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Table1 Main chemical composition of the test alloys (/%)
Alloy Al Ti B Cr Mo W Hf Ni
1 5.0-6.5 3.0-5.0 0.1 8.0-10.0 2.0-4.0 2.0-4.0 0 Bal.
2 5.0-6.5 3.0-5.0 0.1 8.0-10.0 2.0-4.0 2.0-4.0 15 Bal.
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Table 2 EDS analysis results of precipitated phase of different points in Fig.1c and Fig.1d (at%)

Point  Precipitate C Al Ti B Cr Mo w Hf Co Ni
1 Boride 0 0.1 2.3 45.6 23.4 17.2 3.9 0 3.1 45
2 Boride 0 0 2.0 49.6 20.6 17.9 4.1 0 24 33
3 NisHf 0 11.2 5.2 0 2.2 0.3 0 7.3 7.0 66.9
4 HfC 58.5 0.4 4.6 0 0.5 0.2 0 30.6 0.8 45
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Table 3 Volume fraction of precipitates in the two alloys

Volume fraction of precipitates/%

Alloy
oy’ MsB,
1 6.8 0.6
2 12.1 0.7
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Fig.3 Comparisons of DSC cooling curves between two alloys
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Table 4 Comparisons of characteristic temperature points of DSC cooling curves of the two alloys

y precipitation vy

y' M;3B; M3B; NicHf

Temperature/C Liquidus peak precipitation  precipitation precipitation precipitation precipitation Solidus
onset peak onset peak
Alloy 1 1336.3 1332.7 1245.7 12412 1214.6 11925 - 1170.0
Alloy 2 1320.5 1319.2 1235.0 1228.0 1197.7 1168.5 1125.0 1120.0
Temperature difference 5 4 135 10.7 13.2 16.9 24.0 - 50.0
of two alloys
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Fig.4 OM microstructures of test alloy 1 after isothermal solidification quenching at different temperatures: (a) 1310 C, (b) 1270 C,
(c) 1240 °C, (d) 1210 °C, and (e) 1180 'C
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Fig.5 OM microstructures of test alloy 2 after isothermal solidification quenching at different temperatures: (a) 1310 C, (b) 1270 C,

(c) 1240 °C, (d) 1210 °C, and (e) 1180 ‘C
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Table 5 Volume fraction of residual liquid in the two alloys (vol/%6)

Temperature/C Alloy 1 Alloy 2
1310 20.3 30.6
1270 12.9 18.6
1240 8.0 14.4
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Fig.6  Segregation of Hf in residual liquid phases simulated by

Thermal-Calc
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Table 6 EDS analysis results of Hf in dendrites and interdendritic

regions
- Equilibrium
tegu::a::tzlrg?"c Location Content, /% partition
P coefficient, K
Dendrites 0.56
1310 » . 0.08
Interdendritic region 6.89
Dendrites 0.49
1270 » . 0.05
Interdendritic region 10.09
Dendrites 0.60
1180 0.02

Interdendritic region 39.7
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Fig.7 Phases in alloy 2 quenched by isothermal solidification at 1180 ‘C
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Fig.9 Penetrant inspection results of the thin-walled tubes of alloy 1 (a) and alloy 2 (b)
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Fig.10 Typical porosity morphologies of the cross section of specimens from the thin-walled tubes of alloy 1 (a) and alloy 2 (b)
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Table 7 Mechanical properties of the two alloys at 800 ‘C

800 °C tensile performance 800 ‘C/580 MPa stress rupture performance

Alloy
Rn/MPa Ru02/MPa A% ZI% a/h A%
1 942 757 13.0 13 30 13.0
2 960 797 195 17 150 195
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Effects of Hf on Solidification Behavior and Porosity of Nickel-Based
High-Boron Cast Superalloys

Hou Jie, Li Shangping, Han Shaoli, Hao Zhibo, Du Meng, Luo Heli
(Gaona Aero Material Co., Ltd, Beijing 100081, China)

Abstract: The effects of Hf addition on the microstructure, solidification behavior and porosity of a nickel-based high-boron cast superalloy were
studied. The results of microstructure analysis, differential thermal analysis (DSC) and isothermal solidification quenching test show that Hf
segregates in interdendritic regions during the solidification process of the alloy, and precipitates from the residual liquid phase in the form of
NisHf phase at the end of the solidification process. The addition of Hf reduces the precipitation temperature of liquid/solidus , y/y’ eutectic phase
and boride, delays the solidification process of the alloy, widens the solidification temperature range from 166.3 °C to 200.5 °C, and significantly
increases the content of y/y’ eutectic phases. A thin-walled tube cast is independently designed by the authors. Penetration test results show that the
addition of Hf remarkably reduces the porosity of the thin-walled tube, and the tendency of porosity forming of the alloy is obviously reduced.
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