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Table 1 Solution treatment process of the alloy

Fre B (SHIGH]E S
S1 1275 °C/2h+1285 °C/2 h+1 300 °C/4 h+1 310 C/4hA.C.
S2 1275 °C/2h+1285 “C/2h+1300 “C/4h+1310 C/4h+1315 C/4h AC.
S3 1275 °C/2h+1285 “C/2h+1300 “C/Ah+1310 C/Ah+1312 *C/Ah AC.
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Table 2 Aging treatment process of the alloy

75 PRI A B 1
Al 1080 C/4hA.C.+870 C/20 hA.C.
A2 1100 °C/4h A.C.+870 C/20 hA.C.
A3 1120 C/4h A.C.+870 C/20 hA.C.
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Fig. 1 Microstructure of as cast alloy
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Fig. 2 Dendrite morphologies of alloys with low rhenium after different solution treatments
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Fig. 3 Volume fractions of pores and +y/+y ' eutectic in both as cast and different heat treated alloys
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Fig. 4 Morphologies of <y’ phases in alloy after solution treatment S3
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Table 3 Composition distribution of dendrite and
interdendritic elements in as cast and

S3 treated alloys W /%

WiH X# Al Ti Cr Co Mo Ta W Re

KT 497 051 6.18 11.57 0.64 299 944 261
B AiMuE 554 0.80 6.27 11.00 0.52 5.29 7.40 1.96

K, 0.897 0.638 0.986 1.052 1.231 0.565 1.276 1.332

T 541 073 6.01 10.94 0.67 4.87 7.63 3.16
S3LbF K fhiE]  5.67 0.74 6.20 10.72 0.60 5.08 7.47 2.89

K, 0.954 0.986 0.969 1.021 1.117 0.959 1.021 1.093
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Fig. 5 Morphologies of <y’ phase in alloy after aging treatment
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Table 4 Statistics of size and volume fraction of y’ phase
after aging
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Table 5 Results of stress rupture properties tests under
different conditions

Al 0.29 0.34 63.8 bR A FAnih 1% TR 1%
A2 0.43 0.45 64.3 S3+A2 268.02 47 50
A3 0.45 0.47 63.1 S3+A3 268.48 37 47
3 &5 (3) ZARNATHRNEEHIASTEL 038 °C/172 MPa
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(4) ZEHPERSEESREMENIWIETZ
791 275 “C/2 h+1 285 °C/2 h+1 300 C/4 h+1 310 “C/4 h
+1 312 “C/4 hA.C.+1 100 °C/4 hA.C.+870 C/20 hA.C..
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Effect of Heat Treatment on Microstructure and Stress Rupture Properties
of a Low Rhenium Nickel Base Single Crystal Superalloy

ZHANG Yan, LI Han-song, BAO Jun
(AECC Commercial Aircraft Engine Cooperation Ltd., Shanghai 200241, China)

Abstract:

In this paper, the heat treatment process of a low rhenium nickel base single crystal superalloy was designed
and optimized. The microstructure of the alloy was observed and the stress rupture properties of the alloy
after different heat treatments were tested. The initial melting temperature determined by metallographic test
was between 1 275 °C and 1 280 °C . After multi-stage solution treatment, the segregation was significantly
improved, and the number of pores was small. After aging at 1 100 °C /4 hA.C.+870 °C /20 hA.C. (A2) and
1120 °C /4 hA.C.+870 °C /20 hA.C. (A3), the size of y' phase was between 0.45 um and 0.5 pm, and the
volume fraction of y' phase was between 60% and 70%. The stress rupture life of the alloy aged by A2 and
A3 at 1038 °C /172 MPa were 268.02 h and 268.48 h, respectively. The final heat treatment process was
determined as 1 275 °C /2 h+1 285 °C /2 h+1 300 °C /4 h+1 310 °C /4 h+1 312 °C /4 hA.C.+1 120 °C /4 hA.C.
+870 °C /20 hA.C..
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