Effects of high heat flux obtained by pulsed laser irradiation on PM 316L alloy
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316L alloy, known for its excellent mechanical properties up to 600 °C and massive application in various industries, is considered as one of the important candidates for fusion reactor construction materials, as well as matrix for other potential materials with this purpose. It belongs to the class of austenitic steels, which are only lately considered as a basis for the so-called oxide dispersion strengthened (ODS) steels, where ceramic nanoparticles ensure endurance of the material at temperatures over 700 °C, under high pressure and neutron irradiation. Austenitic ODS steels, including 316L-based, are still being developed and, although ferritic steels are studied as well, they are expected to perform better in regards to certain high temperature properties [1]. 316L steel can be synthesized through different routes – aside from conventional casting, it can be obtained from powders by novel method of selective laser method (SLM), as well as contemporary techniques of powder metallurgy (PM) used in this work. Samples were then subjected to laser irradiation in vacuum which, in one approximation, could simulate high heat fluxes present in the reactor. Since materials are also exposed to the effects of light species, preliminary results of conventionally obtained 316L irradiated by ultrashort laser pulses in He atmosphere are also given. Synthesis of 316L alloy comprised hot pressing of powders, using following process parameters: temperature 1150 °C, holding time 2 h, pressure 40 MPa, argon atmosphere. Density of the obtained samples, determined by Archimedes method, was about 90% of the theoretical value. Laser irradiation was done using picosecond Nd:YAG laser with energies up to 30 mJ at different number of delivered pulses (up to 500). XRD analysis has identified austenite as dominant phase with FCC crystal structure. Microstructural characterization was performed using SEM-EDS. Based on the obtained SEM images of the surface damages in vacuum, damage threshold for 500 pulses was estimated to be about ~0.9 J/cm2. 
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