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Table 1 Chemical composition of GH4141 superalloy (®/%)

Cr Co Mo Al Ti B C Ni

19.58 1135 1040 140 3.10 0.007 0.09 Bal

Mass Fraction of Phase/%
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Fig.1 Equilibrium phase diagram for GH4141 superalloy (a) and
partially enlarged diagram of the circled region in Fig. la (b)
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Fig.2 Schematic diagram of the hot deformation process (a) and

sampling process (b) for GH4141 superalloy
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Fig.3 OM images of the forged (a) and hot rolled (b) GH4141 superalloy as well as true stress-true strain curves of forged and hot rolled GH4141

superalloy during the hot deformation (c)
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Fig.4 True stress-true strain curves of GH4141 superalloy during hot deformation: (a) 1050 °C, (b) 1100 °C, and (c) 1150 °C
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Table 2 Peak stress of hot-rolled specimens under various hot

deformation conditions

Temperature/°C Strain rate/s™ Peak stress/MPa
1050 187.7
1100 0.01 1344
1150 95.9
1050 2933
1100 0.1 219.7
1150 154.4
1050 387.8
1100 1.0 301.4
1150 2214
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Fig.5 Fitting relationship curves of strain rate, deformation temperature, Z parameter and peak stress: (a) Iné-Ino,, (b) Iné-o,, (c) Ine-
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Fig.6 OM images and recrystallization fraction of hot rolled GH4141 superalloy after hot deformation with a strain rate of 0.01 s
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Fig.7 OM images and recrystallization fraction of GH4141 superalloy after hot deformation with a strain rate of 0.1 s™
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Fig.8 OM images and recrystallization fraction of GH4141 superalloy after hot deformation with a strain rate of 1.0 s™
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Fig.9 SEM images of the GH4141 superalloy and partially enlarged images in twin boundary region after forging at a constant true strain of 0.1:

(a) 1050 °C, 0.01 s, (b) 1050 °C, 0.1 5™, (c) 1050 °C, 1.0's™, (d) 1100 °C, 0.01 s, and (e) 1150 °C, 0.01 s™
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Fig.10 OM (a—c) and (d—f) SEM images of GH4141 superalloy after hot deformation at 1050 °C and strain rate of 0.01 s* under varying true
strain: (a, d) €=0.3, (b, ) &=0.5, (c, f) &=0.7
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Fig.11 Experimentally measured changes in dynamic recrystallization fraction of GH4141 superalloy against true strain with different strain rates:
(2) 0.01s™,(b)0.1s",and (c) 1.0 s
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Fig.12 Fitting relationship curves between deformation temperature as well as strain rate and ¢ ;: (a) Ing, s-(1/7 ) and (b) Ine, 5-Iné
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Fig.14 Optical images and recrystallization fraction of hot rolled GH4141 superalloy after hot deformation at 1000 °C
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Table 4 Comparisons between the dynamic recrystallization fractions predicted by the model and the experimental measurement of hot-

rolled GH4141 superalloy

Strain rate/s™ € Temperature/°C Predicted result/% Experimental result/% Relative error/%
0.1 0.4 1000 20.0 17.4 2.6
0.1 0.7 1000 38.2 42.6 44
0.01 0.7 1000 50.0 53.4 3.4
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Hot-Deformation Behavior and Dynamic Recrystallization Rules of Hot-Rolled GH4141
Superalloy

Zhang Xianguang', Pei Yiwu', Zhou Yang™’, Chen Jiajun', Xiao Dongping™’, Tang Pingmei*’, Fu Jianhui**, Yan Jianhao',
Zhang Jian>*
(1. School of Metallurgical and Ecological Engineering, University of Science and Technology Beijing, Beijing 100083, China)
(2. Chengdu Advanced Metal Materials Industrial Technology Institute Co. , Ltd, Chengdu 610300, China)
(3. Pangang Group Research Insitute Co. , Ltd, Panzhihua 617000, China)

Abstract: GH4141 nickel-based superalloy is a key material for turbine disks, fasteners and engine cases, which is generally fabricated through
traditional casting-forging/rolling processes. In this study, the hot working behavior of hot-rolled GH4141 superalloy was studied. The hot
deformation behavior of the hot-rolled GH4141 superalloy at deformation temperatures of 10501150 °C and strain rates of 0.01—1 s™ was studied
through Gleeble hot-compression experiments, and the hot deformation constitutive equation of the alloy during the deformation process was
constructed. In addition, based on the microstructure evolution analyses under different deformation conditions, the dynamic recrystallization rules
during the hot deformation process were clarified. A dynamic recrystallization model of the alloy was constructed and the dynamic
recrystallization fraction can be accurately predicted by this model. It is found that the dynamic recrystallization fractions are increased with the
increase in the deformation temperature, the decrease in strain rate, or the increases in amount of deformation. From the viewpoints of degrees of
dynamic recrystallization, the optimal deformation parameters are determined as deformation temperature at 1150 °C and the strain rate of 0.01—
0.1s".

Key words: GH4141 superalloy; hot rolled state; hot deformation; constitutive model; dynamic recrystallization
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