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RADIOLYSIS EFFECT ON OXIDE FILM OF 316L STAINLESS STEEL FORMED IN PWR PRIMARY WATER UNDER IRRADIATION

SEM micrographs of irradiated 316L stainless steel in the irradiated zone (zone1) at various magnifications Cavities with small crystals inside and some cracks

  of E cor under irradiation Reported for BWRs (low hydrogen) PWRs (high hydrogen): low potentials Slight increases under irradiation (proton & electron) in PWR conditions 1 D.D. Macdonald, in Nuclear Corrosion Science and Engineering, Woodhead Pub., 2012 2 A. Molander, in Nuclear Corrosion Science and Engineering, Woodhead Pub.Increase of E cor under irradiation calculated in confined zones, like gaps between the bolt-shank and the former for PWR internals Radiolysis simulation is based on hydrogen addition following the primary chemistry guidelines, radiolysis dissociation and recombination under the influence of hydrogen and acceleration of radiolysis by the presence of oxygen Higher potentials than expected are calculated due to water radiolysis in PWRs primary environments Renate Kilian and al., Results from systematic compilation of barrel bolt findings in S/KWU type PWRs in the context of computational analysis, Fontevraud 8, 15-18 September 2014 Radiation and stainless steel corrosion Influence of irradiation on the growth of stainless steel oxide layer at 300°C (& al., Eurocorr 2011 Dumerval & al., Corrosion Science, Growth at external interface + internal interface Slower diffusion in the irradiated sample Radiation and stainless steel corrosion Oxide layers (proton irradiation / PWR chemistry) -Increase of the density of the crystallites of the external layer -Slower diffusion of oxygen in the internal layer (O 18 experiments) & al., Oxidation of metal, 2013, 80, pp 623-633 a Non-irradiated sample / b Irradiated sample Radiation and electrochemical behavior Electrochemical behaviour (proton & electron irradiations) -Importance of radicals -Immediate oxidative response to electron and proton beams -Response (∆E) decreases when temperature and hydrogen increase of e-beam Energy 0.6 MeV at 316L/PWR water Penetration 500 µm Flux: varying or fixed Duration: hours -days Conditions of H+ beam Energy 6 MeV at 316L / PWR water Penetration 480µm Flux: varying or fixed; mostly 30 nA Duration: 20 -60 min With proton beam: defects in the material, oxide film and radiolysis With electron beam: mainly radiolysis Similar penetration thickness in water Platinum electrodes and hydrogen sensor far from the beam penetration OUTLINE Electrochemical behaviour under irradiation Results presented at the last workshop in Sapporo (Three zones on the irradiated sample Zone 1: irradiation & PWR water Zone 2: no irradiation & crevice PWR water Zone 3: no irradiation & no PWR water oxide film in PWRs Comparison  continuously e -irradiated 316L vs. unirradiated 316L Terachi T. et al. Microstructural characterisation of SCC crack tip and oxide film for UNSS 316 stainless steel in simulated PWR primary water at 320C.
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HTHP cell

Designed to record the potential of a 316L / PWR water interface under irradiation at high temperature (HT) and high pressure (HP) and to monitor the hydrogen concentration 

CORROSION UNDER IRRADIATION IN THE LITTERATURE

In PWR conditions under electron irradiation, on stainless steel:

 localised corrosion,  high metallic cation concentrations,  stagnant conditions Radiolysis calculations under PWR conditions at 300°C lead to 3 main oxidants O 2 , H 2 O 2 (in the order of 10 -6 ) and HO . aq (in the order of 10 -7 ) under our irradiation conditions.