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Calculation of Constitution of Nickel Base Superalloys by Cluster Variation Method

Masato Enxomoro, Hiroshi Harapa and Hideyuki Murakami

Synopsis :

High temperature performance of nickel-base superalloys vitally depends on the constitution of alloys, i.e. volume

fraction and composition etc. of constituent phases. The development of computer models to predict the effects of
multiple alloying additions on the alloy constitution may facilitate the designing of alloys and lead to further improve-

ment of high temperature performance.

Some of the present authors have demonstrated that the cluster variation

method with tetrahedron approximation which utilizes the Lennard-Jones pair potential can predict satisfactorily
various characteristics of y’/y equilibrium in Ni-Al alloys containing one or two alloying elements without excessively

increasing the computational load.

In this study, calculations are extended to some practical and experimental

multicomponent alloys and the results are compared with experimental data on the volume fraction and composition
of ¥ and y phases, lattice misfit and site occupation of alloying elements in the " lattice. In the present form the model
can be used to calculate the constitution of single crystal superalloys in which no interstitial trace elements such as
carbon and boron are added to prevent grain boundary embrittlement.

Key words : nickel-base superalloys; computer ; alloy design ; cluster vatiation method ; alloying element ; partition ; site occupation ;

lattice misfit.
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Fig. 1. Flow chart of phase equilibrium calculation
of multicomponent superalloys.
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Table 1. Lennard-Jones potentlal parameters used
in the calculation.. ‘-
ey =e%{(ry/r)® nm/minJﬂ} a)eu/eu
and b) r;;/r,,, where Ne,,°=17.13 k
Engll (i\l Avogadro number) and r“

Ni Al Ti Cr Co "Nb Mo Ta W

a) 1.000 0.990 1.384 0.982 1.002 1.488 1.275 1.543 1.560 Ni
0.800 0.909 0.760 0.910 1.298° 1,035 1.262 1.238 Al
1.095 1.089 1.248 1.374 1.336.1.095 1.549 Ti
b) Ni 1.000 0.900 0.968 1.490 1.200 0.900 1.459 Cr
Al 1.053 1.149 0.998 1.805 1.365 1.600 1.509 Co
Ti 1.0351.122 1.174 1.656 1.685 1,664 1.990 Nb
Cr 1.018 1.073 1.080 1.032 1.556 1.787 1.791 Mo
Co 1.017 1.031 1.037 1.014 1.006 1.797 1.901 Ta
Nb 1.038 1.171 1.169 1.075 1.063 1.181 ¢ 1.960 W
Mo 1.028 1.147 1.156 1.070 1.062 1.157 1.095
Ta 1.049 1.165 1.186 1.073 1.074 1.187 1.137 1.180
W 1.0291

150 1.151 1.041 1.030 1.155 1.126 1.155 1.132



Table 2. Composition in at% of practical and
experimental nickel-base superalloys stud-

ied.

Alloy Al Co Cr Mo W Ti Nb Ta Use
U-700 8.4414.1 15.5 2.49 — 3.94 — — Polycrystal
MarM200 11.0410.1 10.3 — 4.052.49 — — "
NASAIR10012.71 — 10.3 0.62 3.4 1.49 0.64 1.09 Single crystal

-CMSX-2  12.2 5.1 9.20.3 2.6 1.3 — 2.0 ”
CMSX-22 11.91 5.4 8.6 0.32 2.4 0.25 — 2.58 "

- 020 10.94 8.0 11.4 — 1.6 2.7 — 2.29 "
211 11.22 8.2 8.2 1.26 1.64 1.14 0.65 2.68 "
221 11.19 8.2 8.1 1.26 1.64 2.27 0.65 2.67 ”
210 11.83 6.6 8.7 1.26 1.80 1.51 — 2.67 ”
210-Nb 11.58 6.6 8.7 1.25 1.80 1.51 0.65 2.33 ”

01 10.76 — 6.71.21 — — — 2.25 "
01+Al 12.76 — 6.6 1.20 — — — 2.22 "
TMS-63 12.8 — 7.84.6 - — — 2.8 "
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Fig. 2. Comparison of measured'” and calculated
phase composition of a) ¥ and b) ¥ of a
CMSX-2 alloy at 850°C.
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Fig. 3. Same comparison as Fig.2 for TMS-63 at
1040°C. Experimental data were taken from
ref.18).
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Fig. 4. Comparison of measured'” and calculated
concentrations of alloying elements in a) the
Ni- and b) the Al-sublattices of a CMSX-2
alloy.
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Fig. 5. Same comparison as Fig.4 for TMS-63.
Experimental data were taken from ref.18).

