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Abstract: During the solidification process of GH4706 alloy ingots, element segregation and precipitation phases affect the
thermoplasticity and hot workability of the alloy, thereby affecting subsequent forging. Proper homogenization treatment is
necessary to eliminate element segregation and harmful precipitation phases. Differences in the microstructure and element
segregation at different positions (center, R/2 and edge) of the GH4706 alloy ingot were observed via metallographic
microscopy, SEM, EDS and JMatPro software. Then, the microstructure evolution during homogenization treatment and its
effects on tensile properties were analysed. Research has shown that the matrix of the GH4706 alloy is the vy phase, and the
main precipitated phases are the m phase, y+vy' eutectic phase, Laves phase, and M (C, N) phase. The main positive
segregation elements in the alloy are Ti, Ni, and Nb, and the negative segregation elements are Cr and Fe. The original
as-cast dendrites and the segregation of Cr, Ni, Nb, and Ti can be effectively eliminated after a homogenization treatment
of 1 160 Cx10 h+1 190 ‘Cx30 h, thus achieving a suitable uniformity effect. Moreover, the plasticity of the GH4706 alloy
at 600 C increases by 154% after homogenization, but intermediate-temperature brittleness (ITB) appears at 800 C.
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Fig.3 Equilibrium phase diagram of the GH4706 alloy: (a) property diagram; (b) partially enlarged diagram
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Fig.4 Element redistribution of the GH4706 alloy during non-equilibrium solidification: (a) property diagram; (b) enlarged diagram of
AL B, C,and P
5 GH4706 :(a) ;(b) R/2;(c)

Fig.5 Dendritic morphology at different positions of the GH4706 alloy ingot: (a) center; (b) R/2; (c) edge
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2 GH4706
Tab.2 Mass concentration of elements at different positions
in the GH4706 alloy ingot
(mass fraction/%)
Part position C Ti Cr Fe Ni Nb
Center Al 531 1.89 15.81 3573 3896 229
Center A2 5.77 291 13.64 3136 41.76 457
Center A3 7.02 3.06 875 2238 2941 28.64
R/2 Al 5.31 1.26 16.19 3842 37.27 1.54
R/2 A2 8.05 3.10 12.51  29.05 4238 492
6 GH4706 XRD R/2 A3 6.19 3.07 9.27 2460 2859 2748
Fig.6 XRD pattern of the GH4706 alloy ingot Edge Al 470 136 1619 3799 3817 159
2 Edge A2 5.15 2.10 15.27 3517 3944 285
Edge A3 6.60 2.87 10.38  24.77 30.33  24.50
(A1.A2 A3 . ) £
. 0 ~
GH4706 Nb . Ti , % 6~12 -,
Nb Laves
Nb Ti . NbC, nooov
Cr . Fe o Nb Ni ©
7 GH4706 :(a, d) i(b, e) R/2;(c, )

Fig.7 Distribution of the precipitates in GH4706 alloy ingot: (a, d) center; (b, e) R/2; (c, f) edge

8 GH4706

EDS  :(a) 7a A4;(b) Tc A4

Fig.8 EDS analysis of the GH4706 alloy: (a) A4 in Fig. 7a; (b) A4 in Fig. 7c
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2.1.3 GH4706

3 GH4706
Tab. 3 Segregation coefficient of solute elements in the

EDS RiZ GH4706 alloy ingot
’ (1) Part Ti Cr Fe Ni Nb
K, 3 o Nb Ni Ti Center 2050 0832  0.841 1129 2.440
,K>1;Fe Cr ,K<1, 4 R2 2.549 0.809 0.796 1.123 3.127
) Edge 1.657 0.930 0.909 1.039 2.053
K= (1) 2.2
2.2.1 GH4706
0 Nb ; RIZ, . GH4706 R2. ,
2.440\3.127\2.0530 Cr\ 1160 °C 10 h, 1190 °C 30 h, ,
Fe 0.8~0.9 ,
P} R/z o 9 3
Nb.Ti.Cr.Ni,
Nb . Ti.Cr.Ni , 2.2.2 GH4706
° 3
9 GH4706 :(a) ;(b) R/2;(c)
Fig.9 Morphology of different parts of the GH4706 alloy after homogenization: (a) center; (b) R/2; (c) edge
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Fig.10 Comparison of the high-temperature tensile properties of
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the GH4706 alloy before and after homogenization: (a) tensile
strength; (b) yield strength; (c) elongation
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Fig.11 Comparison of microstructures at R/2 of the GH4706
alloy after homogenization at different tensile temperatures:
(a) 600 C; (b) 800 C; (c) 1050 'C;(d) 1 100 C
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