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Equilibrium Distribution Coefficients of Solute Elements between

Solid and Liquid Phases in Ni-base Multi-component Alloys

Toshihiro TANAKA, Norio IMAI and Zen-ichiro MORITA

Synopsis :

The equilibrium distribution coefficients, kX, between solid and liquid phases in Ni-base multi-component
alloys have been determined by means of the experiment and also the thermodynamic calculation.

The experimental results show that k5’s of Ni, Cr, Fe, and Co are almost unchanged for the composi-
tions of alloys, but that k;*’s of Nb and Ta decrease with increasing Fe and Co contents in both Ni-

Cr-Fe-Mo and Ni-Cr-Co-Mo base multi-component alloys.

The composition dependence of kX was also

obtained by the thermodynamic calculation in which the solute-interations were taken into account.
Key words : equilibrium distribution coefficients; nickel-base multi-component alloy ; superalloy; solid-

liquid equilibria.
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Table 1. Chemical composition of the specimens (mass%).
Specimens Ni Cr Co Fe Ti Nb Ta Al w Mn
A (Inconel X750) Bal. 15.6 — 7.3 — 2.4 0.2 0.7 0.7 — —
B (Inconel 617) Bal. 20.8 12.3 1.6 11.8 0.5 — — 0.7 — —
C (Hastelloy XR) Bal. 20.7 — 17.9 11.3 —_ —_ —_ — 1.4 0.9
D (Inconel 706) Bal. 19.0 0.8 38.0 1.0 0.6 1.3 1.1 — — —
E (Inconel 700) Bal. 13.2 27.4 — 3.8 1.5 1.8 1.4 3.0 — —_
F Bal. 18.0 — 2.7 17.0 0.1 1.9 2.4 — — —
G Bal. 19.4 17.8 — 5.9 0.4 1.2 1.2 — — —
H Bal. 19.8 — 18.2 5.8 0.4 1.4 1.5 — — —
1 Bal. 16.7 16.0 — 15.1 0.9 1.8 1.1 — — —
J Bal. 16.7 e 16.0 15.8 0.6 1.5 2.0 — — —
K (Inconel 625) Bal. 20.6 — 2.5 12.1 0.9 2.1 1.2 — — —
L Bal 18.0 = 28.9 11.2 — 1.3 0.9 — — —
M Bal 15.1 25.3 — 15.9 — 1.5 0.8 — — —
N Bal 17.6 6.7 — 15.1 — 1.8 0.7 ol — —
0 Bal 18.7 7.9 — 8.0 — 1.3 0.8 — — —
Table 2. Liquidus temperature of the specimens. T’f‘g:’{'::\:“me
measurement Ar+Hygas
Specimens Liquidus temperature (K) - -
A (Inconel X 750) 1672
B (Inconel 617) .
C (Hastelloy XR) — -
D (Inconel 706) 1673
IE (Inconel 700) % ggg
G 1683 3 SiC furnace
H 1653 H
I 1647 -
] 1630 Tharmecoupe £
E (Inconel 625) i ggg controlling E | Specimen
M 1670 E 1H
N 1672 =
0 1681 H
B. PRINZ and G. RUDOLPH H
(Alloy 718)* 1613 T—
(Alloy 625)*2 1629

Chemical composition (mass%)
*1  Nj-18Cr-3.0Mo-5.0Nb-18Fe-0.9Ti-0.6Al
*2  Ni-22Cr-9.0Mo-3.5Nb-2.0Fe-0.2Ti-0.1Al
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Fig. 1. Apparatus for quenching specimens.
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(a) Specimen No. C
(b) Reference pattern from pure Ni (FCC)

Fig. 2. X-ray diffraction patterns (Cu-K,).
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Table 3. Experimental results of equilibrium distribution coefficent, & &.

