Sustainable Surface Engineering of Stainless Steel: Antimicrobial and Antiviral Functionalization via Femtosecond Laser Processing and Magnetron Deposition of Cu and Ag
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Stainless steel (SS) is the most widely used material in healthcare and public infrastructure. Known cleaning methods via diverse chemicals could not be very effective and long lasting, thus leading to non continuous protection against diverse pathogens. This research is directed towards avoidance of SS surface contamination, and reducing microbial and viral transmission in high contact zones. A hybrid surface modification by employing femtosecond laser processing and magnetron sputtering, leading to formation of laser induced periodic surface structures (LIPSS) on SS surface followed by deposition of silver (Ag) and copper (Cu) thin films is presented in this study.
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Figure 1. Schematic cycle of functional SS surfaces creation via femtosecond laser processing and magnetron sputtering.
The tests performed with S. Aureus demonstrated that the created LIPSS surfaces posses impoved antimicrobial properties. By additionally applying Ag and Cu thin films, it is possible to enhance the antimicrobial and antiviral efficacy of the SS surface. Femtosecond laser modification creates nanometric LIPSS structures, thus improving the surface area, wettability, and adhesion properties for deposition of thin metallic Cu and Ag layers. The sustainability of the applied coatings, was checked by nano scratched test, which showed a good adhesion properties of Cu and Ag thin films. Viral inactivation was detected on LIPSS sputtered with Cu layer. The combination between surface morphology and addition of antimicrobial metal agents was examined via SEM, EDX, WCA, and XRD and biological tests were done according to ISO-standard antimicrobial assays and antiviral activity tests. This synergetic approach is promising towards creation of effective antimicrobial, antiviral materials surfaces that meet sustainability criteria and are suitable for application in high-risk environments.
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