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Effect of melt superheating treatment on
microstructure and mechanical properties of
cast nickel base superalloy
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Abstract: The effects of the melt superheating treatment on the microstructure and mechanical properties of a cast nick-
el base superalloy were investigated. A large amount of coarse or needle-like carbides within the grain interior or at grain
boundary in this alloy as conventional cast, is very harmful to the mechanical properties. It is suggested that the melt su-
perheating treatment at high temperature can be conducive to the improvement of the ductility of the alloy. The results
show that the microstructure of the alloy can be significantly influenced by the melt superheating treatment, that is, the
dendritic structure is refined, and the amount of carbides is reduced. Consequently, after treated at 1 650 C for 5 min,
tensile ductility of cast alloy is increased remarkably from 3.5% to 9.2% at room temperature, from 2.0% to 8.0% at
700 C and from 2.4% t0 9. 6% at 900 C, respectively, without loss of its high strength. Meanw hile, the creep life of
superalloy lower than 225 MPa at 975 C is also improved obviously.
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Table 1 Technology of melt superheating

treatment of test alloys

Treatment T echnology

Conventional Remelting and then casting at 1 450 C

Treatment 1 After remelting, superheating at 1 550 C for 5
reatmen min, and then casting at 1 450 C
Treatment 2 After remelting, superheating at 1 650 C for 5
reatmen min, and then casting at 1 450 C
After remelting, superheating at 1 750 C for 5

Treatment 3 B
reatmen min, and then casting at 1 450 C

2 SEIGZER

2.1 BHMAR

B 1R NS A & B gl . bEe L,
HERHEIEHLRIN A AR B EM, —IREmA
YUK, AR A AE e K BB A ve ¥ 3K
mmAH( B 1(a), 1(b)) . HH, A Y) 28R 55
A, T a2 B AR DT R B A T R
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Fig. 1 Microstructures of test superalloy

(a), (b) —Conventional cast; (c), (d) —Melt superheating treatment at 1 650 C for 5 min
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Table 2 EDS results of carbides in test superalloy( mass fraction, %)

Position in Fig. 1(b) Al Ti Cr Nb Mo W Ni Phase
Arrow A 0.52 1.23 11.72 1.83 6. 65 54.71 16.27 M23Ce
Arrow B 0.53 21.30 2.81 14. 83 4.90 44.18 9.98 MC
Arrow C 0. 62 1.50 9.33 2.45 5.95 57.00 15.59 M2;GC6
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Table 3 Tensile properties at room temperature
and high temperature of test superalloy treated

at different superheting temperatures

F£4 WAL 1600 CELAF A
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Table 4 High temperature tensile and stress
rupture properties of test superalloy treated at

1600 C for different melt superheating durations

T esting

0,/ Go. o/ &/ &/
T reatment temperature/
o MPa  MPa % %
Room 1128 1016 3.5
temperature
Conventional 700 969 904 2.0
900 819 690 2.8
Room 979 806 8.0  12.1
temperature
Teatrmen 1 700 1066 853 8.0 10. 4
900 801 680 4.4 6.1
Room 1038 851 9.2 117
temperature
T eatment 2 700 1078 80 8.0 115
900 832 681 9.6 19.6
Room 998 784 6.4  14.0
temperature
Teatment 3 700 1041 857 9.6  16.9
900 781 657 7.6 11.3
8 1750 °C
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Fig. 2 Effects of melt superheating temperature

on creep behavior of test superalloy at
P p y

975 C under 225 MPa
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Stress rupture property

Melt M echanical property (975 °C, 225 MPa)

superheating

] : O/ Gpof & Life/ Elongation/
time/ min
MPa MPa % h %
0 819 690 2.8 34 4.3
5 911 753 6.0 68 5.0
10 899 707 2.4 62 2.4
20 796 739 2.0 109 2.0
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