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Microstructure and creep behavior of DZ125 nickel-based superalloy
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Abstract: By means of creep-property measurement and microstructure observation, the creep behavior of DZ125
superalloy at high temperatures was investigated. The results show that after full heat treatment, the unhomogeneous
microstructure still appears in the dendritic/interdendritic regions of the alloy. Fine cuboidal y’ precipitates locate in the
dendrite arm regions, while coarse ones locate in the interdendritic regions. The cuboidal y’ phase in the alloy transforms
into the rafted structure along the direction vertical to the stress axis in the primary stage of creep. Dislocation climbing
over the rafted ' phase is thought to be the deformation mechanism of the alloy during the steady creep stage. Thereinto,
during the dislocation climbing, dislocation jogs are easy to form, and the formation and diffusion of vacancies are the
controlling factors of dislocation climbing. In the latter stage of creep, the deformation mechanism of the alloy is
dislocation sliding in y matrix channels and shearing into the y’ phase, and the microcracks firstly initiate and propagate
along the grain boundaries. The grain boundaries with different configurations display various damage characters during
creep. Thereinto, bigger shearing stress during creep damage of the alloy is applied on the boundaries at 45° angle
relative to the stress axis, which increases the creep damage probability of them. However, the addition of the element Hf
can promote the precipitation of the fine particle-like phase along the boundaries, which can inhibit the slipping of the
grain boundaries to improve the strength of them. This is the main reason why the boundaries have non-smooth surfaces
after creep rupture of the alloy.
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Fig. 1 Microstructures in local region of alloy after fully heat treatment: (a) Dendrite morphology on (100) plane; (b) Magnified

morphology in dendrite/inter-dendrite region; (c) Fine cubical y’ phase in dendrite region; (d) Coarser cubical y' phase in

inter-dendrite region
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Fig. 2 Creep curves of alloy under different conditions: (a)
Applied different stresses at 1040 ‘C; (b) Applied different
temperatures at 137 MPa
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Fig. 4 Microstructure of alloy during steady state creep
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