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Abstract High-temperature oxidation of a Ni-based superalloy was analyzed with samples taken from gas turbine blades,
where the samples were heat-treated and thermally exposed. The effect of Cr/Ti/Al elements in the alloy on high temperature
oxidation was investigated using an optical microscope, SEM/EDS, and TEM. A high-Cr/high-Ti oxide layer was formed on
the blade surface under the heat-treated state considered to be the initial stage of high-temperature oxidation. In addition, a PFZ
(v’ precipitate free zone) accompanied by Cr carbide of Cr;Cg and high Cr-Co phase as a kind of TCP precipitation was formed
under the surface layer. Pits of several um depth containing high-Al content oxide was observed at the boundary between the
oxide layer and PFZ. However, high temperature oxidation formed on the thermally exposed blade surface consisted of the
following steps: (D Ti-oxide formation in the center of the oxide layer, 2) Cr-oxide formation surrounding the inner oxide layer,
and @ Al-oxide formation in the pits directly under the Cr oxide layer. It is estimated that the Cr content of Ni-based super-
alloys improves the oxidation resistance of the alloy by forming dense oxide layer, but produced the o or p phase of TCP preci-
pitation with the high-Cr component resulting in material brittleness.

Key words Ni-based superalloy, thermal exposure, high temperature oxidation, Cr/Ti/Al oxide, precipitate free zone.
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Table 1. Chemical composition of the tested Ni-based superalloy
(Wt%).

Ni Cr Co A\ Mo Ti Al Nb Ta

Base 140 94 27 49 44 23 19 15
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Fig. 2. Oxidation layers of (a, b) as heat treatment and (c, d) thermal exposure blade in turbine blade tips and (e) pit propagation at bottom
area of thermal exposure blade.
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Fig. 3. Oxidation surfaces of as heat treatment blade at (a) surface, (b) pit and (c) table of chemical composition.
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Table 2. Chemical composition of Ni-based superalloys with low and high Cr levels.

Alloy Cr Co w Mo Ti Al Ta Hf/Zr Nb/Re
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Fig. 7. Mapping of Ti/Ct/Al/O elements: (a, b) Cr/Ti/Al oxidation and (c-f) mapping results.
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