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1. Title: Alloy Oxidation 

2. Contact: Jeffrey Eastman, George Crabtree, MSD

3. ANL Divisions Involved: MSD, CNM, APS
4. Sponsor: DOE, BES
5. Outside Collaborations and Especially Interested Parties:  Lawrence Berkeley National Laboratory, Oak Ridge National Laboratory, Case-Western Reserve University, University of Pittsburgh, University of Illinois-Urbana Champaign, MPI Stuttgart (Germany).

6. Goal: The program focuses on the usage of in-situ x-ray scattering techniques to provide a mechanistic understanding of the atomic-level and mesoscopic processes associated with oxidation and reduction behavior at surfaces and interfaces. A major emphasis is placed on understanding the earliest stages of pure metal and metal-alloy oxidation, the initial steps of adsorption of oxygen on a clean surface and nucleation of oxide nano-islands, that set the stage for the ensuing formation of a continuous, macroscopically-thick oxide layer. The program focuses on the relationships between early-stage oxidation behavior and subsequent growth, strain development, and creep behavior of continuous, macroscopically-thick oxide layers, emphasizing the fundamental mechanisms of protective oxide formation. 
7. Costs:, $1.3M continuing operational funding

8. Status: 
· In-situ x-ray scattering studies at the APS are producing high-impact results related to alloy-oxide phase equilibria, compositional effects on oxide island coalescence, oxide strain development and deformation behavior, and the reactive-element effect.
· A search is in progress for a new staff member. This hire will strengthen our expertise and capabilities related to in-situ x-ray experiments.

9. Next Steps: The in-situ x-ray techniques and facilities developed in this program are applicable not only to studies of oxidation, but also are ideal for investigating a wide range of materials processing behavior in controlled gaseous environments. A near-term focus is to elucidate structure-property relationships during oxidation/reduction reactions over model heterogeneous catalysts. Oxidation of methanol/ethanol for energy conversion and oxidation of carbon monoxide for pollution remediation are examples of reactions of interest. 
10. Expectations: Development of world-class program with impact on US and world energy challenges.
11. Benefit Perspective: This program is an important component in MSD’s strategic thrust areas related to scattering science and in-situ experiments.

12. Risk Perspectives: 
a. Hardware: Moderate – Versatile experimental facilities for in-situ x-ray studies have recently been constructed and are fully functioning; additional facilities for complementary in-situ electron microscopy studies require additional development.
b. Funding: High –Additional resources must be found to maintain funding at a level proportional to optimal staffing. 
c. Scientific: Moderate – Worldwide interest in using in-situ x-ray techniques to investigate materials processing, including oxidation and catalysis, is growing rapidly, particularly in Europe. The program must therefore choose topics for study with extreme care to provide maximum impact.
13. Discussion: This program builds on Argonne’s unique capabilities in the U.S. by using high-energy x-rays available at the APS to probe the fundamental behavior of materials in high-temperature, non-vacuum environments.