Specimens Ni Cr Co . Fe Mo Ti Nb Ta Al w Mn
A (Inconel X750) 1.02 0.99 — 1.09 — 0.54 0.36 0.59 1.18 — —
B (Inconel 617) 1.05 0.99 1.06 1.06 0.79 — — — 1.36 — —_
C (Hastelloy XR) 1.07 0.97 — 1.10 0.71 — — — — 1.06 0.56
D (Inconel 706) 1.00 0.99 1.04 1.10 0.70 — 0.24 0.49 — — —
E (Inconel 700) 1.01 1.05 1.08 — 0.90 0.51 0.34 0.60 0.96 — —
F 1.11 1.05 — 1.12 0.81 — 0.40 0.75 — — —
G 1.03 0.99 1.10 — 0.79 — 0.30 0.68 — — -
H 1.04 0.99 — 1.11 0.85 — 0.31 0.60 — — —
1 1.07 1.02 1.09 — 0.83 — 0.37 0.66 — — —
J 1.08 1.01 — 1.13 0.77 -— 0.34 0.68 — — —
K (Inconel 625) 1.07 1.01 — 1.15 0.84 — 0.40 0.78 — — —
L 1.07 1.00 — 1.12 0.72 — 0.28 0.63 — — —
M 1.08 1.02 1.09 — 0.80 — 0.33 0.66 — — —
N 1.08 1.01 1.08 - 0.83 — 0.39 0.80 — — —
0 1.04 1.00 1.07 — 0.88 — 0.39 0.72 — — —
Ni-1.4 mass%Nb alloy 0.39
Ni-3.3 mass%Ta alloy 0.54
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Table 4. References for thermodynamic data.
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(a) Free energy of fusion, & — #; 08 o8t
Ni C Co Fe Mo Ti Nb Ta Al W - [ kNP 3. [ k2
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(b) Interaction parameters, g;; and h; 3 L4 (3} °
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Fe 7 7) 7 — 9 10)
Mo 8) 11) 5% 9 5) QO : Ni-Cr-Fe-Mo multi-component system
1-\[1}1) 8) 13 g _ @ : Ni-Cr-Co-Mo multi-component system
X? - = . Fig. 6. Comparison of calculated results of

W -equilibrium distribution coefficient, k%, with ex-
perimental ones.

Table 5. Calculated results of equilibrium distribution coefficient, kX

Specimens Ni Cr Co Fe Mo Ti Nb Ta Al w Mn
A (Inconel X750) 1.00 1.03 1.01 -— 0.32 0.29 — 0.89 — —
B (Inconel 617) 1.02 1.08 1.25 1.00 0.55 0.28 — — 0.89 —_ —
C (Hastelloy XR) 1.07 1.01 — 1.06 0.56 — — — — 1.17 —
D (Inconel 706) 0.97 1.05 1.17 1.06 0.51 0.15 0.22 — — — —_—
E (Inconel 700) 0.91 1.31 1.22 — 0.59 0.25 0.15 0.25 — — —
F 1.10 1.04 — 1.16 0.64 0.43 0.51 — — — —
G 0.96 1.14 1.24 — 0.55 0.23 0.17 0.27 — — —
H 1.03 1.06 — 1.06 0.57 0.22 0.29 — — — —
1 1.00 1.20 1.32 — 0.61 0.31 0.23 0.37 — — —
J 1.09 1.07 — 1.11 0.63 0.31 0.40 — — — —
K (Inconel 625) 1.07 1.08 — 1.12 0.63 0.35 0.43 — — — —
L 1.06 1.04 — 1.10 0.56 — 0.29 — — — —
M 0.99 1.18 1.26 — 0.56 — 0.19 0.31 — — —
N 1.06 1.10 1.31 — 0.62 — 0.36 0.49 — — —
(0] 1.02 1.09 1.26 - 0.59 — 0.28 0.39 — - —

|
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Ni-Cr-Fe -Mo-Nb system

Nb
20/ 050 045 0.40 cal. ko
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Ni 024. "
10 20 30 40

mass®¥ Fe

@ : Experimental results
Fig. 7. Calculated results of equilibrium distribu-
tion coefficient, kZ, of Nb in Ni-Cr-Fe-Mo-Nb
system (20 mass%Cr, 0.5 mass%Nb).
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