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Abstract: K4169 samples with grain size of ASTM M9 ~M7, ASTM M14~M9 and ASTM 3~5 were prepared by conven-
tional casting process, fine grain casting process and micro-
RS EEE: 2023-08-30 EE R 2023-12-07 grain casting process, respectively. The effects of micro-
S (. GIEREE. Y. 1085 AEA:, Eg TR, grain casting process on the microstructures and stress rup-
ture properties of K4169 alloy were analyzed. Results show
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DOI. 10.7502/j. issn. 1674-3962. 202308030 448 MPa of micro-grain K4169 alloy is up to 614.9 h,

that micro-grain casting process can significantly refine
grains, reduce solidification segregation and the content of

Laves phase and large bulk MC carbides, increase the vol-
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which is 621% and 44% higher than that of conventional K4169 and fine-grain K4169, respectively. The fracture mode

transforms from brittle transgranular fracture of conventional K4169 to ductile mixed-mode fracture ( transgranular fracture

and intergranular fracture) of micro-grain K4169. Grain refinement and the increased volume fraction of y” effectively

strengthen K4169 alloy, while the decreases of Laves phase and large bulk MC carbides reduce the potential crack initiation

and propagation locations. The combination of the above two points improves the stress rupture life of K4169 alloy and

reduces the dispersion of performance data. The micro-grain casting process can obtain good comprehensive mechanical prop-

erties and improve the service performance of K4169 alloy below 700 °C, which has a good application prospect.
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Table 1 Chemical composition of K4169 alloy ( w /%)

Fe Ni Cr Mo Nb C Ti Al

Bal. 53.20 18.83 3.06 4.94 0.04 0.96 0.58

£2 K469 EEMMBEFTR
Table 2 Heat treatment of K4169 alloy

State Heat treatment conditions

Standard heat 1093 C/1.5 h,AC+968 °C/1.5 h,AC+718 C/8 h,
FC(55 °C/h, to 621 C)+621 C/8 h,AC

treatment
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Fig. 1 Morphologies and size distributions of grains for heat treated K4169
alloys: (a) morphologies of grains for K4169 alloys in different
casting processes, (b) IPF-Z map of micro-grain K4169
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Fig. 2 Microstructures of K4169 alloys in different casting process: (a)
conventional K4169, as-cast; (b) conventional K4169, HT;
(c) fine-grain K4169, as-cast; (d) fine-grain K4169, HT; (e)
micro-grain K4169, as-cast; (f) micro-gain K4169, HT
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Table 3 EDS result of carbide in K4169 alloys ( at%)

Ti Cr Fe Ni Nb
Conventional 17.82 1.61 1.25 3.15 76.18
Fine-grain 13.47 0.94 0.78 2.44 82.37
Micro-grain 11.49 1.23 1.35 3.40 83.99
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Fig. 3 Size distribution of carbide of K4169 alloys in different casting processes
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Fig.4  Composition segregation of K4169 alloys in different casting processes
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Fig. 5 Typical morphology and SAED pattern of y'/y" phases of K4169
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Fig. 6 Stress rupture properties at 704 °C /448 MPa of K4169 alloys in

different casting processes
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Fig. 7 Stress rupture surfaces and secondary cracks alloys at 704 “C /448 MPa of K4169 in different casting processes: (a, b) conventional

K4169, rupture surface, (c¢) conventional K4169, secondary cracks; (d, e) fine-grain K4169, rupture surface, ({) fine-grain

K4169, secondary cracks; (g, h) micro-grain K4169, rupture surface, (i) micro-grain K4169, secondary cracks
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