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Mechanical and Electro-chemical Interactions under Tribocorrosion

• Stress/strain. They can be residual fields or applied (external) loads, • Point and linear defects (scratches, steps, particles, and inclusions), • Passive films/coatings/contaminants (lubricant and grease).

It is therefore important to first use a statistical approach (Pearson matrix [2], ANOVA module, for example) to determine the parameters whose influence is of order 1 in the given conditions.

Once the most influent parameters are defined, a relevant experimental approach must be selected to study the role of stress/strain. In particular, it must be ensured that the response of the studied system is not significantly affected by factors other than mechanical factors (stress/strain). For example, the influence of surface roughness must be taken into account when studying the role of deformation on reactivity using different surface preparations (mechanical grinding/polishing and electrolytic polishing). Different surface finishes [3] can be used to generate stress/strain fields in alloys like machining, grinding, mechanical polishing, burnishing, and sandblasting. Important is that compressive or tensile stresses can be present on material surfaces.

Introduction

Investigating the tribological contact and sliding between two materials is complicated by the fact that the interface is buried from view and inaccessible to conventional experimental tools. In addition, the tribological contact and sliding of materials is a complex and dynamic system impacted by many factors. They involve from macro to the atomic scale, material transfer, heating, and combination of spatially and temporally varying loads. These loads may be triaxial/biaxial/uniaxial (tensile or compressive), or rotational (strength shear). Stresses and strains may develop within the system. The tribological contact and the sliding of materials can also induce phase transformation due to deformation, formation of point and linear defects (voids, cracks, and scratches), and so on.

In an aggressive environment as in tribocorrosion, the physical-mechanical processes mentioned above are affected by corrosion and vice versa. Therefore, the effect of stress and strain on the electrochemical behavior of metallic surfaces needs to be considered and quantified.

The influence of mechanical loads on cathodic (reduction reactions) and anodic processes (dissolution for instance), as well as on the stability and modifications of passive films are discussed in this chapter. The thermokinetic approach is not discussed and readers interested in thermokinetic formalisms are referred to reference [START_REF] Vignal | Effect of stress/strain fields on electrochemical activity: metallurgy/stress interaction and surface reactivity[END_REF].

Definition of a relevant approach

Numerous factors can affect the reactivity of metallic surfaces. Under certain conditions, synergistic effects between two or more factors can also be observed at different scales. Possible factors include:

Influence of compressive stresses

Experimental techniques used to study the influence of compressive stresses on corrosion (and tribocorrosion) mechanisms will be relevant if they make it possible to generate compressive stresses in a material with negligible work hardening rate, and not inducing changes in (micro)structure and surface roughness. Examples of techniques used to generate compressive stresses are:

• laser shock processing (LSP) [4] applied, e.g., to aluminum alloys [5][START_REF] Trdan | Investigation of corrosion behaviour of aluminium alloy subjected to laser shock peening without a protective coating[END_REF][7],

austenitic and martensitic stainless steels [8], duplex stainless steels [9], nickel alloys [10], and brass [11]. • low plastic burnishing used on AA2024-T3 aluminum alloy [12] and Ca-Mg biomedical alloys [START_REF] Salahshoor | Surface integrity of biodegradable magnesium-calcium (Mg-Ca) alloy by low plasticity burnishing[END_REF].

Interested readers are referred to a review paper [START_REF] Kanchidurai | A review of inducing compressive residual stress-shot peening; on structural metal and welded connection[END_REF] describing different techniques that can be used to generate compressive stresses. Table 2.1 gives some examples of residual compressive stresses in alloys generated by various techniques. In all the cases studied, it appears that compressive stresses affect the electrochemical processes and increase the corrosion resistance of metallic alloys. They reduce significantly the kinetics of reduction reactions and the current density in the passive plateau (anodic domain). They can also delay pit initiation and reduce the kinetics of dissolution.

