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Table 1 Chemical composition of high-quality GH4738 alloy

(Wt%)

Al Ti Cr Co Mo C Fe Ni

1.40 3.00 19.69 14.68 4.43 0.36 1.10 Bal.

A T=1040-1080 °C
£=8%-30%

VVVN

Holding time: 15 min

7/°C

10 °C/s Water cooling

\4

t/min
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Fig.1 Schematic diagram of single-pass hot compression experiment
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Table 2 Hot compression experimental parameters of high-

quality GH4738 alloy
Parameter Value
Deformation temperature/°C 1040, 1060, 1080
Strain rate/s” 0.01,0.1, 1
Deformation amount/% 8, 15, 20, 30
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Fig.2 True stress-true strain curves of high-quality GH4738 alloy under different initial grain conditions: (a) 1040 °C, 0.01 s'; (b) 1060 °C, 0.01 s
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(c) 1080 °C, 0.01 s'; (d) 1040 °C, 0.1 s™; (€) 1060 °C, 0.1 s'; (f) 1080 °C, 0.1 s
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Fig.3 True stress-ture strain curves of high-quality GH4738 alloy at different strain rates: (a) 1040 °C, 40 um; (b) 1060 °C, 40 pm; (c) 1080 °C, 40 pm;
(d) 1040 °C, 100 um; (e) 1060 °C, 100 pm; (f) 1080 °C, 100 um; (g) 1040 °C, 300 um; (h) 1060 °C, 300 um; (i) 1080 °C, 300 um
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Fig.4 Microstructures of high-quality GH4738 alloy after hot deformation with different strains and grain sizes at a deformation temperature of

1060 °C and a strain rate of 0.1 s
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Fig.5 Microstructures of high-quality GH4738 alloy at a grain size of 40 pm obtained with different strain rates and temperatures after hot deformation
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Fig.6 Microstructures of high-quality GH4738 alloy at a grain size of 100 pm obtained with different strain rates and temperatures after hot deformation
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Fig.7 Grain orientation and recrystallization of high-quality GH4738 alloy obtained at different strain rates: (a) 1040 °C, 0.01 s, 8%; (b) 1040 °C,

0.1 5", 8%; (c) grain statistics
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Fig.10 TEM images of high-quality GH4738 alloy: (a) dislocation wall; (b) subgrain; (c—d) recrystallized grains
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Fig.11 Grain boundary facetization during dynamic recrystallization and grain growth of high-quality GH4738 alloys obtained under different
conditions: (a—b) 1040 °C, 0.01 s™'; (c—d) 1080 °C, 0.01 s
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Fig.12 Grain structures of deformed (a—b) and sub-solid solution-treated (c —d) high-quality GH4738 alloys: (a, ¢) 1040 °C, 0.1 s, 8%;
(b) 1060 °C, 157, 8%; (d) 1040 °C, 157, 8%
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Fig.13 Grain orientation and recrystallization states of the alloy under different conditions
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Fig.14 Dislocation density distributions of the deformed (a—b) and sub-solid solution-treated (c—d) alloys under different conditions: (a, ¢) 1040 °C,
0.1s", 8%; (b) 1040 °C, 0.01 s, 15%; (d) 1080 °C, 0.01 s, 15%
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Fig.15 Abnormal grain orientation maps in the alloy after sub-solid solution treatment: (a) 1040 °C,0.1s™, 8%; (b) 1060 °C, 15, 8%
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Microstructural Evolution of High-Quality GH4738 Alloy Under
Small Deformation Conditions

Huang Bin', Rong Yi’, Hou Weixue®, Zhang Maicang'
(1. School of Materials Science and Engineering, University of Science and Technology Beijing, Beijing 100083, China)
(2. Beijing GAONA Materials & Technology Co., Ltd, Beijing 100081, China)

Abstract: The effects of initial grain size and hot deformation parameters on hot deformation characteristics of high-quality GH4738 alloy under
different small deformation conditions were analyzed. The microstructure evolution and softening mechanisms during hot working process and
sub-solid solution treatment process were investigated by OM, EBSD and TEM analyses. The results indicate that the flow stress is increased with
the increase in initial grain size, especially under the lower hot working temperature, and the increment is decreased with the increase in
deformation temperature. The volume fraction of dynamic recrystallization in GH4738 alloy has a strong dependence on the initial grain size.
Increasing the hot deformation temperature and engineering strain can promote the process of dynamic recrystallization of this alloy. The dynamic
recrystallization mechanisms of GH4738 alloy are mainly based on the discontinuous dynamic recrystallization mechanism of nucleation of grain
boundary bulging. In the meantime, during the process of dynamic recrystallization and grain growth, the grain boundary undergoes small
planarization due to atomic migration, resulting in a quasi-right angle staged grain boundary. The static recrystallization occurs during the sub-
solid solution treatment process, and the grains are refined to a great extent due to the incomplete re-dissolution strengthening y' phase, which can
promote the nucleation of static recrystallization.

Key words: GH4738 alloy; small deformation; microstructure evolution; sub-solid solution treatment; abnormal grain growth
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