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Fracture properties characterization of nuclear fuel using micro-cantilever bending

Notched micro-cantilever milled in irradiated nuclear fuel (UO 2 ) 16/10/2018 III. Results : Fracture properties of fresh and irradiated nuclear fuels UO 2 1. Fracture stress of nuclear fuels UO 2 2. Fracture toughness of nuclear
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  PCI (Pellet-Cladding Interaction) Optical micrograph of a sample section of UO 2 fuel and its cladding Irradiated in PWR + power ramp test Power ramps Optical micrograph of a UO 2 fuel in the pellet's periphery Irradiated in PWR + RIA test Accidental situations  RIA (Reactivity Insertion Accident)  LOCA (Loss Of Coolant Accident) Optical micrograph of a sample section of UO 2 fuel and its cladding Irradiated in PWR To avoid cracks (and porosities)  To measure "intrinsic" properties Vickers indentation on irradiated fuel • Handy solution • Studied and used before • Sometimes difficult to make a proper measurement Indentation Notched µ-cantilever for fracture toughness measurement (ZrO 2 ) • Closer to bending test • Preparation with FIB/SEM(Ga beam) Crystallographic characteristics close • Mechanical properties similar (at the macroscopic scale) R. Henry 1 , T. Blay 2 , T. Douillard 1 , I. Zacharie-Aubrun 2 , J-M Gatt 2 , C. Langlois 1 , S. Meille 1 : To be published. 1 Université de Lyon, INSA-Lyon, MATEIS CNRS UMR 5510, 69621 Villeurbanne, France 2 CEA, DEN, DEC, Cadarache, 13108 St Paul Lez Durance, France Similar fracture toughness K IC ≈ 1.5 MPa.m 0.5  Good agreement with literature (macroscopic tests on single crystals) Higher fracture stress σ c ≈2 GPa (against ≈200 MPa for macro)  Scale effect : less defects in a µ-sample Movies of in situ bending tests No plasticity : brittle behavior (elastic up to fracture) Fracture load • Dimensions of the beam and notch FEM analysis (Cast3m® (CEA, France)) Calculation outputs : • K IC (fracture toughness) or • σ c (fracture stress) Numerical parameter study : • Optimization of the test  Dimensions, positioning, influence of different parameters • Study of the effect of anisotropic elasticity Coherent with numerical simulations at atomistic scale (MD and DFT) Scale effect on fracture stress  ≈3 GPa (micro) against ≈ 150 MPa (macro) Y. Zhang et al., "Crack tip plasticity in single crystal UO 2 : atomistic simulations, Journal of Nuclear Materials, 2012.

  

  

  

  

  

  

RESULTS

Fracture toughness of nuclear fuels UO 2
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