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Estimation of Liquid Physical Properties of Mar-M247LC Superalloy
by Directional Solidification
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Abstract Directional solidification experiments have been carried out at the solidification rates from 0.5 to 50mm/s in
Mar M-247LC superalloy in which several important liquid properties were estimated by analyzing the interface stabil-
ity and temperature gradient at the solid/liquid interface. The diffusion coefficient in the liquid was estimated by em-
ploying the constitutional supercooling criterion. The temperature gradients changed with solidification rates and la-
tent heat of solidification. The thermal conductivities of solid and liquid could be estimated by heat flux balance at the

solid liquid interface.
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Table 1. Chemical composition of Mar M-247L.C superalloy.

Element Co Cr Al Ti C

Ta Mo W Zr B Hf Ni

wt.% 95

8.0 55 0.7 007 -

33 0.5 9.4 0.02 | 0.016 14 Bal,
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Fig. 1. DTA result of Mar M-247L.C superalloy a) data profile,
b) 4Hf

Table 2. DTA results of Mar M-247LC, Mar M-247LC(C-
M), Mar M- 247(C-M) superalloy.

T{C) Ts('C) | 4T(%)

1378.5 1312.5 66
1363~1375{1304~1307| 63.5
1357~1365(1298~1307| 58.5

Mar M-247LC
Mar M-247LC(C-M)
Mar M-247(C-M)

Her 23 (P < 1300~1350C, L= o
1250~1300°C) ol A z+zH 0.30 % 0.31W/cm-C'HeH,
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Table 3. Solid/liquid interface changes with solidification rates.

V(m/s) G(*C/cm) (x1 o?év o/atl) iiiﬁf;ﬁl)l Interface
05" 69 13.8 0 Planar
0.5 64 12.8 0.8 Cellular
0.8 64 8.00 2.8 Cellular-dendritic
5 62 1.24 6.5 Dendritic
25 59 0.24 124 Dendritic
50 51 0.10 143 Dendritic

The furnace temperature was set at 1600°C normally, but in this experiment(*) the furnace temperature was set at 1630°C
to increase the temperature gradient
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Fig. 3. Quenched solid/liquid interface morphologies with solidification rates ,a) 25, b) 0.8 ¢) 0.5:m/s at 1600°C
furnace temperature, and d) 0.5im/s at 1630°C furnace temperature (Mar M- 247LC superalloy)

] Bg s epdg BojEr}, =3 dendrite tipd %7}
DTA Ao 25y 3T T J44d %49 13785
CTo AL dA}E & 4 ok, =7 Fig. 5= A4y 2
EilE 1SR SUMETE Fasts g 2ty
2L FelE F7)8E S BodF 1 ). Fig. 5ol ¥A)
T Gy, Gu, Gr& 77 A, 2/ FETE L B2 9)
2z TFujeld}.

e} d5ES AT o uAd/ A4 A" 93
HYPAL ohf 27E wESofgie}.?

KG,-KG =LV 2)

Ko K& 2t dike] dxszeld, G.of G2 24
3} Qo] =), 283 L& FAHG Sy
olf, V& $Z&E . o7]4 G2 2/ ARA o
e L=TuE Au]dlm, ol Fig. 6o vebd /9 F
ST A A o] Fufel] 3=t

Fig. 5el 2.9l v} zo] x4 Zol7} FojFol upa}
Go¥ G TAHAAH, HFTHo R HyAHo) = F 3t
o] A3t o] o Wkl G2} Gio) Ve YA AAS
Zeokz 7hgskd Fig. 59149 2o G, vs. V 2 G,
vs. V& 71&7)= dA el 8l, G G et 7o)
2P 5 AUt

Gi=G +m (3a)
G.=G,+mV (3b)

A7) Gesk Gog V=0 o A} Tabe] LET)
o1}, m m.E At TANA Vs G Abo] ) 7]g o]
o A (3) & ol83ked A (2) & he T o] ekl 4 9
o}

Ki=L/{{K/K)m,-m}a v=o (4)

Table 4. Estimated physical properties of Mar M-247LC superalloy.

Physical Property

Estimated property

Method

Diffusion coefficient in liquid at solid/liquid interface, D,

50 x 107°m?/s

Interface stability

Critical G/V for planar solid/liquid interface, (G/V)e

13 x 10°C - s/af

Interface stability

Liquidus temperature, T, 1378.5C DTA
Solidus temperature, T, 1312.5TC DTA
Solidification range, 4T 66°C DTA
Enthalpy of melting, JH; 1465.8 J/cm? DTA-DSC mode

Thermal oonductivity Of SOlid, Ks at about 1250—~1300%C

0.31 J/(s cm<T)

Heat flow balance

Thermal conductivity of liquid, K at soot 1300- 1350

0.30 J/{s cm<)

Heat flow balance
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