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Effects of Solution Treatment Temperature on the Microstructure and
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LIU Wei', LI Ke', ZHAO Yanru', ZHU Jing', MENG Qingkun®, MA Ruiting'

(1. Western Superconducting Technologies Co., Ltd., Xi'an 710018, China; 2. China University of Mining and Technology,
Xuzhou 221116, China)

Abstract: GH4169 is a superalloy widely used in important fields, such as aviation and nuclear power. In addition to
controlling the forging process, modifying the microstructure and enhancing the stability of the alloy via heat treatment is
also an important way to improve its mechanical properties. Optical microscopy (OM), scanning electron microscopy
(SEM), transmission electron microscopy (TEM), and tensile tests were used to study the changes in the microstructure and
tensile properties of the GH4169 alloy after solution treatment at 960~1 020 ‘C followed by aging at room temperature and
650 C. The results show that the solution temperature significantly affects the microstructure of the alloy. When the
solution temperature increases from 960 to 1 000 C, a large amount of the 8 phase in the alloy dissolves, resulting in rapid
growth of the matrix grain size. Owing to the increase in solute elements in the matrix, the amounts of vy’ and "
precipitates increase during the subsequent aging treatment. The reduction effect resulting from the increase in the grain
size on the mechanical properties exceeds the strengthening effect caused by the increase in the number of strengthening
phases. Compared with the alloys aged after solution treatment at 960 and 980 C, those subjected to solution treatment at
1 000 and 1 020 ‘C prior to aging present reduced yield strengths at both room temperature and 650 C.
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Tab.1 Chemical composition of GH4169 alloy
(mass fraction/%)
Element C Cr Mo Nb Ti Al Ni Fe Si
Content 0.021 17.94 3.04 5.46 1.02 0.53 53.94 Bal. 0.028
Element Ta Co Mn S P Mg B Cu
Content <0.010 0.20 <0.005 0.000 5 0.012 0.000 5 0.003 9 0.002 9
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Fig.1 Microstructures of as-forged and solution-treated GH4169 alloys: (a, ¢, d) as-forged; (b) solution-treated
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2 SEM  :(a) 960 C; (b) 980 C; (c) 1 000 ‘C;(d) 1020 C
Fig.2 SEM images of aging treated alloy after solution treatment at different temperatures: (a) 960 C; (b) 980 ‘C; (c) 1 000 C;
(d) 1020 C
3 960ST TEM  :(a, b) SAED ;(c, d) 960ST SAED

Fig.3 TEM images of the as-forged and 960ST state alloys: (a, b) dark-field image and SAED patterns of the as-forged alloy;
(c, d) bright-field image and SAED patterns of the 960ST state alloy
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Fig.4 Dark-field images and SAED spots of solution-aged alloys at different solution temperatures: (a, b) 960 ‘C; (c, d) 980 C;
(e, D) 1000 °C; (g, h) 1020 C
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Fig.5 Tensile properties of alloys in different heat-treated states at room temperature: (a) stress-strain curves; (b) tensile strength, yield
strength and elongation
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Fig.6 Tensile properties of alloys in different heat-treated states at 650 ‘C: (a) stress-strain curves; (b) tensile strength, yield strength

and elongation
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