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Abstract: In this study, three alloys with different cobalt contents (5Co, 7Co and 9Co) were designed and fabricated

based on a rhenium-free nickel-based single-crystal superalloy. The effects of Co content on the microstructural
evolution rules of the alloys in as-cast, solution-treated and fully heat-treated conditions were systematically investigated
by means of optical microscopy (OM), differential scanning calorimetry (DSC)and scanning electron microscopy (SEM).
Meanwhile, the high temperature tensile properties at 980 °C and the stress-rupture properties at 980 °C/248 MPa were
tested. The results show that when the Co content is in the range of 5.0wt.%-9.0wt.%, the relatively fast diffusion rate
of Co slightly aggravates the elemental segregation in the as-cast microstructure; the primary dendrite arm spacing first
decreases and then increases with increasing Co content, while the eutectic content shows an opposite trend. Comparing
the solution treatments at 1 270 °C, 1 280 °C, 1 285 °C and 1 290 °C, the area fractions of the y’ phases in all three alloys
reach the highest after solution treatment at 1 280 °C. Increasing Co content reduces the dissolution temperature of the y’
phase. Under the same full heat treatment regime, the 5Co alloy exhibits the highest y’ phase fraction. Its ultimate tensile
strength and yield strength at 980 °C are superior to those of the 7Co and 9Co alloys, but the elongation is relatively
lower. Under the stress-rupture test condition of 980 °C/248 MPa, the 7Co alloy possesses the longest stress-rupture life
due to its minimum primary dendrite arm spacing and lower degree of elemental segregation.
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Fig. 1 The segregation ratio of each element in three alloys
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Tab. 3 The residual eutectic contents of three alloys after solution treated at different temperatures &35 %/%
G FRAALE (1270 C) FRAILA (1280 °C) FRAALA (1285 °C) Feadtdh (1290 °C)
5Co 0.54 +0.24 0.11 +0.02 0.09 +0.01 0.05+0.01
7Co 0.25+0.03 0.09 +0.02 0.07 +£0.01 0.04 £ 0.01
9Co 0.33£0.16 0.14 £ 0.02 0.09 £ 0.01 0.05+0.01
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Fig. 12 The tensile fracture morphologies of three alloys
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