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Combination of particle-induced X-ray emission (P1XE) spectrometry and proton-induced
gamma-ray emission (PIGE) spectrometry for analysis of azure color in tile

M. Ghadiri*', M. Torkiha', O.R. Kakuee?, V. Fathollahi?
1. Department of Physics, Kashan University, P.O.Box: 8731751167, Kashan — Iran
2. Research School of Physics and Accelerators, Nuclear Science and Technology Research Institute, AEOI, P.O.Box: 14155-1339, Tehran - Iran

Abstract: lon beam analysis (IBA) has been widely used for fast, sensitive, multi-elemental and
nondestructive analysis without any sampling, especially for the pigment analysis. External beam PIXE
and PIGE techniques are applied simultaneously to large archaeological samples, kept at atmospheric
pressure during the irradiation. In this research work, an external beam was used for the analysis of lapis
lazuli samples and the azure color of the archaeological tile. By comparing the spectra, we found that
cobalt is used to create azure color in archaeological tiles, while in lapis lazuli, no cobalt is observed and
sodium is the characteristic element of the azure color in the lapis lazuli samples. It was also shown that
lapis lazuli can be identified by the ion beam analysis.
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1. Lapis lazuli
2. Particle induced x- ray emission
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