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Abstract—The structure and phase composition of a VKNA-25 alloy based on the NizAl intermetallic com-
pound, produced by directional solidification, and alloyed with rare-earth metals are studied in the following
two states: after annealing at 1100°C and after creep at 1100°C.

INTRODUCTION

Presently, the most important parts of gas-turbine
aircraft engines and power plants, such as nozzle and
rotating blades, operating under combined action of
temperature and load are produced of nickel-based
heat-resistant alloys (ZhS6U, MAR M-200, etc.). The
application of alloys of this type is related to their high
level of heat resistance, thermal stability of the struc-
ture, and reliable operation at temperatures up to
1050°C [1]. The service properties of these alloys are
mainly improved by increasing the total concentration
of high-melting-point elements (rhenium, tungsten,
molybdenum, etc.). However, this well-known
approach to the considered problem inevitably results
in a high cost and specific weight of the alloys. Mean-
while, an increase in the weight of, e.g., an aircraft
engine unavoidably results in a low thrust-to-weight
ratio, an increased load applied to a rotor, and (hence)
a decrease in the operation lifetime.

The necessity to increase operation temperatures
of the parts of gas turbine engines led to the develop-
ment of a novel class of high-temperature materials
based on the Ni;Al intermetallic compound [1, 2]. The
alloys based on the Ni;Al intermetallic compound are
comparable with nickel heat-resistant alloys in terms
of manufacturability and are characterized by numer-
ous supplemental advantages, such as the melting
point, the specific weight, and high oxidation resis-
tance, which is related to the peculiar features of
atomic bond in the intermetallic compound lattice
and to the chemical composition of a surface protec-
tive oxide film [1, 3]. An increase in the thermal stabil-
ity of the structure of such alloys can be achieved by
alloying with rare-earth metals (REMs), which are not

dissolved in the solid solutions based on y'-Nis;Al and
v-Ni and form nanosized phases that stabilize a den-
dritic or a directionally solidified single-crystal struc-
ture of cast alloys [1—8].

The life and reliability items made of heat-resistant
alloys at high temperatures are mainly determined by
their structural and phase stability, which depends in
particular on the ratio of the volumetric portions and
the morphology of phases. Therefore, we study the
influence of thermal treatment and a simultaneous
impact of temperature and load (during creep) on the
structural-phase state of an Ni;Al-based alloy with
REMs.

EXPERIMENTAL

We studied a VKNA-25 nickel alloy based on
Ni;Al, produced by directional solidification, and

1
having the following basic composition (%):

Al Ti Cr
84 05 497 50

Mo \ Fe Re Co
3.11 0.1 1.5 395

The structural-phase state of a cast alloy with 0.3%
La and a rodlike dendritic structure was studied after
annealing at 1100°C for 563 h and upon creep tests at
95 MPa at the same temperature in 563 h.

We used scanning electron microscopy (SEM) in the
backscattered  electron mode, electron-probe
microanalysis with a Quanta 600 FEG scanning elec-
tron microscope, transmission electron microscopy

1 The element contents are given in wt % unless otherwise specified.












sented by TCP phases (o, ¥, P) and lanthanum-based
particles (NisLa).

(2) The formation of Yy, -phase nanoparticles,
which are secondary precipitates from a supersatu-
rated nickel-based vy solid solution, is revealed in the
structure of the VKNA-25 alloy.

(3) The fracture of the VKNA-25 alloy during
high-temperature creep occurs due to pore formation,
which is likely to be related to the Kirkendall effect.
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