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Site Occupancy of Re Atoms in NizAl(y’) and y-y’ Phase Equilibria in Ni-Al-Re Ternary Alloys

Shogo Mivazaki, Yoshinovi Murata and Masahiko MoriNaca

Synopsis : Alloying behaviour of (thenium) Re in Ni-based superalloys was investigated experimentally. Firstly, the site preference
of Re Atoms in Ni;Al(y") which is a main strengthening phase in the superalloys, was determined by the ALCHEML
Secondly, the partitioning ratios of alloying elements between the y and the y’ phases, and also the phase stability in
a Ni-Al-Re ternary system were examined by the EPMA analysis and the microstructural observation as well. As the
result, it was shown that Re atoms located preferably in the Al site with about 53~78% occupation fraction in the
Niz Al-2mol% Re compound. The trend of the partitioning of Re atoms into the ¥’ phase decreased with increasing Re
in Ni-Al-Re ternary alloys. In addition, the a-phase which is a Re-rich solid solution, precipitated in the Ni-Al-Re

ternary alloys containing more than 2mol% Re.
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Table 1. Nominal compositions of NisAl-Re alloys
used for the ALCHEMI experiment.

Composition, mol%;

Ni Al Re
I 75 23 2
75 21 4
74 24 2
1 73 23 4
73 25 2
m 71 25 4

Table 2. Nominal compositions of Ni-Al-Re ternary
alloys used for the investigation of Re par-
titioning into the ¥ and y’ phases.

Composition, mol%

Ni Al Re
81.0 18.0 1.0
80.5 17.5 2.0
80.0 17.0 3.0
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Table 3. Intensities of characteristic X-ray spectra
obtained from Ni;Al-Re, alloy under three
diffraction conditions(s>0, s<0, non-channel-

ling).
diffraction  } 1, Ni-Ka Re-Ma(counts)
condition
Ni;sAlsRe, s>0 50000 302348 4471
s<0 50000 346577 4874
non-channelling 50000 338567 4668
diffraction 4} g, Ni-Ka Re-Ma(counts)
condition
Ni;;Al;sRe, s>0 50000 279999 3977
s<0 50000 353685 4084
non-channelling 50000 267209 4090
diffraction ) 1, Ni-Ka Re-Ma(counts)
condition
Ni,Al;Re, s>0 50000 317837 2071
s<0 50000 386035 1955
non-channelling 50000 347658 1994




Table 4. Occupation fraction of Re atoms in the Al-site
and its counting statistical error.

Specimen Occupation Counting statistical
P fraction R(%) error+ AR(%)
Ni;sAlysRe, 53 +15
Ni. Al Re, 56 +27
Ni,sAlysRe, 78 +22
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Fig. 1. Chemical compositions of the y and y’phases
in Ni-Al-Re ternary alloys.
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Fig. 2. Change in the partitioning ratios of elements
between the y and y’phases with the Re con-
tent of alloys.
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Fig. 3. SEM image of showing the & phase precipita-
ted in a NigAl;;Re;, mol% alloy after the
horﬁogenization heat treatment at 1313K for
1.8Ms.
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Fig. 4. Isothermal section at 1313K near the Ni-
corner of the Ni-Al-Re ternary system.
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Fig. 5. Substitution behaviour of ternary elements
in Ni;Al (after Ochiai et al.'?).
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Fig. 6. Schematic drawings of ternary phase dia-
grams of (a) Ni-Al-Co; (b) Ni-Al-Cr; (c-1)
Ni-Al-Ti, Ta; (c-2) Ni-Al-Mo, W, systems.
These ternary phase diagrams were taken
from Ref. 20 to 27.
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