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Microstructure and creep behavior of
Hf-containing K416B as-cast Ni-based superalloy with high W content

XIE Jun, YU Jin-jiang, SUN Xiao-feng, JIN Tao

(Institute of Metal Research, Chinese Academy of Sciences, Shenyang 110016, China)

Abstract: By means of microstructure observation and creep property measurement, the microstructure and creep
mechanism of Hf-containing K416B as-cast Ni-based superalloy with high W content were investigated. The results show
that the as-cast microstructure of the alloy consists of y matrix, ' phase, MC and M¢C carbides. Thereinto, the MC
carbide with chain-like structure and Chinese script precipitates, in the grain boundaries and inter-dendrite, respectively.
And the blocky M4C carbide embeds in the eutectic. During creep, the deformation mechanisms of the alloy are that the
dislocations with different orientations slip in the matrix, and the dislocation may bypass or shear into y’ phase. In the late
stage of creep, high density dislocations may pile up near the carbides or boundaries, and the fact may induce the stress
concentration to cause the crack initiating and propagating along the grain boundaries and the interface between the
carbide and eutectic, which is considered to be the fracture mechanism of the alloy.
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Fig. 1 Low magnification microstructure of as-cast K416B

Ni-based superalloy
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Fig. 2 Microstructures of 7' phase in K416B superalloy:

(a) Dendrite; (b) Inter-dendrite
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Fig. 3 Microstructures of precipitates in different regions of K416B superalloy: (a) Grain boundary; (b) Inter-dendrite;

(c) Eutectic
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Fig. 4 XRD pattern of K416B superalloy
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Fig. 5 Creep curves of K416B superalloy at different stresses
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Fig. 6 Microstructures of dislocation configurations in y and )’ phase of alloy after creep: (a) Dislocation network in y/y" interface;

(b) Dislocation loops; (c) Deformed dislocation shearing into y' phase
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Fig. 7 Deformation microstructures of partial zone in K416B alloy crept to fracture: (a) Dislocations piling up near carbide in grain

boundary; (b) Slipping dislocations with different orientations; (c) Dislocation movement hindered by grain boundary
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Fig. 9  Fracture microstructures of K416B superalloy:

(a) Cracks initiating along interface between eutectic and
dendrite; (b) Cracks propagating along interface between bulk

carbide and eutectic
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Fig. 10 Microstructures of cracks propagating along grain
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