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FINAL GOALS Design of remote control and handling of the target assembly:



Definition of the technical concept for the control and handling system. Identification of radiation-durable mechanical and electronic components. Mechanical design of the plug for the target system.



SPES concept for target handling (LNL)



extension to EURISOL



Data base of radiation-durable components Preliminary design of handling area Calculation of materials activation 2
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SPES project (LNL FACILITY)



SPES RNB FACILITY PLANNED AREA 3
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THE SPES PROJECT SPES project will be a Mid-term ISOL n-rich Facility based on a 40 MeV Proton Driver and on the Multi-Slice Direct UCx Target Graphyte Container Tube 7 UCx discs



3 Dump discs Graphyte Entrance window



Proton Beam E= 40 MeV, I= 0.2 mA



SPES facility at LNL (1013 fiss/s 1012 n/s/cm2)
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SPES facility – neutron spectra 200 µA – 40 MeV protons



SPES facility – material activation and cooling times 4
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TARGET MOVING The proposed SPES target moving system foresees an horizontal solution (similar to ISOLDE solution)



1) The target is drawn by a robot



2) The robot takes the target to the hot cell zone ISOLDE Target Exchange Robot



3) In the hot cell zone the target is disassembled and reassembled by suitable manipulators
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THE MATERIALS TWO TYPOLOGIES OF MATERIALS CAN BE INDIVIDUATED 1) MATERIALS EXPOSED TO: a) NEUTRAL AND CHARGED (I.E. BEAM PROTONS) PARTICLES FLUXES b) HIGH TEMPERATURE CYCLES AND INDUCED HIGH THERMAL STRESSES (TARGET MATERIALS) 2) MATERIALS EXPOSED TO – RAYS (ROBOT AND HOT CELL MANIPULATORS MATERIALS)



Vacuum sealing (flanges) Connectors (electrical, cooling, gas) Cutting and welding tools Water couplings Lifting Vacuum clamps vacuum bellows retraction.. 6
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THE STUDY OF MATERIALS THE STUDY OF THE EVOLUTION OF MATERIALS PROPERTIES (MECHANICAL, ELECTRICAL) IN / AFTER OPERATION CONDITIONS REPRESENTS A PRIMARY TOPIC IN THE DEVELOPMENT OF THE HANDLING SYSTEM OF THE TARGET



1) IN-DEPTH BIBLIOGRAPHIC RESEARCH



2) CONTACTS AND COLLABORATIONS WITH RESEARCH INSTITUTES QUALIFIED IN MATERIALS, MECHANICAL AND NUCLEAR FIELDS



3) PREPARATION OF FACILITIES (THROUGH AN IN-HOME AND A NETWORK OF FACILITIES) ABLE TO STUDY THE PROPERTIES OF MATERIAL (MECHANICAL AND ELECTRICAL) (FOR AD HOC CASES AND CASES NOT FINDED IN LITERATURE)
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COLLABORATIONS COLLABORATIONS WITH NATIONAL AND INTERNATIONAL INSTITUTES QUALIFIED IN MATERIAL AND NUCLEAR MATERIAL SCIENCE AND MECHANICAL ENGINEERING HAVE ESTABLISHED 1) LNL MATERIALS LABORATORY (LEGNARO) 2) DEPARTMENT OF MECHANICAL ENGINEERING OF PADUA 3) DEPARTMENT OF NUCLEAR CHEMISTRY OF PADUA 4) DEPARTMENT OF MATERIALS ENGINEERING OF TRENTO 5) DEPARTMENT OF NUCLEAR ENGINEERING OF MILAN 6) INSTITUTE OF TRANSURANIUM ELEMENTS OF KARLSRUHE (ITU) VERY IMPORTANT FOR HIGHLY ACTIVATED MATERIALS CHARACTERIZATIONS 8
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FACILITIES LABORATORIES FOR THE PROPERTIES CHARACTERIZATIONS OF THE MATERIALS IN / AFTER OPERATING CONDITIONS THROUGH: 1) EXPOSURES OF THE MATERIALS TO WELL KNOWN AND WELL CONTROLLED CONDITIONS: a) HIGH THERMAL CYCLES b) MECHANICAL STRESSES c) RADIOACTIVE ENVIROMENT (IN PLANNING AT LNL) 2) CHARACTERIZATION EX-SITU OF THE PROPERTIES OF THE MATERIALS: a) COMPOSITIONAL ANALYSES; b) STRUCTURAL ANALYSES; c) MECHANICAL ANALYSES; d) ELECTRICAL ANALYSES. 9
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GLOVE CHAMBERS



The Glove chambers are necessary for the manipulaiton and the preparation of low activated materials.



