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Abstract: The oxidation behavior of a second generation nickel-based single crystal superalloy with high Cr content at
1 000 °C and 1 100 °C was studied by the discontinuous weight gain method. The phase constituents and microstructure of
the oxide layer of the alloy were characterized by XRD and SEM. The oxidation mechanism of the alloy and the difference
in oxidation behavior at different temperatures were analysed, and the temperature sensitivity of the oxidation behavior of
the alloy was clarified. The results show that the oxidation kinetics of the experimental alloy at 1 000 °C followed the
parabolic law. The weight gain maintains a low level even after 500 h of oxidation. The outer oxide layer is Cr,O; with
TiO, distributed in clusters outside the Cr,O; layer and a small amount of TiN particles dispersed on the substrate. The
whole oxide layer is complete and compact, and the alloy has excellent oxidation resistance. When the temperature rises to
1 100 °C, spallation occurs after oxidation for 100 h. The outer oxide layer becomes loose and porous, the amounts and
size of the inner nitrides increase significantly, and the oxidation resistance of the alloy deteriorates. The mechanism of the
influence of temperature on the oxidation performance of the alloy is that the volatilization rate of Cr,0O; increases with
temperature. As the temperature increases to 1 100 °C, the increased volatilization rate of Cr,O; increases the porosities of

the oxide film, generates an impact on the oxide layer, and reduces the inhibition effect of oxygen and nitrogen, thus
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deteriorating the oxidation resistance.

Key words:: single crystal superalloy; isothermal oxidation; temperature; internal nitridation
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Tab.1 Compositions of the experimental alloys
(mass fraction/%)

Elements Cr Re Co w Mo Al+Ti+Ta C Ni

Contents 990 195 9.09 587 093 12.48 0.05 Bal.
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Tab.2 Results of the XRD patterns of the samples oxidized
at 1 000 and 1 100 °C

Results
Ti0,, (N1,C0);0,, Co(Cr,Al),O., Cr;,0;, y+y'
Ti0O,, (Ni,C0);0,, Co(Cr,Al),O,, Cr,0;, y+y’

Samples
1000 °C, 500 h
1100 °C, 100 h

B 1 SEBR A4 7E 1000 Fil 1100 CCHOTE IR AL BN 12 114k« (a) 528 1%, (b) 0~75 h K]
Fig.1 Oxidation kinetic curves of the experimental alloy at 1 000 and 1 100 °C: (a) the entire curves, (b) higher magnification of the
curves during 0~75 h

P2 9234 4 7E 1000 F1 1 100 °CHE i A L5 2 WIE S : (a) 1 000 °C, 4 h, (b) 1 100 °C, 4 h, (c) 1 000 °C, 500 h,
(d) 1100 °C, 100 h
Fig.2 Macroscopic morphologies of the samples after oxidation at 1 000 and 1 100 °C: (a) 1 000 °C, 4 h, (b) 1 100 °C, 4 h,
(c) 1000 °C, 500 h, (d) 1 100 °C, 100 h
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&3 S04 4 7E 1000 F1 1100 °CHEIRL LS 1 XRD &l : (a) 1 000 °C, 500 h, (b) 1 100 °C, 100 h
Fig.3 XRD patterns of the samples after oxidation: (a) 1 000 °C, 500 h, (b) 1 100 °C, 100 h
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Table 3 EDS analysis of points A and B in Fig.4
(atomic percent/%)

Elements (6] Al Co Ni W Cr Ti

A 82.98 - - 035 0.13 0.61 1594
B 6731 1143 151 6.16 - 11.57  2.01
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Fig.4 Surface morphologies of the samples: (a) oxidized for 500 h at 1 000 °C, (b) higher magnification of the regions in red frame in
(a), (c~d) oxidized for 100 h at 1 100 °C, (e~f) EDS analyses of points A and B in (b) and (c¢)
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Fig.5 Cross-section morphologies of the samples: (a~b) oxidized for 500 h at 1 000 °C, (c~d) oxidized for 100 h at 1 100 °C,
(e) higher magnification of the region in the red frame in (d)
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K6 92804 & A ALHLELUR Z1E < (a) 1 000 °C, (b) 1 100 °C
Fig.6 Schematic diagrams of the oxidation mechanisms of the
alloy: (a) 1 000 °C, (b) 1 100 °C
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