For example, the polarisation behavior of 316L stainless steel in Hank's solution is affected by laser shock peening [START_REF] Gupta | Corrosion study on laser shock peened 316L stainless steel in simulated body fluid and Chloride medium[END_REF]. Indeed, in the presence of compressive stresses induced by the laser shock (see a red curve in Fig. 2.1), the current density 
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Alloys

Residual stress value (MPa)

Techniques References

Friction stir welded AA7075 -80

Laser peening [5] -120 Shot peening AA2050-T8 -165 Laser peening [7] Duplex in the cathodic branch of the polarization curve slightly decreases and the current density in the passive range drops by one order of magnitude. In addition, no metastable pits are observed after polarisation in the passive range of the laser peened sample.

The pitting potential of a laser peened sample shifts to more noble values: a difference of about 150 mV is noticed between unpeened and laser peened samples. The mechanisms responsible for the improvement in corrosion resistance due to compressive stresses are still under debate. The beneficial influence of compressive stresses cannot be explained considering the density of dopants in the passive films. Indeed, it was shown on 316L stainless steel [16] that the density of dopants (both n-and p-types) is not affected by changing the level of compressive stresses. Some explanations can be found in surface analyses of passive films. Auger measurements were performed after immersion of different stainless steels (302 [17] and 316 [18]) in 1M H 2 SO 4 for 20 min. Two samples were considered: a reference sample (no stress) and a sample under compression (generated by bending). Obtained results revealed that the passive film formed in the presence of a compressive stress field is slightly thinner than that formed on the reference surface (thickness of 3.5 nm under compression and 4 nm on the stress-free surface). The passive film formed under compression is also richer in chromium in its inner part than the passive film formed on the reference surface. Fig. 2.2B shows the existence of a peak in the chromium profile of the sample under compression, between 300 and 700 s. Such a peak is not visible on the reference sample (Fig. 2.2A). The protective properties of passive films are usually attributed to the formation of chromium-based compounds in their inner part.

The residual stress field is usually highly heterogeneous in alloys. The relationships between the passive film composition (determined from Auger electron spectroscopy measurements), local residual stresses in the substrate (calculated using a thermal-mechanical simulation based on XRD measurements), and the local electrochemical behavior (via the measurement of the local corrosion potential using microcapillary-based experiments) were studied at the microscale [19]. It was shown that there is a linear relationship between the local corrosion potential and the ratio Cr/ Fe in the passive film and between the local corrosion potential and the local residual stress in the substrate. The corrosion potential becomes nobler with increasing compressive stresses in the substrate and with increasing Cr/Fe in the passive film. It was then proposed that the passive film formed on sites under compression is enriched in Cr. This study confirms previous those obtained on 302 and 316 stainless steel (previous paragraph).

The influence of an LSP treatment on the polarisation curve of aluminum alloy AA2050-T8 recorded in 0.1M NaCl at 25°C is shown in Fig. 2.3A [7]. After LSP, similar results to those obtained on stainless steels were found. A drop of the current density is observed both in the cathodic and anodic domains. The pitting potential is also shifted to more noble values. AFM observations show that after LSP only pitting corrosion occurs (Fig. 2.3B), whereas both pitting and intergranular corrosion were found after polishing (Fig. 2.3C). Pitting corrosion occurs in sites containing inter metallic particles due to a galvanic coupling between particles and matrix. No clear explanation was proposed to explain changes detected in the corrosion behavior of aluminum alloys.
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Corrosion processes and mechanisms are strongly associated with surface electronic structures such as electron work function (EWF). EWF is the minimum work needed to extract electrons from the Fermi level of a metal/alloy across a surface carrying no net charge. This parameter is highly sensitive to surface conditions (roughness, passive film, stress, strain, and defects). Several papers revealed that EWF is affected by stress/strain [20][21][22][23][24][25] and a few of these papers [24,25] showed that compressive stress increases the EWF. The higher the EWF value, the more stable the surface and therefore the higher the corrosion resistance. Recent progress in understanding the corrosion behavior of metallic alloys using SKP can be found in reference [26]. Regarding tribocorrosion, it was underlined that some surface properties, such as adhesion and friction, are largely influenced by surface electron activity, which can be reflected by EWF [27]. Relevant experiments [28] have demonstrated a close correlation between EWF and adhesive force for surfaces in contact.

