Plastic deformations, obtained by cold-working during an elaboration step, or resulting from mechanical stresses in service, modify the microstructures of pure metals and metallic alloys by multiplying dislocations. These ones can modify the reactivity of surface with in addition a possible influence of the orientation of the external surface with respect to the direction of the uniaxial deformation. This can modify their electrochemical behaviour, for example in situation of corrosion as here in sulphuric acid, sometimes in the good way as observed for pure iron, or more frequently with detrimental effect as seen for pure nickel or pure copper.

The corrosion behaviour of not alloyed steels also depends on both the plastic strain amount and the orientation. This potentially leads to possible accelerated corrosion in some zones of a piece with varying sections along its axis and plastically deformed in traction. This may for example occur by galvanic coupling between a not plastically deformed zone (great sections leading to elastic deformation only) and more sollicited other zones (smaller sections really plastically deformed), as well as between differently oriented areas. The plastic deformation by compression can lead to an improvement of the resistance of iron against corrosion or the parallel orientation. Its polarization resistance Rp increases and its corrosion current Icorr decreases (as for stainless steel 304 in NaCl solution [1]) for the Fe"para" electrode. The order between not-deformed iron and deformed iron tends to be inversed if one considers the perpendicular orientation (Fe"perp").

These differences remain when the inhibitor allylthiourea is added to the solution.

The situation appears inversed in the case of nickel since the values of Rp and of Icorr tend to show a better behaviour in corrosion for the not deformed nickel than for the deformed nickel, as formerly reported in another study of polycrystalline Ni in a sulphuric solution [2]. About copper, which is the noblest metal of this study, it can be corroded essentially in presence of dissolved oxygen in such solution (higher potentials), and its corrosion in active state is logically greatly lower than for Ni and for Fe. The polarization resistance are the greatest and the corrosion currents the lowest. In its case too, the plastic deformation by compression induces a decrease in corrosion resistance.

Additional information is given in the present study since one also noted an effect of the orientation of the surface with regards to the deformation direction: faster corrosion for the perpendicular orientation than for the parallel one. Earlier works showed that such a dependence on the strained state was not so clear concerning non ferrous metallic alloys [7,8].

In the steels too, several differences of corrosion behaviour in the acid solution of the study were noted between the not deformed zone and the more or less deformed zones. The observations are quite clear (increase in corrosion rate when plastic deformation increases) and consistent with previous results concerning different types of steels [3][4][5][6]. 

1

  Faculty of Sciences and Technologies, 2 I.U.T. Nancy-Brabois, Department of Mechanical Engineering, 3 Institut Jean Lamour (UMR CNRS 7198), Department CP2S, team 206, University Henri Poincaré, B.P. 70239, 54506 Vandoeuvre-lès-Nancy, France patrice.berthod@ijl.nancy-universite.fr Changes of corrosion behaviour in a sulphuric acid solution for different metals and alloys after plastic deformation Changes of corrosion behaviour in a sulphuric acid solution for different metals and alloys after plastic deformation Sullivan De Sousa 1 , Jean-Pierre Philippe 2 , Patrice Berthod 3 Faculté des Sciences et Technologies Eurocorr 2011 -Stockholm (Sweden) -4-8 September 2011 J6When mechanical stresses are applied to metallic alloys these ones can be deformed elastically, and in some cases plastically, this depending on the level of the applied stresses. It is generally considered that an alloy becomes less corrosion-resistant when it is previously plastically deformed. Numerous works about the effects of a mechanical deformation on the corrosion behaviour of alloys were done since at least forty years, initially concerning cold-worked stainless steels tested in corrosion in sulphuric or chlorides-containing solutions. It appeared that the chemical composition and the fabrication conditions of the considered alloys are often too complex to deduce well established general rules in reality and several effects of the plastic deformation on the corrosion behaviour can be found, sometimes in opposite directions.The aim of this work is to study the influences of uniaxial plastic deformations on the corrosion behaviour (characterized according to the Stern-Geary and Tafel methods) in a simple acid solution (H 2 SO 4 2N), first for pure cast metals (Cu, Ni, Fe) deformed or not in compression, and second for two carbon steels, one ferritic and one ferrito-pearlitic, deformed or not in traction.surf ace perp end icular to the co mpression axis surf ace parallel to the comp ressio n axisCu Ni Fe Puresurf ace p arallel to the tract io n axis surf ace p erpendicular to the traction axis /cm²) Ecorr / HNE (mV) Ferritic steel -Ecorr and Icorr (Tafel)