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The blue pigment smalt, a synthetic potash glass tinted with cobalt, was widely used in paintings between the
sixteenth and eighteenth centuries [1]. Smalt tends to weather in oil paintings, changing its blue color to a
yellowish hue. This alteration is caused by an ionic exchange between H " ions from the environment sur-
rounding the grains and the K+ ions from the glass. The leaching of K+ ions leads to various phenomena: the
leached K ions can react with the binder, and the leaching causes a charge deficit around Co®" complexes.
X-ray Absorption Spectroscopy (XAS) at the Co K-edge reveals that this deficit forces the C'o®> complexes
to rearrange within the glass matrix, transitioning from a tetrahedral coordination to an octahedral one. This
rearrangement explains the loss of color of the pigment in paintings [2][3]. A combination of submicronic
X-ray Fluorescence (XRF) and high-resolution uXAS mapping of smalt grains and their surrounding environ-
ment at the Co and K K-edges was performed at the ID21 beamline (ESRF), in both historical and mock-up
samples within individual paint layers to better understand the degradation process of this pigment and the
responsible factors. This allowed us to establish a correlation between the chemical state of the pigment and
the color of the grains, as well as to track the chemical transformations of the leached-out K *. These mea-
surements revealed distinct spectra for altered and well-preserved smalt grains. Specifically, the more altered
a grain was, the more pronounced the white line of the K edge became (Figure 1B). Additionally, analysis of
the leached Kt ions within the oil medium demonstrated their reaction with other components of the paint,
resulting in the formation of salts and potentially soaps (Figure 1C). Findings obtained from SR-pXRF and
UXANES at both the Co and K K-edges enable us to establish links between the alteration state of a grain, the
coordination of C'o®™ ions, and the speciation of K * jons. Furthermore, distinct XANES spectra were iden-
tified by probing the environment surrounding altered smalt grains at the K K-edge. The characterization of
K ion speciation serves as a means to identify the transformation products resulting from the leaching of K
from smalt grains in paints. This approach will enhance our understanding of the smalt alteration mechanism
and the factors influencing it.
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