The beneficial effect of compressive stresses on the corrosion behavior of metallic materials is however not a general rule. Indeed that may be the case when other facts appear simultaneously with the development of compressive stresses like the

U N C O R R E C T E D P R O O F 7
formation of both a rough surface and a cold worked layer (plastic deformation) near the surface as in the case of alloy 800 [29] and the decohesion of the surface layer in the case of carbon steel [30].

Influence of tensile stresses in the elastic domain

The transition between domains where compressive and tensile stresses exist is very important since, at that transition, the corrosion resistance of metallic alloys decreases. This is the case for duplex stainless steels in sodium chloride solutions [9] The time to a pit of UNS S31803 duplex stainless steel was measured vs. applied stress (located in the elastic domain), as shown in Fig. 2.4. Experiments were performed in 0.5M NaCl at 50°C, under potentiostatic conditions (at 300 and 400 mV vs SCE). Surface stresses were also measured by means of XRD in both phases. Two domains are visible. In domain I, eight experiments (of the 10 experiments performed) leads to passive behavior (no time to pit identified within 100 h). By contrast, only three experiments (of the 10 tests performed) leads to passive behavior in domain II. At the transition between the two domains, a drop in the corrosion resistance is observed. Residual stress measurements (using XRD) showed that this transition corresponds to the transition from compressive to tensile stresses in the austenite phase (the ferrite phase being under compression in both domains). The deleterious influence of tensile stresses on the electrochemical behavior and corrosion resistance was also reported for the following metallic alloys, namely 316L stainless steel [16], ferritic steel [31], 304L stainless steel [32,33], high-strength galvanized steel [34], carbon steel [35], X80 steel [START_REF] Zhang | Anti-Corros[END_REF], aluminum alloys 7075 [37] and 7010 [38], Fe-based amorphous coatings [39], and 316L stainless steel [40]. Table 2.2 gives some examples of tensile residual stresses generated in metallic alloys using various techniques.

The experimental techniques used to induce tensile stresses in the elastic domain are relevant when they generate tensile stresses in the material with a negligible work hardening rate, and with no change neither in (micro) structure or surface roughness. This is illustrated in Fig. 2.5 showing the effect of stresses induced by mechanical loadings at different levels on the cyclic voltammograms recorded on carbon steel immersed in simulated concrete pore solutions containing either or not chloride ions [35]. The peaks observed on these voltammograms correspond to the oxidation or re Table 2 -Peak a1 is attributed to the formation of Fe(OH) 2 and FeO -Peak a2 is attributed to the reaction Fe 2+ ➔ Fe 3+ -Peak a3 is attributed to an oxidation within the compact passive film (formation of Fe 2 O 3 , Fe 3 O 4 and/or FeOOH) -Peak c1 is related to the reduction reactions associated with the anodic peak a2 -Peak c2 is attributed to reduction reactions associated with the anodic peak a3

In the absence of chloride ions in the solution (Fig. 2.5A), there is no significant influence of either compressive or tensile stresses on the electrochemical response of the system. By contrast, large differences in electrochemical response were observed in the presence of chloride ions on carbon steel exhibiting tensile stresses in the elastic domain (Fig. 2.5B). For example, the current density at peak a2 (oxidation peak) is significantly increased. One reason could be the fact that chloride ions preferentially adsorb onto metallic surfaces in the presence of tensile stresses [46]. That passive film is then preferentially perturbed at locations where tensile stresses are present.

