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Development of laser-induced wet treatment and application to modification of metal surfaces

Thesis Summary

The parts used in industrial production have become smaller and more complex, and the surface
modification of local areas is required to produce technical advantages. In this study, laser-induced
wet treatment for selectively modifying local areas has been proposed. A laser-induced wet
treatment system was constructed, and then applied to modify stainless steel and pure titanium.
In this system, the specimens were soaked in an aqueous solution and irradiated by a laser. The
purpose of this study was to generate treated layers that included the elements of the aqueous
solution on the specimens, thereby achieving new function.

Chapter 1 summarizes background information and the results of previous studies.

Chapter 2 describes the laser-induced wet treatment system constructed for this study. Austenite
stainless steel was soaked in an aluminum nitrate solution and subsequently irradiated with a
laser. The results indicated that a high-hardness treated layer composed of Fe2tAloOs was
generated.

Chapter 3 shows the investigation into the effects of laser irradiation on the characteristics of
the treated layer. Additionally, the temperature distribution during laser irradiation was assessed
using a numerical simulation. The specimen fusion necessary for generating the treated layer was
investigated. In addition, friction tests were conducted and the wear resistance of the treated
surfaces was estimated.

Chapter 4 discusses about the investigation into the effects of the substances in the aqueous
solution on the characteristics of the treated layer. The results indicated that a thicker treated
layer was generated when an aluminum nitrite solution was used.

In chapter 5, it was investigated that the biocompatibility improvements observed as a result of
the generation of treated layers (including calcium) on the pure titanium specimens. As a result,
treated layers including calcium and oxygen were generated on the laser-irradiated specimens in
calcium nitrite solution. The apatite-forming ability of the treated surface was confirmed in
bioactivity tests performed in a simulated body fluid.

Chapter 6 proposed a mist supply system for laser-induced wet treatment applied to large
structures or structures with complex shapes. It was observed that a surface treated with the mist

supply system had the same characteristics as one produced in the soaking system.

Chapter 7 summarizes the conclusions of this study.




