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OUTLINE 1

The development of new heat-resistant nickel alloys for the creation of new generation aircraft products is included in
the list of priority strategic directions of Russia.

Alloys of the Ni-Cr-Mo-NDb-Al system belong to the category of alloys with high heat resistance and structural
stability. The main hardening phases in the dispersion-hardening KHN58MBYU (XH58MBIO) alloy are : y'-¢a3a
(Ni;Al), niobium and chromium carbides containing molybdenum (MC, M23Cs).

The mass content of the intermetallic y'-phase (Ni3Al) containing niobium in this alloy can reach 12%.

The alloy has good weldability and resistance to the formation of embrittling topologically close-packed

(TCP) phases. However, uneven heating and stresses in the weld area contribute to a decrease in the service
characteristics of the resulting part.

Ni3Al-y" phase, L12, Cu3Au- Cr23Cs carbide, B1, NaCl- NbC carbide, B1, NaCl-type,

type, space group Fm-3m tvpe, space group Fm3m space group Fm-3m,



OUTLINE 2

« Additive technology using 3D laser printing (L-PBF, laser powder-bed fusion) allows to obtain
finished products of complex shape, eliminating the need for welding.

« Due to the high cooling rate and thermal cyclicity during printing in a 3D laser printer, the formation
of nonequilibrium phases is possible in the structure of the obtained L-PBF sample, and there is also
a high level of residual internal stresses, which manifests itself in the formation of nonequilibrium
structures and internal defects.

* In the presented report, the defects and features of the formation of equilibrium and nonequilibrium
structures during 3D laser printing and subsequent heat treatment of the heat-resistant nickel alloy
HN58MBYU used for the manufacture of gas turbine engine parts are considered.

Paboma svinonnena no npoepamme UOM YpO PAH "Aooumusnocmsy' 121102900049-1.



EXPERIMENTAL

A spherical powder of the KHN58MBYU alloy was taken for the study. The chemical
composition of the alloy according to GOST 5632-14 is shown in Table 1 (mass %).

Alloy samples were obtained using a 3D laser printer Realizer SLM 100. The studies were
performed on initial (L-PBF) samples and samples after annealing 800C-15h in an argon
atmosphere.

Structural studies were performed at the Center for Collective Use of the Institute of Metal
Physics of the Ural Branch of the Russian Academy of Sciences using a scanning electron
microscope JSM 6490 with energy dispersion and wave microanalysis Oxford Inca and
transmission electron microscope Tecnai G2-30 Twin.

X-ray phase analysis was performed using an X-ray diffractometer DRON-3, using Cu ka
radiation.

Table 1. Chemical composition of the KHN58MBYU alloy

mmulz-__-m-

base 26-28 7-7.8 <3 1.25-1.55 <0.8 0. 2.7-3.4



RESULTS

X-ray analysis of the alloy samples (as-build and after aging 800C-15h)
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RESULTS
Structure of the alloy sample as-build state, SEI\/I

base 28.7
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Structure of the alloy sample, as-build state, TEM
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Cellular-dendritic structure of SLM alloy with a high density of defects: (a) —longitudinal section;
(b) cross section



Structure of the alloy sample, as-build state, TEM
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Structure of the alloy sample after aging 800C-154, TEM

10



Structure of the alloy sample after aging 800C-154, TEM
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Carbide Me23C6 and c-phase precipitations
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Structure of the alloy sample after aging 800C-154, TEM
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Structure of the alloy sample after aging 800C-154, TEM
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The y-Cr23C6 (a=1.524 nm) supercell consists of one conventional
unit cells with four inequivalent metal sites, namely, the 4a, 8c,
32f, and 48h sites, according to Wyckof notation. The C atoms are
located at the 24e sites. Carbon vacancy formation enthalpy is
very large [1]. In depending on the chemical content, the alloying
elements may occupy different vacancies in the Cr sublattice. For
example, Fe is found to preferentially substitute for Cr at the 4a
site. When the iron content increases, Fe uptake in the 32f and
48h sites [1].