In literature, the deleterious influence of tensile stresses in the elastic domain was often attributed to changes in the electrical conductivity of passive films. The density of dopants increases significantly at increasing tensile stresses, as shown in Fig. 2.6 [40]. A linear relationship between the density of dopants and the level of tensile stress (in the elastic domain, was found for 316L stainless steel in alkaline solutions. The inner layer (density of acceptors) of the passive film in contact with the substrate is more affected by tensile stresses than the outer layer. The evolution of the kinetic constants, k 0 , of an oxidation reaction (mediator oxidation) at the 304L surface, was quantified by scanning electrochemical microscopy for various tensile stresses in the elastic domain [33]. k 0 significantly increased with increasing tensile stress, indicating that the reaction is promoted. According to the Point Defect Model [47], this phenomenon was ascribed to the acceleration of the transport of oxygen vacancies. This analysis is consistent with the experimental results obtained from the Mott-Schottky plots presented above.

Tensile stresses in the elastic domain may also affect the galvanic coupling between two metallic alloys. So, e.g., when aluminum alloy (AA5050) undergoes tensile stress after being coupled to 40CrNiMoA steel in 3.5% NaCl at 30°C for 20 h, corrosion was promoted [48]. With increasing stress, the potential of AA5050 decreases whereas the potential of steel remains more-or-less unchanged (Table 2.3). The potential difference between this aluminum alloy and 40CrNiMo steel (driving force for the galvanic coupling) then increases and thus promotes the galvanic coupling between the two alloys, ending up in the anodic dissolution of AA5050 (less noble alloy). The average current density (calculated over the 20 h of immersion) increases as the stress applied to the aluminum alloy increases (Table 2.3). It is increased by a factor of 2 at 75%R p0.2 when to compared to the stress-free situation.

Influence of plastic deformation

Plastic deformation can be achieved by applying external loads like, e.g., uniaxial tensile tests, bending tests, extrusion tests, but also by surface preparation methods like, e.g., mechanical polishing, by elaboration methods, e.g., rolling, and by processing methods like, e.g., welding and cutting techniques. Applying loads in the plastic domain of the stress-strain curves may induce several changes in a metallic alloy, namely: Table 2.3 Table 2.3 Galvanic corrosion potentials and current densities of AA5050 vs 40CrNiMoA steel.

Galvanic corrosion potentials (mV vs SCE)

Average current density (μA/ cm 2 )

Stress Aluminum alloy Steel

No 
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• Formation of steps at the surface resulting from the emergence of slip bands, • Activation of dislocations (both geometrically necessary (GND) and statistically stored dislocations (SSD)). GND accommodates nonuniform strains at the crystal scale. They are associated with the local incompatibility of the crystal lattice due to geometrical constraints. By contrast, SSD form by the random trappings of dislocations. Note that only GND induces changes of the lattice orientation and can be detected using diffraction-based techniques [START_REF] Leffers | The plastic regime, including anisotropy effects[END_REF]. A large amount of GND may accumulate in the material to form geometrically necessary dislocation boundaries.

Then SSD are stored between these geometrically necessary dislocation boundaries, • Increase of the surface roughness, • Grain refinement, • Formation of microcracks, microvoids, • Changes in the passive film properties (composition, structure, thickness).

These numerous changes can affect the electrochemical parameters in the plastic domain. In addition, synergistic effects between two or more of these parameters may occur and some parameters may have antagonistic effects. Therefore, the study of the influence of plastic deformation on the electrochemical response of metallic alloys is a difficult task. It is hard to propose quantitative relationships between plastic deformation and electrochemical parameters. The reason is that nonlinear evolutions are often found. In general plastic, deformation has a deleterious influence on the electrochemical processes and the corrosion resistance of metallic alloys [50][51][52][53][54][55]. The evolution of the amount of metastable pits (Fig. 2.7A) and electrical charge (Fig. 2.7B) vs. cold rolling reduction is shown in Fig. 2.7 [55]. In both cases, nonlinear relationships were found. It is worth mentioning that different laws were obtained for the two parameters. The amount of metastable pits increases with increasing cold rolling reduction up to 20% and then decreases. By contrast, the electrical charge increases continuously with the cold rolling reduction.

