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Microstructure of NisAl-base superalloy with high content of rhenium

FAN Ying-wei, ZHENG Yun-rong, ZENG Qiang
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Abstract: The microstructure of NizAl base superalloy with composition of Ni-10Co-7.1W-1.7Mo-0.5Nb-6.9Ta-7.9Re-
6.9A1-0.008C was investigated by SEM, EDS, XRD and quantitative metallographic method. The results show that the
alloy consists of y, ', eutectic (y+y’) and ResW phases. Rhenium is a strong negative segregation element and the
excessive amount of Re promotes the formation of Re;W phase. The solid solution temperatures of secondary ',
eutectic " are 1 330 ‘C and 1360 C respectively. By means of 1 290 ‘C, 2 h+1 330 ‘C, 6 h+1 360 °C, 6 h multistep
solid solution treatment, the full solid solution of y’ phase is realized and the incipient melting is avoided. However, the
Re;W phase can not be eliminated and the homogenization of Re is not completed by the above mentioned treatment. The
proper solution is to modify the alloy composition so as to eliminate ResW phase.
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Table 1 Heat treatment procedure of alloy

Procedure No. Heat treatment procedure
A 1290 C,2h

1290 C,2h+1310 C,2h
1290 °C,2h+1310°C,2h+1330°C,6h
1290 C,2h+1310 C,2h+1350 C,6 h
1290 °C,2h+1330 'C,6h+1360 ‘C,6h

1290 C,2h+1330 C,6h+1370 °C,6h
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Table 2 Composition of phases and dendritic segregation in alloy
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Fig.1 Microstructures of as-cast alloy
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Mass fraction/%

Phase or area

Al Co Ni Nb Mo Ta w Re

Eutectic y’ 7.01 9.87 59.51 0.98 1.71 9.23 6.43 5.25
Plate white phase 0.30 3.59 8.63 0.28 3.18 - 27.68 56.34
Block white phase 0.23 3.80 8.40 0.09 3.08 - 27.50 56.90
Dendritic arm 543 10.68 56.01 0.37 2.09 4.89 8.83 11.70
Interdendritic zone 6.44 9.85 59.29 0.63 1.89 7.87 6.76 7.27
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Fig.2 XRD pattern of as-cast alloy
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Fig.3 Microstructures of solid solution for secondary y'":
(a) 1290 C,2h; (b) 1290 'C, 2 h+1310 C,2 h; (¢) 1290 C,
2h+1310°C,2h+1330°C,6h
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Fig.4 Solid solution treated microstructures of eutectic y’ after different treatments: (a) 1 290 C, 2 h+1 310 C, 2 h+1 330 'C, 6 h;
(b) 1290 C, 2 h+1 310 °C, 2 h+1 350 'C, 6 h; (c) 1 290 C, 2 h+1 330 C, 6 h+1 360 “C, 6 h; (d) 1 290 C, 2 h+1 330 C, 6 h+

1370 °C,6h
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Table 3 Volume percent of eutectic y’ and incipient melting of specimens treated by different conditions

Volume fraction/%

Procedure No.

Eutectic Solid solution degree of eutectic Incipient melting

As-cast 38.7 0 -

A 325 16.0 -

B 222 423 -

C 11.4 70.5 -

D 7.7 80.1 -

E 0 100.0 0.8

F Incipient melting - 12.2
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Table 4 Influence of solid solution E on dendritic segregation
Mass fraction/%
Procedure No. Zone
Al Co Ni Nb Mo Ta W Re
Dendritic arm 4.87 12.17 58.32 0.45 241 4.36 7.98 9.44
A
Interdendritic zone 5.75 11.17 60.56 0.67 2.05 6.19 6.52 7.09
Dendritic arm 6.24 10.02 57.70 0.49 1.90 7.99 7.50 8.16
E
Interdendritic zone 6.30 10.18 59.27 0.70 1.79 7.76 6.87 7.13
[4] GIAMEI A F, ANTON D L. Rhenium additions to a Ni-base
N superalloy: effect on microstructure[J]. Metal Trans A, 1985,
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