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The improvement of tribological performance of engineering components is becoming increasingly relevant in the quest for safer, environment-friendly, efficient systems for a number of applications including power generation plants, massive public transportation and military equipment, among others. Besides monitoring the operating conditions and performing timely maintenance tasks, the selection and, eventually, the design of the proper structure (from the mesoscale to the nanoscale) of the materials involved plays a crucial role in achieving optimal performance in terms of friction coefficients and wear rates. I will present three cases where specific microstructural features are responsible for improved tribological response of components. First, the contact between Ti6Al4V and UHMWPE for total hip replacements will be revisited by considering the use of deterministic patterns at the surface of the Ti6Al4V alloy, which were obtained by mask lithography based on the textural features of shed skin of a Python Regius snake. It will be shown that the friction coefficient of the texturized surfaces in pin-on-disc tests is consistently lower than that of conventionally produced surfaces, and that the anisotropy in the tribological response of the deterministic surfaces can be used to predict the friction behavior of the system. A second example will be related to rail steels, which are subjected to demanding conditions due to the high loads and low contact areas that lead to local stresses that easily exceed the yield strength of the material. It will be shown that when preventing the plastic deformation and cracking is unable, it is important to focus on how cracks form and how quickly they grow. In two different rail steels studied it was found that smaller interlaminar spacing of pearlite leads to a reduction in the fatigue crack growth rate for low K. When K increases and approaches to KIc begins to dominate the effect of prior austenite grain size, which is responsible for the fracture toughness. Finally, the microstructure of Pelton turbines for hydraulic power generation will be discussed in terms of its slurry and cavitation erosion resistances. It will be argued how the presence of type M23C6 and M7C3 carbides, retained δ-ferrite formed during welding repair operations and type I and type II austenite affect the wear behavior under different operation conditions. 

Alejandro Toro received his Ph.D. from the Department of Metallurgical and Materials Engineering at University of Sao Paulo, Brazil in 2001. Then, he worked at Lehigh University as a postdoctoral associate for one year. Initially, his research focused on High Nitrogen Steels (HNS) and their applications in off-shore oil extraction, but later he expanded his interests to other tribological problems found in the field including cavitation and slurry erosion, rolling contact fatigue, high-temperature erosion and thermal fatigue. He founded the Tribology and Surfaces Group of the National University of Colombia in Medellín in 2002 and since then he has advised 10 doctoral and 32 masters’ students. Alejandro has been visiting professor at Lehigh University, University of North Carolina at Charlotte and University of Sao Paulo, and has received a number of awards including recognition from the National University of Colombia for meritorious research in 2005, 2008, 2011 and 2015. He has published over 55 peer-reviewed journal papers and 80 conference papers as well as one book chapter, and has a patent for a system for in-situ heat treatment of hydraulic turbines. Alejandro’s current interests include the tribological characterization of materials for hot path gas turbine components, manufacturing of bio-inspired, deterministic surfaces for dry or inadequately lubricated sliding applications and improvement of resistance to rolling contact fatigue of wheels and rails in railway systems.
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