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Dendrite Arm Spacing and Carbide Morphology with Thermal Gradient
and Solidification Rate in Directionally Solidified Ni-Base Superalloy
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Abstract

The effects of thermal gradient and solidification rate on the dendrite arm spacing and carbide morphology were investigated in
directionally solidified Ni-base superalloy, CM 247LC. Thermal gradient was controlled by changing the position of the cold cham-
ber and the furnace set temperature. The interface morphology changed from the planar to dendritic as increasing solidification rate.
It was found that the dendrite spacing decreased as increasing the thermal gradient as well as the solidification rate. Also, as
increasing solidification rate, carbide morphology changed from blocky shape to script and spotty shapes.
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Fig. 1. Schematic drawing of directional solidification furnaces of a)
Bridgeman type and b) high thermal gradient Bridgeman type.

Table 1. Nominal compositions of the CM247LC superalloy (wt%).
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Table 1. ST b2 S 2AH R A4 744
G v G/V Interface GOS0 PDAS* GV SDAS**
(°C/em) (um/s) (10°Ks/m?) Morphology (m 035 0BK 0%y (um) (K/s) (um)
2 15.80 Dendritic 0.150 525.2 0.063 109.8
43 5 6.32 " 0.119 4303 0.158 88.5
15 2.1t " 0.090 319.7 0.474 62.5
50 0.63 " 0.097 230.5 1.580 37.5
1 33.50 Cellular 1.728 - 0.034 -
5 6.70 Dendritic 0.116 402.5 0.168 72.0
6 10 3.35 " 0.097 332.0 0.335 56.3
25 1.34 : 0.077 2747 0.838 41.3
50 0.67 " 0.065 2233 1.675 32.6
100 0.34 " 0.055 190.0 3.350 25.6
1 47.30 Planar 1.454 - 0.047 -
5 9.46 Dendritic 0.097 339.5 0.237 52.6
200 25 1.89 " 0.065 230.1 1.183 30.1
50 0.95 " 0.055 200.4 2.365 23.5
100 047 " 0.046 166.4 4.730 19.5
200 0.24 " 0.039 145.3 9.460 14.3
* PDAS : 9 2}4~2] 4} 744 (primary dendrite arm spacing)
** SDAS : o] 2}4=2] 4} 7+ (secondary dendrite arm spacing)
Fig. 2. Variation of solid/liquid interface morphologies with solidification rates ;a) 1, b) 5, ¢) 25, d) 50, e) 100, and f) 200 um/s.
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Fig. 3. Variation of the microstructures of the cross section views of directionally solidified samples with solidification rates ; a) 5, b) 25, ¢) 50,
d) 100, and e) 200 pm/s.
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Fig. 4. Variation of the primary dendrite arm spacings with a) solidification rates and gradients, and b) cooling rates of G®*V%23 in the
directionally solidified samples.
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Fig. 6. Variation of the carbide morphologies with solidification rates ; a) 1, b) 5, ¢) 25, d) 50, ¢) 100, and f) 200 pm/s under 200°C/cm

thermal gradient in the directionally solidified samples.
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Fig. 7. Variations of the a) Average size, b) aspect ratio, and ¢) the volume fraction of carbides with cooling rates (G x V).
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