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Thermodynamic calculation on equilibrium precipitated
phases in P/M nickel-base superalloy
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Abstract; In order to optimize the design of the nickel-base superalloy, thermodynamic properties of three generations
powder metallurgy superalloys René 95, René 88DT and René 104 have been investigated using Jmatpro and the latest
relevant database for Ni base superalloy. The calculated results show that the three alloys have the same equilibrium
phases, such as y,y’, M,; G, MC carbides and M, B, boride, however, there are differences in the guantity and
precipitation temperature range. René 104 alloy has higher ' precipitation temperature and more ' amount,and that
of René 88DT alloy are lowest and least among the three alloys. The variation on Nb composition in y’ precipitates as
a function of temperature is also changed because of Ta added; In addition, René 95 alloy has the higher quantity of
carbides, which precipitation behaviors are similar with René 88DT alloy, only their quantity and precipitation
temperature range are different, wherever, René 104 alloy is evident different from the above two alloys.
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Table | Composition of three alloys %

René 95 René 88DT René 104

R® KT g T mE R¥

a2 A% Ay A% a% AE
Co 8.00 7.90 13.00 12. 83 20.60  20.14
Cr 13. 00 14. 50 16. 00 17. 89 13.00 14.40
Mo 3.50 1.70 4.00 2.42 3.80 2.28
w 3.50 1. 10 4.00 1.27 2.10 0. 66
Al 3.50 7.50 2.10 4.53 3.40 7.26
Ti 2.50 3.00 3.70 4.49 3.70 4.45
Nb 3.50 2. 10 0.70 0.44 0.90 0. 56
Ta - - - - 2.40 0.76
C 0.06 0.29 0.03 0.15 0.05 0.24
B 0. 010 0. 050 0.01s 0. 080 0.025 0.160
Zr 0.05 0.03 0.03 0. 02 0.05 0.03
Ni kB KB RE KB RE AR

IHASNEERMFEH B XS, P Rens
104 54 EHREM y IR ITE (Al + Ti + Nb +
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#;:René 95 24 Co S BB BB TE(W + Mo +
Nb)FICHESRES. B3 HELPH -5
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o
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Table 2 Calculated melting point and precipitation temperature of precipitation phases of the three alloys

PO AR X [/ () F R B/ C
C y' MC M, Cq M,B, c [
René 95 1257.0~1339.9 1147.4 918.7 ~1 308.9 961.3 1172.6 680.6 740. 5
René 88DT 1266.3 ~1350.0 1106.6 959.2 ~1298. 8 963.9 1098.2 682.0 834.0
René 104 1248.9 ~1334.4 1162.2 1309.8 877.2 1111.2 899.1 906. 3

B2 a5l mT 3 fa e iat MG XN e
SEM ZHLUEH . A Rene 95 A&k F MR L H %
LRI BE AL TE , T René 88DT M1 René 104 54K A
R T B VAR A,

René 88DT 1 René 104 4 &34k FHBREHF —
WKy HFI = y' M, T René 95 A48k L3R 2 # y'A
S, B RFE RPN v/ 18, X 26 ' A 4 B 75 4L 28
R P RS, ERBEN X EET KRR, BHiL, KR
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Fig.1 Calculated dependences of precipitation phases on temperature
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Fig. 4 Thermodynamic calculated curves of chemical composition in ' precipitates
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Fig- 5 Calculated curves of M,,C; and MC phases precipitation behavior in the three alloys
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Fig. 6 Calculated curves of ¢ and p phases precipitation behavior in the three alloys
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Table 3  Calculated content of equilibrium

precipitation phases at 650°C { mass) %
CEA Y Y My; G M; B,
René 95 40.85 52.63 1.17 0.12
René 88DT 54.76 37.51 0.59 0.18
René 104 34.71 53.12 0.94 0.37
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