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Tablel  Chemical composition of FGH98 alloy (/%)
Cc Cr Co Mo W Al Ti Nb Ta B Zr Ni
0.05 12.7 20.4 2.6 3.8 35 3.70 0.9 2.4 0.02 0.045 Bal.

K1 AFE Ta &g SR 5 i 2 ma g
Fig.1 Microstructures of alloys with different Ta contents after heat treatment: (a) 0%, (b) 1.2%, (c) 2.4%, (d) 3.6%, and (e) 4.8%
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Fig.2 Oxidation kinetic curves of alloys with different Ta contents at
800 C
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Fig.3 Cross-sectional morphologies of the oxidized film of alloys with different Ta contents at 800 ‘C for different oxidation time
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Fig.4 Oxidation depth (a) and oxide layer thickness (b) of alloys with different Ta contents at 800 “C for different oxidation time
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Fig.5 XRD patterns of alloys with different Ta contents at 800 ‘C for different oxidation time: (a) 100 h, (b) 500 h, and (c) 1000 h
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Fig.6 SEM images and EDS analysis region of alloys with different Ta contents after oxidation for 1000 h: (a) 0%, (b) 1.2%, (c) 2.4%, (d) 3.6%

and (e) 4.8%
#3 [E6h5MASEL 1000 h MELERRREHOFLY EDS HH S5
Table 3 EDS analysis results of the different regions of the oxide film in Fig.6
Ta content, w/% Region Ni (e} Cr Al Ta Ti Co
1 4.26 30.14 53.79 1.03 - - 10.78
0 2 24.24 21.05 28.27 3.05 - 17.51 5.88
1 9.64 61.30 16.82 1.50 0.27 5.76 4,70
12 2 52.84 46.33 0.83 - - - -
1 26.31 48.96 1.63 13.94 - - 9.16
2.4 2 8.83 60.18 12.79 6.61 271 1.77 711
3 6.35 61.49 18.90 2.19 1.18 2.16 7.73
1 - 70.20 17.46 7.65 2.87 1.82 -
36 2 15.61 61.30 4.83 122 0.21 9.80 7.03
3 5.98 63.44 16.19 2.53 1.52 3.64 6.70
1 4.55 66.25 25.65 - - - 3.55
4.8 2 6.16 60.68 12.78 5.96 7.35 3.24 3.83
3 9.19 60.10 17.78 1.93 0.98 2.22 7.80
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BWEFEEH ALO; k. G&, ERINEMER B Ta &M ALO; B &/ MAESN), MRS Ta &
W}%aﬂcﬂ%z@ﬁﬁﬂia Ta Eam%,lz)%ﬁmﬁi S ENIENER — ZEEES: ALO;, i H 7
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Fig.7 SEM images and EDS element mapping of the oxide film of alloys with different Ta contents after oxidation for 500 h: (a) 0% Ta,
(b) 1.2% Ta, (c) 2.4% Ta, (d) 3.6% Ta, and (e) 4.8% Ta
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Fig.8 SEM images and EDS element mapping of the oxide film of alloys with different Ta contents after oxidation for 1000 h: (a) 0% Ta,
(b) 1.2% Ta, (c) 2.4% Ta, (d) 3.6% Ta, and (e) 4.8% Ta
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Effect of Ta Content on High Temperature Oxidation Performance of
Nickel-based PM Superalloys

Yang Zhikun®, Wang Hao', Zhang Yiwen?, Hu Benfu®
(1. School of Materials Science and Engineering, University of Science and Technology Beijing, Beijing 100083, China)
(2. Beijing CISRI-Gaona Materials Technology Co., Ltd, Beijing 100081, China)

Abstract: The oxidation resistance of superalloys (FGH98) with different Ta element contents at 800 °C was studied by XRD, FEG-SEM and EDS.
The results show that the relationship between oxidation mass gain and oxidation time of Ta-containing alloys conforms to parabolic kinetics law,
and the oxide layer is Al,O3+NiCr,04+Ta,0s+(Ti/Cr)TaO4 composite oxide structure. With the increase of Ta content, the thickness of the oxide
layer decreases, the oxidation depth becomes thinner, and the oxide layer becomes smoother and denser. There is a Ta-rich oxide (Ta;Os,
(Ti/Cr)TaO,) between the outer layer and the inner oxide layer, which can easily combine with Cr,O; to form CrTaO,, which reduces the
volatilization loss of Cr,O3 oxide at high temperatures and improves the oxidation resistance of the alloy. The appearance of Ta-rich Ta,Os and
(Ti/Cr)TaO,4 can hinder the out-diffusion rate of metal ions. The addition of Ta changes the ion diffusion rate of the oxide layer, improving the
oxidation resistance of the alloy.

Key words: PM superalloys; Ta; high temperature oxidation; oxidation products
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