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Thermodynamic calculation on equilibrium precipitated
phases in P/M nickel-base superalloy

Tian Gaofeng Wang Yu Yang Jie Zou Jinwen Wang Wuxiang
( Science and Technology on Advanced High Temperature Structural Materials Laboratory BIAM Beijing 100095 China)

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, C; MC carbides and M,B, boride however there are differences in the quantity and
precipitation temperature range. René 104 alloy has higher y~ precipitation temperature and more y” amount and that
of René 88DT alloy are lowest and least among the three alloys. The variation on Nb composition in vy~ 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 1 ~ Composition of three alloys Yo 2
René 95 René 88DT René 104 2.1
3
Co 8.00 7.90 13. 00 12.83 20.60  20.14 1 °
Cr 13. 00 14.50 16. 00 17. 89 13. 00 14.40 3 vy
M 3.50 1.70 4.00 2.42 3.80 2.28
’ . . MC  My,C,
\4 3.50 1.10 4.00 1.27 2.10 0. 66 :
Al 350 750 210 453 3.40  7.26 M;B, . MB,
Ti 250 3.00 370 449  3.70  4.45 M,B, o T
Nb 3.50 2.10 0.70 0.44 0.90 0.56
- o n
Ta - - - - 2.40 0.76
C 0. 06 0.29 0.03 0.15 0.05 0.24 °
B 0.010 0. 050 0.015 0. 080 0.025 0.160 1 3 0% ’
Zr 0.05 0.03 0.03 0.02 0. 05 0.03 .
Ni Y
1
() .2 3
3 o René >
104 v’ (Al +Ti+Nb + o
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Table 2 Calculated melting point and precipitation temperature of precipitation phases of the three alloys
/ ) /%C
C v’ MC M3 Cg M; B, o [
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 1 106. 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
2 3 René 88DT  René 104
SEM o René 95 v’ v’ René 95 2y
René 88DT  René 104 v’ v’
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Fig.2 SEM images of the alloys heat treated
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Fig. 4 Thermodynamic calculated curves of chemical composition in y 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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Fig. 7 Effects of Co content on the precipitation behaviors of various phases in René 104 alloy
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Fig. 8 Effects of Ta content on the precipitation behaviors of various phases in René 104 alloy
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Table 3  Calculated content of equilibrium 1) René 95.René 88DT  René 104
precipitation phases at 650°C (mass) 2 v ooy
Y Y M5 Cs M; B, N M,,Cq MC. M;B,.
René 95 40. 85 52.63 1.17 0.12 2) René 104 v
René 88DT 54.76 37.51 0.59 0.18
René 104 34.71 53.12 0.94 0.37 4 René 88DT Y
N v’
René 104 v’ o .
3) Ta Nb v’
v’ ;
René 104 M;B, 2~3 .
M, B, ( 254 )
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Fig. 4 Effect of solution concentration on Al (OH);-Y(OH), /ZrB,composite powder
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