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AES analysis and pre-heat treatment of FGH96 superalloy powders

LIU Jian-tao, ZHANG Yi-wen

(High Temperature Material Research Institute, Central Iron and Steel Research Institute, Beijing 100081, China)

Abstract: The chemical composition on particle surface of FGH96 superalloy powders was analyzed by means of auger
electron spectroscopy (AES), and the carbide evolution after pre-heat treatment was also analyzed by TEM. The results
show that elements O, C and Ti segregate on the particle surface, which is composed of absorption layer and oxy-carbides
layer. The absorption layer is mainly composed of O and C atoms, while the oxy-carbides layer is characterized as Ti
oxide and carbide. MC' metastable carbide precipitates during the quick solidification, after the pre-heat treatment, the
metastable carbide MC' changes to stable MC carbide and M,;C¢ precipitates. This improves the stability and distribution

state of carbide in the particles.
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Table 1 Main chemical composition of FGH96 P/M superalloy (mass fraction, %)

Cr Co w Mo Nb Al

C B O S Zr Ni

15.8 13.0 4.1 43 0.80 2.30

0.03 0.01 0.004  0.001 0.03 Bal.
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Fig. 1 Calculated results of equilibrium phases(a) and their mass fraction(b) of FGH96 P/M superalloy
F 2 FGHI6 & & 1M A M A7 Ak FE XA
Table 2 Equilibrium phases and corresponding temperature ranges of FGH96 P/M superalloy
Phase L+S y' MC M23C6 MBZ M3B2 u o P
Temperature range/C 1266—1350 1114  969-1 303 969 1100-1270 1102 835 673 827858
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Fig. 2 Morphologies of FGH96 superalloy powders with different particle sizes: (a) 200—300 pm; (b) 50—150 pm; (¢) <50 um
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Fig. 3 Surface solidification microstructures of FGH96 superalloy powders with different particle sizes: (a) 200—300 um; (b)
50—150 pm; (¢) <50 pum
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Table 3 Chemical compositions of surface layer of FGH96

powders with different particle sizes

Mole fraction/%
Particle size

C O C+O Ti MotAI+Nb+Zr
200-300 pm 34.02 34.62 68.64 6.72 19.99
50-150 um 29.86 40.40 70.26 2.19 12.74
<50pum  34.58 41.30 75.88 3.66 5.83
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Fig. 5 Composition — depth profiles of
alloying elements through surface layer of
FGH96 superalloy powders with different
particle sizes: (a) 300 um; (b) 150 pm; (c) 50
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Fig. 6 Morphology and diffraction pattern of extracted

metastable carbides in FGH96 superalloy powders
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Fig. 7 Carbide morphologies and corresponding diffraction
patterns of FGH96 superalloy powders after pre-heat treatment
at different temperatures: (a) 950 C, 5 h, M,3Cs, MC; (b) 1 050
C,5h,MC
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