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����	���. �� OM � SEM �����	��Æ, �� EDS ���Æ���Æ�	���, 	���Æ�

�
�����. ���, DZ483 �����	������ 1335 �, � 1325 ��Æ������ Ta � Ti � MC;

W � Co ��
�	�, Mo, Ta � Ti ��
�	�, � Al � Cr ��
��
�; ��Æ��������������

�, �� 1325 � 1315 �������. �����, ����Æ������, ��	��
���Æ�������
��. ��, Mo � Ta �
����Æ����, � Ti � W �
����Æ������. ���	��
��������

��������: Ti>Ta>W>Cr>Mo>Al>Co. MC ��������� Ti � Ta, ���	��
��� ���,

�����Æ��� 1325 � 1315 �������.
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ABSTRACT Ni–based superalloys have been widely applied in advanced aeroengine as gas turbine
blades and vanes. The freckles in superalloys formed during directional solidification have deleterious
influence on the properties of the alloys. The generation of freckles is associated with the local liquid
density gradient in the mushy zone, which is obviously influenced by microsegregation of alloy elements.
However, the individual contributions of the various elements to the total density variation are still
not well known. Therefore, the effect of microsegregation on the liquid density variation in DZ483
Ni–based superalloy was investigated by isothermal solidification together with liquid quench method.
Solidification microstructures were observed by optical microscope and SEM, and the compositions
of the solids and the residual liquid were determined by EDS. Based on the compositions of residual
liquids, the densities of liquids at different temperatures were calculated. The results show that the
onset solidification temperature of DZ483 alloy is a little bit below 1335 , and MC, which is enriched
with Ta and Ti, formed at about 1325  . The segregation coefficients of different elements show that
W and Co are negative segregation elements, Ta and Ti positive segregation elements, while Al and
Cr show little segregation. The density of the residual liquid generally decreases as the decrease of
temperature, with the exception that it increases somewhat from 1325 to 1315  . Calculation results
show that temperature has insignificant influence on liquid density, and variation of density is mainly
due to microsegregation. Segregations of Mo and Ta lead to the increase of density, but segregations of
Ti and W present opposite effect. Contribution of each element to the variation of the liquid density

* ��'��!��()"� 51171196

��!��� : 2012–01–16, ��#���� : 2012–04–01

*+�� :  �", �, 1984 ��, #��

DOI: 10.3724/SP.J.1037.2012.00037



$542 �$�$$$% � 48 �

is analyzed. The sequence of contributions of alloy elements to the variation of total liquid density is
Ti>Ta>W>Cr>Mo>Al>Co. The formation of MC consumes an abundant of Ti and Ta, resulting in
the increase of liquid density from 1325 to 1315  .
KEY WORDS Ni–based superalloy, freckle, segregation, density
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:'+�;-? 1325 Z., DZ483 #!(,�'+
AB/1/,:&(^:? MC, WX 2 LY. X 2a L



� 5 � [_de : b`f DZ483 c\]a^�_Zbd_`eghab 543$

[ 1 DZ483 ���

������	��Æ
Fig.1 Isothermal solidification microstructures of DZ483 alloy at 1335 i (a), 1330 i (b), 1320 i (c) and

1300 i (d)

[ 2 1325 ���	���`f������� MC

Fig.2 MC precipitated during isothermal solidification at 1325 i (a) and subsequent quenching (b)
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Fig.3 Changes of alloy elements contents in solid phase (a)

and residual liquid phase (b) with isothermal solidi-

fication temperature
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Table 1 Mole fraction of elements in the residual liquid at

different temperatures

(%)

T , i Al Ti Cr Co Ni Mo Ta W

1335 6.73 4.63 13.37 8.98 61.91 1.34 1.58 1.46

1330 6.92 5.13 13.72 9.11 60.50 1.40 1.67 1.54

1325 6.94 5.61 14.30 9.18 59.36 1.33 1.78 1.51

1320 6.68 5.73 14.12 8.91 59.82 1.49 1.94 1.30

1315 6.73 5.77 13.18 8.93 60.74 1.51 1.92 1.22

1310 6.52 6.71 14.33 8.53 58.86 1.73 1.97 1.38

1300 6.85 7.74 14.65 8.48 56.97 1.78 2.34 1.18

[ 4 ��	������Æ���`�n DZ483 ��lm
���i���mj

Fig.4 Changes of densities of residual liquid phase during

isothermal solidification and undercooling DZ483 al-

loy melt with temperature
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Fig.5 Changes of elements partition coefficient change with

temperature
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Fig.6 Influence of elements segregation on residual liquid

density (dρ∗ <0 means element segregation decrease

the density, dρ∗ >0 means element segregation in-

crease the density)
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