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Ni-Based Superalloys
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Synopsis

The formation of macro-segregation and freckles during solidification in the vacuum arc remelting (VAR) process deteriorates
material properties of nickel-base super alloys. For improving the characteristics of alloy materials, it is important to clarify critical
conditions that generate the freckles, such as cooling rates (Cy) and solidification rates (R), and alloy compositions. Generally, those
conditions are experimentally investigated by horizontal directional solidification (H-DS), and validated by commercial sized VAR
operation. However, it takes a long time to investigate the critical conditions for all alloys at various ingot sizes.

In the present study, the influences of alloy properties and solidification conditions on freckle generation was investigated. The
properties related to alloy compositions are calculated with JMatPro, which is a simulation software for calculating properties of
multi-component alloys.

To evaluate the critical solidification conditions of freckle formation (F crit) experimentally, Cy and R are investigated by H-DS.
The F crit is determined by Cy * R™'. On the other hand, modified Rayleigh number (Ra*) is calculated using JMatPro. Ra* is
defined as the density difference between the mushy zone and the liquid phase divided by the average viscosity in the mushy zone.

As a result of comparing Cy+ R" and Ra*, it was found that they have a strong correlation. Therefore, it becomes clear that
Cr*R" (F crit) can be accurately estimated by Ra*.
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Table 1. Chemical composition of Ni-base super alloys.

Chemical composition (mass %)

Alloy Co Al Ti Nb Ta
A 20.0 3.3 1.8 27 0.0
B 20.0 4.0 0.5 2.2 1.1
C 20.0 4.0 2.0 1.1 0.0
D 20.0 4.0 1.5 1.1 0.0
E 9.0 4.0 1.5 1.1 0.0
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Fig. 1. Schematic image of horizontal direction.
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(a)Schematic image of VAR (b)Freckled risk map of VAR
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