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Railroads in the United States spend approximately $2.6 billion a year on rail 
replacement and repairs, making rail the most valuable asset for the railroad industry in 
North America. In the last 50 years the railways and rail manufacturers have improved 
railroad components resulting in better performance. Modern metallurgies that require 
high contact mechanic resistant, namely rails and wheels, have achieved a successful 
increased in hardness from 248 Hardness Brinell (HB) to more than 400 HB.  This in turn 
increased their wear resistance resulting in an effective life extension.  Unfortunately, not 
as much progress has been made as far as rail’s fatigue performance (e.g. rolling contact 
fatigue (RCF)), and fracture toughness.  The results presented in this work were used to 
develop new state-of-the-art metallurgies for railroad applications for heavy haul 
applications.  In this presentation is covered newly developed technologies to improve 
fatigue life of welds such as laser cladding and vibration to eliminate porosity. 
 I also have a topic on sustainable environment that involves three main areas: i) 
bio-compostable polymer composites, ii) photo catalysis and iii) renewable energy.  The 
composites have demonstrated unprecedented elastic behavior and toughness, making 
them ideal for structural applications.  They are very resilient to mechanical damage. In 
the area of photo catalysis, I developed new methods to synthesize TiO2-MexOy (Me = 
metallic dopant) hybrids that are sunlight active (including the infrared: e.g. 1064 nm) 
with several orders of magnitude better activity than pure TiO2.  Here it is important to 
loudly say that those are not TiO2, but rather complex metallic compounds supported 
over TiO2.  In some cases, they are well defined stoichiometric tinanates.  I have long 
experience on perovskites characterization (mainly Raman and TEM) and their optical 
properties as well as their sensitivity or degradation.     


