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Microstructural evolution and failure mechanism of
NiCrAlY coating systems during different cycled oxidations
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Abstract: The cycled oxidation resistance abilities of single NiCrAlY coated sample and NiCrAlY/CrON duplex coating
sample were studied by cooling from 1 050 ‘C to room temperature in air and water quenching. The results show that
during slow cooling, the single NiCrAlY coating degrades after 200 cycles, with mixed-oxides of Al,O;, NiCr,O4 and
TiO, on the surface and Kirkendall voids formed closing to the NiCrAlY/DSM11 interface. On the surface of duplex
coating sample with the diffusion barrier layer, an adhered Al,O; scale is formed and no damage is detected at the
coating/substrate interface. In the case of fast cooling, the two coating samples are fast damaged only after some cycles.
After 40 cycles, some bulges are found on the single coating surface, and the interfacial delamination occurs in the duplex
coating sample. After 45 cycles, the coatings in the bulge zone are spalled off from the single coated sample, while part of
the overlayer is fractured in the duplex coating sample. By Oxx formula, the thermal stress formed during cycled
oxidations can be used to explain the interfacial damage or coating failure, and the cumulative effects of stress should be
considered during rapid cooling in water quenching.
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Table 1 Composition of DSM11 substrate and NiCrAlY alloy target

Mass fraction/%
Alloy
Cr Co Al Ti \%% Mo Ta Y Ni
DSM11 14 9.5 3.0 4.9 3.8 1.5 2.8 - Bal.
NiCrAlY 23 - 10 - - - - 0.5 Bal.
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Fig. 1 Cross-sectional images and XRD patterns of samples before and after vacuum annealing: (a) Deposited NiCrAlY/
CrON/DSM11; (b) Annealed NiCrAlY/ DSM11; (c¢) Annealed NiCrAlY/CrON/DSM11; (d) XRD patterns
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Fig. 2 Surface images of samples after 10 slow cooling cycles in air and XRD patterns of area B: (a), (b) NiCrAlY/DSM11;
(¢) NiCrAlY/CrON/DSM11; (d) XRD patterns of arca B
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Fig. 3 Surface images and XRD patterns
of samples after 80 slow cooling cycles in
air: (a) NiCrAlY/DSM11; (b) NiCrAlY/
CrON/DSM11; (c) XRD patterns
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Fig. 4  Surface ((a), (c)) and cross-
H sectional ((b), (d)) images and XRD
patterns (e) of samples after 200 slow
cooling cycles in air: (a), (b) NiCrAlY/
DSM11; (c), (d) NiCrAlY/CrON/DSMI1;
(e) XRD patterns
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Fig. 5 Surface and cross-sectional images of samples after 20 fast cooling cycles in water: (a), (b) NiCrAlY/DSM11; (c), (d)

NiCrAlY/CrON/DSM11
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Fig. 7 Surface and cross-sectional images of NiCrAlY/DSMI11 sample after 45 fast cooling cycles in water: (a), (b), (c)
NiCrAlY/DSM11; (d), (e), (f) NiCrAlY/CrON/DSM11
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Fig. 8 XRD patterns of NiCrAlY/DSM11 sample after different fast cooling cycles oxidation in water: (a) NiCrAlY/DSM11;
(b) NiCrAlY/CrON/DSM11
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Fig. 9 XRD patterns of diffusion barriers after 20 and 40 fast
cooling cycles of coated samples in water (detaching after
exposing NiCrAlY overlayer)
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