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Abstract: Cobalt-based superalloys are widely used in aerospace, energy power, and nuclear industries due
to their excellent resistance to thermal corrosion and fatigue, as well as good weldability. However, high-
temperature oxidation leads to performance degradation of the alloys, becoming a key factor limiting their
service life. This paper reviews the progress in the study of oxidation behavior of cobalt-based superalloys,
focusing on the different stages of oxidation and their mechanisms of the oxidation process. It further
explores the effects of alloying elements and temperature on the formation and evolution of oxide scales, and
critically analyzes the limitations and challenges of current research. Finally, it points out that future key
research directions include the design of novel cobalt-based superalloy compositions and the optimization of
synergistic mechanisms, control of oxide scale and phase transformations, as well as conducting oxidation
studies under dynamic environments combined with intelligent methods to accelerate materials optimization.
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Fig.1 Schematic diagram of the oxidation process of cobalt-based alloys

(a)initial stage ; (b)steady-state oxidation stage; (¢)volatilization of oxides; (d)accelerated stage
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Table 1 Summary of element-optimal content-oxide type-temperature sensitivity-synergistic/antagonistic effects

Optimal content

Element Oxide Temperature sensitivity” Synergistic/antagonistic effect
range/ %
Al 8-11143:45.781 a-Al,O;and 0-Al,O, High (0-ALO, transforms into protective Acts synergistically with Cr to form a protective oxide
a-Al,O4 at high temperatures of around layer
1000 °C) A higher Al content can suppress the negative impact
of Tidoping
Cr 5-gL18.50] Cr, O, Moderate Acts synergistically with Al to form a bilayer oxide
film, the formation of Cr,O4 reduces the local oxygen
partial pressure at the oxide layer-alloy interface,
promoting the formation of Al,O4
Ti 2-382:36 TiO, Moderate Forms a TiO, film on the outer layer, effectively
suppressing the excessive oxidation of Cr at high
temperatures and promoting the formation of a dense
Cr,0y layer
Ti doping disrupts the continuity of the Al,O, layer
Si 0-2159-60] Sio, Moderate Promotes the selective oxidation of Al and Cr elements
Co CoO and Co;0, High (Co;0, primarily forms at 800-
900 °C, while above 900 °C , it mainly
exists as CoO)
Ni > 2(!29:52:67] NiO Moderate Accelerates the diffusion of Cr in the matrix and
promotes the formation of the Cr,O4 layer
w WO, High (around 1000 °C, the formation of
low-melting-point eutectic CoWO, and
the volatilization of WO, tend to
exacerbate oxidation)
Mo MoO;, High (above 700 °C , volatile MoO,
forms, which accelerates oxidation )
Nb Nb,O5 High (above around 1000 °C , the Nb tends to promote the formation of NbCrO,,

volatility and volume expansion of Nb,Og
can easily lead to the structural damage

of the oxide film)

hindering the formation of Cr,O,

*Sensitivity is mainly reflected in the significant changes in the oxide type, oxide layer structure, and oxidation resistance of the alloy with varying

temperatures.
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