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Intergranular oxide and chromium depleted area in literature

Steam generator tubes : Nickel Base Alloy

A 600-> Ni-15Cr-Fe 200 µm (a) Intergranular crack Temperature 285 -325 °C Pressure 155 bar Boren (H 3 BO 3 ) 10 -1200 ppm Lithium (LiOH) 0,7 -2,2 ppm H 2 25 -50 cm 3 .kg -1 (TPN) O 2 < 5 ppb pH 300°C  7 Primary water conditions CONTEXT Mechanisms of Stress Corrosion Cracking (SCC) [1] 6000 seconds Asymmetric and selective oxidation Crack tip : Cr-depleted area observed only in one grain along the grain boundary Chromium diffusion in Alloy 600 at low temperatures (around 350°C) : one of the key steps of the SCC mechanism [1]

Calculation of chromium depletion time in Alloy 600

These results are not sufficient to explain the chromium depleted area observed in literature (20 nm in 6000 seconds). 𝜀 𝑝 = 20 % 30h, 487°C No significant effect of the pre-deformation on chromium diffusion. Pre-deformation can not explain the asymmetric oxidation and depletion along grain boundary. (1)

Aim : influence of pre-deformation on diffusion coefficient

Coupling of diffusion and deformation ?

( Creep test at 350°C for the same dislocations mobility as at 500°C !

The effect of dislocations mobility at 500°C 



  the grain boundary diffusion Dj [cm²/s] Arrhenius curve for grain boundary diffusion Dj [cm²/s] Data points for volume diffusion of Cr in Ni alloy Dv [cm²/s] Pure nickel -Single crystal -crystallographic orientation <101> 2. Chromium deposition  Sample polishing  Evaporating chromium under vacuum -> 20 nm thin layer (powder 52 Cr -99,6% purity) 3. Diffusion treatments in secondary vacuum 4. Measurement of diffusion coefficients By Secondary Ion Mass Spectrometry (SIMS) Measurement of the final crater depth by profilometry technique CAMECA -IMS 7F Detection limit : of ppb to ppm Lateral resolution : 0,5 µm Depth resolution : environ 1 nm Analysis conditions : Primary ions : O2+ Partial pressure O 2 : 2.10 -6 mbar Primary ions intensity : 50 nA Crater Size : 150 µm*150 µm Analysis area : Ø33µmFor which conditions is chromium diffusion enhanced ? interface 𝐶 𝑥, 𝑡 = 𝐶 𝑠 . erfc 𝑥 2 𝐷𝑡 Fick's solution equation Diffusion treatments D [cm²/s] 787°C, 5h (5±1).10 -14 500°C, 30h (7±2).10 -17 405°C, 1616h (3±2).10 -20 Results consistent with literature data. Volume diffusion is not sufficient to explain the asymmetric Cr depletion observed in literature (20 nm in 6000 sec). Effect of pre-deformation ? Aim : obtain volume diffusion coefficients at low temperatures coefficients of chromium in Ni-Cr Diffusion of Cr in nickel (without deformation) Estimate Dv to form Cr-depleted area of 20 nm in 6000 s Diffusion in pre-deformed material : diffusion treatments after tensile tests

  MPa, 29h Creep rate : 𝟓. 𝟏𝟎 -𝟕 𝒔 -𝟏 500°C, 75 MPa, 4h Creep rate : 𝟒. 𝟏𝟎 -𝟔 𝒔 -𝟏 Aim : the effect of dislocations mobility

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 Plasticity can accelerate the chromium diffusion at low temperatures.

Aim : the effect of dislocations mobility at 350°C

500°C, 60 MPa, 29h Creep rate : 𝟓. 𝟏𝟎 -𝟕 𝒔 -𝟏 2,8.10 -16

This phenomenon seems to depend on the creep rate.