The connection of the features of Fe-Al-C alloy structure with the regularities of the diamond phase formation
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Abstract
Simultaneous action of temperature and pressure significantly affects on the structure-and-phase state of Fe-Al-C alloys. It was established that the increase in the synthesis temperature up to 1673-2173 K under a pressure of 6-8 GPa does not allow to achieve the full stoichiometry of Fe4-yAlyCx (K- phase) by carbon as Fe3AlC because it does not increase its solubility in this ordered phase. With the simultaneous action of temperature and pressure in Fe-Al-C alloys the formation of a new phase - a cubic diamond - occurs at essentially lower values ​​of temperature and pressure compared to the standard regimes for alloys of other systems (P = 13 GPа, Т = 2273 К). The ordered phase of Fe4-yAlyCx with a fcc crystalline lattice, which surrounds excess carbon, stimulates the formation of a cubic diamond, reducing the temperature and pressure of its formation to 1673 K and 6 GPa, respectively.

          By the simulation of the atomic structure and the results of calculations of the electronic structure, the energy utility of the formation of an ordered phase of the non-stoichiometric composition of Fe4-yAlуCx (y = 0,5  1; x = 0,5  0,66) compared with the stoichiometric phase of Fe3AlC was established. It is established that the minimum value of the formation enthalpy  corresponds to the compound of Fe3AlC0,66. The studies of the electronic structure have shown that in such composition the energy of bonds is greatest, an increase in the covalent component of the interatomic bond of iron and carbon atoms is observed, in addition, as in all non-stoichiometric by carbon compounds, there are no degenerate states at the Fermi level, which is the source of possible deformations. Any deviation from the chemical composition of Fe3AlC0,66 in the direction of carbon stoichiometry leads to a significant increase in the amount of enthalpy. Non-stoichiometry on aluminum, on the contrary, leads to a weakening of the connections between iron and carbon atoms and, consequently, to the growth of enthalpy. Calculations of the cohesion energy of the corresponding compounds confirmed the conclusions obtained in the calculations of the formation enthalpy.
The possibility of epitaxial growth of diamond crystals on Fe3AlC0.66 (K–phase) nanolayers was shown. (200) plane was established to be the most suitable plane for the diamond growth having four carbon atoms arranged in a square and a vacancy in the center which can be occupied by carbon during thermal-and-pressure treatment. Distances between carbon atoms in the plane differ by only 5% from distances between carbon atoms of a diamond. The electron structure and energetic parameters of a substrate was investigated. It was shown that the nanoparticles with at least four intermediate atom layers of K–phase structure exhibits signs of stability such as negative enthalpy of formation and Fermi level falling on minimum of densities of states and can be a substrate for epitaxial diamond growth into the Fe–Al–C alloys.

