CONTEXT

 SCC propagation tests [Guerre et al, 2011] | PAGE 2

• Uneven crack front with pockets of IG cracks : % of engagement of the crack front is below 100%. • Along susceptible grain boundaries, the crack growth rate can be very high (few mm/year).  SCC susceptibility.

INITIATION TEST : RESULTS

 No crack after 500 hr in hydrogenated steam at 400°C.  First cracks are observed after 1500 hr for the as-welded alloy and after 2500 hr for the heat-treated alloy (only one shallow crack).  Cracks are intergranular.  Cracks are observed inside and outside gold grids (used for DIC and strain field measurements) : the cracks are not induced by the grids.  Most of the cracks are perpendicular to the loading direction.
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Ɛ | PAGE 10
The number of cracks increases with time.

Alloy A (AW) is less susceptible than Alloy B (AW).

Alloy A (HT) is less susceptible than Alloy A (AW).  The stress is not systematically higher for cracked grain boundaries.

 The strain field (measured by DIC) should also be used as a boundary condition : both experimental crystallographic orientation and strain fields -> is the maximum normal stress a criteria to predict cracked GB ? Cracked GB Uncracked GB

  da/dt = 1.2 10 -10 m/s da/dt = 3,8 mm/year 8064 hours, 325°C, PWR Primary Water Air fatigue pre-crack SCC  SCC behavior of welds is strongly related to their microstructure.  Life time depends on the initiation time.

  and al., 15th Int. Conf. on Env. Deg. of Materials in Nuclear Power Systems-Water Reactors,

MICROSTRUCTURE

  the in-service stress relief treatment  Effect of the heat treatment on the precipitation: , E. Chaumun, J. Crépin, C. Duhamel, F. Gaslain, C. Guerre, I. de Curières, TEM investigation on the effect of chromium content and of stress relief treatment on precipitation in Alloy 82, Journal of Nuclear Materials, Volume 442, Issues 1-3, November 2013, Pages 262-269 Large grain size (mm) : macroscopic microstructure  Heterogeneous grain size  Nearly equiaxed shape (TL)  Cristallographic texture isn't the same for the two alloys and depends on the welding process.

INITIATION

  Alloy A : A82 19%Cr, GTAW, as-welded Alloy A : A82 19%Cr, GTAW, heat-treated Alloy B : A82 18%Cr, FCAW, as-welded No crack [Sennour2013] M. Sennour, E. Chaumun, J. Crépin, C. Duhamel, F. Gaslain, C. Guerre, I. de Curières, JNM, 2013 Cracks on random grain boundaries.  No preferred grain orientation next to cracked GB.  Most of the cracked GB are located in zones containing small grains (roots of the weld passes) : no segregation has been observed (SIMS, electron probe microanalyser).

  A82, 19%Cr GTAW, as-welded Alloy B: A82, 18%Cr FCAW, as-welded  Stress localisation close to the grain boundary in all cases (cracked and uncracked GB).



  Comparison between cracked and uncracked grain boundaries.

  

  

  

  

  

  

  

  

  

  

 No direct correlation between strain localization and crack initiation 1 .

 Finite element simulations have been carried out in order to determine normal stress fields along cracked and uncracked grain boundaries. The thermal treatment (similar to the in-service stress relief treatment) can decrease the susceptibility to SCC. In this study, it is probably due to the formation of intergranular chromium carbides.

Aswelded Alloy B is more susceptible to SCC than as-welded Alloy A : not the same chemical composition and not the same crystallographic texture (welding process is different). No IG chromium carbides for both alloys.

Correlations between microstructure / strain fields and SCC : Crystallographic orientations and strain localization are not sufficient parameters to predict susceptible grain boundaries.

Most of the cracks are located in zones with the smallest grains (roots of the weld passes) -> chemical analysis are in progress

Future FE simulations will take into account both the strain fields measured by digital image correlation and the crystallographic orientations : critical normal stress to discriminate between cracked and uncracked GB ?

Which one of those parameters will be at the first order of magnitude ?