The effect of plastic deformation on the corrosion processes in aqueous media can be linked to geometrical effects, crevice effects, dislocations effects, and modifications of the passive film [55].

Geometrical effects due to the presence of slip bands

Numerous alloys have a crystallographic orientation-dependent corrosion behavior [56]. In this case, local techniques in physics and electrochemistry are powerful tools to investigate corrosion mechanisms. For example, Electron backscatter diffraction (EBSD) analyses can be coupled to local electrochemical measurements using microcapillary-based techniques. These techniques allow the selection and interrogation of single sites and are therefore becoming increasingly popular to investigate the electrochemical behavior of metallic grains/phases and nonmetallic heterogeneities in alloys. This methodology was applied to pure aluminum [57] to determine the corro Stress/strain effects on electrochemical activity (001) grains. In this case, a large passive range is observed and no pitting potential can be defined. The same behavior was obtained on (101) grains.
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By contrast, pitting corrosion occurs on grains oriented along (001), (101), and (111) planes after plastic deformation of 5.5% (Fig. 2.8B showing polarisation curves in different (001) grains). This behavior was also observed on grains possessing a very low density of dislocations. It was proposed that pits initiate at steps generated by the emergence of slip bands at a material surface. Indeed, these steps are oriented along (111) planes (cubic system). This orientation exhibits the lowest corrosion resistance after polishing. Pitting potentials measured after deformation on Stress/strain effects on electrochemical activity 101) grains are located within the same potential range as those measured on (111) oriented grains after polishing, confirming the previous assumption.
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Crevice effect due to the presence of cracks

Microcracks and microvoids can be generated at material surfaces during plastic deformation. Depending on the geometry of these defects, a crevice effect may occur in aggressive environments. The presence of deep and narrow microcracks in Al-Cu4Mg1 alloy after plastic deformation induces a drop of the pitting potential in NaCl media [58]. The physical-chemical conditions in the microcracks promote the initiation and propagation of stable pits. A similar effect was observed in metallic alloys containing MnS-inclusions after plastic deformation [59][60][61][START_REF]Szklarska-smialowska[END_REF]. The transition from metastable to stable pitting depends on the location of microcracks [61]. Stable pits are systematically observed in presence of microcracks located in the matrix (see a blue curve in Fig. 2.9). By contrast, only metastable pits were found when microcracks propagated along with the interface between matrix and inclusions (see a red curve in Fig. 2.9). The finite element method can be used to predict the location where microcracks initiate. The initiation depends on the mechanical properties of both the matrix and the inclusions, and the morphology of inclusions.

Modifications of the passive film

Changes in the electrochemical behavior of Ti6Al4V in the Ringer's solution at 37°C were associated with modifications of the chemical composition of the passive film Fig. 2.9 Influence of the morphology of microcracks generated during plastic deformation (6%) on the local polarisation curves of 316L stainless steel containing MnS inclusions in 1M NaCl [61]. [63]. Auger measurements revealed that the beneficial influence of the presence of a mixed passive film composed of aluminum and titanium compounds is lowered after straining in the plastic domain (5%). The decrease of the quantity of aluminum in the passive film is associated with an increase of the current density in the passive range.
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Changes in the structure of the passive film formed on pure iron [64], Ti6Al4Valloy [65], and 304 stainless steel [START_REF] Souier | Effect of surface conditions and strain hardening on the passivity breakdown of 304 stainless steel[END_REF] were also considered to explain the influence of plastic deformation in the increase of corrosion susceptibility. The adsorption energy of oxygen on a Cu (100) surface affects the build-up of Cu 2 O oxide films dependent on the stress applied to the substrate [67].

Presence of dislocations

During plastic deformation, GND and SSD are generated and dislocation structures are formed. The characteristics of dislocation structures depend on the deformation process and materials [68]. The density of dislocations can be calculated and the dislocations structures identified using transmission electron microscopy (TEM), for example. EBSD can also be used to locate regions with a density of GND. The presence of dislocation decreases the EWF value and therefore increases the corrosion susceptibility of metallic alloys [25].

