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Table1 Model parameters for ProCAST solidification simulation

Initial condition

Pouring temperature 1520 C
Chill-plate temperature 50 ‘C
Boundary condition
Heater temperature 1520 C
Heater emissivity 0.98
Ceramic shell mold emissivity 0.94
Furnace inner surface emissivity 0.25
Baffle emissivity 0.9
Water emissivity 0.2
Heat transfer coefficient with cooling water 2000 W/(m=K)
Cooling water temperature 20 C
Interface heat transfer coefficients
Alloy melt/ceramic shell mold 2000 W/(m=K)
Alloy melt/water-cooled chill plate 5000 W/(m=3K)
Ceramic shell mold/water-cooled chill plate 20 W/(m=K)
Baffle/water-cooled chill plate 500 W/(m=K)
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Fig.1 Macro morphology of the defect (the arrows represent the

direction of dendrite growth of airfoil and platform
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Fig.2 Microstructures in different regions: (a) macro distribution of defect; microstructures of wireframe I (b), 11 (c) and Il (d) marked in Fig.2a

(the white and black dashed lines represent the dendrite direction of the defect and defect-free matrix; respectively; the red lines in Fig.2c

and Fig.2d are the boundaries of defect and platform or airfoil)
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Fig.3 Stitched images of microstructure (a) and EBSD misorientation mapping (b) (the white wireframe, yellow wireframe and white arrow

represent the defect, spindle dendrites, and long dendrite at the bottom of the defect and spindle dendrites, respectively)
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Fig.4 Microstructure of defect (a) and EPMA element mappings of Al (b), Ti (c), Ta (d), Cr (e), Co (f), Mo (g) of Fig.4a
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Table 2 Element concentration of dendrite center (DC) and eutectic (EU) in defect area and defect-free matrix

Defect area

Defect-free matrix [ (C*™ —C™™) [ /IC™™ o4

Element DC content, /% EU content, w/% Kpcieu DC content, w/%  EU content, w/%  Kpceu DC EU
Al 4.6 5.1 0.90 4.6 5.4 0.85 0 55
Ti 4.8 8.1 0.59 4.6 7.9 0.58 4.3 2.5
Ta 2.0 3.0 0.67 2.0 3.0 0.67 0 0
Cr 10.4 4.7 221 10.3 4.4 2.34 1.0 6.8
Co 55 4.4 1.25 5.6 43 1.30 1.8 2.3
Mo 3.3 15 2.20 3.2 15 2.13 3.1 0
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Fig.5 Results of ProCAST simulation: temperature field distribution of solidification at 3100 s (a), 3140 s (b), 3180 s (c), and 3220 s (d);

undercooling on horizontal section of platform (e) (the white arrows represent the solidification orientation of alloy liquid)
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Fig.6 Dendrite morphology of airfoil and platform in the defect-free blade (a) and schematic diagrams of dendrite spacing distribution (b) and

growing orientation (c)
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Fig.7 Solidification shrinkage stress analysis: (a) solid and liquid
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phase distribution of platform, and schematic of the shrinkage
stress analysis (the arrows represent the orientation of
shrinkage stress, and the white wireframe represents the area

of defect); (b) stress analysis of spindle dendrite
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Formation Mechanism of Stray Grain in the Transition Zone Between Airfoil and
Platform of Nickel-Based Single Crystal Blade

Tan Wei'?, Xue Xin®, Yu Tao? Li Wei'?, Yan Ping', Zeng Qiang®
(1. High Temperature Materials Institute, Central Iron & Steel Research Institute, Beijing 100081, China)
(2. Institute of Functional Materials, Central Iron & Steel Research Institute, Beijing 100081, China)
(3. Beijing CISRI-GAONA Material & Technology Co., Ltd, Beijing 100081, China)

Abstract: A stray grain with the regular shape was found in the transition zone between the airfoil and the platform of some single crystal blades
after corrosion. The stray grain was band like and its length direction was parallel or perpendicular to the growth direction of dendrite in the airfoil
and platform. The metallographic method (OM), electron probe microanalysis (EPMA), and electron backscatter diffraction (EBSD) were used to
analyze the microstructure, composition and crystallographic relationship of the stray grain and its surrounding area, respectively. ProCAST was
used to simulate the distribution of temperature field and undercooling of platform during solidification. The results show that the defect includes
many columnar grains, whose composition is not significantly different from the airfoil or platform. However, the misorientation forms low angle
grain boundaries or high angle grain boundaries between columnar grains and surrounding matrix. The undercooling of the transition zone between
airfoil and platform is lower than that of the platform edge, and the transition zone is the final solidification area. Based on these results, the
formation mechanism of defect in the transition zone between the airfoil and platform is proposed, which provides a theoretical basis for
eliminating the defects.

Key words: Ni-based single crystal superalloy; directional solidification; casting defects; stray grain on the platform
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