Parameters in the calculations :

• Cracked and uncracked GB are selected.

• GB are considered as cracked or uncracked depending on FIB characterizations (on each calculated grain).

• Displacement field.

• Crystallographic orientation.

• Angle q.

Results :

• The susceptibility depends on the location in the weld passes  the roots of the weld passes can contain more impurities (correlation with the weld process and with the chemical composition).

The susceptibility depends on the GB binding energy which depends on the GB chemistry, on the strain discrepancy [Wehbi2014], on the precipitation, … 



  , all DMW are stress-relieved • Alloy 82 is used for DMW and to repair A182 welds which are not stressout of 300 (cladding, a DMW in A182/A82) SCC cracks in Alloy 82 welds in J-Groove weld of Ringhals Steam Generator [Efsing2005]  Alloy 82 used in Dissimilar Metal Welds  Focus on the primary loop of Pressurized Water Reactor SG 1 SG 3 [Efsing2005] P. Efsing, B. Forssgren, R. Kilian "Root cause failure analysis of defected J-groove welds in steam generator drainage nozzles", Proceedings of 12 th International Conference on Environmental Degradation of Materials in Nuclear Power Systems -Water Reactors", TMS 2005. | PAGE 3 Chemical composition (wt %)  Welding Process  Multi-pass V-groove weld Materials : Alloy 82

  Alloy B/AW : A82 18%Cr, FCAW, as-welded Alloy A/AW : A82 19%Cr, GTAW, as-welded Alloy A/HT : A82 19%Cr, GTAW, heat-to weld" variability  beneficial effect of the heat treatment assumed to be due to the formation of intergranular chromium carbides [Sennour2013] but some scattering for the same weld + specimen size versus REV  a local approach can be used. different locations in weld passes (weld A):at the root of the weld pass (with small grains or large grains ) and in the middle of the pass impurities at the roots of the weld passes (small grains or large grains).



  welding process, the chemical composition or the thermal treatment  more impurities can be found in some places in the welds (roots of the welds passes for instance)  chromium carbides can precipitate in the grain boundaries modify the grain boundary cohesion energyWeld Aas-welded2 mmBut for the same chemistry and / or precipitation, not all the grain boundaries crack.What about the mechanical fields ? Strain is not a sufficient parameter to model the SCC initiation behavior[START_REF] Chaumun | SCC crack initiation in nickel based alloy welds in hydrogenated steam at 400[END_REF][START_REF] Deneuvillers -Chaumun | [END_REF] Stress close to the grain boundary (finite elements analysis) ?



  σ N gb = Maximum normal stress σ gb normalized by the average normal stress of all The average of the normalized maximum normal stress is higher for the cracked GB than for the uncracked ones. susceptible to SCC initiation in hydrogenated steam at 400°C. Its susceptibility depends on the welding process, chemical composition and thermal treatment  the heat treatment can induce intergranular chromium carbides formation that are beneficial. The formation of chromium carbides also depends on the chemical composition (available C and Cr).



  Not only one local parameter can explain the susceptibility of grain boundaries  BUT a coupling of parameters Tend to a initiation criterion = mechanical behavior (maximal normal stress and deformation discrepancy) + chemical parameter (intergranular oxide, grain boundary cohesion energy) Most of the cracks are located in small grain zones  Majority of small grains are located at the bottom of weld passes 1 mm  Distribution of chemical elements inside weld passes ?  SIMS analyses performed in the middle and bottom of weld passes Plus de précipitation d'impuretés dans le Moule A que dans les moules B et B'  Les moules B et B' : peu de différence entre pieds et milieux de passes Analyses chimiques intragranulaires par Microsonde de Castaing (cartographies 100 µm x 100 µm) Soutenance Elizabeth CHAUMUN -6 Avril 2016 Observation de plus de précipitation intragranulaire en pieds de passes  l'hypothèse d'une présence importante d'impuretés intergranulaires II) Corrélation sites d'amorçage de fissures / microstructure Hétérogénéité chimique au sein des passes des moules A/A' et B/B' Analyses par SIMS en augmentant le rapport signal/bruit (cas du soufre)  Joints de grains (MET) : Moule A Moule A' Pas de mise en évidence de ségrégation de soufre aux joints de grains par SIMS (dans nos conditions d'analyse) Mais plus de soufre en pieds de passe Soutenance Elizabeth CHAUMUN -6 Avril 2016 II) Corrélation sites d'amorçage de fissures / microstructure Analyses chimiques au niveau des joints de grains  Moule B précipitation intergranulaire plus dense que le Moule A  Moule A' : pas de formation de carbures de chrome après traitement thermique ≠ Moule B'