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Effect of hot isostatic pressing on microstructures and
properties of superalloy K4169

WANG Kai, WANG Jun, KANG Mao-dong, DONG An-ping, SUN Bao-de

(State Key Laboratory of Metal Matrix Composites, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract: The post-processing technology of superalloy K4169 castings was studied. The effects of hot isostatic
pressing (HIP) on the microstructure and mechanical properties were investigated by OM, SEM, TEM, tensile, stress
rupture and fatigue tests. The results indicate that the microporosity and Laves phase existing in as-cast structure can
be effectively eliminated by HIP at 1165 “C, 140 MPa for 4 h. After further solution and aging treatment based on
as-HIP, y” phase increases in the amount and turns uniform in the size and distribution. Therefore, the strength and

ductility increase at both room-temperature and 650 °C, the stress rupture life at 650 ‘C and 620 MPa is enhanced to

93 h from 27 h and low cycle fatigue performance is improved notably.
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Table 1 Chemical composition of alloy K4169 (mass fraction,

%)
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Table 3 Microporosity of alloy K4169 under different heat

C Cr Ni Co Mo Al Ti Nb Ta Fe
0.06 19.43 52.09 0.18 3.15 0.41 1.06 4.36 0.08 19.08
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Table 2 Different processing conditions of test bars

Material
o Treatment process
condition
Cast As-cast

HIP Hot isostatic processed at 1165 °C, 4 h, 140 MPa
Standard heat treatment: (1095 °C, 2 h,AC)+
ST (955 C, 1 h, AC)+(720 °C, 8 h), cooling at
56 C/hto 620 C, 8 h,AC

HIP+ST Standard heat treatment based on as-HIP
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Fig. 1 Microstructures of alloy K4169 under different heat treatments: (a) Cast; (b) ST; (¢) HIP; (d) HIP+ST
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Fig. 2 SEM images of alloy K4169 under different heat treatments: (a) Cast; (b) ST; (b’), (b") Selected area shown in (b) and EDS
analysis result of “+” position; (c) HIP; (d) HIP+ST; (d") , (d") Selected area shown in (d) and EDS analysis result of “+” position
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Fig. 3 TEM images of alloy K4169 under

different heat treatments: (a) Diffraction
pattern of K4169 alloy obtained from [100]
matrix zone axis™); (b), (b)) ST; (c), (¢
HIP+ST; (b), (c) Bright field images showing
presence of precipitates; (b'), (¢') Dark field
images in (110) reflection showing presence

of y” and y' precipitates
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Table 4 Tensile properties of alloy K4169 under different heat treatments

Room temperature 650 C
Material condition
Ry,/MPa  R,/MPa A% Z/% oo./MPa o,/MPa 0/% wl%
Cast 535 735 9.5 12.3 498 625 13.2 10.5
HIP 534 781 22.6 24.3 451 570 17.7 19.0
ST 809 982 9.2 11.3 656 733 7.1 11.6

HIP+ST 890 1019 13.5 19.7 692 742 10.9 21.5
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Fig. 4 SEM images of tensile fracture for alloy K4169 under different heat treatments: (a) Cast; (b) ST; (c) HIP; (d) HIP+ST
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Table 5 Stress rupture properties of alloy K4169 under

different heat treatments
)

Material condition”  Test condition ~ Rupture life/h  4/%
ST 650 C, 620 MPa 26.9 6.4

HIP+ST 650 C, 620 MPa 92.6 5.5

1) As-cast and as-HIPed alloy specimen failed before test load
reaches 620 MPa.
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Fig. 5 Room temperature fatigue life of alloy K4169 under
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HIP+ST

different heat treatments
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Fig. 6 SEM images of fatigue fracture at room temperature
for alloy K4169 under different heat treatments: (a) ST; (b)
HIP+ST
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Fig. 7 Cyclic stress response curves of alloy K4169 under

different heat treatments
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