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Table 1 Nominal composition of three kinds of experimental
single crystal superalloys (w/%)
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Fig.1 Schematic diagram of oxidation sample preparation
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Fig.2 Isothermal oxidation kinetics curves of experimental
alloys at 1100 C
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Table 2 Phases identified by XRD on experimental alloy
samples after oxidized at 1100 °C for 100 h

Alloy Oxide phases
6% W Ta205, CO304, A|203, Cr203, NIO,
NiAle4, NiTazos, NIWO4
%W Tazos, AITaO4, C0304, A|203, NIO,
NiTazoe, NIWO4, Cr203
8% W Ta205, C0304, A|203, NIO, NiAle4, Cr203
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Fig.3 Scale morphologies of experimental alloy samples at 1100 °C oxidized for 100 h: (a, b) 6%W, (c, d) 7%W, (e, f) 8%W
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Fig.4 Cross-sectional morphologies of experimental alloy samples oxidized at 1100 ‘C for 25 h: (a) 6%W, (b) 7%W, and (c) 8%W
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Fig.5 Cross-sectional morphologies of experimental alloy samples oxidized at 1100 “C for 100 h: (a) 6%W, (b) 7%W, and (c) 8%W
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Table 3 Composition of oxide layers after oxidized at 1100 °C for 100 h obtained by EDS
Alloy Oxide layer o) Co Ni Cr Al Ta W
wl% 13.87 9.85 75.62 0.66 - - -
at% 37.13 7.16 55.17 0.54 - - -
l% 26.64 6.52 55 5.52 29.85 1363 1234
at% 60.41 8.76 3.83 3.39 18.44 2.73 2.44

Outer

6%W  Intermediate

Inner wl% 48.02 - 7.51 - 44.47 - -
at% 62.83 - 2.67 - 345 - -
wl% 25.05 8.98 65.98 - - - -

Outer

at% 55.09 5.36 39.55 - - - -
ol% 29.13 8.45 5.25 6.79 19.42 19.78 11.18

7%W  Intermediat
° nermediale it 6387 1097 355 404 1160 383 214

Inner wl% 52.07 - 0.64 - 47.29 - -
at% 64.86 - 0.22 - 34.93 - -
wl% 15.04 9.19 75.77 - - - -

Outer

at% 39.38 6.54 54.08 - - - -
ol% 25.32 8.18 27.16 4.21 11.82 23.32 -
at% 55.88 4.9 16.34 2.86 15.47 4.55 -
l% 51.71 - 4.47 - 43.83 - -
at% 65.52 - 1.55 - 32.94 - -

8% W Intermediate

Inner
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Effect of W Content on Oxidation Resistance of Experimental
Third Generation Single Crystal Superalloys

Wang Xiaoguang, Li Jiarong, Shi Zhenxue, Liu Shizhong, Yue Xiaodai
(Science and Technology on Advanced High Temperature Structural Materials Laboratory,

Beijing Institute of Aeronautical Materials, Beijing 100095, China)

Abstract: The isothermal oxidation behaviors of three kinds of experimental third generation single crystal superalloys with different
tungsten contents were investigated at 1100 <C in air by X-ray diffraction (XRD), scanning election microscopy (SEM) and energy disperse
X-ray analysis (EDS). The results show that three kinds of alloys approximately obey subparabolic rate law during oxidation at 1100 <C for
100 h. The mass gain of 8 wt% W-containing alloy is higher than that of 6 wt% and 7 wt% W-containing alloys. The oxide scale exposed at
1100 <C consists of three layers: an outer Ni(Co)O layer, an intermediate layer mainly composed of oxides and spinels, and an inner Al,03
layer. The y'-free layer is formed in the base alloy. In the current alloy system, the transition of oxidation mechanism happens with
increasing W content at 1100 <C; therefore, it is found that the alloys with W content less than 7% exhibit relative balance between
oxidation resistance and solution strength.

Key words: third generation single crystal superalloy; oxidation resistance; tungsten
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