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Table 1 Nominal composition (wt%o) of UGTCA47 alloy

Element Co Cr Mo W

Al Ta Hf Ti C Ni

(wt.%) 9.41 8.03 0.5 9.87

5.49 2.9 1.36 0.74

0.094 Bal
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Fig.1 Schematic diagram of the size of a plate-like persistent

specimen
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Fig.2 Macromorphology of large-size blades at different insulation temperatures: (a) 1490 C; (b) 1500 C;

(c) 1510 C
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Fig.3 Microscopic morphology of a freckle defect in the S1 area with a thermal insulation temperature of 1500 “C: (a) macroscopic schematic
diagram; (b) enlarged view of freckle defects; (c) the starting position of freckle defect formation; (d) the starting position of groove segregation

formation
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Fig.4 Enlarged view of a freckle defect in the S1 area at different insulation temperatures: (a, b) 1490 C; (c, d) 1500 C; (e, f) 1510 C
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Fig.5 Micromorphology of segregation of a freckle defect frontier groove at a holding temperature of 1490<C: (a) Enlarged view of freckle

defect; (b) SEM diagram; (c) Microscopic morphology of freckle grain boundaries
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Fig.6 EDS surface scan image of the microstructure at the grain boundary of freckles in Figure 5 (c)
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Table 2 The content and segregation ratio of elements K'(wt.%) between dendrites and dendrites at point A at 1490<C

Element Al Ti Hf Ta W
Dendrite stem 5.687 0.666 0.258 1.995 9.647
Interdendritic 6.927 1.152 2.434 3.041 6.166

K’ 0.821 0.578 0.106 0.656 1.868
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Fig.7 Residual liquid phase composition content at different points:

A-groove segregation; B-trench segregation start position
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Fig.8 Schematic diagram of the convection mechanism of the melt

caused by the inversion of the melt density
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Fig.9 Microscopic tissue of cross-sections and Rayleigh number at different heights of the blade: (a,b) joint head position; (c,d) blade

body position
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Fig.10 Morphology of freckle defect fracture dendrites: (a)
enlarged view of freckle defect; (b) fractured dendrites within

groove segregation; (c) fractured dendrite EBSD diagram
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Fig.11 Schematic diagram of the mechanism of melt convection in the channel: (a) melt convection caused by inversion of melt

density; (b) convection of the melt resulting from channel merging; (c) schematic diagram of melt convection resulting from channel

merging
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Fig.12 presents the orientation surface distribution map of the gauge section in high-temperature creep experiments: (a) sample cut from

tenon; (b) freckle-free sample; (c) sample with 12% freckle area ratio; (d) sample with 62% freckle area ratio
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Fig.13 Micromorphology at grain boundaries after heat treatment
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Fig. 14 Creep curves of different freckle area ratio specimens at
900 ‘C/380 MPa
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Table 3 Creep Rupture Properties of different freckle area proportions specimens at 900 °C/380 MPa

Freckle area (%) Stress rupture life (h) Elongation rate (%)
0 131.83 18.52
12 81.64 20.82

62 33.66 4.97
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Fig.15 displays the fracture surface morphology of freckle-free specimens after creep fracture at 900 ‘C/380 MPa
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Fig. 16 depicts the fracture surface morphology of specimens with freckles after creep fracture at 900 °C/380 MPa
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Fig.17 (a) Volume fraction of micropores in samples with different freckle area ratios; (b) Eutectic content in samples with different freckle area

ratios; (c) Carbide content in samples with different freckle area ratios
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The formation of freckles in large UGTCA47 directionally solidified columnar crystal
blades for heavy-duty gas turbines and its influence on stress rupture property

Shu Guogang !, Xuan Weidong ?, Yu Xu 2, Duan Fangmiao !, Bai Xiaolong', Ge Bingming®, Wang Baojun ?,

Zhang Zhengiang 2, Zhang Chengjiang >, Ren Zhongming ?
(1. China United Gas Turbine Technology., Ltd, Beijing 100061, China)
(2. Shanghai University School of Materials Science and Engineering, State Key Laboratory of Advanced Special Steel, Shanghai 200444,
China)
(3. Jiangsu Yonghan Special Alloy Technology Co., Ltd, Wuxi, 214100, China)

Abstract: The formation mechanism of freckles in large-sized UGTCA47 directionally solidified turbine blades for heavy-duty gas turbines and
their effects on the stress rupture property performance were investigated using optical microscopy (OM), scanning electron microscopy (SEM),
and endurance performance testing. The results indicate that freckle defects form in both the middle and root regions of the blade tenon, with the
formation mechanism being the density inversion caused by liquid phase segregation, resulting in fluid convection under the action of gravity,
leading to the fracture of dendrite arms and thus the formation of freckles. At 900 ‘C/380 MPa, the percentage of freckle area has a significant
impact on the endurance performance of the UGTC47 alloy. With the increase in freckle content, the stress rupture property life of the alloy
decreases from 131.83 h without freckles to 33.66 h when freckle content was 62%.

Key words: Large directionally solidified cylindrical crystal blades; Microstructures; Freckle content; Stress rupture property
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