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Thermodynamic Simulation of Equilibrium Solidification and
Precipitation of CW12MW and CW6MC Cast
Nickel-based Alloys

Su Xuehu
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Abstract: Thermo-Calc (TC ) thermodynamic calculation software and TCNI10 professional nickel-based alloy database
were used to calculate and analyze the phase transition paths during the equilibrium solidification and cooling process
of CW12MW and CW6MC cast nickel-based alloys , as well as the effects of the main alloy elements of these two alloys
on the vertical section phase diagrams of equilibrium systems. The results indicate that the phase transition paths during
the equilibrium solidification and cooling process of nickel-based alloy CW12MW are respectively: Liquid—Liquid+
Austenite—Liquid+Austenite+M C-carbide— Austenite+M C-carbide— Austenite+MC-carbide+Sigma—> Austenite+M,C-
carbide+Sigma+M,;C-carbide—Austenite+M C-carbide+Sigma+M,,Ci-carbide+Mu_phase—Austenite+Sigma+M,,Ci-car -
bide+Mu_phase , the main intermetallic phases precipitated are Sigma phase and Mu phase during equilibrium transition
process , and their maximum molar fractions are 0.27 and 0. 003 7, respectively , Cr, Mo and W elements mainly pro-
mote the formation and stability of Sigma phase and Mu_phase. The phase transition paths during equilibrium solidifica-
tion and cooling process of cast nickel-based alloy CWO6MC are respectively : Liquid—Liquid+Austenite—Liquid+Aus-
tenite+y’ —Ni3(Al ,Ti)—Austenite+y’ —Ni3(Al ,Ti)—Austenite+vy’ —Ni3(Al ,Ti)+Sigma— Austenite+y’ —Ni3(Al ,Ti)+Sigma+
8-Ni,Nb—Austenite+vy ' -Ni, (Al, Ti) +Sigma+8-Ni,Nb+M,,C,-carbide— Austenite+Sigma+8-Ni,Nb+M,,C-carbide—Aus-
tenite+Sigma+ & -Ni;Nb+M,,C -carbide+P_phase— Austenite+ 8 -Ni;Nb+M,,C-carbide+P_phase , the main precipitated in-
termetallic phases are Sigma phase and P_phase during equilibrium transition process, and their maximum phase molar
fractions are as high as 0. 17 and 0. 25, respectively. The increase of Mo content is beneficial to the formation and sta-
bility of Sigma phase, and the increase of Nb content mainly promotes the precipitation tendency of 8-Ni;Nb phase. The re-
sults of theoretical calculation and production practice show that the optimum solution temperatures of casting nickel-
based alloy CW12MW and CW6MC are (1230+14)C and (1200+14) °C, respectively.
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&

EZRBN: RFFE(1995—) , B AR, TR E-mail: suxh33299@163.com; i HEA: 2023-04-18



« 32 .

FEIRIN

5 44 5

B A 4 — B w[Ni]=50% (A& A /N T
30%) LA GRS AR A 4, i 7 A A o T
Z 1 5 PR L& Cr R ) A b & 3
HR A S 4 i R S R ok el | A RS i) LA R P
() e il B 05 28 55 Bt Ak g i B iz b v T
AR T A R R TS M T AR TR S
il

Pk RIE A 4 CWIMW 19 & FRIE C &
4, B Hastelloy C-276, [ N 2% & ¥ 5e 4 d@ T 4
FHEE AR X CWI12MW B (G A 4 181185 140 1 O 2
LG AG AT 0T, RN E B R A Y R E
Hu BRI L AR, BT Mo W AT
R AT B KA 56 4 HE B AL S 1) R S
Laves F T 1 B% 11 5 95 1 457 3 & 4 CW6MC 1193 H
4 FE N 625 4 4, Bl Inconel 625 & 4, 4 AR 4E
PHE T =R A AL B T 25X CWOMC & 42 M 48 41
AN E DS e A e S I O D S 2
1180 °Cx1 h /K ¥ [ IR AL B 5 | 2838 1% K6 JC 24 ¢
BB, I H T 55 R A A A ] 5 R T R AR
TSk R B b B KR B L SR T R AR T
(CALculation of PHAse Diagram , fal ik CALPHAD)
FARWI I 45 A 4 CWIZMW 5 CW6eMC 1Y P
i V6 [ S ¥8 H) ik B AR AR BT H O 1) B SRR IR R
b Bl PR T SRS 5 B HLE AR (8 S W R
FH 5 % &, Fl Bl CALPHAD 77 ¥: #F 58 4 i 5 4 it
50748 Bg B R AT g . AR TR H Thermo-Cale
P2 BB B b i TCNT1O B3 $ 4 12 |, »of
WIS BRIL G 4 CWI2MW 5 CWOMC il - 17 ¢ [ K
RHSEMA EEAETTEXNS AR ¥R %
A - 7 110 5% ) KA 0 ) 1 AT B T T S5 0,
2 2 Ni-Cr-Mo-W K Ni-Cr-Mo-Nb 1 4% it 85 5
B A B AR S T AR SR I

