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ABSTRACT: The work aims to evaluate the isothermal oxidation resistance of typical high-temperature protective coating
systematically and analyze their failure mechanism. Isothermal oxidation performance of plain NiAl, NiCrAlY, Pt modified
NiAl and Pt+Hf co-modified NiAl were compared at 1100 °C. Isothermal resistance and failure mechanisms of four typical
coatings were analyzed in terms of the mass gain and microstructure evolution during the oxidation test. The mass gain of four
coatings during oxidation 1100 C conformed to the parabolic laws. Plain NiAl coating degenerated fastest due to the poor
adherence of oxide scale. The oxide scale adherence for NiCrAlY was satisfactory due to the formation of oxide “tags” by the

existence of Y, but it almost lost the protection ability completely after 300 h exposure due to the lower Al content in the
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coating. Pt modified NiAl displayed integrated oxidation resistance, but had the serious rumpling. In contrast, the oxide of Pt+Hf

co-modified NiAl was uniformly and kept stable during the exposure and manifested the best oxidation resistance. The oxidation

resistance of the four typical high-temperature coatings can be ranked as: Pt+Hf co-modified NiAl > Pt modified NiAl > plain

NiAl > NiCrAlY.

KEY WORDS: high temperature oxidation; protective coatings; SEM; failure mechanism
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Tab.1 Nominal composition of the single-crystal superalloy

wt%
Elements Ct Co W Mo Ta Ti Al Ni
Nominal 9 37 19 5 4 3.6 Bal
composition
Single crystal superalloy
i
Grounding and blasting
M @ v 0O @)
Pt plating ¢ Pt+Hf platingi
—
Arc iron deposing
NiCrAlY
Annealing Annealmg ¢
] e —
Aluminizing . .
¢ Annealing v Aluminizing ¢ Aluminizing ¢

I s R I A

Fig.1 Preparation process for the coatings
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Fig.2 Mass change curves of four typical high-temperature
protective coatings under isothermal oxidation at 1100 C
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Fig.3 Square of mass gain (k) for four typical
high-temperature protective coatings under isothermal

oxidation at 1100 ‘C: a) NiCrAlY and NiAl coatings,
b) Pt modified NiAl and Pt+Hf co-modified NiAl coatings
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Fig.4 Surface morphologies of four typical high-temperature protective coatings after isothermal oxidation
at 1100 ‘C for 100 h: a) NiAl; b) NiCrAlY; c¢) Pt modified NiAl; d) Pt+Hf co-modified NiAl
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Fig.5 Surface morphologies of four typical high-temperature protective coatings after isothermal oxidation
at 1100 ‘C for 300 h: a) NiAl; b) NiCrAlY; ¢) Pt modified NiAl; d) Pt+Hf co-modified NiAl
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Fig.7 Cross-sectional morphologies of four typical high-temperature protective coatings after isothermal oxidation

at 1100 ‘C for 300 h: a) NiAl; b) NiCrAlY; ¢) Pt modified NiAl; d) Pt+Hf co-modified NiAl
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