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Abstract
Understanding the actual effects of mechanical stresses on the processes leading to
pitting corrosion necessitates to develop both a mechanical approach and electrochemical
experiments at a microscopic scale. Typical embrittlements can be observed after straining
around MnS inclusions on a resulfurized 316 stainless steels and their corrosion sensitivity
have been classified using the microcapillary electrochemical cell technique. It has been
shown that the numerical simulation of the location of stress gradients is possible before the
local electrochemical analysis and could be a very interesting way to define the pitting
susceptibility of micro-cracked areas during straining.
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Introduction
Conventional electrochemical tests under potentiostatic control combined with XRD
measurements have clearly illustrated that the electrochemical behaviour of stainless steels
can be correlated to the surface stress state. For example, the time to pitting measured on
austenitic and duplex stainless steels in chloride-based media depends on the level of applied
stress below the apparent yield strength [1]. Nevertheless, understanding the actual effects of
mechanical stresses on the processes leading to pitting corrosion necessitates the development
of a mechanical approach and electrochemical experiments at a microscopic scale.
Experimental
1. Specimens
Experiments were performed on a resulfurized 316L stainless steel. The chemical
composition of this metallic alloy is : Ni : 11.04wt.%, Cr : 16.67, Mn : 1.529, S : 0.0251, Si :
0.424, P : 0.025, Mo : 2.26, C : 0.018 and N : 0.069). A solution annealing was performed at
1050°C for 15 minutes followed by water quenching. The yield and ultimate strength of
tensile specimens is 258 MPa and 590 MPa, respectively. They were then mechanically
polished with emery papers and smoothed with diamond pastes (down to 1 µm). A set of
specimens (noted by elongated specimens) was subjected to an uniaxial tensile loading in air
at 10% plastic strain.
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2. Local electrochemical measurements
The local electrochemical measurements were performed using the electrochemical
microcell technique This technique consists of a glass microcapillary which is filled with
electrolyte. The tip of the capillary was sealed to the specimen surface with a layer of silicon
rubber. The entire setup was mounted on a microscope for precise positioning of the capillary
on the surface. The diameter of the capillary was 100 µm and the electrolyte was 1.5 M NaCl,
pH3. After positioning the microcell, a cathodic potential of –600 mV/SCE was applied for 2
minutes after which potentiodynamic polarisation curves were determined at a scan rate of 1
mV/s. A modified high resolution potentiostat was used to have a current detection limit of 20
fA (Jaissle 1002T-NC-3). The counter electrode was a platinum wire and the reference
electrode was a saturated calomel electrode (SCE).
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Fig. 1 : Schematic representation
of the Electrochemical microcell
technique.

Results and discussion
Results and discussion
1. Local electrochemistry on strained specimens
It is difficult to separate the mechanical effects from the chemical effects which control
the dissolution of inclusions, as it was described in the literature [2], and especially to define
what kind of microcracks (micro-cracks in the matrix, micro-cracks at the interface or microcracks in the inclusion) is the most sensitive for pit initiation and propagation. The location of
micro-cracks induced by mechanical deformation depends mainly of the shape of inclusions.
Various morphologies of micro-cracks were observed around large inclusions (a few tens
micrometers in length), as shown in Fig. 2. The question arises about the sensitivity to localised
corrosion of these two typical modes of surface cracking. What is the most detrimental conditions: the
interfacial cracks or the crack in matrix ?
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Fig. 2 : SEM images of MnS inclusions with microcracks (a) at the matrix/MnS interface and
(b) at the interface and in the matrix.

Local electrochemical measurements were performed on sites containing an inclusion
and the matrix, as shown in Fig. 3. It appears that the presence of micro-cracks in the matrix
could be related to a stabilisation of the pitting process whereas the presence of micro-cracks
along the interface can induce metastable pitting events.
In order to confirm the role of micro-cracks in the matrix, work is in progress on sites
containing micro-cracks of various shapes without inclusions.
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Fig. 3 : Local polarisation curves determined in on sites containing microcracks at the
matrix/MnS interface and in the matrix.

2. Local mechanical analysis
In this part, morphology of micro-cracks around inclusions has been investigated using
mechanical modelling and SEM observations. As no experimental techniques can be used on
stainless steels at a local scale, numerical simulation based on a finite-element method
appears as very useful method for describing microstress gradients and for evaluating
mechanical and microstructural parameters leading to a significant increase of these gradients.
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The objective was to explain the location of induced micro-cracks in order to justify the
interest of using local electrochemical techniques.
An original model was developed [3] to determine the surface stress distribution from
the real microstructure of materials and to identify the major improvements for the analyses,
including the determination of anisotropic mechanical and crystallographic properties. Stress
calculation involves the development of new image analysis processing and implementation
in the FE code Cast3M of a new operator for meshing the real microstructure and material
models capable to describe the complex behaviour of real materials, as shown in Fig. 4.
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It appears that it would be possible to predict where micro-cracks can initiate during
straining and consequently such an investigation combined with the electrochemical microcell
technique would be possible to follow the corrosion sensitivity of such micro-cracked areas.
Conclusion
A local technique, the electrochemical microcell technique has been applied to clarify
the detrimental role of mechanical stresses on pit initiation. An example has been presented
on large MnS inclusions showing that electrochemical dissolution of the inclusion has a
detrimental effect in presence of micro-cracks in the matrix whereas micro-cracks at the
inclusion-matrix interface does not seem to be sensitive to pitting.
On the other hand, it has been shown that the numerical simulation of the location of
stress gradients, a local electrochemical analysis is possible and could be a very interesting
way to predict before straining the location of induced micro-cracks. This would allow to
follow in-situ the real synergistic effect between applied stress. A similar approach has been
done to investigate the role of residual stress on the sensitivity of each phases in the case of a
duplex stainless steel [4].
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