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Table 1 Nominal chemical composition of the DD33 single crystal superalloy W /%
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Fig. 1 The schematic of spatial position and size of the castings
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Fig. 2 Macrostructures of the single crystal thin plate castings at
withdrawal rate of 1 mm/min
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Fig. 3 The dendritic morphologies of the single crystal thin plate castings at withdrawal rate of 1 mm/min
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Fig. 6 The dendritic morphologies of the single crystal thin plates castings at withdrawal rate of 6 mm/min
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Fig. 7 The distributions and the volume fractions of the eutectic of different castlngs at withdrawal rate of 6 mm/min
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Fig. 9 The distributions of temperature gradient of the castings at different withdrawal rates
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Formation Mechanism of Freckle of Single Crystal Superalloy Casting
with Ultrathin Thickness
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Abstract:

Single crystal plates with a thickness of 0.6 mm and different geometric structures were prepared by
directional solidification under different withdrawal rates. The macroscopic morphology and dendrite
microstructure of the castings were observed via optical microscopy (OM), scanning electron microscopy
(SEM)and X-ray computed tomography (XCT). The experimental results showed that the mushy zone was
tilted from the center of the furnace to the wall of the solidification furnace at a withdrawal rate of 1 mm/min.
The part of the casting near the center of the furnace solidified earlier than that near the furnace wall region.
The liquid located in the interdendritic region near the furnace center fed the shrinkage of the interdendritic
region near the furnace wall. Both the radial feeding flow and thermosolutal convection induced by radial
feeding impinged the dendrite, and the dendrite arm was tiled or broken. Then, the tiled and broken dendrites
continued to grow and form large tiled dendrites or freckles. When the withdrawal rate was 6mm/min, the
mushy zone was tilted from the center to the wall of the solidification furnace. However, the feeding flow was
blocked by the developed second dendrites and the intensity of the flow weakens. Therefore, only one or two
tiled dendrites and no freckles could be found in the castings.
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single crystal superalloy; directional solidification; freckle; dendrite morphology; feeding flow
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