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Table 1  Chemical composition of directionally solidified DZ4125 alloy (ω/%) 

Cr Co W Mo Al Ti Ta Hf B C O N S Ni 

9.1 9.82 7.1 2.12 5.08 0.86 3.7 1.54 0.012 0.08 0.0038 0.0003 0.001 Bal. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

È 1  IJKL DZ4125R�STÉa��:Éa¦`bcÊË 

Fig.1  Preparation of directionally solidified DZ4125 alloy test rod: (a) ceramic shell mold, (b) macro morphology, and (c) macrostructure 
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È 2  IJKL DZ4125R� XRDÈÏ 

Fig.2  XRD patterns of directionally solidified DZ4125 alloy 
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È 3  IJKL DZ4125R�ÐÑ#^�q�Ò�¦`bc 

Fig.3  OM microstructures of cross section (a~d) and vertical section (e~h) of directionally solidified DZ4125 alloys at different growth 

heights (H): (a, e) H=5 mm, (b, f) H=15 mm, (c, g) H=30 mm, and (d, h) H=120 mm 
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È 4  IJKL DZ4125R�ÐÑwPex+#^�qrÓÔ 

Fig.4  Relationship between dendrite spacing and growth height 

of directionally solidified DZ4125 alloy 
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È 5  IJKL DZ4125R�ÐÑ#^�q� γ′�� 

Fig.5  SEM images of dendritic arm (a~d) and interdendritic (e~h) for γ′ precipitates at different growth heights of directionally solidified 

DZ4125 alloys: (a, e) H=5 mm, (b, f) H=15 mm, (c, g) H=30 mm, and (d, h) H=120 mm 
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È 6  IJKL DZ4125R�ÐÑ#^�q� γ′yz{�= 

Fig.6  Size change of γ′ precipitates at different growth heights 

of directionally solidified DZ4125 alloys 
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È 7  IJKL DZ4125R�ÐÑ#^�q��=�r�� 

Fig.7  Morphologies of carbides at different growth heights of directionally solidified DZ4125 alloy: (a

1

, a

2

) H=5 mm, (b
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È 8  IJKL DZ4125R�ÐÑ#^�q� γ+γ′�Pbc��: EDSÕÏ�Ö 

Fig.8  Morphologies of γ+γ′ eutectic in directionally solidified DZ4125 alloy at H=5 mm (a) and H=60 mm (b, c) and EDS results of the 

domain 1 marked in Fig.8b (d) and domain 2 marked in Fig.8c (e) 
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È 9  IJKL DZ4125R�ÐÑ#^�q�P�rfg#^_- 

Fig.9  Competitive growth of grains at different growth heights of directionally solidified DZ4125 alloy: (a) OM images of the cross 

section at different heights with grain boundaries and (b) OM images of the longitudinal section at the corresponding position in 

Fig.9a (the color diagram in Fig.9a shows the area fractions of different grains at different growth heights) 
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Fig.10  Variation of grain area fraction at cross sections of 

different growth heights 
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È 11  wP#^ÜÝÈ 

Fig.11  Schematic diagram of dendrite growth (the solid-liquid interface is located above (a), horizontally (b) and below (c) the heat shield) 
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Microstructure Evolution and Competitive Growth During Grain Growth 

of Directionally Solidified Column Crystal DZ4125 Superalloy 
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Abstract: The directionally solidified column crystal DZ4125 superalloy was prepared by Bridgman directional solidification. The 

microstructure evolution and competitive growth of oriented crystal at a constant withdrawal rate were studied. The results show that the 

primary dendrite spacing increases and the sizes of the γ′ precipitates decrease, as the growth height increases. The morphologies of γ′ 

precipitates change from irregular butterfly shape into regular cube and sphere shapes, and the size and amount of γ′ phase in the 

interdendrite are higher than those in the dendritic arm. The γ+γ′ eutectics and carbides mostly distribute in the interdendritic areas and the 

morphology of carbides gradually changes from small block into strip or skeleton shape with the increase of growth height. Moreover, due 

to the competitive growth proceeding, the number of columnar crystals decrease significantly with the increase of growth height and the 

central grains of the initial segment are retained in the final growth zone. This is mainly due to the existence of convex solid-liquid 

interface, the crystals diverge towards the furnace wall and the central grains grow steadily and the edge grains are gradually eliminated. 

Key words: directional solidification; DZ4125 alloy; microstructure; competitive growth 
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