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ABSTRACT

The presentation will look back over more than 20 years of investigations carried out using synchrotron beamlines on metallic cultural heritage materials. Advances in XANES and EXAFS techniques have made possible to address various and crucial scientific questions: assessing the extent of deterioration and the processes of metal corrosion both over the very long term and in a variety of environments. These techniques supported the set-up of reliable diagnostic methods while developing and improving conservation strategies.
The analyses were based on the need to distinguish and locate the constitutive phases of the corrosion layers because of their different reactivity. In that way, metallic samples from different objects and archaeological and historical sites have been thoroughly studied, including wrought-iron bars from Gallo-Roman shipwrecks [1], tie rods from Amiens Cathedral [2], elements of architectural heritage, as well as medieval and ancient objects [3] or even aluminium airplanes [4]. The combination of micro-XRF and macro/micro XANES and EXAFS measurements at the Fe K-edge and Al K-edge made it possible to identify alteration products and to map the oxidation states according to the exposure environment (atmosphere, soil, or marine environment). The role of specific elements, especially S, P and Cl, on phase’s stability and the chemical form and distribution of these elements in the alteration layers, was also investigated at S, P [5] and Cl K-edges [6,7]. 
Advances in 2D/3D imaging methods marked the transition from point-by-point spectral measurements to a comprehensive visualization of the distribution of chemical states throughout the entire object. This approach offered a twofold opportunity: on the one hand, it deepened our understanding of long-term alteration processes under buried or submerged conditions; on the other hand, it enabled the practical optimization of the conservation of ancient metals through a fine understanding of their behavior at a micrometric scale, thereby guiding the development and evaluation of more effective stabilization and protection processes. 
In addition, the development of specific samples environments played a key role in such studies. Thanks to the design of dedicated (electro)chemical cells, in situ analyses were conducted to study in real time the corrosion [8] and/or restoration mechanisms, such as those involved in dechlorination treatments [9, 10] and protection using metal soaps [11]. 
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