Table 3. Chemical composition in at% of 3’ phase
in CMSX-2 and TMS-63 alloys.

Alloy Ni Al Co Cr Mo W Ti Nb Ta
CMSX-2 70.8 16.5 3.5 3.8 ND. 2.6 1.7 — 1.1
T™S-63 72.8 193 — 18 1.8 — — — 43

N.D. Not determined.

%) L hABCHEAIIE, IHDEERBARKFICA
Y185, ZOL 5, {LEERMBICHT 2 AR FIEINIS L
CBCOBEFVAIFA PABI LIS - Tilicsh 3, —
FH, TH6DIEEDEMH2%L I gL, AlBEFIX
— Rk b, ERrOREIPNIBIBTOF~H LA I NS
EEZ oS, ILEINATRRRAIFA PIZA-TV S
LS DORIEHBRNORFEE (124 £ $Ni) &, Nit4 b
LA T3t 3DEREHEBRNORTEE (8 » »'Ni, 4
yHIAD LT, TANF—INIBED/NS CRRINRITh
5RFTTHY, Tablel TAlL DFESEFIGE(ef) DN S
CCrTH 5 HREEY BV, EIR, Ni-Al-Cr3 A4 T,
Cr%®—E ¢t LTEHET 5 L, NI/AULYLFER R 6
ALBAFHEI~ L izoh, AIBIFEFHRDOCHEEL R T 5 ¢
CORTEBERIFON T 319, Z NI BRI IR RS
MR 24858 L 70 DCrEFHNit A M Liianic b o
LIEIRT & 5, FIROFTEEFEIFeTHRON B2, Th
6 IINi-Al-Cr X U'Fe 3 TASTOEREEL L { ST S
5102, T b b AETLROT I REROERIELIH b,
ALRAS T D5 —FR I 24U, BRIEML DK TR II NI T



LALE 2B, AIESFNTIZZ L, 3ILROE
HTRAIBE T L E 245 LT 3AMIINDPTad H KL,
X B E, Mo, W, Ti%t ¥ $ Nb, Talzlb~3% L, Al
BT L E 255 LT 2HMPTFTCIO 2D L 5 LRI
—FEDH+ A4 b BA (site competition) EPEN3,

Table3 & 3 E,AIHH L ANCEHRT 2 TROBFNLE
HoDAEVLFERMEKLULETH Y, BE L EIXCMSX-
2T0.4%, TMS-63T2.2% L 25> TV 5. BEDAEDyY
BCrEMP1 8B LR vDT, 4 MNEADFE LI, LTH
W, 2CrEFPNIFA ML s 2 Ltk 3278E
BRI OMMEMRBEI T LoTv 3, Lrl, L&D
1)—3)DI S CERLDREM LT R OB 47T,
(LB (75%) LUFT 4 Nik Co»™10~20% b Al A4
MZA- T3 E v AEMSRE, RERCREFEL -5
CaEEA N ot b FELONE, AL S, ELCHE
ELEEERYP TSI A —%3 B LI T A—F—
E2ERT 2 LEH 5,

3:3 JnEL

Fig. 6 121050°Ciz 351} 5 & A& Dy DEILDFTEKEREE
BREMBLILDTH S, 206D S bAE221, 211, U-
700422 TRy DBANKET & - 1R SR D> 6 o ORFE
SFERPUELILOSDTH Y, ZRUNDAEFIZOCTIRLEL
A D CHRIE T B 529,

X CEE Ty DRV ENDFES N EmPDHA I L
b5 NI-AIRFNORT o n¥F A—R—eh B K
Ib3€3t, TOTNEREOTI LTI LD, ¢, yO#l
KR AETLROBIRE L E O REMEDFHRIE b KA
CHEET HADUEDH B,

INn2T, AL VbW 3y ERILEDTI, Nb, TaD#EH
PHCTyEHEPHETS 52 LRI ONTV 5,
FredholmiZ 296 4 EROBMEDOEF Ly BRILOMIZ &
CHHEEDSH B LR T 529, EEE, 2&U-T00 L 012D

T2 4 EROMANIIZBLT, 20OA&TIX15%L 1

80

1050°C 221
211 (o]
O OCMsX-2
60 o
9 0
= NASA100
s
5 o 01
e * o
s
2 U700
o (0]
20 4
0 T T T
0 20 40 60 80

Calculated(%)

Fig. 6. Comparison of experimental*® and calcu-
lated 3" volume fraction. Temperature is
1050°C except that it is 950°C for a 01 alloy.
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Fig. 7. Comparison of lattice misfit between

experiment?® and calculation.
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