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High-temperature oxidation mechanism of aluminide coatings

on the surface of nickel-based single crystal superalloys
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Abstract: Al coatings and Co-Al coatings are generally deposited on the substrate of nickel-based
single crystal superalloys. A systematic study was conducted on the experimental samples after 200 h of
oxidation in a high-temperature environment at 1 000 °C. The experimental data showed that the oxidation
kinetics of both the alloy substrate and the two coatings materials exhibited a typical parabolic variation
trend. Compared with the alloy substrate and Al coating, the oxidation rate of the Co-Al coating was
significantly reduced. After the high-temperature oxidation experiment, a large number of hole structures
and crack defects can be observed on the surface of the alloy substrate. The occurrence of internal
oxidation and internal nitridation reactions significantly reduced the oxidation resistance of the material.
Compared with the Al coating, the Al,O; protective film formed by the Co-Al coating after high-
temperature oxidation exhibited more excellent high-temperature resistance, with lower defect density,
higher purity, and a denser structure. The experiment also found that the introduction of Co effectively
delayed the phase transformation process from B-NiAl phase to y'-Ni;Al phase, and the outward diffusion
behavior of refractory metal elements was significantly inhibited, providing favorable conditions for the

formation of a continuous and dense Al,O; protective film.
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Fig. 1 Surface XRD patterns of Al coating and Co-Al coating in
the deposited state
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Fig. 3 XRD pattern of the oxidized base alloy

LB-NiAl 2 2:4-NiAl  3:ALO,
1000 C | 2
~ 2
3 133 L3 3 x !
e
= 1
=
=
RS
1
\ | !lL__

20 30 40 50 60 70 8 90
20/(°)
K4 HULE ALRJZ XRD Fi%
Fig. 4 XRD pattern of the oxidized Al coating
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Table 1 Oxidation rates of base alloy, Al coating and
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Fig. 7 Surface morphologies of the alloy substrate, Al coating,
and Co-Al coating
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Fig. 8 Cross-sectional morphologies of the alloy substrate, Al coating, and Co-Al coating
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Fig. 9 Schematic diagram of the oxidation mechanism of the alloy matrix
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