Coupling local electrochemical measurements and the microstrain gauge technique, it was shown [69] that GND generated at some grain boundaries to accommodate incompatibilities play an important role in the kinetics of cathodic reduction reactions occurring on as-cast AlMg2 alloy after plastic deformation.

The kinetics of the hydrogen reduction reaction but also the recombination reactions can affect when the substrate is subjected to plastic deformation [70]. Such significant effects have been reported on single crystals and polycrystals of nickel in an H 2 SO 4 environment. That clearly shows the competing effects associated with the expression of the deformation like dislocation density, stress, and the emergence of deformation bands.

Dislocations play also a crucial role in the initiation of stable pits in various metallic alloys immersed in NaCl-based media like, e.g., pearlitic alloys [71], duplex stainless steels [START_REF] Vignal | 22 Mechanical and Electro-chemical Interactions under Tribocorrosion[END_REF]. In the case of pearlitic alloys in 0.05M NaCl (Fig. 2.10), a critical value of the grain orientation spread can be defined, leading to a drop of the pitting potential. Regarding Ta-4%W alloy after plastic deformation, pitting corrosion occurs at regions of original grain boundaries and dislocation boundaries (GNB) [73].

The influence of dislocations on the dissolution of polycrystalline nickel was studied in acidic environment [74,[START_REF] Sahal | Dislocations effect on kinetic of passivation of polycrystalline nickel in H2SO4 medium[END_REF]. The thermodynamic approach showed that they could be the reason for the increase of the dissolution rate of the metal by modifying the adsorption sites for hydroxide species.

Influence of grain refinement generated by severe plastic deformation

Interested readers are referred to several review papers [START_REF] Ralston | [END_REF][77][78] describing the influence of grain refinement by severe plastic deformation (SPD) on corrosion. It is im portant to keep in mind that changes observed in the corrosion behavior of alloys with fine/ultrafine grains are imparted by not only grain refinement but also other microstructural changes (absence of porosity, residual stresses, crystallographic orientation, and dislocation density).

A review of the literature [78] indicates that it seems likely that grain refinement (with other microstructural changes induced during refinement) does not compromise the overall corrosion resistance, and in many cases, improve it in comparison with coarse-grained alloys.

The impact of the presence of fine/ultrafine grains on the corrosion behavior of the main families of alloys can be classified as follows (in descending order of impact): stainless steels, followed by aluminum and magnesium alloys [78]. reports some examples of corrosion tendency observed in some iron and aluminum alloys after grain refinement. In this Table, the corrosion behavior of the alloy with fine/ultrafine structure is compared to that of the same alloy with coarse structure: The sign "+" means better corrosion resistance of the fine structure whereas the sign "-" means worst corrosion resistance. The sign "=" is used when no significant changes are observed between the two structures. The impact is relatively marginal in pure copper and titanium alloys.

Processing involved in grain refinement can alter the bulk (including the surface) or only the surface of the alloy [78]. Grain refinement can be obtained throughout the volume of the alloy using different techniques, namely equal channel angular pressing (ECAP), high-pressure torsion (HPT), and accumulative roll bonding (ARB), for example. Grain refinement can also be obtained within a sublayer near the surface using various techniques like high power shot blast, ultrasonic peening, surface mechanical attrition treatment (SMAT), burnishing/brushing (under certain conditions), and friction stir processing. In this case, the volume properties are not altered by processing.

Depending on the alloy and experimental conditions used to refine the structure (type of technique and experimental conditions), the grain size ranges from the microscale (fine structures) down to the nanoscale (ultrafine structures). Table 2. 4 gives some examples of grain size values.