Highly activated materials can not be manipulated in this kind of glove chambers (ITU collaboration)



Glow chambers at Department of nuclear Chemistry of Padua
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THE FURNACES THE FURNACES ALLOW TO EXPOSE THE MATERIALS TO CONTROLLED THERMAL CYCLES



Lindberg furnace at LNL Material Laboratory Astro furnace at D.I.M.T.I. TMAX = 1700°C



TMAX = 2500°C



VACUUM (10-4 Pa)



VACUUM (10-1 Pa)



CONTROLLED ATMOSPHERE: N2, Ar, He..



CONTROLLED ATMOSPHERE: N2, Ar, He.. 11
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MTS-810 INSTRUMENT MTS-810 instrument at Department of Material Engineering of Trento (D.I.M.T.I.)



MTS-810 instrument permits the evaluation of mechanical properties (Young module E, Poisson module , Critical Stress



crit)



as function of temperature in range



(20 – 1600 °C) 12
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SCANNING ELECTRON MICROSCOPE (SEM)



Liquid nitrogen container



ELECTRON GUN and SEM DETECTOR



EDAX DETECTOR



MORPHOLOGICAL ANALYSIS



CONTROLLER



SEM microscope at LNL material laboratory



COMPOSITIONAL ANALYSIS
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X-RAY DIFFRACTION ANALYSIS (XRD) X-RAY SOURCE



SAMPLE CHAMBER



X-RAY DETECTOR



XRD patterns: an example



GONIOMETER X – ray diffractometer at D.I.M.T.I.



XRD ANALYSIS GIVES VERY SIGNIFICATIVE INFORMATIONS ON: 1) THE NATURE OF THE CRYSTALLINE SUBSTANCES (POSSIBLE CHANGES OF THE NATURE AND THE ORDER OF CRYSTALLINE SUBSTANCES INDUCED BY PARTICLE FLUXES, THERMAL TREATMENTS AND MECHANICAL STRESSES)



2) THE DIMENSION OF CRYSTALLINE GRAINS



(AVERAGE DIMENSION AND DISTRIBUTION) (POSSIBLE EVOLUTION OF THE CRYSTALLINE SIZES INDUCED BY THERMAL TREATMENTS 14 AND MECHANICAL STRESSES)
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ELECTRICAL CHARACTERIZATION ELECTRICAL SYSTEM THIS HOME-MADE SYSTEM ALLOWS TO ANALYZE THE CONDUCTIVITY (THE RESISTIVITY) OF THE MATERIALS IN SEVERAL CONDITIONS:



T = 20°C – 600°C PIN



VACUUM, AIR, CONTROLLED ATMOSPHERE (N2, Ar, He ..)



HEATER/COOLING SYSTEM



Electrical characterization system at LNL Material Laboratory 15
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SUMMARY THE GOALS OF TASK 7 ARE:



Data base of radiation-durable components Preliminary design of handling area Calculation of materials activation



DURING THE FIRST PERIOD OF THE PROJECT IT IS PROPOSED:



1) TO START FROM THE REMOTE HANDLING OF SPES CASE IN A WAY EXTENDABLE TO EURISOL 2) TO START THE WORK WITH AN IN DEPTH STUDY OF MATERIALS THROUGH:



a) IN-DEPTH BIBLIOGRAPHIC RESEARCH b) CONTACTS AND COLLABORATIONS WITH QUALIFIED RESEARCH INSITUTES c) PREPARATION OF FACILITIES FOR THE CHARACTERIZATION OF MATERIALS
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