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Table 1 Chemical composition of Ni-base superalloys used in the
work (/%)

Alloy Cr Co

MAR-
M247LC

CMSX-6 10 5 - 3 48 47 2 - 0.1 Bal
CMsSX-4 65 90 60 06 56 10 65 3.0 01 Bal

DD5 70 75 50 15 62 - 6.5 3.0 015 Bal
Wz-30 35 60 65 04 58 015 80 495 - Bal

W Mo Al Ti Ta Re Hf Ni

82 92 95 05 56 07 32 - 105 Bal

&
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Fig.1 Surface (a) and cross section (b) images of a rectangular

component
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Fig.2 Transverse section (a) of a polygonal component exhibiting freckles on the convex edges A (b), C (c), and D (d)
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Fig.5 Freckle distribution of the cylindrical sample with ceramic

core on the transverse section
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sections
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section (b) of casting
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Fig.8 Freckles on the blades of CMSX-4 (a) and DD5 (b)
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Fig.9 Image of the CMSX-4 alloy blade (a) and magnification of
some typical sections (b~d) showing freckle formation on
contracting section 1 (b) and 3 (c), instead of on expanding
section 2 (b) and 4 (d)
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Effect of Casting Geometry on the Freckle formation During
Single Crystal Solidification of Superalloys

Ma Dexin*?
(1. Wedge Central South Research Institute, Shenzhen 518004, China)
(2. Powder Metallurgy Research Institute, Central South University, Changsha 410083, China)

Abstract: Freckles are presently one of the main casting defects in the single crystal (SC) components of superalloys. In the present work, a series
of SC components with complex geometry, including turbine blades, were directionally solidified. On the transverse sections of the components
with curved contour, freckles are exclusively found on the outward curving surfaces having positive curvature (angle<180°), because the surface
effect zones of the neighboring sides are overlapped, providing more favorable convection condition. In comparison, the surfaces with negative
curvature (angle>180°) remained freckle free, because the surface effect of the neighboring sides is divergent from each other. In the longitudinal
direction, the freckle formation can be promoted by contracting contour and suppressed by expanding one. It is found that the casting shape has
more significant influence on the freckle formation than the local thermal condition. The results of the different generations of single crystal
superalloys show that the increase of Re content can significantly increase the freckles in the casting.

Key words: freckle; superalloy; directional solidification; single crystal
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