Regarding tribocorrosion, grain refinement could enhance the wear resistance of materials by increasing the hardness [START_REF] Ralston | [END_REF]86]. It could also enhance the tribocorrosion resistance of alloys mainly by increasing surface hardness and forming protective and lubricating surface layers [86]. Interested readers are referred to a review paper [86] describing the tribocorrosion behavior of nanocrystalline metals. In this paper, nanocrystalline metals are elaborated by means of surface deposition techniques. However, obtained results can be very useful to interpret the corrosion behavior of alloys after grain refinement by severe plastic deformation, as both materials (elaborated by surface deposition techniques and by severe plastic deformation) have comparable grain size. For example, it was noticed on nanocrystalline metals that under tribocorrosion conditions, the presence of a nanostructure could decrease or increase the corrosive rates (depending on the property of the passive and the nature of corrosion products). Only a few papers investigate the influence of grain refinement (induced by severe plastic deformation) on the tribocorrosion of metals and alloys. This is the case of 304L stainless steel [87] and titanium [88]. In the latter case [87], a nanocrystallized surface layer of around 150-μm thickness was created by surface peening. Electron back-scattered diffraction (EBSD) has put in evidence an interesting point: the nanocrystalline surface layer was heterogeneous and composed of two sublayers. The upper layer consists of nanosized ferrite grains whereas the bottom layer was composed of martensite and deformed austenite. Fig. 2.10 compares the corrosion and mechanical contributions of the total wear loss for the untreated and treated samples (304L stainless steel) [87]. Experiments were performed under continuous (Fig. 2.11A) and intermittent (Fig. 2.11B) sliding. For both sliding conditions and both samples, the mechanical wear contribution was predominant in the total wear loss. Tribocorrosion mechanism was dominated by abrasion mechanical removal of the uncovered surface.

In addition, the total wear loss measured on the treated sample is significantly lower than that of the untreated sample under intermittent sliding (Fig. 2 

.10B). Un
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19 der continuous sliding, the difference is very large. This shows that that the treated 304L was more sensitive to tribocorrosion under intermittent sliding than continuous one due to depassivation/repassivation phenomena. This also shows that the difference observed between both samples depends on sliding conditions.

Conclusions

There is an abundant bibliography on the interactions between mechanical stress/ strain and the reactivity of metal alloys. The following conclusions can be drawn:

(1) Regarding the influence of compressive stresses, almost all publications show a positive impact on the electrochemical response and corrosion resistance of alloys. Some elements of response were provided for stainless steels considering the properties of passive films, namely changes in chemical composition. (2) All publications show that tensile stresses in the elastic domain of stress-strain curves have a deleterious influence on the corrosion resistance of alloys. This is attributed to an increase in the conductivity of passive films.Several explanations were proposed to explain the influence of compressive and tensile stresses on the electrochemical response of metallic alloys, mainly changes in the electron work function and changes in the properties (composition and structure) of passive films. (3) Effects obtained in the plastic domain of the stress-strain curves are very difficult to analyze. They depend on many parameters like the activation of several types of dislocations, the nature of the structure of dislocations, the emergence of slip bands, the surface roughness, and the presence of cracks. Nonlinear relationships between plastic deformation and electrochemical parameters are generally found. 

Notations

Fig. 2 . 1

 21 Fig. 2.1 Comparison of the polarisation curves recorded on unpeened (black curve) and laser shock peened (red curve) 316L stainless steel in Hank's solution. According to R.K. Gupta, N. Prasad, A.K. Rai, R. Biswal, R. Sundar, A. Bose, P. Ganesh, K. Ranganathan, K.S. Bindra, R. Kaul, Corrosion study on laser shock peened 316L stainless steel in simulated body fluid and chloride medium, Lasers Manuf. Mater. Process. 5 (2018) 270-282.

Fig. 2 . 2

 22 Fig. 2.2 Auger profiles of oxygen, chromium, and iron (ion milling rate of 0.48 nm/min equiv. Si) on: (A) polished sample (no stress, two experiments performed) and (B) sample under compression. According to F. Navai, J. Mater. Sci. 30 (1995) 1166-1172.

Fig. 2 .

