
g 49 " g 7 � Vol.49 No.7

2013 p 7 w g 822|830 S ACTA METALLURGICA SINICA Jul. 2013 pp.822{830

X y � l � V � ~ ] F t g r U � e � ` + ' � #

�

: 4 9 7 2 6 < : 3 . / =

( � 
 ! T P C s ) c J 5 h $ j 4 M @ , � � 710072)

$ � 8 e � � - c 0 E Bower{Brody{Flemings c 0 , 
 � C x N l q � H 	 . 4 � ^ 2 b � H 	 
 � Y } � ^ E � �

^ . 4 2 � ^ � I a � � 
 ! . } K [ C ' , y e = 
 2 B E 8 
 : 0 2 � Y _ > � � ^ � r x � , 
 � C x N l q � � � H 	 n

$ t * : : ! ? . � E � � � . 4 � ^ � I ~ . h | � 2 B . � a l q , t ; C x N l q � n $ t * � � H 	 a � E | . < � @ �

c 0 . K c 0 � � = � Hunziker c 0 E Karma c 0 , T l q + Hunziker c 0 E Karma c 0 ^ � l � c a x N l q � a

X H S 0 < � E � 0 ? . � m } � ^ � � � a + o . 4 < � , l ' � • H 3 f � > x N l q � � � H 	 a � { n $ t * < � . v

Sn{1.6%Cd( � A 
 O ) � � H 	 a 3 V e [ � 7 E 5 N � 7 � 4 C x � , ? � � H y @ .

^ j R � � H 	 , n $ t * , � @ � , x N

) � Z \ w c TG111.4, TG132.32 � � J � { A � % I c 0412� 1961(2013)07� 0822� 09

PHASE AND MICROSTRUCTURE SELECTION IN
DIRECTIONALLY SOLIDIFIED PERITECTIC
ALLOYS UNDER CONVECTION CONDITION
WANG Lingshui, SHEN Jun, SHANG Zhao, WANG Lei, FU Hengzhi
State Key Laboratory of Solidi�cation Processing, Northwe stern Polytechnical University, Xi'an 710072

Correspondent: SHEN Jun, professor, Tel: (029)88494708 , E-mail: shenjun@nwpu.edu.cn
Supported by National Natural Science Foundation of China (No.50774061) and Research Fund of State

Key Laboratory of Solidi�cation Processing (No.28{TP{2009 )
Manuscript received 2013{02{01, in revised form 2013{05{1 4

ABSTRACT For the phase and microstructure selection during directional solidi�cation of peritectic
alloys, the solute distribution ahead of the solid{liquid interface plays a fundamental role. To study
the solute distribution under convection condition, the convection factor (� ) was introduced into
the boundary layer model and Bower{Brody{Flemings model and the solute distribution ahead of the
planar and cellular interfaces under convection condition during directional solidi�cation were obtained.
Based on these solute distributions, the nucleation and constitutional undercooling criterion and the
assumption that the maximum interface growth temperature of phase growth is more stability during
directional solidi�cation, the nucleation conditions of new phase ahead of the growth interface under
convection condition were analyzed and the phase and microstructure selection map in directionally
solidi�ed peritectic alloys under convection condition was developed.Compared with the Hunziker's
model that is suit for the phase and microstructure selection of peritectic alloys under di�usive condition
and the Karma's model that is used to explain the banded structure formation under convection
condition, this model can return to the Hunziker's model under di�u sive condition and include the
Karma's model. Additionally, this model can predict the mixed banded structure and the coupled
growth between the cellular primary phase and planar peritectic phase that can form under convection
condition, which these models cannot display. In order to estimate the validity of this model, directional
solidi�cation experiments of Sn{1.6%Cd (mass fraction) peritectic alloy were carried out under di�erent
convection conditions. The results show that the experimental results are in agreement with the
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calculated results. That is, this model can explain the complex directional solidi�cation microstructures
of peritectic alloys appropriately.
KEY WORDS peritectic alloy, directional solidi�cation, phase and microstructur e selection,

convection
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Fig.1 Sketch of solute boundary layer and solute distribu-

tion ahead of the planar solid/liquid interface un-

der convection condition (S|solid phase, L|liquid

phase, C0 |the initial alloy composition, C �
S |the so-

lute composition of solid at the planar solid/liquid

interface, C �
LP |the solute composition of liquid at

the planar solid/liquid interface, � |boundary layer,

x|position)
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Fig.2 Numerical simulation results of 
ow �eld ahead of

growth interface during directional solidi�cation of

Sn{1.6%Cd alloy under di�erent convection condi-

tions ( H |melt height, r |sample radius)

(a) natural convection condition

(b) forced{melt 
ow driven by rotating magnetic
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Fig.3 Phase and microstructure selection map of Sn{

1.6%Cd alloy directionally solidi�ed under convec-

tion condition (I band structure: � (p) + � (p) + � (p)

+ � (p) + � (p) + � � � ; II mixed banded structure:

� (c) + � (p) + � (c) + � (p) + � (c) + � � � ; III cou-

pled growth structure: � (c)/ � (p); IV coupled growth

structure: � (c)/ � (c); p{plant, c{cell)
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Fig.4 Longitudinal sections of Sn{1.6%Cd alloy directionally so lidi�ed under natural convection (Gray phase is

primary � phase, dark phase is peritectic � phase)

(a) V =2.5 � m/s, G=6.7 K/mm, G=V =2.68 � 109 s�K/m 2

(b) V =5 � m/s, G=7.2 K/mm, G=V =1.44 � 109 s�K/m 2

(c) V =10 � m/s, G=7.2 K/mm, G=V =0.72 � 109 s�K/m 2

� 5 � x N l q � Sn{1.6%Cd H 	 a n $ t * < �

Fig.5 Longitudinal sections of Sn{1.6%Cd alloy directionally so lidi�ed under rotating magnetic �eld

(a) V =2.5 � m/s, G=6.7 K/mm, G=V =2.68 � 109 s�K/m 2

(b) V =5 � m/s, G=7.2 K/mm, G=V =1.44 � 109 s�K/m 2

(c) V =10 � m/s, G=7.2 K/mm, G=V =0.72 � 109 s�K/m 2
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Fig.6 Part of phase and microstructure selection map

of Sn{1.6%Cd alloy directionally solidi�ed under

convection condition
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