1 HEARSHMRA®

K% ASTM A494/A494M—22 {Standard Specifi-
cation for Castings, Nickel and Nickel Alloy) K yii
KL BEEREL S S CWI2MW 5 CW6MC 2t o 41 Jk
N7 FEL Y R WA G ) s o A T 8 e, Ak 2 B 4 4 i)
UL 1 3R 2, XA R 2217, CALPHAD J7%
SN A kA E RO B MR ik —,
Thermo-Cale # 7 2F TF S H A D9 T AT 19 44 ) 24 B0
JBE ¥ 4% I CALPHAD J7 367 & 1, AR A 124 &
G5 AR I AR SR S5 R RRAE B AH XY 3 T 2 Y
T 2R AR -5 TC T A R R (5 P 45 7 1k
B 4 () Ab B P AR e FH I A PR AR 45 35 A
A 1 AE G 1 CALPHAD fie SE R (1 H 38, R4
Al LHEATPEAG 55 00 Ak 1A 2R 09 I A nT FH A8 AH - i A
25 B B AR RS [ B
ET 22 M ia ek RZs8 S5 m A
1 AE 4/ MR, TEBCF AT 24 T RE S PRIE
R A2 A ZR Y I S B T N T — S R 2 4ot
ARG AT R A S

| FH Thermo-Cale #% J 27 11 5 84 N 19 POLY
5 POST i DL e Lk H Tt B L & & W
TCNI10 B EEE G e | ZR A1 B W B S W 1) S ) T 1)
4 1 mol  HARG 41 2 v 45 41 70 il 434 o 7344
AT RO, EEE DN — AN RRE
(101.325 kPa) , 7V 2548 T, X 88 122 vh A7 A 1Y)
AT 25 SV 1 4 A A 2E RS TR A AT ] £ A BIR A LA
P 3 B 4 9 S8, 3 B IR R YR LR 1600 ~
500 °C IR A A 10 °CL A3 AT 3 1 g 2 ik
TR A 4 1 5L PR A 2 R o O AT 4 7 i i
B HMS— R X TR RS £ cWeMC, 7E
A B T 2R BT R ALLTI X RS

1 HERESECWR2MWHLZRS (REHE)
Table 1 Chemical composition of cast nickel-based alloy CW12MW %
TiH C Si Mn S P Cr Fe Mo Nb % w Ni
B <002 <100 <100 <0020 <0030 155-175 77 160~180 - 020= 3T gy
S 0.046 8 0.512 0.794 0.009 0.007 16.74 5.46 17.01 0.132 0.8 4.61 Bal.
K2 HERESGECWMCHULZERS (REHE)

Table 2 Chemical composition of cast nickel-based alloy CW6MC %

T H C Si Mn S p Cr Fe Mo Nb \% W Ni
PR <0.06  <1.00 <1.00 <0.015  <0.015 20.0~23.0 <50 8.0~10.0 3.15~4.50 - - Bal.
S 0.0357 0 0.967 0.749 0.008 0.010 21.37 2.92 8.85 3.88 0.025 0.11 Bal.
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Fig. 1 Microstructure morphology of nickel-based alloy CW12MW after 1 190 ‘Cx4 h, water quenching, solid solution treatment :

(a) 100x , (bh) 500%
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Fig. 2 Variation relationship of phase content with temperature in nickel-based alloy CW 12MW under equilibrium condition : (a)

property diagram , (b) drawing of partial enlargement
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Fig. 3 Phase transition path diagram during equilibrium solidification and cooling process of nickel-based alloy CW 12MW
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Fig. 4 Effect of Cr content variation on vertical section phase

diagram of equilibrium system of CW12MW alloy
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diagram of equilibrium system of CW12MW alloy
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Fig. 7 Microstructure morphology of nickel-based alloy CW6MC after 1 180 ‘Cx3 h, water quenching, solid solution treatment
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Fig. 8 Variation of each phase content with temperature in cast nickel-based alloy CW6MC under equilibrium condition :
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Fig. 9 Phase transition path diagram during equilibrium solidification and cooling process of nickel-based alloy CW6MC
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