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Fig.1  Longitudinal microstructure of the directionally solidified 

bars with planar interface growth 
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Fig.2  Microstructure (a) and elemental distribution across the 

solid/liquid interface: (b) Ti, (c) Nb, (d) Mo, (e) Fe, (f) Cr, 

(g) Al, and (h) Ni 
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Table 1  Solution composition and corresponding solute parti- 

tion coefficients for Ni-Fe-Cr based alloy with planar 

interface growth 

EPMA composition 

(mass fraction/%) 

 

Solution partition 

coefficient 

Element 
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Fe 34.58 31.25 31.75  1.11 1.09 

Cr 20.02 19.44 19.82  1.03 1.01 

Mo 1.89 2.21 2.07  0.86 0.91 

Al 0.31 0.34 0.32  0.91 0.97 

Ti 0.82 1.29 1.17  0.64 0.70 

Nb 0.89 1.31 1.07  0.68 0.83 



� 12�                             ������	 Ni-Fe-Cr
�����������                         �3819� 

���������	
�����

 �QR�¥{�Ì|Í6�efg�½ 3 	

,=Sc�QR{æ�ew!�·6ÄÅ�e�ÊÄ

Åmyz7�Ö�,m�Å(?�,m/�Ö�ìÌ

Ö=ÄÅm6�!lÅmNS�Y��m=&��Ê

��Í¥¦ TEM ����!QRc�,oî�� 10 

nm6�� γ′m(½ 3c)=EDS� SADPy�å^���

ÄÅm�Å(�,m¡/: Nb� Ti6MC·��"�

1 NbBÞ���b TiBÞ=��QR6�Zm/ γv

γ′� MC·��"= 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 3  �������� 

Fig.3  Microstructures of the as-cast alloy: (a) OM image of as-cast alloy, (b) MC, (c) γ′ phase; (d) EDS spectrum of MC 
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Fig.4  DTA curves of the Ni-Fe-Cr base alloy: (a) heating and 

(b) cooling 
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Fig.5  Calculated phase fraction vs temperature diagram 
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Fig.6  As-quenched microstructures of the directionally solidified 

bars with dendritic interface growth: (a) as-cast microstru- 

cture along the growing direction, (b) at the solid/liquid 

interface, (c) at the mushy zone, (d) at the interface 

between the mushy zone and the solid phase, and (e) at the 

solid phase 
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Fig.7  Elemental concentration distribution between the adjacent primary dendrite core: (a, b) mushy zone and (c, d) solid zone 
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Solidification Characteristics and Segregation Behavior of a Ni-Fe-Cr Based Alloy 

 

Wang Changshuai

1

, Su Haijun

2

, Guo Yongan

1

, Guo Jianting

1

, Zhou Lanzhang

 1

 

(1. Institute of Metal Research, Chinese Academy of Sciences, Shenyang 110006, China) 

(2. State Key Laboratory of Solidification Processing, Northwestern Polytechnical University, Xi’an 710072, China) 

 

Abstract: The solidification characteristics and segregation behavior of a Ni-Fe-Cr based alloy with planar interface and dendritic growth, 

which was obtained through quenching experiments during directional solidification, were investigated. Results show that the major 

precipitates are γ, γ′ and MC. The phase transition route is determined as follows: L→L+γ→L+γ+MC→γ+γ′+MC. The solution distribution 

coefficients of Ti, Nb and Mo are less than unity. The solution distribution coefficients of Fe is greater than unity, and Al and Cr are close 

to 1. The solute boundary layer forms ahead of the liquid/solid interface when the steady-state growth begins. The solute is carried away 

mainly by diffusion in the solute boundary layer, but carried away mainly by flow out of the solute boundary layer. The solute distribution 

in solid phase with dendritic growth is similar to that with planar interface growth. However, the solute concentration in the quenched 

liquid in the interdendritic area is obviously higher than that ahead of the liquid/solid interface. The solidification segregation of the mushy 

zone is more serious than that of the solid region. It indicates that the back-diffusion in solid phase and the precipitation of MC carbide 

would reduce the solidification segregation during the dendritic growth. 

Key words: Ni-Fe-Cr based alloy; solidification microstructure; solidification path; solution distribution coefficient; dendritic segregation 
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