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High-temperature oxidation resistance behavior of
Ni-Cr-Al-Fe based powders
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Abstract: The oxidation resistance of Ni-Cr-Al-Fe based powders at 600 ‘C was investigated, and the effects of
aluminum content and pre-oxidation treatment on its oxidation resistance behavior were analyzed. The Ni-Cr-Al-Fe based
powders were prepared by water atomization. The oxidation kinetics was investigated by conducting the mass increase
analyses. The morphology and chemical composition of the oxide films were characterized by FE-SEM (EDS) and XRD,
respectively. The oxidation mechanisms of the alloy powders were also discussed by comprehensive analysis of oxidized
kinetics and the phase composition of oxide layers. The results indicate that the oxidized kinetic curves of Ni-Cr-Al-Fe
based powders at 600°C follow the parabolic rule. The increase of the aluminum content and the pre-oxidation can
enhance the oxidation resistance of Ni-Cr-Al-Fe based powders. With the increase of aluminum content, the oxide film
changes from a combined structure of Cr,O; and Al,O; to single Al,Oj5 structure, which is beneficial to the increase
oxidation resistance of Ni-Cr-Al-Fe based powders. The further oxidation of Ni-Cr-Al-Fe based powders can be
effectively controlled after the pre-oxidation treatment.
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Table 1 Nominal compositions of origin superalloy powders

(mass fraction, %)

Sample No. Ni Cr Al Fe C
1* Bal. 16 45 3 0.05
2" Bal. 16 9.0 3 0.05

Sample No. Y Mn Si Zr B
1* 001 <05 <02 <01 <0.01
2" 001 <05 <02 <01 <0.01
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Fig.1  Oxidation kinetics of different experimental alloy

powder oxidized in air at 600 ‘C
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Table 2 Parabolic rate constants of different experimental

alloy powders oxidized in air at 600 ‘C for 100 h

Sample No. Kp/(gzvcmf“'s*l)
1 6.69%107"7
2" 2.77%1077
yl* 1.62X107'8
y2* 5.94X107"
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Fig.2 XRD patterns of surface of primitive and pre-oxidation

alloy powders before and after oxidation: (a) Primitive and

pre-oxidation of alloy powders; (b) Alloy powder oxidized in

air for 100 h at 600 ‘C
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Fig.3 Cross-sectional morphologies and elemental distributions of yl# (a) and y2 # (b) alloy powders
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Fig.4 Surface morphologies of alloy powders before and after oxidation: (a), (c), (¢) (g) 1%, 2%, y1*and y2* powders, respectively;
(), (d), (), (h) 1%, 2%, y1*and y2* powders oxidized at 600 °C for 50 h, respectively
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Fig.5 Cross-sectional morphologies of different experimental alloy powders oxidized at 600 ‘C for 75 h: (a) 1 (b) 2% (c) y1%;
(d)y2*
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Fig.6 Cross-sectional morphology and plane elemental distributions of 17 alloy powder oxidized at 600 °C for 50 h
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Fig.7 Cross-sectional SEM image (a) and corresponding
elemental distribution curves (b) alloy for 2 powder oxidized

at 600 C for 100 h
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Fig.8 Oxide map of ternary Ni-Cr-Al alloys at 1 000 ‘C!"4
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