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Effects of heat treatment on creep behaviors of 4.5%Re nickel-based
single crystal superalloy at high temperature

SHU De-long, TIAN Su-gui, WU Jing, LI Qiu-yang, JIANG Chong-liang

(School of Mechanical Engineering, Shenyang University of Chemical Technology, Shenyang 110870, China)

Abstract: By means of heat treatment at different regimes and creep property measurement, combining with
microstructure observation, the effects of the solution time on the microstructure and creep behaviors of a 4.5%Re (mass
fraction) nickel-based single crystal superalloy at high temperature were investigated. The results show that the
segregation extent of the elements in the as-cast alloy may be obviously reduced by means of heat treatment at high
temperature. When extended the solution time from 10 h to 24 h, the creep life of the alloy enhances from 101 h to 164 h.
Thereinto, bigger segregation extent of the elements appears still in the alloy treated by technique 1, which results in the
precipitation of the needle-like TCP phase. The deformation mechanism of the alloy during creep is dislocations slipping
in the y matrix and shearing into the rafted y’ phase. At the later stage of creep, the significant amount of dislocations
shearing into the rafted y’ phase results in the twist of the rafted y’ phase, which may promote the initiation and
propagation of the micro-cracks at the interfaces of y/y’ phases up to the occurrence of creep fracture. This is thought to be
the fracture mechanism of alloy during creep at high temperature.
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Table 1 Heat treatment regimes of 4.5%Re single crystal nickel-based alloy

Technique No. Homogenous treatment Solution First aging Secondary aging
1 (1280 °C,2h)+(1310 C,4h) 1325 C, 10h 1150 C,4h 870 'C,32h
2 (1280 °C,2h)+(1310 C,4h) 1325 C,24h 1150 C,4h 870 'C,32h
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Table 2  Element distribution in inter-dendrite/dendrite regions of 4.5%Re single crystal nickel-based superalloy

Mass fraction/%
Alloy state Area
Al Ta w Cr Re Mo Co
Dendrite 5.32 6.88 6.02 4.77 6.57 - 4.12
As-cast

Inter-dendrite 6.65 8.54 4.37 5.41 4.18 - 4.87
Dendrite 5.64 7.22 5.61 4.85 5.66 - 4.19

Technique 1
Inter-dendrite 6.29 8.35 4.58 5.26 4.22 - 4.65
Dendrite 5.77 7.87 5.42 4.93 5.12 - 4.22

Technique 2
Inter-dendrite 6.04 8.23 4.88 5.14 4.37 - 4.47

3 4.5%Re BRI 1B R/ R I G R AR AT R AL

Table 3 Segregation coefficients of elements in inter-dendrite/dendrite regions of 4.5%Re single crystal nickel-based superalloy

K%
Alloy state
Al Ta w Cr Re Mo Co
As cast 25.00 24.13 -27.41 1342 —-36.38 - 18.20
Technique 1 11.52 15.65 —18.36 845 2544 - 10.98
Technique 2 4.68 4.57 -9.96 426 —14.65 - 5.92
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Fig. 1 Morphology of alloy after heat treated by technique 2
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Fig. 2 Creep properties of alloy at 1100 C, 137 MPa after
treated by different regimes
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Fig. 3 Creep curves of alloy treated by technology 2 at
different conditions: (a) Applied stress of 137 MPa at different
temperatures; (b) At 1070 ‘C and different applied stresses
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Fig. 4 Dependence of strain rates of alloy during steady state creep on applied temperature and stress after heat-treated by various

regimes: (a) Strain rate—temperature; (b) Strain rate—applied stress
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Fig. 5 Microstructures in different regions of alloy crept up to fracture at 1100 ‘C and 137 MPa for 101 h after treated by
technique 1: (a) Schematic diagram of marking observed regions in specimen; (b)—(d) SEM images corresponding to regions 4, B

and C, respectively
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Fig. 6 Microstructures in different regions of alloy after crept up to fracture at 1100 °C and 137 MPa for 164 h after treated by
technique 2: (a) Schematic diagram of marking observed regions in specimen; (b)—(d) SEM images corresponding to regions 4, B

and C, respectively
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Fig. 8 Dislocation configuration in ' phase after alloy crept up to fracture at 1100 C and 137 MPa: (a) g=220; (b) g=133;

(c) g=002; (d) g&=131
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Fig. 9 Initiation and propagation of crack along interface of y'/y phases of alloy crept up to fracture at 1100 ‘C and 137 MPa:

(a) Crack initiation; (b) Crack growth; (c) Propagation of crack along interface of rafted y/y’ phases
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