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Abstract: The influence laws of rare earth element Ce on the elemental segregation and phase precipitation behaviors
during solidification process of GH4220 superalloy were systematically investigated. The results demonstrated that
the addition of 0.005 1% Ce significantly influences the solidification microstructure and elemental distribution rule
of the alloy. At the initial stage of solidification, Ce segregated at the solid-liquid interface, lowering the solid-liquid
interfacial energy and promoting the nucleation rate of y matrices within the dendrite trunks. This resulted in refinement
of the dendrite trunks, increased the concentrations of Mo, Al and Ti elements in the y matrices of dendrite trunks,
and decreased the interdendritic area. During the intermediate and terminal stages of solidification, Ce preferentially
segregated to the final solidification zones within interdendritic regions, increasing the concentration of W in the
interdendritic y matrix, reducing the concentrations of Mo and Ti in the terminal solidification zones, suppressing the
precipitation of p phase and y-y’ phase, and promoting the precipitation of the NiCe phases, the CeS phases and the
MC carbides. Furthermore, the addition of element Ce also reduced both the quantity and sizes of secondary p phases
precipitated at grain boundaries, increased the quantity of secondary y’ phases within the dendrite trunks, and decreased
the sizes of the secondary y’ phases.
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Tab. 1 Chemical composition of the GH4220 alloy wy /%
WiH C Cr Co w Al Ti A Ce Ni
H41 0.007 7 10.21 14.59 5.84 4.30 2.46 0.54 <0.000 5 i
a2 0.012 10.35 14.68 5.75 438 2.56 0.54 0.005 1 At
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Fig. 1 Effect of Ce content on the dendritic microstructure of the alloy
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Tab. 2 Chemical composition of precipitation by EDS at.%

BIH R4 Cr Co Mo A Ti Al Ce Ni C P S
w 20.30 16.33 29.68 4.63 3.62 — — 25.43 — — —
G4l MC — — 16.88 5.89 55.07 — — 3.79 18.36 — —
v-v' 3.37 9.60 — — 11.89 7.50 — 67.63 — — —
MC — — 16.98 7.11 59.01 — 1.46 2.56 12.89 — —
G442 NiCe — — — — — — 40.68  36.86 — 22.46 —

CeS — — — — — — 5231 — — — 47.69

(a) &4 (b) G422 (c) &2 (d) &42
E2 HEEm&ETHEsh

Fig. 2 Distribution of precipitates in the interdendritic region of the as-cast alloy
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Fig. 3 Effects of Ce contents on the morphologies of grain boundary precipitates in the test alloys
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Fig. 4 Effect of Ce contents on the sizes and areas of -y’ phases in both dendrite trunks and interdendritic regions
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Tab. 3 Compositions of dendrite trunks and interdendritic
zones detected by EPMA wg/%

WH  JLE C Co Mo W Al Ti Ni
KT 1060 1555 458 6.61 3.53 1.65 57.48

G411 Bl 1047 1376 6.61 3.62 399 3.85 57.70
101 113 070 1.83 0.88 043 1.00
Kifa Tt 1097 1563 4.83 646 3.67 1.82 56.62
A4:2 KidhlE 1097 1411 625 416 3.9  3.74 56.87
k 1.0 110 077 155 098 049 1.00
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Fig. 5 Effect of Ce contents on the dendritic microstructures of the alloys during solidification processes
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