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Abstract: The oxidization kinetics of novel Co-Al-W supperalloys in air at 800 and 900 C, and the effects of alloying
elements (Mo, Nb, Ta, Ti) on oxidation behavior of Co-Al-W alloys at high- temperatures were investigated. The results
show that after being oxidized at 800 C for 100 h, the mass gain of Co-8.8A1-9.8W or Co-8.8A1-9.8W-2Ta is less,
indicating that they have better anti-oxidative ability than other alloys at 800°C. After being oxidized at 900 C, the mass
gain of Co-8.8A1-9.8W-2Mo, Co-8.8A1-9.8W-2Nb, Co0-8.8A1-9.8W-2Ta or Co-8.8A1-9.8W-2Ti is less than that of
Co-8.8A1-9.8W alloy, indicating that for anti-oxidant property, Co-8.8Al1-9.8W-2Mo, Co-8.8A1-9.8W-2Nb,
Co-8.8A1-9.8W-2Ta and Co-8.8A1-9.8W-2Ti alloys are superior to Co-8.8A1-9.8W alloy. There are agglomeration, voids
at local scale/alloy interface, crack and deterioration in the oxidation films on Co-Al-W alloy surfaces at different
temperatures. The oxide scales exhibit multi-layered structure including an outer layer of Co30,4 oxide, an intermediate
mixed layer of oxides of W, Al and alloying elements and an internal attacked layer of oxides of Co and Al. According to
the fitted oxidization kinetic curves, the ability of alloying elements (Mo, Nb, Ta, Ti) on the anti-oxidation of Co-Al-W
alloy is in an decreasing order of Ta, Ti, Mo, Nb at 800 ‘C, but Ti, Ta, Mo, Nb at 900 C.
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Table1 Measured chemical compositions of Co-Al-W super alloys
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Mass fraction/%

Alloy Abbreviation
Co Al w C Fe Mo Nb Ta Ti
Co-8.8A1-9.8W 9.8W Bal. 4.873 26.021 0.048 0.801 0.274
Co-8.8A1-9.8W-2Mo 2Mo Bal. 4219 26.004 0.062 1.250 2.374
Co-8.8A1-9.8W-2Nb 2Nb Bal. 3.923 25886 0.107 0.868 0.392 2.354
Co-8.8A1-9.8W-2Ta 2Ta Bal. 4.070 24.964 0.081 1.096 0.436 4.329
Co-8.8A1-9.8W-2Ti 2Ti Bal. 3.506 26.131 0.073 1.262 0.525 1.126
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Fig.1 Kinetic curves of oxidation of 9.8W, 2Mo, 2Nb, 2Ta and 2Ti alloys oxidized at 800 “C (a) and 900 C (b)
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Table 2 Fitted equations of curves of mass gain and cyclic oxidation of Co-Al-W superalloys at different temperatures

Alloy

Fitted equation

800 'C

900 ‘C

Co-8.8A1-9.8W
Co-8.8A1-9.8W-2Mo
Co-8.8A1-9.8W-2Nb
Co-8.8A1-9.8W-2Ta

Co-8.8A1-9.8W-2Ti

Y2=1.158 71+0.055 15 X
Y2 =0.064 13+0.155 6 X
Y2 =-1.040 4+0.461 14 X
Y2 =0.879 53+0.026 66 X
Y2 =1.635 64+0.141 07 X

Y?=-147.621 88+9.386 43 X
Y?%=-9.660 84+0.813 73 X
Y?=2.205 69+3.234 97 X
Y?=-2.764 52+0.457 55 X
Y2=-1.336 65+0.265 53 X

R 3 Co-Al-W A& =il A 2l

Table 3 Components in oxidation film of Co-Al-W superalloys at different temperatures

Component

Alloy
800 C

900 ‘C

Co-8.8A1-9.8W
Co-8.8A1-9.8W-2Mo
Co-8.8A1-9.8W-2Nb
Co-8.8A1-9.8W-2Ta

Co-8.8A1-9.8W-2Ti

C0304, CoO
CO304, CoO

CO304, COWO4

CO304, COWO4
C02A104, C0304

Co0304, Co0, Co,AlO4, CoWO,
C0,A104, CoO, Co304
CoWO0Oy,, CoO
Co0, C030,, Co,AlO,
Co0, Co30,, TiO,
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Fig.2 SEM images of high-temperature oxidation film on Co-Al-W
alloys surface after being oxidized at different temperatures: (a) 98W, at
800 C; (b) 98W, at 900 ‘C; (c) 2Mo, at 800 C; (d) 2Mo, at 900 C;
(e) 2Nb, at 800 ‘C; (f) 2Nb, at 900 C; (g) 2Ta, at 800 C; (h) 2Ta, at
900 C; (i) 2Ti, at 800 C; (j) 2Ti, at 900 'C
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Fig.3  Cross-sectional SEM images of

oxide scale formed on Co-Al-W alloys after
being oxidized at different temperatures:
(a) 2Mo, at 800 C; (b) 2Ta, at 800 C;
(c) 9.8W, at 900 C; (d) 2Nb, at 900 C;
(e) 2Ti, at 900 'C
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Fig.4 Cross-sectional SEM images and liner scanning results of oxide scale formed on alloys oxidized at different temperatures: (a),
(a") 9.8W, 800 °C; (b), (b") 2Nb, 800 C; (c), (¢') 2Ti, 800 C; (d), (d") 2Mo, 900 C; (e), (e’) 2Ta, 900 C
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Fig.5 Composition images and X-ray mapping by EPMA of cross section of Co-8.8A1-9.8W superalloys subjected to cyclic
oxidation at 900°C in air after 100 h
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Fig.6 Composition images and

X-ray mapping by EPMA of
cross section of Co-8.8Al-
9.8W-2Ta superalloys subjected
to cyclic oxidation at 900°C in air

after 100 h
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{ Fig.7 Composition images

| and X-ray mapping by EPMA
of cross section of Co-8.8Al-
B 9.8W-2Ti superalloys subjected
to cyclic oxidation at 900°C in

S air after 100 h
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