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Morphological evolution and growth mechanism at the solid/liquid interface during solidification were in-

vestigated in the Ni- base superalloy GTD111M by directional soldification and quenching(DSQ) technique. The exper-

iments were conducted by changing solidification rate(V) and thermal gradient(G) which are major solidification proc-

ess variables. High thermal gradient condition could be obtained by increasing the furnace temperature and closely at-

taching the heating and cooling zones in the Bridgeman type furnace. The dendritic/equiaxed transition was fouind in
the G/V value lower than 0.05 x 10°°Cs/mn? and the planar interface of the MC-7 eutectic was found under 17 x 10°Cs
/mn®. It was confirmed that the dendrite spacing depended on the cooling rate(GV), and the primary spacing was af-

fected by the thermal gradient more than solidification rate. The dendrite lengths were decreased as increasing the

thermal graditne, and the dendrite tip temperature was close to the liquidus temperature at 50 m/s
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Table 1. Nominal composition of the GTD111M superalloy
z4 | Cr Co | Al Ti W | Mo | Ta C Zr B Hf \Y% Nb | Re | Pt Ni
wt. [ 13.70] 9.00 | 280 | 4.70 | 3.50 | 1.40 | 2.50 | 0.08 {0.005|0.005{ 0.15 | 0.1 | 0.15| 0.15] 0.3 Bal
% |/14.3(/10.00{ /3201 /510 /4.10|/1.70| /3.10| /0.12 |/0.040{/0.020| max | max | max | max | max '
Table 2. Characteristics of solid/liquid interface with solidification conditions.
g t‘;r;ice % G G/V | S/Linterface M‘;:zzgf“e PDAS | SDAS | ATiwm | ATtipby
(C) (em/s) | (‘C/mm) (X 10°Cs/mn’)| morphology o (am) (gm) () | by £(T) {GD/V(T)
1 17 17.0 Eut. planar - - - - -
2.5 17 7.2 ydend./Cell 14 251 - 23.8 36.0
1650* 5 16 40 ydendrite 2.6 243 65.0 41.6 20.0
25 15 0.88 rdendrite 4.0 183 41.2 60.0 44
50 15 0.46 rdendrite 4.3 175 36.8 64.5 2.3
0.5 8.5 17.0 Eut. planar - - - - -
5 8.4 1.68 rdendrite 34 345 69.4 28.6 84
1630 25 82 0.33 ydendrite 52 232 474 42.6 1.7
50 8.0 0.16 ydendrite 5.9 208 35.1 47.2 0.8
5 6.6 1.32 rdendrite 4.0 375 86.6 264 6.6
1500 50 6.0 0.12 ydendrite 6.8 225 40.1 40.8 0.6
100 5.1 0.05 ydend./Equi. - 210 36.5 - -
5 6.1 134 rdendrite 4.3 390 - 26.2 6.7
1450 50 5.5 0.11 ydendrite 6.9 235 - 380 0.6
100 48 0.05 rdend./Equi. - 227 338 - -
*High thermal gradient condition
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Fig. 1. Solid/liquid interface morphologies with solidification rates at the 1630C furnace tempera-
ture. a) Planar interface at 0.5 /m/s, b) coarse dendritic at 2.5 /m/s, ¢) dendritic at 5 /m/s, and d) fine
dendritic at 25 mm/s.
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Fig. 2. Solidus and liquidus analysis by DTA.
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Fig. 3. Transition from the directional solidification structure to
equiaxed structure at the low G/V condition(G=4.8C/mm,
V =100m/s, furnace temperature= 1450C).
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Fig. 4. Solidification microstructure map with solidification
rates and temperature gradients.
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Fig. 5. Primary dendrite arm spacingé with solidification rates
and temperature gradients.
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Fig. 6. Cross views of directionally solidified samples at a)5um/s,
b) 50/m/s, c) 100m/s in the furnace temperature of 1450C.
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Fig. 8. Dendrite lengths with G/V values.

Fig.9. Cross view of the ¥/MC eutectic microstructure.
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