* |In our case, a deviation from the stoichiometric composition
of the y-Cr23C6 carbide and the appearance of a large
number of vacancies in the chromium sublattice may be
associated with a high cooling rate of the material in the 3D
laser printing method.

AszB,Cg M23Ce6 (M = Cr, Fe), Fe in y- Cr23-xFexCe in the range of 0 < x < 7.36 wt.%.
M23Ce-type carbides in multicomponent alloys may contain more than one metallic element M23C6(M =V, Cr, Mn, Fe,

Co, Ni) [2].

[1] Souissi, M., et al., Effect of mixed partial occupation of metal sites on the phase stability of y-Cr23-x FexCe (x = 0—3) carbides. Scientific

Reports, 2018. 8(1): p. 7279.

[2] N.I. Medvedeva et al. Stability of binary and ternary M23C6 carbides from first principles. Computational Materials Science 96 (2015)

159-164.
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* The y' phase precipitations were detected after heat treatment of the L-PBF KHN58MBYU alloy
HIP+ 800C-500h in [1]. The size of the y'-phase particles was 50 nm.

* The multicomponent carbide (Cr, M0)23Ce with sizes from 200 nm to 1 micrometer were observed to
be formed along the boundaries of the cell-dendritic structure and at the grain boundaries [1].

* Also, the thin plate-like precipitations, suggested as carboborides [2] or o-phase [3], were observed
in L-PBF KHN58MBYU alloy after heat treatments HIP+ 800C-500h.

[1] C. M. Mpazep, T. B. Conodosa, O. 0. TamapeHko. UCC/TIEAOBAHNE MEXAHUYECKUX CBOWCTB U CTPYKTYPbI OGPA3L|OB,
MOJIYHEHHbIX METOAOM CEJ/IEKTUBHOIO J/TIA3EPHOIO CI1/IABJ/IEHUA (C/1C) U3 CI1/IABA BM159. Tpyosi BUAM, Nell, 2017.

[2] 1.C. Ma3anos, A.l. EszeHos, C.M. lNpazep. lNlepcriekmusbl NpuMeHeHUA HapOornpoYHo20 CMPYKMypHo cmabusbHO20 criiasa
B}159 0158 a0dumusHo20 npou3soo0cmea 8bicokomemrnepamypHoix 0emasel I'T4. AsuayuoHHble mamepuassl U mexHosaoauu. Ne
S$1(43). 2016

[3] E.H. Kabnos, A.T. EszeHos, N.C. Ma3zanos, C.B. LLlypmakos, /.B. 3atiues, C.M. Mpazep. IBOJIFOLMNA CTPYKTYPbI U CBOUCTB

BbICOKOXPOMMWCTOIO MAPOIIPO4YHOIO CI1/IABA BX159, lNOJIYYEHHOIO METO4OM CEJIEKTUBHOIO JIA3EPHOIO CI1J/TAB/IEHUA.
Y. | MamepuanosedeHue. No3, C.9-17. 2019.



CONCLUSION

. The defects and features of the formation of equilibrium and nonequilibrium
structures during 3D laser printing and subsequent heat treatment of heat-
resistant nickel alloy KHN58MBYU used for the manufacture of gas turbine
engine parts are investigated.

. It was found that a cellular-dendritic structure with a high density of
dislocations inside the cells is formed in the alloy after 3D laser printing.

. Nanoscale (20 nm) separations of complex chromium carbide (Cr,M)23Cs,
M=Fe were found at the cell boundaries.

. After annealing 800C-15 hours, the amount of complex chromium carbide
(Cr,Fe)23Ce increases. The particles are shaped like disks, 50 nm thick and 200
nm in diameter.In addition to the complex carbide (Cr,Fe)23Cs, particles of
TCP sigma phase (Ni, Nb, Fe)o.51(Cr, Mo, Al, Si)o.a9 were found in the alloy
after annealing.

. The precipitations of the intermetallic compound Ni3Al were not found.