 2 Fig. 2.3 (A) Polarisation curves of AA2050-T8 in 0.1M NaCl at 25°C after either mechanical polishing or LSP. AFM images after corrosion tests (in tapping mode) on (B) LSP treated and (C) mechanical polished aluminium. According to H. Amar, V. Vignal, H. Krawiec, C. Josse, P. Peyre, S.N. da Silva, L.F. Dick, Corros. Sci. 53 (2011) 3215-3221.

Fig. 2 . 4

 24 Fig. 2.4 Evolution of the time to pit vs applied stress for UNS S31803 duplex stainless steel in 0.5M NaCl at 50°C, under potentiostatic conditions. According to V. Vignal, N. Mary, C. Valot, R. Oltra, L. Coudreuse, Electrochem. Solid-State Lett. 7 (2004) C39-C42.

Fig. 2 . 5

 25 Fig. 2.5 Cyclic voltammograms recorded on C-ring electrodes (made of carbon steel) in (A) a NaCl-free solution, and (B) a solution containing 0.85M NaCl.According to Y. Zhang, A. Poursaee, J. Mater. Civil Eng. 17 (8) (2015).
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 26 Fig. 2.6 Influence of tensile stress in the elastic domain on the Mott-Schottky plots of 316L stainless steel in 0.05M H 3 BO 3 + 0.075M Na 2 B 4 O 7 •10H 2 O (buffered solution, pH 9.2). N a is the density of acceptors and N d is the density of donors. According to L. Jinlong, L. Tongxiang, W. Chen, G. Ting, Mater. Sci. Eng. C 61 (2016) 32-36.
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 271328 Fig. 2.7 Evolution of (A) the number of metastable pits and (B) electrical charge vs cold rolling reduction measured on 304 immersed at open circuit potential in a solution containing 0.1M NaCl + 2 × 10 -4 M FeCl 3 . According to L. Peguet, B. Malki, B. Baroux, Corros. Sci. 49 (2007) 1933-1948.
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  Fig. 2.10 (A) Local polarisation curves of pearlitic steel in 0.05M NaCl in sites with different GOS values. (B and C) Sites where electrochemical analysis were performed [71].
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 2 Fig. 2.11 Contribution of wears obtained on nanopeened AISI 304L under (A) continuous and (B) intermittent sliding against alumina pin (5 N, 0.0628 m/s) in filtrate olive pit/tap water. According to F. Ben Saada, Z. Antar, K. Elleuch, P. Ponthiaux, N. Gey, Wear 394-395 (2018) 71-79.
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Table 2 . 1

 21 Examples of residual compressive stresses induced in metallic alloys using different techniques.

. 2 Table 2 . 2

 222 Examples of residual tensile stresses induced in alloys using different techniques.

	Metals and alloys	Residual stress value	Techniques	References
		(MPa)		
	High-strength structural	+ 190	Tempering at 100°C (30 min)	[41]
	steel			
	5A12 aluminum alloy	[+ 50; + 110]	Nd: YAG laser cleaning	[42]
			(50-110 W)	
	High strength alloy steel	[+ 600; + 800]	Machining	[43]
	40Cr	+ 70	Ultrahigh speed grinding	[44]
	Austenitic stainless steel	+ 19	Electropolishing	[3]
	316L			
		+ 315	Angle grinder	
	X65 steel (weld zone)	+ 160	Welding	[45]
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 2424 Examples of corrosion behavior of alloys with fine/ultra-fine structure.

	Alloys	Grain size Corrosion tendency	Techniques	References
	Al 7150	120 nm	=	High pressure torsion	[79]
	Al 2024	200 nm	+	Equal channel angular pressing	[80]
	AZ91D	[1; 2] μm	-	Equal channel angular pressing	[81]
	AZ31B	523 nm	+	Ultrasonic peening	[82]
	AISI316	20-70 nm	-	Hydraulic extrusion	[83]
	Fe-20%Cr	200 nm	+	Equal channel angular pressing	[84]
	AISI321	15 nm	=	Ultrasonic peening	[85]