enivironment. In particular, it was proposed to define the respective
rolos of electrochemical corrosion phenomena and mechanical damage. This
knowledge should allow a better choice of stainless steels to resist
corrosion-fatigue to be made.

EXPERIMENTAL PROGRAMME

{he tests were carried out to produce the S.N. curve in rotating-bending,
and the rate of fatigue crack growth in air and in a corrosive medium.

I'ne behaviour of the following stainless steels was studied:

=~ an austenitic stainless steel with molybdenum of the type AIS1 j3lo,
quenched from 1100°C (steel A)

+ a4 titanium stabilized austenitic steel of the type AISI 316, with
titanium, quenched from 1100°C (steel B)

an austeno-ferritic steel: C = 0,03, Ni = 0,2, Cr = 21,1, Mo = 2,4,
Cu = 1,4, quenched from 1150°C (steel ()

a ferritic steel with a high percentage of chromiuwm: € = 0,001,
Cr = 26,2, Mo = 1,0 quenched from 900°C (steel D).

It is well known that tne nature of the corrosive medium can have a great

effect on the kinetics of the corrosion-fatigue phenomena. [t is also

known that in the case of stainless steels, localized attacks on the
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I sg sample, the curve obtained in the case of the austeno-ferritic steel C.
nena me Cases, to d ftom the curve, it can be seen that the metal is passive below 100 mV,
on the results shereas the area in which pits are not repassivated lies above 100 mV.

during the test.
fHus, tests carried out under a potential greater than 100 mV show there

‘# a4 considerable deterioration in the steels resistance to corrosion-
fatigue, as can be seen from Figure 3, which gives the results of tests

w#de under a potential of 200 mV.
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in the case of the ferritic steel D, the pitting potential is very high
{greater than 1200 mV) : the discharge of oxygen can be seen without
#its appearing. We have tnerefore, only considered a low potential (0 mV).

fe fatiyue limit obtained under this potential is equivalent to that
this time, the chosen potential corresponds to an ex-
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fiie measurements made on the austenitic steels A and B show that, in this
steel, at a frequency of 20 Hz, the corrosive solution has no influence on
the crack growth rate. On the contrary, in the case of the austeno-
ferritic steel C, for high values of AK, an overall increase in the rate

#f fatigue crack growth is observed (Figure 4), and the lower the frequency,

§he greater is this increase.
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rotating-bending tests, a potential of U mV was chosen.
sbtained show a decrease in the rate of fatipue crack growth, and for the
iigher values of AK, the curve tends to rejoin the curve obtained in air.

fiese results confirm that this potential corresponds to a domain of pass-

ivity of the metal.
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