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Effect of y' Precipitation on Lamellar M,;C, Carbide Precipitation in GH4145 Alloy
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[ABSTRACT] The lamellar M,;C, phase is a typical harmful microstructure formed in the superalloys including GH4145.
The mechanism for the precipitation of the lamellar structure has been investigated extensively, the conditions for the
precipitation of the lamellar structure of the M,;C, carbide, however, remains unclear till now. By analyzing the precipitation
of v and M,;C, phases during the cooling after the 980°C solution and the subsequent 730°C aging, it was found that the
lamellar M,;C, precipitation was directly governed by the y’ precipitation. After the 980°C solution, the y' precipitation could
be prohibited thoroughly when the cooling rate is higher than 22°C/s. During the subsequent 730°C aging after the 980°C
solution, the M,;C, carbide precipitated as isolated particles when the y’ phase pre-precipitated in the matrix, because the v’
phase would inhibit the directional growth of the carbide. While the M,;C, carbide might grow into lamellar form with the
y' phase by the eutectoid reaction of (M,;C+y") when there was no the y' precipitates in the matrix before the aging. The co-
precipitation of M,,C, and y' is the necessary conditions for the formation of the lamellar M,,C carbide.
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Fig.1 Microstructure of GH4145 alloy as cold rolled and solution treated

| S

(a) 1.5°C/s

| S

(b) 4.5°C/s

B2 980°CEIEEHISEITGH41455 &y 1T HAIFIT
Fig.2 Effect of cooling rate on the precipitation of y’ phase in
GH4145 alloy after the solution at 980°C for 30min
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Table 1 Effect of cooling rate on room temperature tensile strength of GH4145 under solution at 980°C for 30min

Cooling rate 0.5°C/s 1.5°C/s 4.5°C/s
UTS/MPa 1230 1150 860
YS/MPa 670 650 375

22°C/s AC FC oC wC
765 775 1240 780 750
275 285 720 289 260
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Table 2 Effect of cooling rate succeeding the 980°C solution on the M,;C, precipitation during aging at 730°C for 20h

Cooling rate | EC | 0.5°C/s 4.5°C/s |

22°C/s | AC | ocC | wC

Carbide Morphology Particle Particle Particle

(a) J%

Particle/Silk like

--

(b) K&

Particle/Silk like Particle/Silk like | Particle/Silk like

(c) K% (T

B3 930°C x 30min Eli& 5892 X FES730°C x 20n 30 72 f & 54T H B R 00
Fig.3 Effect of cooling rate succeeding the solution at 980°C on the grain boundary precipitation during aging at 730°C for 20h
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Fig.4 Evolution of the silk-like phase precipitated at the grain boundary of GH4145 alloy during the aging at 730°C after

the solution at 980°C for 30min followed by water quenching
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Fig.5 Typical morphology of M,;C, carbide precipitated in GH4145 alloy after solution at 980°C followed by water quenching and
aging at 730°C for 20h
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Fig.6 Precipitation of the lamellar M,;C, and Y’ phases at the local grain boundaries
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Fig.7 Precipitation of phases as isolated particles at the

grain boundaries
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