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ABSTRACT  Ideal partitioning-ratios and-parameters of substitutional elements in two—phase
alloys with FCC,BCC and HCP structures are derived in terms of atomic fraction and lattice cell
number. Through the calculation on the basis of nine possible combinations of the three typical
crystal structures it is found that the partitioning ratios and the partitioning parameters between any
two phases are identical, and a characteristic correlation exists between the lattice cell numbers of two
phases and the atomic fraction of the alloy and the two phases. The observed (or analyzed) values given
in literature are well consistent with the calculated values by using the present element partitioning
ratio or partitioning parameter method.
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Table 1 Chemical compositions of some superalloys cited from published literatures

(atomic fraction,%)

Alloy Ni Co Cr w Ti Al Ta Hf Re
CMSX-2[8! 67.44 5.03 10.30 2.57 1.37 12.48 0.77 - -
CMSX-309 67.90 4.70 9.10 0.30 2.60 1.1 12.40 1.90 0.03 -
CMSX—4[19] 62.90 10.30 7.60 0.40 2.00 1.30 12.50 2.00 - 1.00

SRR99[11] 66.70 5.00 9.60 3.00 2.80 12.00 0.90 - -
scsal2] 72.98 - 7.36 3.00 2.60 -~ 11.48 2.58 ~ -
UDIMET700-Co16[13] 52.63 16.06 15.85 2.96 - 4.16 8.34 -~ - -
UDIMET700-Co12 56.70 12.00 15.85 2.96 - 4.15 8.34 - - -
UDIMET700-Co8 60.73 8.02 15.83 2.90 - 4.11 8.41 - - -
UDIMET700-Co4 64.76 4.06 15.94 2.81 - 4.10 8.33 - - -
UDIMET700-Co0 68.72 - 16.05 2.90 - 4.08 8.25 - - -
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Table 2 Observed and calculated values of v and 4’ phase compositions of the superalloys listed in Table 1

(atomic fraction,%)

Alloy Phase Ni Co Cr Mo w Ti Al Ta Re

Obs. Cal. Obs. Cal. Obs. Cal. Obs. Cal. Obs. Cal. Obs. Cal. Obs. Cal. Obs. Cal. Obs. Cal.

CMSX-2[8] vy 59.6 59.6 8.60 8.60 25.5 254 - — 2.50 2.50 0.60 0.60 3.10 3.10 0.08 0.09 - -

4 70.8 70.8 3.50 3.50 3.80 3.80 - — 2.60 2.60 1.70 1.70 16.5 16.5 1.10 1.06 - -

CMSX-309] ¥ 625 60.9 7.40 7.66 21.6 22.0 0.50 0.48 3.00 3.73 0.50 0.66 4.40 4.46 0.04 0.05 - -

4’ 70.6 71.5 3.20 3.14 2.30 2.27 0.20 0.20 2.30 2.01 1.60 1.33 16.7 16.5 3.10 2.88 — -

CMSX—4l10] Yy 51.6 52.1 18.4 19.9 19.8 17.4 0.70 0.82 2.70 3.31 0.30 0.25 3.50 3.28 0.30 0.31 2.70 2.55

Y 68.8 68.4 5.60 5.36 2.40 2.55 0.20 0.18 1.50 1.32 1.70 1.84 16.7 17.2 2.90 2.87 0.20 0.21

SRR9g(!1] ¥ 623 62.9 739 7.29 17.2 169 - - 3.68 3.63 1.65 1.46 7.27 7.17 0.49 0.49 - -

¥ 709 70.2 2.80 2.83 2.60 2.63 - — 2.37 2.40 3.67 4.07 16.3 16.5 1.27 1.29 — -

SCa3l2] vy 695 700 - - 139 13.7 540 5.32 3.56 350 - - 6.60 6.54 0.95 0.89 - -

¥ 757 753 - - 2.26 2.28 1.14 1.15 186 1.89 - - 153 154 3.73 3.93 - -

UDIMET700-Co16[13]  ~  38.8 389 23.6 23.6 27.1 27.1 4.43 441 - - 1.39 1.39 4.50 450 - - - -
vy 68.3 68.2 7.45 7.45 2.92 2.92 1.30 1.30 - - 730 7.32 12.7 127 - - -  _

UDIMET?700-Co12 Y 443 444 17.7 17.8 27.4 274 441 440 - - 1.27 1.26 4.70 467 - - -  —
¥ 70.5 70.3 5.53 5.52 2.93 2.93 1.35 1.35 - - 7.31 7.38 12.3 124 - - —  _

UDIMET700-Co8 ¥ 50.0 49.9 12.0 11.9 27.8 27.9 444 448 - - 117 1.17 448 451 - - - —
¥ 721 72.2 3.77 3.81 292 290 1.23 1.22 - - 7.29 7.24 126 125 - - — -

UDIMET700-Co4 ¥ 55.6 55.7 6.06 6.06 27.7 27.7 4.26 426 - - 1.22 1.22 507 506 - - — —
¥y 747 745 1.85 1.85 2.93 293 1.21 1.21 - — 7.29 7.29 119 119 - - -  —

UDIMET700-Co0 vy 622 625 - - 277 27.5 4.38 430 - - 1.37 1.34 429 422 - - - -
¥ 760 756 - - 3.03 304 130 133 - - 702 7.16 125 129 - - - -

¥ 3 FHEEERTESEN (R.) . TEAEEY (Po, Ps) « BHY (na,ng) MSMRBIE (ng/na)
Table 3 Partitioning ratio (R;) and partitioning coefficients (P, Pg3) of substitutional elements, lattice cell number

(na,ng) and lattice cell numbers’ ratio (ng/n,) for two-phase alloys

Lattice type of @ and 3 phases R; Pa Pg Na ng Z—f
FCC-FCC &oe - & IR T 2?:(: 2 = Gt
BCC-FCC % D Gy
HCP-FCC }Z’% seet
FCC-BCC o Woge)  2AcCa)
BCC-BCC % &<
HCP-BCC 2{’% A
FCC-HCP 25(,5;5 ;f ) 2?&;":22% 35(5:; =
BCC-HCP % ooty
HCP-HCP ) &

3(Cs—Ca) Cs;—C
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