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Effect of High Temperature Homogenization on
Microstructure and Properties of GH4710 Nickel Base Alloy
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Abstract: GH4710 nickel base alloy ingots, melted by VIM plus VAR, were subjected to trails of two-stage high-
temperature homogenizing heat treatments, the microstructure and grain size of the ingots before and after heat treatment
were analyzed by metallographic microscop. the distribution and content of alloy element in the ingot before and after heat
treatment were evaluated by scanning electron microscope and electron probe, as well as to calculate the segregation index
for alloying elements in different positions of ingots. Test result verified that, the two-stage homogenizing heat treatment at
(1 150+50)°Cx30 h-(1 200+10) °Cx50 h, it could significantly eliminate the eutectic phase in the structure of GH 4710 in-
got and reduce the element segregation in the ingot, and the mechanical properties of the forged bar are improved signifi-
cantly. Under the test conditions of 980 ‘C, 120 N/mm?, the persistence performance reached 126 h and 134 h, which was
about double improvement compared with 53 h and 74 h of un-homogenizing heat treatment production. The persistent
elongation rate has also increased by more than 50%.
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Table 1 Chemical composition of main elements in
GH4710 nickel base alloy %
C Cr Co W Mo Al Ti B Zr Ni

0.055 16.87 14.54 1.51 3.03 239 496 0.019 0.031 Jt
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Fig. 2 Macrostructure of GH4710 nickel base alloy ingot : before homogenization (a) core , (b)1/2R , (c¢) edge, after homogeniza-

tion (d) core , (e)1/2R , (f) edge
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Fig. 3 Distribution of Ti element before and after homogenization in all parts of GH4710 nickel base alloy ingot: before homogeniza-

tion (a) core, (b)1/2R, (c) edge, after homogenization(d) core, (e)1/2R, (f) edge
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Fig. 4 Distribution of Co element before and after homogenization in all parts of GH4710 nickel base alloy ingot: before homogeniza-

tion (a) core, (b)1/2R, (c) edge, after homogenization (d) core, (e)1/2R, (f) edge
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Table 2 Segregation coefficient of elements in the heart
before and after homogenized
KA i H Al Ti Co Cr Mo W
KT /%  1.065 4.213 15.240 17.390 2.348 1.296
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0.806 4.872 14.940 15.300 2.091 1.143
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0.858 1.121 0.918 0.908 1.107 0.801
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Fig. 5 Distribution of w[ W] before and after homogenization in all parts of GH4710 nickel base alloy ingot: before homogenization
(a) core, (b)1/2R, (¢) edge, after homogenization (d) core, (e)1/2R, (f) edge
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Table 3 Segregation coefficient of elements in R/2 before

and after homogenized

R Wil Al Ti Co Cr Mo W
e Toe%/%  1.097 3.758 15.290 17.820 2.249 1.372
JAEZS AREIICER/%  1.060 6.142 13.010 14.600 2.475 0.878
AT R B 0.967 1.634 0.851 0.819 1.100 0.640
eIt /%  0.731 4.986 10.350 14.190 2.078 1.142
ispfeds  KRRIOcE /% 0.685 5532 9.827 13.010 2.186 1.087
LUEY 0.937 1.109 0.949 0.917 1.052 0.952
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Table 4 Segregation coefficient of elements on the edge be-
fore and after homogenized

R T H Al Ti Co C Mo W
RifhTIOCE /% 1.125 4.553 14.430 16.990 2.268 1.043
JFIAA AREICR/%  1.090 6.169 13.830 14.720 2.310 0.782
i B 2 4% 0.969 1.355 0.958 0.866 1.019 0.750
i Toe%/%  0.8624.210 14.227 1.102 2.071 1.036
ispfeds KOSRIOCE /%  0.813 5.543 14.074 1.206 2.187 1.102
UE 0.943 1.079 0.989 0.931 1.056 1.064
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Table 5 Tensile properties of bar
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Fig. 6 Microstrucure of GH4710 nickel base alloy bar: before homogenization (a) core, (b) 1/2R, (c) edge, after homogenization
(d) core, (e)1/2R, (f) edge
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Table 6 Stress rupture property of bar

A& PLPIRE I/ (Nemm™) R B C Wi 24t /m iR A/%
120 980 74.22 9.5
ESLalia
120 980 53.01 10.0
120 980 126.34 14.5
AR
120 980 134.48 18.0
Frifi HB5423—89 120 980 >30 >5
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