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Creep deformation mechanism in
Re free second generation nickel-base single crystal superalloy
during medium temperature and high stress
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(1. School of Materials Science and Engineering, Shenyang University of Technology, Shenyang 110870, China;
2. Shenyang Liming Aero-engine Corporation, Shenyang 110043, China)

Abstract: By measuring the creep curves, observing the microstructure and analyzing dislocation configuration of the
nickel-base single crystal superalloy after being fractured at medium temperature and high stress, the rupture fracture
surface characters and deformation mechanism of the nickel-base single crystal superalloy were studied. The results show
that, the rupture fracture surface is made of lots of steps plane, which posses the same orientation and two edges with
(110) orientation for each step, and the upper plane of step parallel to the {001} plane faces after creep up to fracture at
760 C and 760 MPa. The formed eutectic area during lasting solidification is the weak area where the crack initiation
and propagation happen during creep, eventually lead to alloy creep rupture. The formed N-shape like ordered y' phase
structure vertical to the stress axis during creep at 800 ‘C and 750 MPa, but the raft length of ordered y’ phase is shorter.
There are lots of dislocation nets in matrix channel and ordered y'/y two-phase interface place, and a part of (110) super
dislocations shear the ordered y’ phase raft. The dislocation is decomposition into partial dislocation (1/3)(112) + stacking
fault configuration when the (1/2)[110] dislocation shears the y' phase through y'/y phase interface. When a single
dislocation slips through the stacking fault area, the dislocation and stacking fault overlap, and the dislocations lining
stripe light and shade changes.
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Fig. 1 Schematic diagram of creep specimen
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Fig. 2 Morphology of cubical »’ phase in alloy after heat

treatment
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Fig. 3 Creep curves of alloy under different conditions:
(a) 760 C; (B) 750 MPa
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Fig. 4 Morphologies of y' phase after alloy crept for different
times at 800 “C and 750 MPa: (a) 0 h; (b) 52h
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Fig. 5 Morphologies after alloy crept for 52 h up to fracture
at 800 ‘C and 750 MPa
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Fig. 6 Fracture surface morphologies after alloy crept for
1 000 h up to fracture at 760 C and 700 MPa: (a) Macro-
morphology; (b) Rectangular steps in area 4; (c) Rectangular

pit near plane step
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Fig. 7 7 Fracture surface morphologies of alloy: (a) Eutectic

area; (b) Cracks in eutectic area
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Fig. 8 Dislocation morphology after alloy crept for 52 h up to
fracture at 800 ‘C and 750 MPa
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Fig. 9 Morphology of dislocation shearing through stacking
fault in alloy
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Fig. 10 Dislocation configuration within y ' phase after alloy crept for 52 h up to fracture at 800 ‘C and 750 MPa: (a) g=111 ;

(b) &=220;(c) g=311;(d)g=131
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