
84

Журнал Белорусского государственного университета. Физика. 2023;1:78–84
Journal of the Belarusian State University. Physics. 2023;1:78–84

the sample 3, the thickness of rust, both visually and measured as a result of the experiment, differed significantly 
(from 40 to 61 µm). With an increase in the thickness of rust, its heterogeneity also increases: cavities appear in 
size from 2 µm with a rust thickness of 10 µm, up to 5 µm at a depth of 50 µm.

Based on the studies carried out, methods were developed for the quantitative analysis of artifacts dating 
back to the 3rd– 4th centuries AD, found during excavations on the territory of the settlement of Domatovo near 
Turov. A significant layer of patina is visually noticeable on the surface of the samples, and scales are noticeable 
on the samples from the funeral pyres. The developed technique made it possible to determine the thickness of 
the joints on all samples (35–50 µm) and scale (40 –52 µm). Taking into account the layer of compounds on the 
surface, the number of pre-firing pulses during the quantitative analysis of artifacts was 25.

Accurate determination of the thickness of the patina using two-pulse laser atomic emission spectroscopy 
allows us to draw a conclusion about the environment in which the ancient coin was located for a long time 
(a dry place, peat bog soils, clays, etc.). The results of the concentrations of the main elements were subse-
quently used by the staff of the Institute of History of the National Academy of Sciences of Belarus, the Na-
tional Historical Museum of the Republic of Belarus, the Museum of Historical Faculty of the Belarusian State 
University to clarify and establish time limits for the origin of artifacts.

Conclusions
Double-pulse LIBS is the preferred method for the analysis of metal samples covered with patina, scale, 

rust, because it allows not only to clean the surface directly during the study, but also to estimate the thickness 
of the layer of these compounds. It was found that during laser ablation of scale and patina, the thickness of the 
evaporated layer is much lower than when exposed to the cleaned surface of metals, which is caused by the infu-
sibility of these compounds. The process of laser ablation of rust is more complex, hydrated iron oxide and iron 
metahydroxide are porous materials. In addition, it is necessary to take into account the fact that the thickness 
of the rust, even in localised nearby surface areas, may differ.
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Fig. 3. The dependence of the relative intensity of the spectral lines  
of tin and lead on the depth of laser ablation for a product covered with a visible layer of scale


