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Effect of Hf on microstructure and mechanical behavior of
hot corrosion resistant Ni-based superalloys

HOU Jie-shan, CONG Pei-juan, ZHOU Lan-zhang, QIN Xue-zhi, YUAN Chao, GUO Jian-ting

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

Abstract: The effect of the selective addition of Hf on the mechanical properties and microstructures of experimented

nickel superalloy was investigated. The relationship between the microstructure evolution and mechanical properties was

studied. Furthermore, the relationship of the appearance of rafting and lattice misfit with regards to Hf content was

discussed. The results show that mainly small, coherent, blocky and closely spaced MC and M,;Cg carbides precipitate on

the grain boundaries in the 0.4% (mass fraction) Hf-contained alloy, and that relatively larger, incoherent MC carbides

precipitate on the grain boundaries in the Hf free alloy. During the long-term thermal exposure, fine discrete My;Cg

carbides decompose from primary carbide, inducing y’ layer along the grain boundary, and the coarsening of grain

boundary in Hf free alloy is more evident. The selective addition of Hf is beneficial to high temperature tensile strength,

and the benefit of Hf content is significant at low stresses.
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2
Fig.2 Morphologies of carbides on grain boundary observed in Hf-contained(a) and Hf free(b) alloys
1
Table 1 Phase analysis in alloys
Phase Phase composition
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3 Hf Hf 850
Fig.3 Optical micrographs of Hf free ((a), (b), (c)) and Hf-contained alloys ((d), (e), (f)) after aging at 850 for different times:
(a), (d) 1 000 h; (b), () 3 000 h; (c), (f) 5000 h

4 Hf MC
Fig.4 Morphologies of MC carbides in Hf-contained superalloy under different aging conditions: (a) 900 , 1 000 h; (b) 800 ,
1000 h; (c), (d) 900 , 10000 h



21 5 Hf 949

5 850 10 000 h
Fig.5 Boride morphologies in Hf-contained (a) and Hf free alloys (b) after thermal exposure at 850 for 10 000 h

6 850 3000h TEM EDS
Fig.6 TEM images and corresponding EDS patterns of particles on grain boundaries after exposure at 850 for 3 000 h: (a) Hf-
contained alloy, left-below diffraction pattern of [001]y,p, boride particle, top-up diffraction pattern of [211]y,,c4//[220], matix

carbide particle; (b) Hf free alloy, insert diffraction pattern of [ 453 Imcqy carbide particle

2 850 10 000 h
Table 2 Compositions of grain boundary phases in alloys after thermal exposure at 850 for 10 000 h

Mass fraction/%

Alloy Phase
Ni Al Ti Cr Co Mo W
Residual MC (;, 16.48 0.65 2.67 19.85 2.22 14.41 43.72
Hf free
M;B, 57.70 - 2.30 10.20 5.90 12.20 11.70
Residual MC (, 21.12 0.60 3.21 15.35 4.18 14.47 41.07
Hf-contained
M;B, 50.70 - 1.30 12.10 2.60 18.50 14.80
Y, MysCe y y Ni Al Ti, 23
M23C6 Cr Mo Cr V' y'
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Fig.7 Morphologies and linear scanning curves of elements on grain boundaries in Hf contained alloy(a) and Hf free alloy(b) after
exposure at 850 for 5 000 h
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3

Table 3 Lattice constants and misfits at different temperatures

Hf free 0.4%Hf
Temperature/
a, /nm a, /nm /% a,/nm a, /nm /%
25V 0.3595 0.3593 —0.06 0.3589 0.359 8 0.25
850% 0.364 2 0.3637 —-0.14 0.363 7 0.364 2 0.14
950% 0.3650 0.364 3 —-0.19 0.364 4 0.364 8 0.11

1) Measured value at room temperature; 2) Calculated value.
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