Surface treatments of metal surfaces by new generation of high intensity laser sources
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Recent development in diode pumping solid-state lasers permitted achievement of new generation of high intensity lasers [1, 2]. Several laser systems with record parameters nowadays are operating in HiLASE center, located nearby Prague in Czech Republic. Besides development of lasers, the center is also focused on development of very demanding applications such as Laser Shock Peening (LSP) or efficient surface structuring of large objects.
The paper will firstly report on development of those two applications stations and related further laser development and optimization.  A novel unstable resonator configuration for highly efficient cryogenically cooled Yb:YAG Q-switched laser operating at Joul level [3] has been recently demonstrated as new, small-size and affordable laser source which will enable LSP application even on less expensive components.  As a demonstration fo LSP capabilities,   resistance of LSP treated samples to corrosion cavitation in the case of stainless steel 321 will be demonstrated. 
Surface structuring of large surfaces for self-cleaning, anti-finger print, bactericidal effects, oil repellent properties or aesthetic application has been recognized as one of the most ambitious application. Despite demonstrated results on many materials, the processing efficiency and cost are not acceptable for real industrial application. High intensity ultra-short laser, with energy in the range of several mJ, in combination with multi-beam processing approach (usage of specially designed Diffractive Optics Elements (DOE) or Direct Laser Interference Pattering (DLIP)) may offer solution. Usage of this approach on PERLA B laser system (1-2 ps, 10 mJ, 1 kHz and M2 < 1.2) will be also reported. Finally, the development of non-fluorinated super or ultrahydrophobic aerospace aluminium alloy (Al7075) surface by dual process of laser patterning by ps pulses and high pressure vacuum process will be presented as well [4].
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