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Effect of long-term aging on the microstructure and

mechanical properties of FGH96 superalloy
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Abstract: The mechanical properties of FGH96 superalloy after long-term aging were studied with tensile
tests, stress rupture tests, and creep tests. The microstructure and precipitation phases were investigated
by optical microscopy (OM), scanning electron microscopy (SEM), and transmission electron microscopy
(TEM). Results show that at the condition of aging temperature of 550 “C and 650 C, aging time from
100 h to 7 500 h, the grain size, morphology of ¥’ phase, fraction of MC plus M, B, phases, tensile
properties, and rupture strength of the FGH96 superalloy after long-term aging keep nearly the same with
those before long-term aging. The factions of ¥’ phase and Cr.;Cs phase increase with increasing aging time
at 650 °C while they remain almost unchanged at 550 ‘C, which leads to the increasing residual strain of
creep deformation for the 650 ‘C aged FGH96 superalloy.
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Table 1 Composition of FGH96 alloy in terms of mass fraction %

w (Co) w (Cr) w (Mo) w (W) w(AD w (T w (Nb) w (C) w(B) w(Zr) w (N1)

12.960 16.170 4.040 4.010 2.200 3.780 0.690 0.050 0.016 0.042 A
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Table 2 Long-term aging processes

R/ C I 18] /b
550 100 400 700 1 000 2 000 5 000 7 500
650 100 400 700 1 000 2 000 5 000 7 500
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Table 3 Testing items and sampling quantities for each heat treatment
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Fig. 1 Optical microstructure after long-term aging
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Fig. 2 The morphology of Y’ precipitates after long-term aging (SEM)
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Fig. 3 Fraction of ¥’ phase after long-term aging
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Fig. 4 The TEM, EDS, and diffraction patten of precipitation phases before long-term aging
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Fig. 5 Fraction of Cr,; Cs phase after long-term aging
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Fig. 6 The morphology of Cr,; Cscarbide along the grain boundary



% 6 BB, KTt FGHO6 &2 AR5 3 MR Hn 133

K7 o3 MC B AL W) A My B, B840 4 A BE A [R13L E AN () IR 28 i (6] o 8 70 B 9 A2 AL L . 25 I 2800
9 550 “C I, Bt I A AL HE S, MC R M B, AR BB AL T A2 e RS, i o MO AR R B 1E 0.35 0 7 s
IR EE T 650 CIF, EIRPIRIRARAL TR E RS . 5 550 “C AN [ I R 8] fr) 755 ft B AR AR ]

0.8
—=—550 C
—e—650 C
0.6 +
]
=y
KR 04
i} e bl
B
0.2 |
0.0 1 1 1 1 1 1 1 ]
0 1000 2000 3000 4000 5000 6000 7000 8000

IR 380 6] /h
B 7 FEBE.TERZEE MC+HMB, HEEHELFR
Fig. 7 Fraction of MC plus M, B, phases after long-term aging
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Fig. 8 Mechnacal properties after long-term aging
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Fig. 9 Rupture strength after long-term aging
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