Zr-O-Fe-Cr-Ni-Ag-Cd

Preparation

  functioning of a Pressurized Water Reactor may lead to a nuclear accident Severe accident (SA): the normal functioning of the nuclear reactor is not re-established Fusion of the core and internal Enhanced focusing effect due to high radiative fluxes  Failure of the reactor vessel Heavy metal layer below the oxidic pool Seiler et al., Nucl. Eng. Des. 2007 ρ metallic < ρ oxide ρ heavy metallic > ρ oxide Knowledge of the chemical composition of liquids T solidus and T liquidus are paramount for density calculations Max heat flux Decrease of the thickness of the upper metallic layer ρ =density Issue 1: In-vessel core Melt configuration (Miscibility gap in the in-vessel corium liquid) IWSSTP 11 | 23rd June, 2016 | PAGE 3 Ex-vessel Core Melt configuration Once the reactor vessel has failed… Last retention option: the Ex-vessel relocation of the molten core in a lateral core catcher The molten core (T≈2400°C) pours on the containment concrete The Molten Corium Concrete Interaction (MCCI) starts:  The components of the concrete (CaO, SiO 2 , Al 2 O 3 , MgO, H 2 O, CO 2 ) are added to the already complex in-vessel system (U-Zr-O-Fe)  As a first approximation the Fe-U-Zr-Al-Ca-Si-O system is representative of an ex-vessel corium Issue 2: Ex-vessel core melt configuration A better thermodynamic description of the ex-vessel corium sub-systems is needed to improve the thermal and thermo-hydraulics codes accuracy and Thermodynamics Investigation by a Laser Heating Approach ATTILHA: Development of a setup for high solid/liquid transitions Contactless  Aerodynamic levitation Containerless Acquisition of data on corium systems  Phase diagram data (liquidus, solidus)  Thermo-radiative properties (IR emissivity) 2 different ATTILHA configurations: All the instruments are synchronized Validation on transitions in oxide systems Al 2 HgCdTe IR detector (2 -22 µm, filtered by narrow band filters) Bichromatic pyrometer (0.8-1.05 µm) Image recording: High speed calibrated (300°C-1500°C) IR Camera (@ 3.99 µm) Aerodynamic levitation configuration in a convergent/divergent nozzle 2 mm Levitating liquid Al 2 O 3 droplet in the nozzle ATTILHA setup Containerless Heating device: CO 2 laser Temperature measurement: HgCdTe IR detector (2 -22 µm, filtered by narrow band filters) Bichromatic pyrometer (0.8-1.05 µm) Image recording: High speed calibrated (300°C-1500°C) IR Camera (@ 3.99 µm) IWSSTP 11 | 23rd June, 2016 | PAGE 8 Laser spot Development approach IWSSTP 11 | 23rd June, 2016  Optimisation of the instrumentation position on the optical table CO 2 laser -HgCdTe detector -Rapid infrared camera -Pyrometer  Calibration at 10 µm and 12.2 µm Christiansen point Al 2 O 3 : 10 µm; ZrO 2 : 12.7 µm  Error analysis (collaboration with Institut de Mathématiques de Toulouse) Optimisation of the instrumentation position on the optical table CO 2 laser -HgCdTe detector -Rapid infrared camera -Pyrometer  Verification of the manufacturer calibration against a qualified black-body  Python image processing routine for emissivity estimation (IMT-Toulouse) from sintered pellets of raw oxide powders: Al 2 O 3 /CaO/ZrO 2 (52-41-07 in mol %) + ≈ 1% mass. Of Zinc Stearate No mass loss during sintering for Al 2 O 3 -CaO-ZrO 2 code for image processing and emissivity estimation COMMENTS High temperature (1500°C-2500°C) calibration of the camera will be performed soon  FLIR ® HgCdTe detector  cooling system KO of the setup  investigation of Uranium containing samples Ultra rapid camera (5 kHz)  viscosity and density measurement Validation on oxide systems Al 2 O 3 & Al 2 O 3 -ZrO 2 Preliminary results on the corium sub-systems Fe-Zr-O Al 2 O 3 -CaO-ZrO 2 Al 2 O 3 -SiO 2 -ZrO 2 ATTILHA a laser heating setup at CEA Saclay • Aerodynamic levitation / containerless  Rapid measurements: Fast heating/quenching  High temperature  Levitation gas  Reducing or oxidizing conditions  Gas flow in the experimental vessel  Red/Ox High temperature dynamic phenomena -Solid/liquid transitions in Ex-vessel coria -Miscibility gap in Fe-Zrof 90.25 %

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Error analysis

Error analysis (collaboration with Institut de Mathématiques de Toulouse)

For example, the true temperature of a sample with an estimated emissivity 0.9±0.045 and an estimated radiance temperature of 2000 K is 2158±98 K with a probability of 0.9025. It must be pointed out that 86 % of the reported error bar is due to the estimated emissivity.