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Microstructure and susceptibility to hot tearing of K424 nickel-based superalloys for

turbocharger turbine wheels

ZHAO Zhan®™ DONG Jianxin ZHANG Mai-cang ZHENG Lei YAO Zhi-hao

School of Materials Science and Engineering University of Science and Technology Beijing Beijing 100083 China
B Corresponding author E-mail: zhaozhan_0831@ 163. com

ABSTRACT Hot tearing tends to occur when K424 superalloy is used for a turbocharger turbine wheel. To solve this problem the
alloy characteristics of K424 and K418 superalloys and the factors impacting the susceptibility to hot tearing were studied by micro—
structure observations and casting simulations. The research proposed the main factors which affected the susceptibility to hot tearing
and also the method to reduce hot tearing in the turbine wheel. It is found that the susceptibility to hot tearing of the turbine wheel is
influenced by both the alloy characteristics and casting characteristics. K424 superalloy shows a higher susceptibility to hot tearing
when compared with K418. Because of high amount of aluminum and titanium in K424 superalloy the size and the amount of y +y~
eutectics increase resulting in more prior forming and propagating areas of hot tearing. On the other hand due to a smaller thickness
and a larger curvature change in the blade margin of the turbine wheel the uneven distribution of the thermal stress is induced in the
end of the solidification process which leads to hot tearing in this paper. In order to decrease the susceptibility to hot tearing of the
turbine wheel the contents of aluminum and titanium should be controlled and the reasonable technological parameters of casting
should be set to ensure the final effect.
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Table 1 Chemical compositions of tested alloy Yo
Cr Mo Al Nb Ti Co w \ Fe C
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Fig.2 Microstructure of dendrites in K424 alloy ( a) and its magnification ( b)
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Table 2 Contents of alloy elements in the dendrititic core and interden—
dritic area of K424 alloy %
k
Al 3.87 3.96 0.98
Ti 2.39 4.91 0.49
Nb 0.37 0.70 0.53
Mo 1. 89 1.77 1.07
w 1.69 0. 89 1. 89
Co 17.21 15.29 1.13
Vv 0. 65 0. 67 0.97
Cr 6.26 5.14 1.22
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Fig.3 Microstructures of K424 alloy: (a) v+~ eutectic; (b) MC carbide; (¢) y*; (d) v in the dendrititic core and interdendritic area
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Table 3 Contents of alloy elements in the y + vy~ eutectic area of K424
alloy %
Al 4.34 3.48 3.68
Ti 5.40 3.70 2.26
Nb 0. 69 0.71 0.31
Mo 0.95 2.56 1.94
W 0.57 0. 81 1.56
Co 15.03 14. 85 16. 18
v 0.44 0.61 0.61
Cr 3.21 7.59 6.99
3(b) - K424 Fig. 4 Equilib:umljjlzaic diagram of K424 superalloy
MC.M,C.M,,C, . K424 2.2 K424
Nb.Ti.Mo W  MC 1 K424
. MC
\ (
)
MC 5 5(a)
MC N
o
3(c) (d) K424 v
. 5(1)
v 0.2 ~0.6 um 3(e¢)
'Y
v
v
3(d) / 5(c)
ALTi v’ v
Y Y
v Y
v 5(d))



K424 1433 -

5 Ka24 - (a) ; (b) i (o) s (d)
Fig.5 Hot tearing in the turbocharger turbine wheel of K424 superalloy: ( a) typical fracture surfaces of cracks in the turbine blade; ('b) optical mi—

crograph; (¢) SEM image; (d) morphology of a microcrack
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Fig.6 Microstructures of K424 alloy () and K418 alloy ( b)
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Fig.7 Solidification process: (a) K424 alloy; (b) K418 alloy
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9  ProCast . (a) K424; (b) K418
Fig.9 Stress field distribution of the turbocharger turbine wheel simulated by ProCast: (a) K424; (b) K418
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