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along the line at the highest thickness of the oxide layer proves 
the sub-layer structure (Fig. 9). The sub-layer structure of the 
oxidized layer of the AISI 316 stainless steel was also obtained 
by the authors [17]. 

The oxidized layer of the lowest thickness ranging from 
a few to 50 nm was obtained after heat treatment done in a vacu-
um furnace with cylindrical molybdenum chamber (Fig. 10, 11). 
The oxides did not form a firm layer, they occurred in groups. The 

surface and line analysis of EDS chemical composition revealed 
diversified stratification of oxide layer. On the cross-section, the 
areas of several dozen nanometers of various concentration of 
elements could be noticed. At the top of the oxidized layer (at 
the surface) there was an increase of Al concentration, at the bot-
tom an increase of concentration of Cr, Mn, Ti and V could be 
observed. In oxide layer which produces in the vacuum furnaces 
the spinel crystals were not observed.

Fig. 9. The HAADF/STEM image presenting the structure of oxides and the analysis of TEM with EDS chemical composition on cross-section 
of the oxidized layer formed on the AISI 321 steel in a vacuum furnace with graphite heating chamber

Fig. 10. The maps of TEM with EDS chemical composition on cross-section of the oxidized layer formed on the AISI 321 steel in vacuum fur-
nace with molybdenum heating chamber

Fig. 11. The HAADF/STEM image presenting the structure of oxides and the analysis of TEM (a); EDS chemical composition on the cross-section 
of the oxidized layer formed on the AISI 321 steel in a vacuum furnace with molybdenum heating chamber (b)






