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Abstract of Thesis

This dissertation introduced a novel approach for enhancing copper surfaces on different iron—based
materials using laser irradiation and super—spreading wetting properties of liquid copper. The study evaluated
the effectiveness of this method in enhancing different performance criteria such as corrosion resistance,
antimicrobial properties, and degradation rate.

Chapter 1 provided brief descriptions of the background, and also presented the objective of this research.

Chapter 2 presented a method for coating copper on carbon steel with a fine surface crevice structure using
laser irradiation and super—-spread wetting property of liquid copper. The study investigated several
characteristics of the coated surface, including its surface morphology, chemical composition, roughness,
wettability, ability to release copper ions, and antibacterial efficacy against Fscherichia coli (E. coli)
and Staphylococcus aureus (S. aureus). The coating exhibited good adhesion and a microstructure, with a
thickness of approximately 20-40 pm. The results demonstrated that both all and 48% copper coatings achieved
a 99.99% and about 98% reduction in both £ co/7 and S. aureus, respectively.

Chapter 3 aimed to improve the corrosion resistance of carbon steel coated with copper to expand the range
of applications for the newly developed coating method. The obtained coating had a metallic Cu composition
containing a minor fraction of Cus0, with a fine crevice structure on the surface and a dense inner layer with
0.1% porosity and a thickness of 337 = 10 um. The Cu coating exhibited excellent adhesion to the carbon
steel substrate and provided a barrier against galvanic corrosion for at least 336 h in an aqueous chloride
solution. Furthermore, the Cu coating exhibited antibacterial activity and inhibited biofilm formation of
E. coli and Staphylococcus epidermidis (S. epidermidis) by releasing bactericidal Cu ions.

Chapter 4 aimed to enhance the localized corrosion resistance and antibacterial properties of biomedical
stainless steel by fabricating Cu patterns on 316L stainless steel using the super—-spread wetting property
of liquid copper. The Cu patterns were able to dissolve preferentially from the substrate matrix, resulting
in the maintenance of the localized corrosion resistance of the substrate through the sacrificial anode effect
of the Cu patterns. Furthermore, the eluted Cu ions had an antibacterial effect against £ co/7 and S.
epidermidis, due to their ability to destroy the structure of the proteins and cell walls of bacteria.

Chapter 5 investigated biodegradable pure iron partially coated with copper using super-spread wetting
properties to increase degradation rate and antibacterial properties. The partial copper coating demonstrated
a 6.7-6.9 times higher corrosion rate than the original substrate due to selective elution of Fe ions through
galvanic corrosion. Cu exhibited a significant contact-killing effect, resulting in >4.0 log reduction of
E coliand S. epidermidis within 24 hours. The study concluded that partial copper coating using super—spread
wetting properties is an effective method to increase degradation and improve antibacterial properties for
iron.

Chapter 6 presented a summary of the dissertation.

The dissertation proposes a new approach to treat iron—based materials using super—spreading wetting
properties of liquid copper into fine surface crevice structure. This study highlights the potential of copper
coatings for various applications, such as preventing bacterial infections and controlling corrosion. The
findings suggest that liquid copper offers a promising avenue to create coatings with enhanced corrosion control
and antibacterial activity properties. However, further research is necessary to investigate the long—term
corrosion resistance, toxicity, and mechanical properties. This study opens up exciting avenues for future

research on sustainable coating solutions.
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