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Effect of Hf on microstructure and high temperature stress rupture
properties of K4222 superalloy
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(1. Science and Technology on Advanced High Temperature Structural Materials Laboratory, AECC Beijing Institute of
Aeronautical Materials, Beijing 100095, China; 2. School of Materials Science and Engineering, Xiangtan University, Xiangtan
411105, Hunan, China)

Abstract: The high-temperature mechanical properties of cast nickel-based superalloy K4222 enhance through alloying of Hf. This
work investigates the effect of adding mass fraction of 0.72% and 1.5%HT on the microstructure and high-temperature stress rupture
properties of the alloy. The results reveal that the addition of Hf not only increases the MC carbide content in the alloy, but also
facilitates the formation of eutectic (NisHf + y) phases. After heat treatment, M,;C carbides are dissolved at high temperature and
MC carbides are degraded, resulting in an overall reduction in the carbide content of each alloy and the elimination of eutectic
phases. However, a small amount of NisHf phase remains in the 1.5%Hf alloy. Meanwhile, the results show that Hf can greatly
improve the stress rupture life of the alloy. Compared with 0%HT alloy, the stress rupture life of the 0.72%Hf and 1.5%Hf alloys
increases 101.4% and 211.2% under the condition of 899 °C/172 MPa, respectively. The improvement of Hf content will reduce the
rupture plasticity of K4222 alloy to a certain extent, but 0.72%HT still maintains good level. Further analysis shows that the addition
of Hf can change the morphology of carbides, increase the grain boundary strength, reduce the occurrence of carbide cracking and

intergranular cracks, and thus improve the high-temperature creep strength of the alloy.
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Table 2 Carbide and eutectic (NisHf+y) contents of the as-
cast and heat-treated experimental alloys

Alloys Hf content/%  Carbide/% Eutectic/%
As-cast 0 1.03£0.005 0

0.72 1.52+0.011  1.27+0.031

1.5 1.54+0.009  3.57+0.055
Heat-treated 0 0.86+0.004 0

0.72 1.13£0.004 0

1.5 1.41+0.004  0.4+0.01
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Fig. 4 Rupture fracture morphology of alloys with different Hf contents
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