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Effects of primary aging temperature on
microstructures and mechanical properties of
new corrosion-resistant alloy GH925 with high strength
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Abstract: In order to study the effect of primary aging temperature on the microstructures and mechanical properties of a
new corrosion-resistant alloy GH925, the precipitated equilibrium phases and their compositions were calculated and
analyzed by Thermo-Calc software, and the precipitated phases and impact fracture morphology were observed by ultra
high resolution field emission scanning electron microscopy (FESEM) and energy dispersive spectrometry (EDS),
scanning electron microscopy (SEM) and metallographic microscopy. The results show that the primary aging
temperature has significant effect on the precipitation behaviors of ¢ phase and y’ phase. The increase of primary aging
temperature not only promotes the precipitation of a large number of ¢ phase at the grain boundary and its growth to the
inner of the grain, but also leads to the coarsening of y’ phase, giving rise to the decreases of strength and toughness. The
root reason for the intergranular fracture is the embrittlement effect caused by o phase at the grain boundary.
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Table 1

fraction, %)

Chemical compositions of GH925 alloy (mass

C Si Mn Cr Mo Cu Al
0.0067 0.084 0.51 20.76  3.21 2.21 0.20
Ti Nb Fe Ni S P

218  <0.005 27.56 4292  0.0038  0.003
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Fig. 1  Relationship between precipitation amounts of
equilibrium phases and temperatures for GH925 alloy (a) and

its partial magnification (b)

Table 2 Calculated maximum precipitation amount, temperatures and compositions of equilibrium phases in GH925 alloy

Equilibrium  Maximum  Temperature/ Mass fraction of equilibrium phase/%
phase amount C C Al Ti Mo Cr Fe Ni Si
y 1 1313 0.0067 0.20 2.18 3.21 20.76 27.56 45.99 0.084
MC 0.0003 859 18.68 - 80.44 0.46 0.41 Trace Trace -
0.1060 400 - 0.52 20.53 Trace 0.02 0.26 78.67 -
o 0.1358 572 - - - 17.91 44.59 24.34 13.16 0.003
M,;Cs 0.0013 466 5.14 - Trace 20.30 71.58 1.62 1.35 -
a-Cr 0.1222 400 - Trace - 0.23 96.10 3.65 0.02 0.004
Laves 0.0653 400 - - - 46.65 15.74 36.56 1.02 0.03
Y 0.4531 400 - 0.12 0.004 0.04 10.75 33.68 55.41 0.005
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Fig. 2 Metallographic microstructures of GH925 alloy in different states: (a) Hot-rolled; (b) Solid-solution; (c) Primary aging at

740 C; (d) Primary aging at 750 ‘C
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Fig. 3 SEM microstructures of GH925 alloy in different states: (a) Hot-rolled state; (b) Solid-solution state; (c) Primary aging at
740°C; (d) Primary aging at 750 C
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Table 3 EDS results of compositions of precipitated phases in hot-rolled GH925 alloy shown in Fig. 3(a)

Mass fraction/%
Area
C Al Ti Mo Cr Fe Ni Cu
A 9.52 - 90.48 - - - - -
B 4.03 - 9.83 7.77 18.08 24.06 36.26 -
C 1.90 0.16 2.32 2.85 20.85 27.92 41.24 2.52
FT 4 BIRES GHO25 & &M HAH Loy fig 0% oA 45 3
Table 4 EDS results of compositions of precipitated phases in aged GH925 alloy
Mass fraction/%
Area
C Al Ti Mo Cr Fe Ni Cu
Precipitation - - - 10.85 40.83 26.54 21.78 -
Matrix 1.64 0.19 2.36 2.30 20.53 28.63 41.64 2.71
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Fig. 4 Microstructure and element distributions of precipitations in GH925 alloy primary aged at 740 “C: (a) Microstructure; (b) Al;

(©) Cu; (d) Cr; (¢) Mo; () Ti; (g) C; (h) Fe; (i) Ni
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Fig. 5 FESEM images of GH925 alloy in different states: (a)

Hot-rolled state; (b) Primary aging at 740 ‘C; (c) Primary aging
at 750 'C
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Fig. 6 Metallographic image (a) and FESEM images ((b), (c))

of GH925 alloy aging at 740 °C for 300 h after solid-solution

treatment
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Fig. 7 Mechanical properties at room temperature for GH925 alloy aged at different primary aging temperatures after solid-solution
treatment: (a) Tensile strength; (b) Yield strength; (c) Elongation; (d) Contraction of cross-sectional area; (e) Impact toughness; (f)

Brinell hardness
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Fig. 8 Fracture morphologies of impact specimens at room
temperature for GH925 alloy aged at different primary aging
temperatures after solid-solution treatment: (a) 740 C; (b)
750 'C
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