XANES Insights Into The Composition And Alteration Of Historical Painted Metal
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ABSTRACT 

During the 19th century, the rise of industrialization led to a significant expansion in the production of metal objects. Many of these objects were subsequently painted, both for decorative purposes and to provide protection against corrosion. Today, many museums care for numerous collections composed entirely or partially of painted metal objects. Often associated with industrial and technical heritage, these collections are frequently accompanied by limited historical documentation concerning the formulation of their paints. Such gaps in knowledge present significant challenges for their conservation and restoration, while also hindering our understanding of the materials, techniques, and practices employed in their manufacture. 

Martin Toys are one of the flagship collections of the Musée des Arts et Métiers (Paris, France). Small painted metal automatons depicting a variety of characters, these toys provide a true glimpse into French society in the late 19th and early 20th centuries. The present research addresses two complementary aspects. First, it focuses on the characterisation of the paint formulations used on these toys, including their pigments, fillers and binders. Second, it aims to investigate the alteration mechanisms occurring within the paint layers and at their interfaces, as well as at the metal substrate. This collection provides a unique opportunity to investigate the distinctive features and behaviour over time of such composite objects, through a complementary multi-technique and multi-scale approach.
Following preliminary analyses of the microsamples collected from a selection of objects using conventional analytical techniques (XRF, Raman, FTIR and SEM-EDS), synchrotron radiation-based μ-XRF mapping was performed at the DiffAbs beamline of synchrotron SOLEIL to further refine the elemental composition of the paint layers and metal support. In addition, μ-XANES analyses were conducted at the Cr and Zn K-edges and at the Pb L3-edge to investigate the local environment and oxidation state of these elements. This complementary multi-technique approach confirmed the presence of lead white (2PbCO3·Pb(OH)2), zinc white (ZnO) and lead chromate (PbCrO4) in the paint layers, while revealing several alteration products, including lead oxide (PbO), lead acetate (Pb(CH3COO)2), lead soaps and Cr(III) degradation products.
