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Effect of Ti and Al Contents on y” Morphology in Wrought Ni-based Superalloys
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The effect of the content of Ti and Al on the morphology of y” precipitates is examined for 13 kinds of Ni-based model alloys
aged at 1073 K/100 h. The morphology of y” precipitates was evaluated using the absolute moment invariants technique. The mag-
nitude of cuboidal for y” particles clearly depends on the lattice misfit, but does not depend on the volume fraction of the particles.
More y” particles tend to form a flat and parallel interface pair or elongated shape when the Ti and Al content is increased. These
results suggest that the lattice misfit makes y” particles cuboidal and volume fraction strengthens their interaction, leading to a

unique morphology. [doi:10.2320/jinstmet.J2016062]
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Table 1 Chemical composition of the alloys used in this study (at. %),
together with the data of Inconel X-750. The values of [Ti] + [Al] and Al frac-
tion ([All/([Ti] + [Al])) are included for each alloy.

Alloys Ni Cr Fe Al Ti Nb C [Ti] + [Al] | Al fraction, fy
Inconel X-750 | Bal. 155 7.0 15 3.0 0.60 0.05 4.50 0.33
4.5-0.33 1.5 3.0 0.33
4.5-0.44 20 25 0.44
4.5-0.66 Bal. 155 7.0 3.0 1.5 0.60 0 4.50 0.66
4.5-0.88 40 05 0.88
4.5-1.00 4.5 0 1.00
6.75-0.33 225 45 0.33
6.75-0.44 3.0 375 0.44
6.75-0.66 Bal. 155 7.0 45 225 0.60 0 6.75 0.66
6.75-0.88 6.0 0.75 0.88
6.75-1.00 6.75 0 1.00
9.0-0.66 60 30 0.66
90088 |Bal 155 70 80 10 060 0 9.00 0.88
9.0-1.00 9.0 0 1.00
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Fig. 1 Schematic illustration of the y” particle observed in Ni-

based superalloys (a). The absolute moment invariant  , as a

function of shape parameter n =A/B(b). Note that the value of n

is zero when the y” particle is spherical in shape, while the per-
fect cuboidal particle results in n =1.
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Fig. 3 Plot of particle size (a) and y” area fraction (b) vs. Al
fraction for the model alloys with [Ti] + [Al] =4.50, 6.75 and
9.00 at. % aged at 1073 K/100 h.
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Fig. 2 FE-SEM micrographs of the 13 kinds of model alloys aged at 1073 K/100 h used in this study; [Ti] + [Al] =4.50 (a-e), 6.75
(f-j) and 9.00 at. % (k-m) and f,,=0.33 (a, f), 0.44 (b. g), 0.66 (c, h, k), 0.88 (d, i, 1) and 1.00 (e, j, m).
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Fig. 4 -, plot for 200 kinds of y” particles observed in the
model alloy with [Ti] + [All =4.50 at% and fy,=0.33 aged at
1073 K/ 100 h. Note that the values of [Ti] + [Al] and £y for the
alloy are very close to those of Inconel X-750.

160
158
156
154
152
150
148
146
144
142+ / N=218 | [ '
140 — : —

11 12 1311 12 13
Absolute moment invariant, @

Fig. 5 -, plot of y” particles observed in the model alloys
aged at 1073 K/ 100 h with [Ti] + [Al] =6.75 at%; (a) fy=0.33,
and (b) fy=1.00.
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Fig. 6 -, plot of y” particles observed in the model alloys
with fy=0.33 aged at 1073 K/ 100 h; (a) [Til + [Al] =4.50 at%
and (b) [Ti] + [Al] =6.75 at%.
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Fig. 7 -, plot of y” particles observed in the model alloys with fy=1.00 aged at 1073 K/ 100 h; (a) [Ti] + [Al] =4.50 at%,

(b) [Ti]+ [Al] =6.75 at% and (c) [Ti] + [Al] =9.00 at%.



Fig. 8 FE-SEM micrograph of the model alloy with [Ti] +
[AI] =9.00 at% and fy = 1.00 aged at 1073 K/100 h. Neighboring
particles have flat y/y” interface (white arrows) and particles is
sometimes contiguous (black arrow).
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Fig. 9 Plot of average shape parameter vs. Al fraction for the
model alloys with [Ti] + [Al] =4.50-9.00 at. % aged at 1073 K/100 h.
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