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Study on regulation of carbide precipitation behavior in
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Abstract: In this study the effects of heat treatment parameters including solution treatment temperat-
ures (1 080-1 190°C), aging temperatures (850-950°C), and aging durations (20-60 min) on the carbide
precipitation behavior and the regulation of grain boundary precipitation characteristics in GH4141 su-
peralloy had been investigated. The results indicate that solution temperature is the key factor influen-
cing the carbide precipitation location. Solution treatment at 1 120 °C effectively promotes grain bound-
ary segregation of alloy elements, inducing continuous precipitation of MC and M,C carbides along
grain boundaries. In contrast, solution treatment at 1 190 °C results in dispersed distribution of carbides
within grains and at grain boundaries. During the aging process, aging at 900 °C facilitates the forma-
tion of stable carbide precipitation characteristics along grain boundaries; however, aging at 900 °C for
more than 40 min induces synergistic segregation of Mo and Cr elements and the precipitation of coarse
MC carbides. By combining the results from precipitation characteristic analysis and mechanical prop-
erty testing, it is found out that the optimal heat treatment process is determined to be 1 120 °C solution
(0.5 h) combined with 900 °C aging (1 h). This process enables tailoring of MC and M,C carbides along
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grain boundaries, it is suitable for alloys with a wide range of grain sizes, and achieves the high strength,
providing an important theoretical basis for the manufacturing of high-performance GH4141 superalloy.

Key words: GH4141 superalloy; carbide precipitation; hot working; microstructure; mechanical proper-

ties
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Table 1 Chemical composition of GH4141 superalloy %

Cr Co Mo Ti Al C B Si Mn Ni

1945 1136 104 3.1 1.41 0.09 0.007 <0.01 <0.01 Bal
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Fig.2 SEM images of carbide morphology and spatial dis-
tribution after solution treatment at different tem-
peratures
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Table 2 Precipitation characteristics of two types of carbides after solution treatment at different temperatures

MC M,C

Solution temperature/ °C Size distribution

Content/%  Location characteristics ~ Average size/um Content/%  Location characteristics range/um
1080 2.422  Grain boundary. grain interior 4.951 0.939 Grain boundary 0.092 ~0.314
1120 3.145 Grain boundary 4.857 1.554 Grain boundary 0.104 ~ 0.298
1190 1.408  Grain boundary, grain interior 4.972 1.080  Grain boundary, grain interior 0.084 ~ 0.335
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Fig. 3 SEM images of carbide morphology and spatial distribution after aging treatment at different temperatures
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Table 3 Precipitation characteristics of two types of carbides after aging treatment at different temperatures

. MC M,C
Aging temperature/C
Content/%  Location characteristics ~ Average size/um Content/%  Location characteristics ~ Size distribution range/um
850 0.567 Grain boundary 4.562 0.803 Grain boundary 0.037 ~0.235
900 3.145 Grain boundary 4.857 1.554 Grain boundary 0.104 ~ 0.298
950 0.265 Grain boundary. grain interior 4474 1.157 Grain boundary. grain interior 0.086 ~ 0.274
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Fig. 4 SEM images of carbide morphology and spatial distribution after aging treatment at 900 °C for different time
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Table 4 The precipitation characteristics of two types of
carbides after aging treatment at different times

MC M,C

Aging Size distributi
. . 1z¢€ aistripution
time/min Content/% Average size/“m Content/% range/pm
20 2.202 4.374 0.961 0.081 ~ 0.264
40 2.891 4.562 1.389 0.097 ~0.311
60 3.145 4.857 1.554 0.104 ~ 0.298
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Fig. 7 Mechanical properties of GH4141 alloy after solution treatment at different temperatures
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