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Superalloys of the second and subsequent generations [1] are used for manufacturing by casting with
directed solidification of gas turbine engines working blades for aviation and power purposes [2]. At the
same time, the currently widespread casting technologies with directional solidification are extremely
resource-intensive in all practical aspects. Both in terms of the formation of a large proportion of virtually
irrecoverable, or difficult to regenerate, waste of expensive materials. Also in terms of labor intensity with
many technological transitions, equipment complexity, etc.

In the near future, the development of the potentialities of intensively developing additive technologies
may allow reducing the technology of turbojet engine blades with a single-crystal microstructure to several
operations [2].

An analysis of the results of studies carried out by the team of this work authors showed that in the
process of electron-beam additive technology (EBAM) from filaments in the form of superalloy rods [3], it is
possible to form products with a directed columnar microstructure [4]. In this case, directional solidification
occur exclusively antiparallel to the direction of the temperature gradient. As a rule, with an increase in the
height of the additive product it changes its direction from normal to the plane of the surface of the cooled
substrate to the co-directional printing trajectory in layers. To control the structure of the material of an
additive product, it is necessary to understand the principles of solidification under conditions,
multidirectional components of heat removal, as well as various values of linear energy (energy input per
unit length) [5].

This paper presents the results of a qualitative and quantitative analysis of the fine structure, phase
composition, and morphology of the structural elements of a complexly alloyed superalloy containing
rhenium in the cast state, as well as in the material of an additive product formed by the EBAM method.

REFERENCES
[1] P. Fernandez-Zelaia, O. D. Acevedo, M. M. Kirka, D. Leonard, S. Yoder, Y. Lee, “Creep Behavior of a High-y' Ni-Based Superalloy Fabricated
via Electron Beam Melting,” Metall. Mater. Trans. A., vol. 52a., pp. 574-590, 2021.

[2] G. Liu, D. Du, K. Wang, Z. Pu, D. Zhang, B. Chang, “Microstructure and nanoindentation creep behavior of IC10 directionally solidified
superalloy repaired by laser metal deposition,” Mater. Sci. Eng. A, vol. 808, 140911, 2021.

[3] S. V. Fortuna, D. A. Gurianov, P. S. Sokolov, A. S. Fortuna, “To the Method of Manufacturing Filaments for Electron-Beam Additive
Technology from Casting and Hardly Deformable Metallic Materials, > AIP Conf. Proc., vol. 2167, 020107, 2019.

[4] S.V. Fortuna, D.A. Gurianov, K.N. Kalashnikov, A.,VV. Chumaevskii, Yu.P. Mironov, E.A. Kolubaev, “Directional Solidification of a Nickel-
Based Superalloy Product Structure Fabricated on Stainless Steel Substrate by Electron Beam Additive Manufacturing,” Metall. Mater.
Trans. A., vol. 52. no. 2, pp. 857-870, 2021.

[5] 1SO 857-1:2002 Welding and Allied Processes—Vocabulary—Part 1: Metal Welding Processes.

" The investigation was supported by the Russian Science Foundation grant No. 22-22-00891, https://rscf.ru/en/project/22-22-00891/.

526



